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Abstract

Purpose Fibromyalgia (FM) is characterized by myriad
symptoms and problems. Fatigue is one of the most com-
mon, distressing, and disabling symptoms in FM. The
purpose of this study was to use fatigue item banks that
were developed as part of the Patient-Reported Outcomes
Measurement Information System (PROMIS) to devise a
self-report measure of fatigue for use in individuals with
FM.

Methods A sample of 532 adults with FM (age
range = 18-77, 96.1 % female) completed the PROMIS
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fatigue item bank. Factor analyses and item response the-
ory analyses were used to identify dimensionality and
optimally performing items. These data were used in
combination with clinical input to select items for a fatigue
self-report measure for use in FM.

Results Factor analyses revealed four distinct factors in
the PROMIS fatigue item bank; items for each univariate
subscale were identified by selecting four items with
high item information values. A 16-item measure, the
PROMIS Fatiguegy; Profile, consisting of four 4-item
short forms reflecting fatigue experience (“intensity”)
and fatigue impact in three subdomains—social, cogni-
tive, and motivation—was created. The new PROMIS
Fatiguegy; Profile short forms showed excellent internal
reliability, low ceiling and floor effects, and equivalent
or higher test information compared to the standard 4-
and 7-item PROMIS fatigue short forms.

Conclusions The newly developed PROMIS Fatiguegy;
Profile, a 16-item measure consisting of four 4-item short
forms of self-reported fatigue severity, shows early evi-
dence of good psychometric characteristics, provides the
ability to use short forms that assess distinct aspects of
fatigue experience and fatigue impact, and demonstrates
equivalent or higher levels of test information compared to
standard PROMIS fatigue short forms with similar number
of items. The PROMIS Fatiguegy, Profile indicated fatigue
experience and impact levels approximately 1.5 standard
deviations above the normative sample mean across all
short forms. Future work to evaluate the validity and reli-
ability of this new measure in individuals with FM is
needed.

Keywords Fibromyalgia - Fatigue - Self-report measure -
Short form - PROMIS
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Introduction

Although widespread pain is the cardinal symptom of
fibromyalgia (FM), fatigue is one of the most common and
impactful symptoms in FM [1-3]. The experience of fatigue
in FM is described as profound and overwhelming, more
severe, constant, and unpredictable than normal tiredness, not
relieved by resting or sleep, not proportional to effort exerted,
and disruptive in terms of motivation, activities, and cognition
[4, 5]. Like other conditions characterized by multiple
symptoms, rigorous assessment of all symptom domains in
FM can be time-consuming and burdensome for respondents.
Therefore, there is a need for valid, precise, and efficient
measures of the health-related quality of life (HRQOL)
domains that are of relevance to individuals with FM.

A primary goal of the NIH-funded initiative, the Patient-
Reported Outcomes Measurement Information System
(PROMIS), was to develop efficient, accessible, and high-
quality measures of HRQOL that can be universally applied
across conditions. A rigorous multi-step methodology that
incorporated both classical test theory and item response
theory (IRT) was used to develop PROMIS instruments.
PROMIS measures are scored on a 7T score metric
(Mean = 50, SD = 10) and are available as computer-
adaptive tests (CAT), short forms (a static set of items), or
profile measures (a fixed collection of short forms measuring
different concepts). PROMIS currently includes a 95-item
bank to assess fatigue in adults that can be administered as a
CAT, standard 4-, 6-, 7-, or 8-item short forms, or as a cus-
tomized short form. The PROMIS fatigue item bank contains
items that assess the experience of fatigue (e.g., frequency,
duration, intensity) and the impact of fatigue on physical,
mental, and social activities. Additionally, some fatigue
experience items assess fatigability, or fatigue severity in the
context of demand/activity (e.g., “How often did you feel
tired even when you hadn’t done anything?”).

Interestingly, despite the variability in item content,
previous factor analyses of the PROMIS fatigue items
suggest a single “general fatigue factor” and have sup-
ported the inclusion of all fatigue items in a single measure
[6]. This is in contrast to the PROMIS tools to measure
pain, which have separate measures of pain intensity (a
3-item short form) and pain interference (CATs and short
forms) [7, 8]. This unidimensional approach to measuring
fatigue is also inconsistent with a conceptual model of
fatigue in FM indicating multiple facets of fatigue expe-
rience (e.g., overwhelming, weak/heavy feelings) and
impact (e.g., motivational difficulties, problems think-
ing/concentrating) [5]. The authors of this conceptual
model highlighted the difficulty in measuring fatigue in FM
given that it is such a complex experience for most patients
and suggested that a good patient-reported outcome
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measure should assess all the characteristics of fatigue
identified in the conceptual model [5].

