SUPPLEMENTAL MATERIAL

Development and Validation of Patient-Reported Outcome Measures for Sleep
Disturbance and Sleep-Related Impairments

THIS MATERIAL SUPPLEMENTS THE MAIN PAPER, “DE-
VELOPMENT AND VALIDATION OF PATIENT-REPORT-
ED OUTCOME MEASURES FOR SLEEP DISTURBANCE
and sleep-related impairments.” The background for the Patient-
Reported Outcomes Measures Information System (PROMIS)
Roadmap initiative, and of the sleep-wake item bank in particu-
lar, are presented in the published paper. In this supplement, we
present an expanded version of psychometric methods, details
of methodology, and results. This supplement includes addi-
tional tables and figures and also refers to tables and figures
published in the main paper.

The specific aims of the PROMIS sleep-wake project were
(1) to develop an archive of self-report measures that assess
sleep and sleep-related impairments (SRI), (2) to develop item
banks from these measures that assess sleep disturbance and
SRI, (3) to test the item banks in broad samples of patients
and community participants to determine the dimensional-
ity of sleep-wake symptoms and to identify the psychometric
properties of individual items using item response theory (IRT)
models, and (4) to examine the validity of the new item banks
against widely used existing measures (Pittsburgh Sleep Qual-
ity Index [PSQI], Epworth Sleepiness Scale [ESS]).

We present the detailed methods and results below in 2
sections. The first section describes instrument development
and classical test theory (CTT) analyses. The second section
describes calibration of items and item banks using item IRT
analyses.

I. ITEM BANK DEVELOPMENT AND CTT ANALYSES
METHODS

Overview

Development of the sleep-wake function item banks was a
single-site project conducted under the broader multisite PRO-
MIS initiative. The methods for this process were similar to
those used for the other PROMIS item banks'* and included
the articulation of a conceptual framework, development of the
item banks, testing of the initial item bank, and psychometric
analyses using both CTT and item IRT. The entire process was
iterative rather than linear.

Conceptual Framework

The PROMIS domain framework (see http://www.nih-
promis.org, “Domain Framework”) is drawn from the World
Health Organization’s tripartite framework of physical, men-
tal, and social health.’ Within this framework, PROMIS places
sleep-wake function as a physical health measure that is also
influenced by mental health. Investigators on the sleep-wake
project generated a list of 17 potentially distinct conceptual
categories within the broad spectrum of sleep-wake function
(Table S1). These categories included qualitative, quantitative,
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behavioral, and symptom-based dimensions of sleep, as well as
domains assessing sleepiness and the perceived daytime cor-
relates of nocturnal sleep. In retrospect, some of the concepts
included in the initial framework were not well suited to the
development of item banks using CTT and IRT methods. For
instance, quantitative sleep variables, although salient to the de-
scription of sleep-wake patterns, are not arrayed in linear fash-
ion from “good” to “poor.” For instance, both short and long
sleep duration may be associated with increased health risks
in a U-shaped function. In a different way, symptoms of some
sleep disorders may be very specific and clinically relevant but
occur too infrequently within the population or the individual
to be used in a general instrument. Thus, some items may be
diagnostically important but poorly scaled in self-reports item
banks such as PROMIS.

Development of the Item Banks

Development of the item banks included 4 steps (see Figure
1, main manuscript). First, comprehensive literature searches
were used to ensure broad content validity. An earlier literature
review on instruments related to insomnia® laid the ground-
work for the eventual identification of more than 100 sleep
questionnaires and almost 3000 items. A team of Health Sci-
ence librarians at the University of Pittsburgh then generated
a second literature search to ensure a comprehensive review of
the sleep-wake functioning domain. Literature searches in the
Medline, Psych Info, and Health and Psychosocial Instruments
databases were conducted using a list of 291 sleep-wake search
terms developed by the research team. These sleep-wake search
terms such as sleepiness were crossed with measurement terms
such as validity and psychometric to narrow the search field
to assessment and instrument literature. Five hundred thirty-
five candidate citations were identified by the search, 126 were
further examined by the content experts, and 71 sources were
found to have adequate psychometric documentation. Citation
history searches were run for each measure to determine its ac-
ceptance and use by the scientific community. Copies of the
measures were gathered from both electronic and print sources,
and the measures were then reviewed for item-bank suitabil-
ity. When necessary, written permission was obtained for use
of items. The comprehensive literature-search process and ini-
tial narrowing to instruments related specifically to sleep-wake
function yielded a final pool of 82 questionnaires, 2529 sleep
items, and a refined conceptual model of the sleep-wake func-
tion domain.

The second step was item banking. An Access database was
created for the initial pool of 2529 sleep items. Items were cod-
ed into 17 sleep-wake content-conceptual categories (Table S1),
and these categories were then subcategorized into 76 “bins.”
Each of the 2529 items within the item bank was assigned to 1
of the bins based on independent ratings by the 3 sleep-content
experts (DJB, DEM, AG), with resolution of disagreements

Patient-Reported Outcome Measures—Buysse et al



in coding by consensus conference. Qualitative Item Review
based on the larger PROMIS Network protocol® allowed for a
substantial reduction in the number of items by deleting those
with redundant content. Items that were thought to be confus-
ing, awkward, or related to multiple content areas were rewrit-
ten to be consistent with PROMIS Network standards of verb
tense, time frame, and response set. Thus, for most items, a
7-day time frame, first-person subject, past tense, and either
frequency scaling (never, rarely, sometimes, often, and always)
or intensity scaling (not at all, a little bit, somewhat, quite a bit,
and very much) were used. For some items (e.g., those refer-
ring to infrequent behaviors), a 1-month (28-day) time frame
was used, and, for other items, different response options were
deemed more appropriate to their content (e.g., sleep quality
responses range from very poor to very good). After completing
the qualitative item and expert item reviews, 310 items in 53
bins were retained for further testing (available upon request).

The third step was to conduct focus groups with patients and
nonpatient participants. Five focus groups were conducted, in-
cluding 2 sleep disorder groups, 2 sleep disorder and psychiat-
ric patient groups, and 1 group of normal sleepers. Participants
were recruited from sleep medicine centers, outpatient clin-
ics, and advertisements. During these group sessions, the fo-
cus group facilitator elicited participants’ perceptions of sleep
symptoms and difficulties, sleep patterns, bedtime and wake
time routines, mood symptoms and their interactions with sleep
difficulties, daytime alertness, sleepiness, fatigue, and function-
ing in relationship to sleep. Focus groups provide essential pa-
tient input in the development of patient-reported outcomes.’
Thirty-six volunteers participated (64% women, 39% minority,
31% married, 50% with a college or graduate degree, mean age
45.3 years, sleep disturbance 13.8 years, range 23-80 years).
Formal qualitative analyses of the focus-group transcripts are
currently being conducted in conjunction with the Qualitative
Data Analysis Program (Interim Director: Donald Musa) at the
University of Pittsburgh’s University Center for Social and Ur-
ban Research using Atlas.ti software.® A preliminary qualita-
tive review of participant comments revealed themes of a lack
of understanding of sleep problems by family and health-care
workers, the unpredictability of sleep, the substantial effects
of sleep problems on waking function, and the effort required
to cope with sleep problems. From these themes in the focus
groups, we generated 10 additional items for initial testing. De-
tailed results of focus group discussions are being submitted as
a separate publication.

The fourth step consisted of cognitive interviews with pa-
tients to evaluate whether proposed items were readily un-
derstandable. Seventy-five “core” items were selected for
cognitive interviewing with 20 participants (55% women, 30%
minority, 30% married, 45% with a college or graduate degree,
mean age 51.9 years, sleep disturbance 11.0 years, range 30-
72 years). Cognitive-interview participants completed the Wide
Range Achievement Test’ to estimate their reading levels. The
mean Wide Range Achievement Test score was 48.1 (sleep dis-
turbance = 7.2, range 31 [third grade] to 57 [post-high school]).
Twenty participants of different races, both sexes, and a range
of reading levels reviewed each item. Item stems and response
options were reviewed for clarity, meaning, and vocabulary. Of
the 75 items reviewed, 10 items (13%) were subsequently re-
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written to clarify item stems or response choices according to
participant feedback.

Initial Testing of the ltem Bank

Initial testing of the item bank included pilot testing in a
small sample to further refine items, followed by testing in a
larger sample for psychometric analyses. The pilot study was
conducted in a national sample of 300 participants (150 with
self-reported sleep disorders and 150 control subjects; 51%
women, 6% Hispanic, 13% minority) empanelled by YouGov
Polimetrix, an Internet polling firm (http://www.polimetrix.
com/). This sample completed the preliminary item bank of 310
items via the Internet.

Data from the 150 participants with a sleep disorder and 150
control participants were compared in 5 ways, with the goal of
trimming the large item bank down to a more manageable size
for subsequent testing and evaluation. Frequency distributions
across each item’s response categories were examined to iden-
tify items with floor or ceiling effects. “High threshold” items
were identified when a majority of the control sample endorsed
only the bottom 2 response-option categories. The pilot-item
responses were also compared with the results of the prior cog-
nitive interview from patients and subjected to a second round
of expert item review.

In the final pilot-study step, Lexile analyses were com-
pleted to approximate the reading level of each item. The
mean item Lexile score was 406.1, indicating a third-grade
reading level (sleep disturbance = 260.8 or 1.5 grades, with a
maximum item Lexile score of a seventh-grade reading level).
Results from the pilot study provided empiric evidence for
further narrowing the item bank from 310 to 128 items for
subsequent analyses.

Subsequent psychometric testing was conducted using 128
items (representing 46 of the 75 initially-constructed domains),
two currently-available sleep-wake measures (PSQI and ESS),
and patient-reported ratings of global health (as opposed to
specific elements of health or health conditions). The PROMIS
global health items included ratings of 5 primary PROMIS do-
mains (2 items each for physical function, emotional distress,
and satisfaction with social roles and discretionary activities,
and | item each for fatigue and pain), as well as general ratings
of perceived health across domains (1 item each for general
health and quality of life'?).

Two samples were used for this round of psychometric test-
ing: a second sample collected by YouGov Polimetrix and a
clinical sample. Both samples completed a computerized ques-
tionnaire containing the studied items. The Polimetrix sample
included 1993 individuals from the community (41% women,
11% Hispanic, 16% minority); 1259 of these were a general
sample of the adult population and 734 were self-identified as
having sleep problems. Sleep problems were identified by self-
report with 4 branching questions: “Have you ever been told
by a doctor or health professional that you have a sleep disor-
der?” “What type of sleep disorder (with 13 options)?” “Has
your sleep disorder been treated?” “Did the treatment help
you?” The clinical sample included 259 patients at the Univer-
sity of Pittsburgh Medical Center (61% women, 2% Hispanic,
30% minority) who endorsed sleep and wake symptoms dur-
ing a telephone screening interview. These individuals were re-
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Table S1—Categories of sleep-wake function .
identified by expert consensus
Sleep quality ?
Sleep onset

Sleep duration

Sleep continuity

Sleep offset

Rhythms and timing

Sleep habits and behaviors

Causes of sleep disturbance

Sleep-related beliefs

Dreams and nightmares

Breathing-related sleep problems (apnea)
Movement disorders (periodic limb movements)

304

Eigenvalue
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Sleepiness and alertness
Fatigue and energy
Consequences of poor sleep (other)
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Figure S1—Scree plot for Exploratory Factor Analysis 1

Component Number

cruited from sleep medicine, general medicine, and psychiatric
clinics.

Psychometric analyses included descriptive statistics, in-
ternal consistency reliability (Cronbach «), and convergent
validity with published measures (Pittsburgh Sleep Quality In-
dex [PSQI] and Epworth Sleepiness Scale [ESS]), and tests of
symptom-dimension unidimensionality. Unidimensionality is
an essential assumption for IRT models, which were planned
as the major psychometric analysis for PROMIS (see Section 11
below). Given the lack of measurement standardization in the
sleep medicine field, we had no preconceptions regarding the
most appropriate factor structure for the PROMIS sleep-wake
item bank. Accordingly, we first used exploratory factor analy-
sis (EFA) to explore the factor structure. The entire sample was
randomly split into 2 subsamples, one for EFA (n = 1144) and
the other for subsequent confirmatory factor analysis (CFA)
(n = 1108). Both EFA and CFA were conducted using Mplus
4.21 with Promax rotation." Following the guidance of previ-
ous PROMIS data-analysis plans,”> we evaluated indices such
as the Tucker-Lewis Index (TLI > 0.95 for good fit), compara-
tive fit index (CFI > 0.95 for good fit), root mean square error
of approximation (RMSEA < 0.06 for good fit), and standard-
ized root mean residuals (SRMR < 0.08 for good fit) for EFA
models. Scree plots, eigenvalues, and factor loadings were also
examined. A ratio in excess of 4 for the first 2 eigenvalues, sig-
nificant factor loadings on the primary factor and small residual
correlations represented evidence in support of unidimensional-
ity.? Following factor analysis, additional items with low factor
loadings were dropped. These reduced item banks were used
for IRT analyses, which are addressed in Section II below.

RESULTS

Figure 1, in the main manuscript, presents a summary of the
developmental steps and results of the PROMIS sleep-wake
function item banks. Although the process is displayed as a
linear one in the figure, the actual process was iterative in na-
ture. For instance, the conceptual framework was modified in
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response to item banking, focus group, and expert review steps.
The development of the conceptual framework and item banks
is described in the Methods section above; the remainder of
this section will focus on psychometric testing of the 128 sleep-
wake function items administered to the YouGov Polimetrix
and clinical samples. These 128 items are shown in Table S2.

Of the 128 items used for psychometric calibration, 19 were
reverse-scored and 5 with hypothesized U-shaped responses
(e.g., very short and very long sleep duration) were rescaled
to yield unidirectional scales (i.e., from good to bad), which
is an assumption for both CTT and IRT methods. Thirteen
items were removed from psychometric testing because their
response scalings were not sufficiently unidirectional. Specifi-
cally, 8 items had responses that were actual times (e.g., S37:
What time did you usually go to bed?), 3 could not be con-
strued as directional (e.g., S23: I napped), and 2 had responses
contingent upon other items (e.g., S24:How long did your naps
usually last?). After these deletions, 115 items were used for
subsequent analyses. See Table S2.