Because the 95 PROMIS fatigue items provide a wide
range of content coverage of the fatigue domain, this set of
items has the potential to provide assessment of the various
aspects of fatigue that are relevant to FM. Indeed, findings
from a focus group study indicated that individuals with
FM rated most PROMIS fatigue items as relevant to their
condition, but most items reflected an underestimation of
the profound experience of fatigue in FM [9]. These find-
ings suggest the need for careful selection of items for
measuring fatigue in FM. In a previous study, PROMIS
fatigue items were selected by an expert panel to create a
fatigue short form for use in multiple sclerosis [10], another
condition where fatigue is a prominent and disabling
symptom. The resulting PROMIS Fatiguey;s Short Form
was found to have higher content validity than the standard
PROMIS short form [10]. This study speaks to the potential
to leverage the flexible design of the PROMIS to create
customized condition-specific measures.

The aim of this study was to devise a fatigue self-report
measure for use in FM by selecting a subset of existing
PROMIS fatigue items. Item selection was guided by
previous research and clinical experience relevant to fati-
gue in FM as well as factor analyses and IRT analyses to
identify (1) the dimensions (i.e., factors) inherent in the
PROMIIS fatigue item bank in a sample of adults with FM
and (2) the best performing items in adults with FM. The
psychometric properties (reliability, distribution properties,
test information) of the newly developed PROMIS
Fatiguepy; Profile scales were examined and compared to
four PROMIS standard fatigue short forms (i.e., the
PROMIIS Fatigue short forms 4a, 6a, 7a, and 8a).

Patients and methods
Participants

Participants were 532 adults who reported a diagnosis of
FM and were members of the National Fibromyalgia
Association (NFA), a patient advocacy organization. Data
were collected from participants representing all 50 states
of the USA. The majority of participants were female and
Caucasian. Additional participant demographics are
described in Table 1.

Study procedures
This study is based on data from the fatigue arm of a larger

study (N = 4265) that examined multiple PROMIS item
banks (e.g., pain interference, sleep disturbance) in persons
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g;gl?p{ivzagggpams’ (N = 532) N % Mean SD Min-Max

Age (years) 49.23 10.98 18-77
Time since FM diagnosis (years) 11.92 9.94 0.5-53.0
Sex (female) 497 96.1
Race

White 346 65.0

Black/African Am 5 0.9

American Indian/Alaska Native 0.2

Asian 3 0.6

Pacific Islander 4 0.8

Other/not provided 172 323
Education

Eighth grade 1 0.2

Some high school 9 1.7

High school/GED 80 15.0

Some college/technical degree 242 45.5

College degree (BA/BS) 120 22.6

Advanced degree (MA, PhD, MD) 65 12.2

Other/not provided 15 2.8

Participants were not required to complete all demographic items; amount of missing data varies across the
variables. GED General Educational Development

with FM. So that no participant had to complete all
PROMIS item banks, which would be excessively bur-
densome, each participant only completed 1 bank of items
plus a few calibration items from other item banks. The
online data collection platform was programmed so that
once a participant completed the demographic portion of
the survey, they were randomly assigned to complete one
of the item banks. The subsample of volunteers who were
assigned to the fatigue arm were not different from the full
sample in terms of distribution of sex (X 2 = 0.02,
p = 0.89), race (X2 = 18.93, p = 0.06), marital status
(X?> =493, p=042), education level (X> = 0.94,
p = 0.99), or average age [mean difference = 0.07 years;
F (1, 3876) = 0.019, p = 0.89]. The Institutional Review
Board at the University of Michigan approved the study
before it was initiated. Participants were recruited through
an advertisement in the monthly NFA newsletter that was
distributed to approximately 70,000 NFA members. The
advertisement described the study and provided a URL
(Web site) link to the study site (Assessment Center™™).
Those who entered the study Web site first viewed an
informed consent page, and volunteers could indicate
consent to participate in the survey study electronically.
Once they had consented and were enrolled/registered in
the study, participants were sent a unique Assessment
Center”™ login ID and password. Participants were

compensated $10. Data for this study were collected
between April 2009 and May 2010.

Measures

After completing a basic demographic form, each partici-
pant completed the 95-item PROMIS fatigue item bank in
addition to a small subset of items from other item banks
(e.g., depression, anxiety).