Internal-consistency reliability of the 115 PROMIS items,
measured by Cronbach a, was 0.96, indicating a high degree of
internal consistency. However, Cronbach a is influenced by the
total number of items and would be expected to be high for an
item bank with this many items. Item-total correlations (Table
S2) were smaller than 0.40 for 39 (34%) of the 115 items, indi-
cating that a substantial proportion of items were not strongly
related to a single underlying dimension.

Correlations of the item-bank total score with the PSQI total
score, which was designed to measure nighttime sleep quality,
was substantial (r = 0.66 for the entire sample, 0.85 in the You-
Gov Polimetrix sample), supporting convergent validity with
the PSQIL. On the other hand, correlation with the ESS, which
focuses on daytime tendency to doze, was much lower (r = 0.25
for the entire sample, 0.36 for the YouGov Polimetrix sample).

Initial EFA (EFA-1) of the 115 items yielded an RMSR of
0.10, indicating marginal fit for the 1-factor model. The scree
plot of eigenvalues for this EFA (Figure S1) revealed 1 domi-
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Table S2—Classic test theory item statistics for 128 initial items
Item-total Factor Loadings* Reason
ltem correlation® EFA | EFA | EFA for item
# ltem Stem? (rvalue) 1 9 3 CFA | removal®
S1 | worked at irregular times. 0.162 FLE
S2 My “best time” of day was... N/A NU
S3 | drank alcohol (beer, wine, mixed drinks). -0.139 FLE
S4 | had enough energy. [reverse scored] 0.635 F2 F2 F2 F2
S5 | fell asleep when | did not mean to. 0.371 F2 F2 F2 F2
S6 | was sleepy during the daytime. 0.642 F2 F2 F2 F2
S7 | had trouble staying awake during the day. 0.615 F2 F2 F2 F2
S8 | fell asleep in public places (example: church, movie, work). 0.330 F2 F2 F2 F2
S9 | felt sleepy when driving. 0.360 F2 F2 F2 F2
S10 I had a hard time getting things done because | was sleepy. 0.679 F2 F2 F2 F2
S11 I had a hard time concentrating because | was sleepy. 0.683 F2 F2 F2 F2
S12 | made mistakes because | was sleepy. 0.639 F2 F2 F2 F2
S13 | fell asleep while driving. 0.158 F2 FLE
S14 | used caffeine to stay awake during the day. 0.425 FLE
S15 | drank coffee, tea, cola, or energy drinks to stay awake during the day. 0.455 FLE
S16 | took prescription medication to stay awake during the day (example: Ritalin). 0.157 F2 FLE
S17 | was fatigued. 0.701 F2 F2 F2 F2
S18 | felt tired. 0.715 F2 F2 F2 F2
S19 | tried to sleep whenever | could. 0.530 F2 F2 F2 F2
S20 | had a problem with my sleep. 0.803 F1 F1 F1 F1
S21 I had an urge to move my legs when | was sitting still or lying down. 0.421 F5 FD
S22 | had restless feelings in my legs in the evening or night. 0.443 F5 FD
S23 | napped. 0.320 F2 F2 F2 F2
S24 How long did your naps usually last? N/A NU
S25 | had problems during the day because of poor sleep. 0.791 F2 F2 F2 F2
S26 I had trouble coping because of poor sleep. 0.754 F2 F2 F2 F2
S27 | had a hard time concentrating because of poor sleep. 0.777 F2 F2 F2 F2
S28 I had a hard time thinking clearly because of poor sleep. 0.763 F2 F2 F2 F2
S29 My daytime activities were disturbed by poor sleep. 0.777 F2 F2 F2 F2
EFA refers to exploratory factor analysis; CPAP, continuous positive airway pressure; BiPAP, bilevel positive airway pressure.
3ltems in italics were removed during psychometric evaluation. See last column for reason for removal
*ltem-total correlations were calculated based on the 115-item version.
°Factor loadings are shown only for items with factor loading values > 0.50. F indicates the specific factor on which the item loaded.
9Reason code: NU, Not unidirectional (item responses could not be defined on a unidirectional scale); TB, Clock time-based items; Cl, Contingent items (item
administration based on response to another item); FD, factor dropped for further round of analysis due to small number of items loaded on this factor; FLE,
factor loading in exploratory factor analysis (item did not load > 0.50 on any factor in exploratory factor analysis); FLC, factor loading in confirmatory factor
analysis (item did not load > 0.50 on either factor in confirmatory factor analysis).
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Table S2 (continued)—Classic test theory item statistics for 128 initial items
Item-total Factor Loadings*® Reason
ltem correlation® EFA | EFA | EFA for item
# ltem Stem? (rvalue) 1 9 3 CFA | removal®
S30 | felt irritable because of poor sleep. 0.775 F2 F2 F2 F2
S31 | had a hard time getting things done because of poor sleep. 0.768 F2 F2 F2 F2
S32 | made mistakes because of poor sleep. 0.709 F2 F2 F2 F2
S33 | had a hard time controlling my emotions because of poor sleep. 0.702 F2 F2 F2 F2
S34 | avoided or cancelled activities with my friends because of poor sleep. 0.657 F2 F2 F2 F2
S35 | felt clumsy because of poor sleep. 0.670 F2 F2 F2 F2
S36 What time did you want to go to bed? N/A B
S37 What time did you usually go to bed? N/A B
S38 What time did you want to go to sleep? N/A B
S39 What time did you usually try to sleep? N/A B
S40 | went to bed about the same time every night. [reverse scored] 0.333 FLE
S41 How long did it usually take you to fall asleep? 0.009 FLE
S42 It was easy for me to fall asleep. [reverse scored] 0.659 F1 F1 F1 F1
S43 How often did you have difficulty falling asleep? 0.691 F1 F1 F1 F1
S44 | had difficulty falling asleep. 0.713 F1 F1 F1 F1
S45 | laid in bed for hours waiting to fall asleep. 0.661 F1 F1 F1 F1
S46 What time did you usually get out of bed to start your day? N/A B
S47 What time did you want to wake up? N/A B
S48 How long did you usually sleep? 0.440 NU
S49 What time did you usually wake up to start your day? N/A B
S50 | woke up too early and could not fall back asleep. 0.471 F1 F1 F1 F1
S51 What time did you want to get out of bed? N/A B
S52 How long did you usually spend in bed, including time awake and time asleep? 0.263 NU
S53 | woke up about the same time every day. [reverse scored] 0.419 FLE
S54 My sleeping hours were different from night to night. 0.569 FLE
S55 My bed was comfortable. [reverse scored] 0.337 FLE
S56 | worked while | was in bed. 0.112 FLE
S57 | used my computer while | was in bed. 0.087 FLE
S58 Prescribed sleep medicine helped me sleep. 0.286 FLE
EFA refers to exploratory factor analysis; CPAP, continuous positive airway pressure; BiPAP, bilevel positive airway pressure.
3ltems in italics were removed during psychometric evaluation. See last column for reason for removal
bltem-total correlations were calculated based on the 115-item version.
¢Factor loadings are shown only for items with factor loading values > 0.50. F indicates the specific factor on which the item loaded.
dReason code: NU, Not unidirectional (item responses could not be defined on a unidirectional scale); TB, Clock time-based items; Cl, Contingent items (item
administration based on response to another item); FD, factor dropped for further round of analysis due to small number of items loaded on this factor; FLE,
factor loading in exploratory factor analysis (item did not load > 0.50 on any factor in exploratory factor analysis); FLC, factor loading in confirmatory factor
analysis (item did not load > 0.50 on either factor in confirmatory factor analysis).
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Table S2 (continued)—Classic test theory item statistics for 128 initial items

Item-total Factor Loadings*® Reason
ltem correlation® EFA | EFA | EFA for item
# ltem Stem? (rvalue) 1 9 3 CFA | removal®
S59 | used alcohol to help me sleep. 0.1%4 FLE
360 5\/ (;;g/jd, over-the-counter medicine to help me sleep (example: Tylenol PM, 0.249 FLE
S61 Over-the-counter medicine helped me sleep. 0.178 FLE
S62 | used a CPAP or BiPAP machine during sleep. N/A Cl
S63 | felt sleepy at bedtime. 0.039 FLE
S64 | felt tired at bedtime. [reverse scored)] -0.072 FLE
S65 | felt physically tense at bedtime. 0.651 F4 F1 F1 F1
S66 | felt jittery or nervous at bedtime. 0.600 F4 F1 F1 F1
S67 | worried about not being able to fall asleep. 0.682 F1 F1 F1 F1
S68 | felt worried at bedtime. 0.671 F4 F1 F1 F1
S69 | had trouble stopping my thoughts at bedtime. 0.673 F4 F1 F1 F1
S70 | felt sad at bedtime. 0.588 F4 F1 F1 F1
S71 | had trouble getting into a comfortable position to sleep. 0.620 F1 F1 F1 F1
S72 | tried hard to get to sleep. 0.701 F1 F1 F1 F1
S73 | was afraid of going to bed. 0.416 F4 F1 F1 F1
S74 | was afraid of going to sleep. 0.377 F4 F1 F1 F1
S75 Light disturbed my sleep. 0.343 FLE
S76 Noise disturbed my sleep. 0.371 FLE
S77 Caffeine disturbed my sleep. 0.257 FLE
S78 Stress disturbed my sleep. 0.710 F1 F1 F1 F1
S79 Pain disturbed my sleep. 0.562 FLE
S80 Worrying disturbed my sleep. 0.692 F1 F1 F1 F1
S81 My sleep was disturbed by racing thoughts. 0.678 F1 F1 F1 F1
S82 My bed partner disturbed my sleep. 0.226 FLE
S83 My sleep was disturbed by sadness. 0.552 F4 F1 F1 F1
S84 Medications disturbed my sleep. 0.299 FLE
S85 My sleep at night was affected by my menstrual cycle. N/A Cl
S86 | tossed and turned at night. 0.661 F4 F1 F1 F1

EFA refers to exploratory factor analysis; CPAP, continuous positive airway pressure; BiPAP, bilevel positive airway pressure.

3ltems in italics were removed during psychometric evaluation. See last column for reason for removal

bltem-total correlations were calculated based on the 115-item version.

¢Factor loadings are shown only for items with factor loading values > 0.50. F indicates the specific factor on which the item loaded.

Reason code: NU, Not unidirectional (item responses could not be defined on a unidirectional scale); TB, Clock time-based items; Cl, Contingent items (item
administration based on response to another item); FD, factor dropped for further round of analysis due to small number of items loaded on this factor; FLE,
factor loading in exploratory factor analysis (item did not load > 0.50 on any factor in exploratory factor analysis); FLC, factor loading in confirmatory factor
analysis (item did not load > 0.50 on either factor in confirmatory factor analysis).
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Table S2 (continued)—Classic test theory item statistics for 128 initial items

Item-total Factor Loadings*® Reason
ltem correlation® EFA | EFA | EFA for item
# ltem Stem? (rvalue) 1 9 3 CFA | removal®
S87 | had trouble staying asleep. 0.682 F1 F4 F1 F1
S88 | woke up to use the bathroom. 0.238 FLE
389 ;l}c;v:] :;Etg? did it usually take you to fall back asleep after an awakening during 0.565 F1 F4 F1 F1
S90 | had trouble sleeping. 0.787 F1 F4 F1 F1
S91 My legs jerked or twitched repeatedly during sleep. 0.427 F5 FD
S92 | woke up and had trouble falling back to sleep. 0.658 F1 F4 F1 F1
S93 | was afraid | would not get back to sleep after waking up. 0.628 F1 F4 F1 F1
S94 | avoided sleep. 0.408 FLE
S95 1 snored loudly. 0.164 FLE
S96 | stopped breathing during sleep. 0.236 FLE
S97 | walked during sleep. 0.150 FLE
S98 | screamed during sleep. 0.289 FLE
S99 Child-care disturbed my sleep. 0.129 FLE
S100 | [kicked, punched, or swung my arms during sleep. 0.302 F5 FD
S101 | I checked the clock when | was awake at night. 0.470 FLE
S102 | How many dreams did you remember having each night? N/A NU
S103 | I had trouble sleeping because of bad dreams. 0.478 FLE
S104 | I could predict how | would sleep. -0.146 FLE
S105 | My sleep was restful. [reverse scored] 0.728 F1 F4 F1 F1
S106 | My sleep was light. 0.537 F1 F4 F1 F1
S107 | My sleep was deep. [reverse scored] 0.528 F1 F4 F1 F1
S108 | My sleep was restless. 0.716 F1 F4 F1 F1
S109 | My sleep quality was... [reverse scored)] 0.798 F1 F4 F1 F1
S110 | I gotenough sleep. [reverse scored] 0.759 F1 F4 F1 F1
S111 | wished | got more sleep each night. 0.661 F1 F4 F1 F1
S112 | I'had all the sleep | needed. [reverse scored] 0.747 F1 F4 F1 F1
S113 | Ifelt I needed 8 hours of sleep to function well during the day. 0.008 FLE
S114 | |was satisfied with the amount of sleep | got. [reverse scored] 0.759 F1 F4 F1 F1

EFA refers to exploratory factor analysis; CPAP, continuous positive airway pressure; BiPAP, bilevel positive airway pressure.

3ltems in italics were removed during psychometric evaluation. See last column for reason for removal

bltem-total correlations were calculated based on the 115-item version.

¢Factor loadings are shown only for items with factor loading values > 0.50. F indicates the specific factor on which the item loaded.