Data analyses
Exploratory and confirmatory factor analyses

Full-information item factor analysis [11] using a computer
program for conducting ordinal factor analysis, ORDFAC [12],
was used to examine factor structure. This approach produces
results that are slightly more accurate and that allow for greater
clarity in the identification of the number of factors compared to
factor analysis of polychoric correlation matrices [11].
Although both the Akaike information criterion (AIC [13]) and
the Bayesian information criterion (BIC [14]) were used to
compare model fit to the data, emphasis was placed on BIC
values, given that this is the more conservative of the two
criteria. For both exploratory and confirmatory factor analyses,
the model with the lowest AIC and BIC values was chosen.

@ Springer
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Item response theory analyses

Using the same modeling approach as has been used by
PROMIS to calibrate item banks, Samejima’s graded
response model (GRM) [15] was used to fit the item
responses to each unidimensional fatigue subscale that was
identified through factor analysis. GRM fit includes defin-
ing the slope parameter, which details the steepness of the
item characteristic curves (ICC’s) and the threshold
parameters, which gives the intersections of the ICC’s for
adjacent categories. All modeling was completed with the
MULTILOG 7 [16] statistical software. The R statistical
package [17] was used to estimate the item/test polyserial
correlations.

Results
Factor analysis
Exploratory factor analyses

For the exploratory analysis, the BIC indicated a five-factor
model (see Table 2). The PROMAX-rotated factor load-
ings presented an easily interpretable solution and are
presented in Online Resource 1. The first factor contained
negatively worded fatigue experience items (e.g., tired,
fatigued, exhausted). The factor loadings showed that the
fifth factor consisted solely of fatigue experience items that
were positively worded and assessed how energetic the
respondent felt. It is not uncommon in a large item bank
such as this for items that assess the same construct to be
split based on positive/negative wording of the item (e.g.,
the PROMIS cognitive functioning item banks [18]).
Therefore, it is reasonable to consider the negatively
worded items on factor 1 and the positively worded items
on factor 5 to represent a single “fatigue experience”
dimension.

Items that assess fatigue impact were split across three
separate factors: cognitive impact (factor 2; e.g., memory,

Table 2 Fatigue item exploratory factor analysis model comparisons
(N = 532)

Model Log-Lik Chi-Sq DF AIC BIC

1 Factor —45,092 90,185 95 90,375 90,781
2 Factor —43,340 86,680 189 87,058 87,865
3 Factor —42,074 84,148 282 84,712 85,917
4 Factor —41,493 82,986 374 83,734 85,332
5 Factor —41,195 82,390 465 83,320 85,306

Log-Lik log likelihood, Chi-Sq Chi-squared, AIC Akaike information
criterion, BIC Bayesian information criterion
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attention, decision making), social impact (factor 3; e.g.,
socializing, recreational activities), and motivational
impact (factor 4; starting or finishing things, pushing one-
self to get things done). Distinguishing between different
types of fatigue, including physical fatigue, motivational
fatigue, cognitive fatigue, and reduced activity is consistent
with other legacy measures of fatigue, such as the Mul-
tidimensional Fatigue Inventory (MFI [19]) which has been
used extensively in clinical trials of FM [20].

Confirmatory factor analysis

Results from a confirmatory factor analysis (Table 3)
support the conclusion that a 4-factor solution is the best fit
to these data and is a better fit than either a 2-factor or
1-factor solution. Notably, the 2-factor solution was sig-
nificantly better than the 1-factor solution. Taken together,
these factor analyses provide evidence that the PROMIS
fatigue items should not be considered a unidimensional
construct for individuals with FM, as they have been in
other samples [6].

IRT results

The primary aim of the IRT analyses was to identify the
items that were most informative for measuring each
dimension of fatigue in this sample of individuals with FM.
Item information was determined by steeper slopes that
indicate higher item information functions (IIF’s). The
most informative items were evaluated relative to other
high information items that represented a broad range of
the fatigue spectrum. This approach was undertaken to
maximize accessibility/usability along with high IIF’s.