Reason code: NU, Not unidirectional (item responses could not be defined on a unidirectional scale); TB, Clock time-based items; Cl, Contingent items (item
administration based on response to another item); FD, factor dropped for further round of analysis due to small number of items loaded on this factor; FLE,
factor loading in exploratory factor analysis (item did not load > 0.50 on any factor in exploratory factor analysis); FLC, factor loading in confirmatory factor
analysis (item did not load > 0.50 on either factor in confirmatory factor analysis).
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Table S2 (continued)—Classic test theory item statistics for 128 initial items
Item-total Factor Loadings® Reason
Ly .
coremter [eea | | € | gy | o
# Item Stem? 1 2 3
S115 | |was satisfied with my sleep. [reverse scored] 0.795 F1 F4 F1 F1
S116 | My sleep was refreshing. [reverse scored] 0.783 F1 F4 F1 F1
S117 | Ifelt refreshed when | woke up. [reverse scored] 0.778 F1 F4 F1 F1
S118 | I woke up without an alarm clock. [reverse scored] 0.138 F3 F3 F2 FLC
S119 | Ifelt alert when | woke up. [reverse scored] 0.677 F3 F3 F2 F2
S120 | When | woke up | felt ready to start the day. [reverse scored] 0.723 F1 F3 F2 F2
S121 | When | got out of bed | felt ready to start the day. [reverse scored] 0.724 F3 F3 F2 F2
S122 | I woke up with an alarm clock. 0.055 F3 F3 F2 FLC
S123 | I'had difficulty waking up. 0.513 F3 F3 F2 F2
S124 | | still felt sleepy when | woke up. 0.695 F3 F3 F2 F2
S125 | [felt lousy when | woke up. 0.776 F1 F4 F1 F1
S126 | I'had to force myself to get up in the morning. 0.662 F3 F3 F2 F2
S127 | Another person woke me up in the morning. 0.250 FLE
S128 | How long did it take you to feel alert after waking up? 0.641 F3 F2 F2
EFA refers to exploratory factor analysis; CPAP, continuous positive airway pressure; BiPAP, bilevel positive airway pressure.
3ltems in italics were removed during psychometric evaluation. See last column for reason for removal
®ltem-total correlations were calculated based on the 115-item version.
¢Factor loadings are shown only for items with factor loading values > 0.50. F indicates the specific factor on which the item loaded.
dReason code: NU, Not unidirectional (item responses could not be defined on a unidirectional scale); TB, Clock time-based items; Cl, Contingent items (item
administration based on response to another item); FD, factor dropped for further round of analysis due to small number of items loaded on this factor; FLE,
factor loading in exploratory factor analysis (item did not load > 0.50 on any factor in exploratory factor analysis); FLC, factor loading in confirmatory factor
analysis (item did not load > 0.50 on either factor in confirmatory factor analysis).

nant factor and an elbow after 4 factors. EFA-1 identified 5 fac-
tors with eigenvalues greater than 2.8 and included 75 items
with factor loadings of greater than 0.50 on at least 1 factor
(Table S2). These factors were labeled Sleep Quality and Sleep
Onset (32 items, e.g., sleep quality, sleep restfulness, satisfac-
tion with sleep, difficulty falling asleep), Waking Symptoms (24
items, e.g., had enough energy, sleep during the daytime, trouble
staying awake, problems during the day because of poor sleep),
Sleep-Wake Transition (7 items, e.g., felt alert when woke up,
woke without an alarm), Sleep-Onset Problems (8 items, e.g.,
feeling tense and worried at bedtime, sleep disturbed by sad-
ness), and Sleep Disorder Symptoms (4 items, e.g., restless legs,
legs jerked or twitched). Forty items in EFA-1 did not have fac-
tor loadings greater than 0.50 on any factor. These items includ-
ed those representing extreme severity (e.g., use of medication
to stay awake), time-based items, sleep-related behaviors and
beliefs, and other specific sleep disturbances (e.g., sleep apnea).
In addition, the 2 items with hypothesized U-shaped responses
(time to fall asleep, sleep length) did not load onto any of the
5 factors.

A second round of EFA (EFA-2) was conducted with 74
items. These included the 75 items that loaded with a value of
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greater than 0.50 on 1 of the first 4 factors identified above, plus
3 additional items that were expected, on the basis of content-
expert review, to load on 1 of those 4 factors (items S13: 7 fell
asleep while driving, S16: I took prescription medication to
stay awake during the day (example: Ritalin), and S128: How
long did it take you to feel alert after waking up?). The 4 items
loading on Sleep Disorder Symptoms were excluded from fur-
ther analysis because 4 items were considered too few to consti-
tute a viable scale. EFA-2 yielded an adequate RMSR value of
0.04 and 4 factors, which were labeled Sleep-Onset Problems
(21 items, including items from Factors 1 and 4 in the initial
EFA), Waking Symptoms (26 items), Sleep-Wake Transition (9
items), and Sleep Quality (18 items, from Factor 1 in EFA-1).
Results of the EFA-2 are also summarized in Table S2.
Empiric review of the 4 factors from EFA-2 suggested con-
ceptual similarities between new Factors 1 and 4 (Sleep Onset
Problems and Sleep Quality) and between new Factors 2 and
3 (Waking Symptoms and Sleep-Wake Transition). Therefore,
a third EFA (EFA-3) was conducted with 74 items, combining
Factors 1 and 4 and Factors 2 and 3 from EFA-2. In EFA-3,
combined new Factor 1-4 had an RMSR of 0.09, and all 39
items had factor loadings greater than 0.50. Combined new
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Factor 2-3 had an SRMR of 0.09, and 33 of the 35 items had
factor loadings greater than 0.50. Items S13 and S16 (fell asleep
while driving, prescription medication to stay awake) did not
have factor loadings greater than 0.50 in this round of EFA.
These findings are also summarized in Table S2.

A single confirmatory factor analysis was performed on the 2
final factors, which included 72 total items. The factor labeled
Sleep Disturbances had an SRMR of 0.086, RMSEA of 0.140,
TLI 0f0.957, and CFI of 0.843. Although the indices are slight-
ly outside the desired ranges, all 39 items in Sleep Disturbances
had factor loadings greater than.50. The factor labeled SRI had
an SRMR of 0.82, RMSEA of 0.157, TLI of 0.955, and CFI
of 0.812. Again, although the indices are slightly outside the
desired ranges, all but 2 of the 33 items in SRI had factor load-
ings in excess of 0.50, the exceptions being S118 (woke without
an alarm clock) and S122 (woke with an alarm clock). The 70
items and 2 factors resulting from these analyses constituted the
Sleep Disturbance and SRI item banks that were subsequently
used for IRT analyses described below.

1. ITEM BANK AND INDIVIDUAL ITEM CALIBRATION USING IRT
METHODS

Description of IRT

In this section, we present calibration data resulting from
IRT analyses and comparisons between the measurement pre-
cision obtained from the PROMIS sleep disturbance and SRI
item banks versus conventional measures.

IRT refers to a class of psychometric techniques in which the
probability of choosing each item-response category is mod-
eled as a function of a latent trait of interest. By convention,
the latent trait is scaled along a dimension called theta (). IRT
differs from CTT in 3 important ways. First, IRT models 1 or
more parameters that describe each item, such as item difficulty
(i.e., at what point of overall severity [#] an individual has a
0.50 probability of choosing that item-response category) and
discrimination (i.e., how well an item distinguishes among in-
dividuals with or without symptoms).'? In the current case, the
latent traits of interest were sleep disturbance and SRI. Thus,
unlike CTT, IRT provides psychometric information regarding
each specific sleep or wake item on the questionnaire, as well
as psychometric information for the overall test. Second, IRT
provides not only invariant item-parameter estimates applicable
to samples and populations, but also & estimates for specific
individuals. In this way, an individual’s responses can be used
to precisely estimate his or her severity of sleep disturbance or
SRI relative to the population. Third, as a result of these proper-
ties, IRT item-parameter estimates can be placed on the same
0 scale as individuals completing the questionnaire. In other
words, sleep or wake bank items can be represented along the
same severity spectrum as that of individuals with sleep distur-
bance or SRI.

Using IRT, the relationship between responses to a specific
questionnaire item and an individual’s overall level of sever-
ity of sleep-wake function disturbance (#) can be described
by a number of different functions. The relationship between
the probability of choosing a certain response category (e.g.,
never, rarely, sometimes, often, always) for a specific item and
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the underlying severity level can be described by a monotoni-
cally increasing function (i.e., S-shaped function) called the
item characteristic function. This function intuitively makes
sense in that it specifies that individuals with higher 6 scores
(i.e., greater severity of sleep disturbance or SRI) have higher
expected probabilities for endorsing the more severe response
categories (e.g., often or always) than do individuals with lower
0 scores.

Information contained in the item characteristic function can
also be plotted as an item characteristic curve (ICC), which de-
scribes the probability of choosing each specific item-response
category for individuals with different levels of severity (6). An
ICC can also be transformed into an item information curve,
indicating the amount of discriminating psychometric infor-
mation a single item contains at all points along the severity
(6) scale (see Figure S2a and S2b). All of the individual item
information curves can also be combined to form a test infor-
mation curve, which indicates the amount and accuracy of psy-
chometric information the entire test contains at every point of
0. Test information is the sum of individual item information,
so test information increases when test length increases. The
item-information function depends on the slope of the item-
response function and the conditional variance at each level on
the @ scale. Therefore, the greater the slope and the smaller the
variance at a particular # level, the greater the information pro-
vided at that level. Test-information curves with a steep slope,
high and broad peak, and low standard error discriminate well
among respondents across the range of 6 values under that peak.
The psychometric information contained in the test-information
curve is also called measurement precision. An important fea-
ture of IRT models is that the amount of information provided
by a test may vary depending on the level of a respondent’s
severity of sleep disturbance or SRI (6). These curves can be
used to compare 2 or more scales on measurement precision
through a procedure called IRT linking (for technical details on
this procedure, refer to"). In this section, we compare the test-
information curves for the PROMIS sleep disturbance and SRI
item banks in relationship to the PSQI and ESS.

IRT models permit investigators to evaluate the performance
of a single item or subsets of items, as well as the entire test.
One practical application based on this feature, which classi-
cal test theory cannot provide, is the ability to construct short
forms or tailored assessments using a subset of items selected
to provide adequate precision across the entire range of 6 and
to maximize precision along clinically important segments of
severity. Another attractive advantage of IRT is that individu-
als’ 6 estimates are independent of the specific items adminis-
tered from a calibrated item bank. This feature allows IRT to
be applied to computerized adaptive testing (CAT), a method
that provides a unique sequence of items tailored to the indi-
vidual’s severity (). CAT avoids administering test items that
add little information to an individual’s assessment. For more
information regarding the technical issues in IRT methodology,
see Embretson and Reise' and Reeve et al.? for a description of
the PROMIS analysis framework.

Although IRT has many advantages, it is based on several
statistical assumptions. One such assumption is unidimension-
ality. The underlying 8 manifested by a set of items is assumed
to explain individual test performance (e.g., different levels of
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Figure S2a—Selected item-information curves for items on the sleep-
disturbance item bank (S90: / had trouble sleeping; S108: My sleep was
restless; S50: | woke up too early and could not fall back asleep). Curves
with higher information along the 6 scale, indicated by the height of the
curve, have better measurement precision. The location of the peak
reflects the discrimination parameter, a measure of which level of severity
is best assessed by the item. S90 is an example of a high-information
item centered in the middle of the sleep-disturbance severity scale. S108
provides less information and assesses a higher range of severity. S50
provides little information at any point of the severity scale and was
dropped from the final calibration. See Table 1 in main manuscript for
item-parameter estimates.

— 527 "concentration”
== 510 "getting things done"
==== 319 "sleep whenever"

Item Information

wt
s
P
......

Figure S2b—Selected item-information curves for items on the sleep-
related impairment item bank (S27: | had a hard time concentrating
because of poor sleep; S10: | had a hard time getting things done
because | was sleepy; S19: | tried to sleep whenever | could). Explanation
per Figure 2a.
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sleep disturbance or SRI) along a normal distribution of the
underlying trait in the population. Unidimensional IRT models
are those in which a single latent construct 6 is responsible for
overall test performance. Other important assumptions include
monotonicity (i.c., that greater severity is actually reflected by
the more “severe” item responses) and local independence (i.e.,
the absence of stronger than expected correlation among indi-
vidual items), both of which are further described below.

Model selection and item calibration

The most commonly used IRT model for polytomous items
(e.g., items with 5-point response scales) is the Graded Re-
sponse Model (GRM"). GRM has 1 slope parameter and n-1
threshold parameters for each item, where # is the number of
response categories. The slope parameter, a measure of item
discrimination, indicates the shape of the category-response
curves; the higher the slope parameter, the steeper the curves.
More narrow and peaked curves indicate that the response cat-
egories differentiate well among different 6 levels (sleep dis-
turbance or SRI severity). Therefore, useful items have large
slope parameters. The threshold parameter, a measure of item
difficulty, indicates the location of the item on the # scale and
represents the 6 level necessary to respond above the corre-
sponding threshold with 0.50 probability. Items with over-
all lower threshold parameters identify lower levels of sleep
disturbance or SRI severity (estimated by 6), and items with
higher threshold parameters identify higher levels of severity.
A constrained GRM was fit to the data with the discrimina-
tion parameters constrained to be equal across items (i.e., only
1 discrimination parameter was estimated for the entire item
pool). x> Tests were used to compare constrained models to
general models, which permit different discrimination param-
eters across items. A nonsignificant y? value indicates that the
constrained model performed as well as the general model and
the constrained model was preferred because of model parsi-
mony. A significant y>value indicates that the general model fit
the data better. Items were calibrated using MULTILOG 7'¢
based on the model selected.

Item selection

To further refine the sleep-disturbance and SRI item banks,
the following criteria were considered from IRT analyses and
descriptive statistics.

Item information function: Items with low item informa-
tion were considered to be poor items in IRT calibration. Two
features that affect an item’s total information functions are
discrimination parameter estimates and the range of threshold
parameter estimates. The higher the discrimination parameter,
the more peaked the item information function. The wider the
range of the threshold parameters, the flatter the item informa-
tion function. Figures S2a and S2b show examples of items
from the sleep-disturbance and SRI item banks with different
discrimination and threshold parameters. Items with discrimi-
nation parameter estimates less than 1.0 were considered for
exclusion.

Response distributions: Although it is common that the
item frequency distribution is skewed for questionnaire data,
items with sparse cell distributions can be particularly problem-
atic. It is not, in principle, possible to obtain good estimates of
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parameters for response categories with very few observations.
Given that the response distributions of sleep disturbance and
SRI were skewed to the right (i.e., more precision could be ob-
tained at higher severity levels), items with sparse cells in the
top 2 response categories (often or always) were considered for
exclusion.

Construct validity: Correlations with conventional mea-
sures used in the field, PSQI and ESS, were examined. Given
the established literature about these scales and the content
of the sleep-disturbance and SRI item banks, items demon-
strating high correlation with the PSQI but low correlation
with ESS were desired for the sleep-disturbance item bank;
the opposite pattern of correlations was desired for the SRI
item bank. To ensure that the sleep-disturbance and SRI item
banks could be differentiated from other health item banks
developed across the PROMIS network, correlations with the
global item (/n general, would you say your health is? Excel-
lent, Very good, Good, Fair, Poor) and the fatigue item (How
would you rate your fatigue on average? None, Mild, Moder-
ate, Severe, Very severe) were examined. Items showing high
correlations with these more-general dimensions were consid-
ered for exclusion.

Monotonicity/scalability: The monotonicity assumption
is important for scales with ordered response categories, such
as the sleep-disturbance and SRI items. The monotonicity as-
sumption specifies that the probability of selecting an item-re-
sponse category is a nondecreasing or “S-shaped” function of
the underlying @ level of the construct being measured. Taking
sleep disturbance as an example, the probability of endorsing
or selecting an item response indicating more severe sleep dis-
turbance should increase as the underlying level of sleep distur-
bance (estimated by 6) increases. Two nonparametric methods
were used to evaluate the monotonicity assumption. First, a
Gaussian kernel smoothed model for nonparametric analysis,
incorporated into the TestGraf program,'” was used to visual-
ize the empiric probability-curve estimates. The other method
was to calculate H coefficient using Mokken scale analysis for
polytomous items (MSP;'®¥). H coefficient values less than 0.30
indicate that the corresponding item does not form a monotonic
scale, which indicates scalability failure,' and such items were
considered for exclusion.

Local independence: Local independence assumes that the
probability of providing a specific response to one item is in-
dependent of the probability of providing a specific response to
any other item, after controlling for overall severity and item-
parameter estimates. The existence of locally dependent item
pairs may inappropriately overestimate or underestimate the
probabilities for specific response patterns.'* In essence, local
dependence refers to an even stronger observed relationship
among test items than would be expected based on the fact that
they are part of a questionnaire developed to measure a single
latent construct. A computer program for local dependence in-
dices for polytomous items (LDIP*) was used to evaluate local
independence. This program used the item-parameter estima-
tions from MULTILOG to conduct item pair-wise comparison.
The statistic Q3 was used to evaluate local dependence. As
Yen?' proposed, if the absolute value of Q3 is larger than 0.30,
the corresponding item pair should be investigated further.
However, realistic datasets typically consist of 1 or more item
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clusters. Local dependency, therefore, may be expected to arise
in item clusters.?” The nature of the sleep-disturbance and SRI
item-bank development process may be expected to produce
far more locally dependent item pairs than would conventional
cognitive tests. A less restrictive Q3 of 0.50 was therefore used
to consider items for exclusion.

Content expert review: Items were then reexamined from
the clinical perspective by content experts (DJB, DEM, AG) to
eliminate items with questionable properties according to the 5
criteria described above. Conversely, items with important clin-
ical implications were added back even if they failed to meet
some of the previous 5 criteria.

Estimating individual scores

After the final sleep-disturbance and SRI items were cali-
brated, the next step was to estimate each respondent’s loca-
tion on the corresponding sleep-disturbance and SRI 4 scales,
i.e., to provide a “score” for each individual." Unlike scoring
under the CTT framework, which often simply sums the fixed
values assigned to each response for each individual item, scor-
ing under the IRT framework is affected by item-response pat-
terns and individual item parameters. All IRT-related scoring
strategies mathematically estimate an individual’s location on
the 6 scale by using that individual’s pattern of item responses
in conjunction with estimated item parameters. Two commonly
used scoring strategies, which are also provided in MULTILOG
7, are maximum likelihood and maximum a posteriori. We used
maximum likelihood for estimating individual scores on the
sleep-disturbance and SRI & scales.

Preliminary validity evidence

To evaluate the face validity of the final sleep-disturbance
and SRI item banks, 8 scores were compared between individu-
als who did and who did not report a previously diagnosed sleep
disorder. Given the nature of the sample collected from YouGov
Polimetrix, we were not able to verify the presence or absence
of self-reported clinical diagnoses in that cohort. We also com-
pared @ scores between subjects who self-reported being treated
for a sleep disorder and those who did not endorse treatment.

RESULTS

Model Selection and ltem Calibration

Unidimensional GRMs were fitted to the sleep-disturbance
and SRI item banks separately. A constrained GRM (i.e., a mod-
el in which the discrimination parameters were constrained to
be equal across items, Rasch model) and a general GRM (i.e., a
model in which the discrimination parameters were allowed to
vary across items) were fitted to the data for model comparison.
The 2 difference statistics were 1684 and 1682 for the sleep-dis-
turbance and SRI item banks, respectively (P < 0.001 for each).
This indicates that the general GRM fit the data better than did
the constrained GRM for each item bank. Consequently, the
general GRM was used for item calibration on each item bank.

Item-parameter estimates were obtained using MULTILOG
7.03. Item-parameter estimates of the final items for each item
bank are displayed in Tables 1 and 2 in the main manuscript.
Within these columns, a represents the slope parameter, which
is an indicator of item information. Higher numbers indicate
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Table S3—Items removed from the Patient-Reported Outcomes Measures Information System sleep-disturbance item bank during item response theory
calibration
Information Response Construct Local .
Items Function Distributions Validity Dependence Content Validity
S43: How often did you have difficulty falling Removed
asleep?
S50: | woke up too early and could not fall Added Back Based on
X .
back asleep. Expert ltem Review
S66: | felt jittery or nervous at bedtime. X
S73: 1 was afraid of going to bed. X X
S74: | was afraid of going to sleep. X X
S80: Worrying disturbed my sleep. X
S81: My sleep was disturbed by racing Removed
thoughts.
S83: My sleep was disturbed by sadness. X X
S89: How long did it usually take you to fall
back asleep after an awakening during the Removed
night?
S111: 1 wished | got more sleep each night. Removed
$112: I had all the sleep | needed. X
S114: | was satisfied with the amount of X
sleep | got.
) - . Added Back Based on
S115: | was satisfied with my sleep. X Expert ltem Review
S117: | felt refreshed when | woke up. Removed

that an item contains more information, i.e., discriminates
better among individuals with high and low overall 8 values.
Parameters b1 through b4 represent threshold values for the
individual responses. Lower values for 1 through 54 indicate
items that detect lower levels of severity; higher values for b1
through b4 indicate items that detect greater levels of severity.

Item Selection

Sleep disturbance and SRI items were further refined fol-
lowing a 6-step item-selection procedure. Items removed from
the sleep-disturbance and SRI item banks, and the reason(s) for
their removal, are summarized in Tables S3 and S4.

Item information function

Item-information curves were used to visually examine the
item performance, and items with limited information were
removed. Specifically, 4 items from sleep disturbance (S50: /
woke up too early and could not fall back asleep; S73: I was
afraid of going to bed; S74: I was afraid of going to sleep; S83:
My sleep was disturbed by sadness.) and 4 items from SRI (S5:
1 fell asleep when I did not mean to; S8: I fell asleep in public
places (example: church, movie, work),; S9: I felt sleepy when
driving; S23: I napped.) had discrimination parameter estimates
less than 1.0 and were removed. In the samples evaluated, these
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items did not adequately discriminate individuals with higher
and lower overall severity, estimated by 6.

Response distributions

Items with sparse endorsement in any of 5 response catego-
ries were examined. Because the item distributions were often
skewed to the right (more precision could be obtained at higher
severity levels), the top 2 response categories were examined in
particular. One additional item from sleep disturbance (S66: /
felt jittery or nervous at bedtime.) and 6 additional items from
SRI(S12: I made mistakes because I was sleepy; S28: I had a
hard time thinking clearly because of poor sleep; S32: I made
mistakes because of poor sleep; S33: I had a hard time control-
ling my emotions because of poor sleep; S34: I avoided or can-
celled activities with my friends because of poor sleep, S35: 1
felt clumsy because of poor sleep.) were removed because the
response percentages in the 2 most severe categories had few ob-
servations (less than 6% in total).

Construct validity

Correlations with conventional measures used in the field,
PSQI and ESS, were examined first, followed by correlations
with the global health and PROMIS fatigue scale items devel-
oped at another site. [tems that showed higher correlations with
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theory calibration

Table S4—Items removed from the Patient-Reported Outcomes Measures Information System sleep-related impairment item bank during item response

Information

ltems Function

Response
Distributions

Local
Dependence

Construct

Validity Content Validity

S4: | had enough energy.

Added Back Based on

X Expert Item Review

S5: | fell asleep when | did not mean to. X

S8: | fell asleep in public places (example:
church, movie, work).

S9: | felt sleepy when driving. X

S12: | made mistakes because | was sleepy.

S17: 1 was fatigued.

S18: | felt tired.

Added Back Based on
Expert ltem Review

S23: | napped. X

S26: | had trouble coping because of poor
sleep.

S28: I had a hard time thinking clearly
because of poor sleep.

S31: I'had a hard time getting things done
because of poor sleep.

S32: | made mistakes because of poor sleep.

S33: I'had a hard time controlling my
emotions because of poor sleep.

Added Back Based on
Expert Item Review

S34: | avoided or cancelled activities with my
friends because of poor sleep.

S35: | felt clumsy because of poor sleep.

S121: When | got out of bed | felt ready to
start the day.

Removed

S126: | had to force myself to get up in the
morning.

Removed

S128: How long did it take you to feel alert
after waking up?

Removed

the global health and/or fatigue items than with PSQI and ESS
were removed, since other PROMIS scales are being developed
for each of these domains. Three items from SRI (S4: [ had
enough energy; S17: I was fatigued, S18: I felt tired.) were re-
moved on this basis. No item from the sleep-disturbance item
bank was removed at this step.

Monotonicity/scalability

Empiric item-response curves generated from the TestGraf
program indicated that all items showed good monotonic item-
response curves, meaning that the probability of endorsing a
more “severe” item response increased as the underlying 6
increased. The observed H statistic values were in fact larger
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than 0.40 for all items (< 0.30 is the threshold for a problematic
item), indicating that responses for all items followed a mono-
tonic scale of increasing severity. Therefore, no items were re-
moved at this step.

Local independence

Four items from the sleep-disturbance item bank (S80: Wor-
rying disturbed my sleep; S112: I had all the sleep I needed;
S114: I was satisfied with the amount of sleep I got; S115: I was
satisfied with my sleep.) and 2 additional items from SRI (S526:
I had trouble coping because of poor sleep,; S31: I had a hard
time getting things done because of poor sleep.) were removed
because they shared local dependence (exceeded a threshold
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value of > 0.50 on the Q3 statistic) with 5 or more other items.
These locally dependent items were more strongly correlated
with other items than would be expected by an individual’s
overall level of severity, indicating that they contributed little
independent information to an individual’s severity ranking.

Content expert review

Finally, content experts (DJB, DEM, AG) again reviewed the
items for content validity. Two items from sleep disturbance
(S50: I woke up too early and could not fall back asleep, S115:
I was satisfied with my sleep.) and 3 items from SRI (S4: /
had enough energy,; S18: [ felt tired; S33: I had a hard time
controlling my emotions because of poor sleep.) were added
back because of their important clinical implications. Another
5 items from sleep disturbance (S43: How often did you have
difficulty falling asleep? S81: My sleep was disturbed by rac-
ing thoughts,; S89: How long did it usually take you to fall back
asleep after an awakening during the night? S111: I wished 1
got more sleep each night;, S117: [ felt refreshed when I woke
up.) and 3 items from SRI (S121: When I got out of bed I felt
ready to start the day,; S126: I had to force myself to get up in
the morning; S128: How long did it take you to feel alert after
waking up?) were further removed because of conceptual re-
dundancy with other items.

Items removed from each of the above 6 steps are summa-
rized in Table S3 for sleep disturbance and Table S4 for SRI.
The final sleep-disturbance item bank consisted of 27 items,
and the final SRI item bank consisted of 16 items. The final item
IRT calibration values of the sleep-disturbance and SRI item
banks are displayed in Tables 1 and 2 of the main manuscript.

Estimating Individual Scores

Based on the item-parameter values of the final sleep-distur-
bance and SRI item banks, sleep-disturbance and SRI & scores
were estimated for each of the 2252 individuals in the calibra-
tion sample. The € scale has a mean of 0 and a standard devia-
tion of 1, with higher 8 values corresponding to more severe
disturbances. Sleep-disturbance 6 scores ranged from -2.32 to
3.13, and SRI 6 scores ranged from -2.27 to 3.29 for the entire
calibration sample. The mean @ scores for sleep disturbance in
the YouGov Polimetrix group with no sleep disorders, the You-
Gov Polimetrix group with self-reported sleep disorders, and
the clinical group were -0.34, 0.24, and 0.77, respectively. The
mean f scores for SRI in the YouGov Polimetrix group with no
sleep disorders, the YouGov Polimetrix group with self-report-
ed sleep disorders, and the clinical group were -0.33, 0.25, and
0.88, respectively.

Preliminary Validity Evidence

To evaluate the construct validity of the final sleep-distur-
bance and SRI item banks, € scores were compared between
self-reported sleep disorder and no sleep disorder groups.
As hypothesized, subjects reporting each sleep disorder had
higher 6 values for both sleep disturbance and SRI, compared
with those with no sleep disorder (Table 3, main manuscript).
These findings suggest that the sleep-disturbance and SRI
item banks do, in fact, differ in expected ways among known
groups, supporting their construct validity. We also compared
subjects with self-reported treatment versus untreated sleep
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disorders. As would be expected in a clinical setting, subjects
with untreated sleep disorders had significantly higher mean
6 scores (P < 0.001) for both sleep disturbance and SRI, com-
pared with those who had received treatment (Untreated: sleep
disturbance 6 =0.72, SRI 8 =0.61; Treated: sleep disturbance
6 =0.19, SRI 8= 0.27). This broadly suggests that the sleep-
disturbance and SRI item banks are responsive to treatment.

SUMMARY (from the main manuscript)

The PROMIS sleep-disturbance and SRI item banks were
developed through a systematic process of literature reviews,
content expert review, qualitative research, pilot testing, and
psychometric testing in more than 2000 individuals. This pro-
cess narrowed an initial list of 310 items to 43 and 17 potential
content categories to 2, representing overall sleep disturbances,
quality, and satisfaction (sleep-disturbance item bank) and day-
time impairments related to sleep or sleep problems (SRI item
bank). CTT assessments including internal consistency reliabil-
ity, convergent validity, EFA, and CFA provided support for the
2 preliminary item banks. The 2 final item banks demonstrated
unidimensionality and local independence, important determi-
nants of validity using IRT, and therefore adequately represent
the sleep-disturbance and SRI domains from a psychometric
perspective. The final items also adequately represent general
sleep disturbances and SRI from a clinical perspective, i.c.,
they have good face validity and construct validity. This con-
clusion is further supported by significant differences between
individuals with and without self-reported sleep disorders and
between those with treated and untreated sleep disorders. Taken
together, these findings support the reliability and validity of
the PROMIS sleep-disturbance and SRI item banks.
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