Creation of a 16-item PROMIS Fatiguer;, Profile

Because four fatigue factors were identified, the aim was to
devise a profile measure consisting of four short forms, one
for each unidimensional factor. Items for the PROMIS
Fatiguery; Profile were selected based on a number of
criteria. It was important to select items that demonstrated
excellent, or “high discrimination” IRT parameters;
because each profile short form was designed to have as
few items as possible while still maintaining adequate
levels of reliability, it was important that each item pro-
vides a great deal of information. Four items were selected
for each short form—fatigue experience, fatigue cognitive
impact, fatigue social impact, and fatigue motivational
impact. To aid the study team in item selection, items
within each factor were listed in rank order from highest to
lowest average item information. Items were considered for
selection starting with the highest information item and
working down the list. Items were skipped/not included if
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CT;f’éf n?atfgi%;l;;ie;?lalysis Model NPARM  Log-Lik Chi-Sq Chi-Diff  p value AIC BIC

model comparisons (N = 532) 1 Factor 465 451226 902453 911753 931622
2 Factor 466 —43853.0 877060  2539.3 1.OE—207  88638.0  90629.2
4 Factor 471 —43819.0  87638.1 67.9 2.8E—13 88580.1  90592.6

NPARM number of independent parameters, Log-Lik log likelihood, Chi-Sq Chi-squared, Chi-Diff Chi-
squared difference, AIC Akaike information criterion, BIC Bayesian information criterion

they were highly redundant with already selected items
(e.g., “To what degree did you have trouble starting things
because of fatigue?”, “How often did you have trouble
starting things because of fatigue?”’) in order to maximize
content coverage within each dimension. We also made an
effort to select items that did not contain colloquial
wording (e.g., “wiped out,” “run down,” “physically
drained”) for more straightforward translation to other
languages and to optimize comprehension of the scale for a
broader range of English speakers.

Four is the minimum number of items per short form in
current PROMIS profile measures; therefore, it was deci-
ded to select four items per short form. However, the
reliability and test information of short forms with 3 items
were also examined to determine whether a shorter mea-
sure could perform as well as a longer measure. Short
forms consisting of the three items with the highest average
item information values resulted in moderate reductions in
test reliability statistics (mean change = —0.04) and lower
test information, such that all but the fatigue social impact
short form demonstrated lower test information compared
to the PROMIS Fatigue Short Form 4a. Because an addi-
tional item per short form represents negligible added
respondent burden with the benefit of greater reliability and
test information, it was determined that the four item short
forms should be retained.

Overview of the 16-item PROMIS Fatiguery; Profile

The items and response options for the four short forms of
the PROMIS Fatiguegy, Profile are found in Table 4. Four
of the items reflect intensity of fatigue and constitute the
fatigue experience short form, using the words fatigue/fa-
tigued, tired, and exhausted. The fatigue social impact
short form contains four items that assess the degree to
which fatigue interferes with or limits social activities,
recreational activities, and socializing with friends. The
fatigue motivational impact short form contains items that
assess the degree to which fatigue interferes with starting
or finishing things, effectiveness at home, and having to
push oneself to get things done. Finally, the fatigue cog-
nitive impact short form contains four items that cover the
impact of fatigue on speed and clarity of thought, trouble
making decision, or remembering. All items are negatively

worded and are scored in the same direction; each short
form is scored by summing the items. The possible raw
score range is 4-20 for each short form, with higher scores
indicating greater fatigue experience/impact.

In order to be comparable with the PROMIS scoring
metric, two sets of T score scale conversions were calcu-
lated for the PROMIS Fatiguegy; Profile experience and
impact short forms (Table 5). The study sample T score
conversion values are based on IRT parameters from this
study; consequently, T scores obtained from this conver-
sion would provide for comparison with this sample of 532
people with self-reported FM. The PROMIS-equivalent
T score conversion values are based on IRT parameters
from PROMIS; thus, T scores derived from this conversion
provide for comparison with the PROMIS normative
sample. This allows the user to make comparisons with this
sample (an approximation of the population of interest), or
ostensibly with both this sample and the normative popu-
lation. Notably, a raw score on the PROMIS Fatiguegy
Profile or short forms would result in a much lower T score
on the study-equivalent 7' score scale compared to the
PROMIS-equivalent T score scale. This is due to the fact
that the sample of individuals with FM has higher levels of
fatigue compared to the general populations that is repre-
sented by the PROMIS normative sample.

Pearson correlations between the PROMIS Fatiguegy
Profile short forms (see Table 6) range from r = 0.60 to
0.77 (i.e., 36-59 % shared variance), suggest a relatively
modest degree of overlap between the unidimensional
subscales, and support the creation of short forms within
the profile measure.

Reliability, data distribution, and test information results

Reliability and data distribution results are depicted in
Table 7. The PROMIS Fatiguegy; Profile short forms and
the standard PROMIS short forms all demonstrated good-
to-excellent internal consistency reliability; the PROMIS
Fatigue Short Form 7a demonstrated the lowest reliability.
Notably, T score (PROMIS metric) means across the scales
indicate high levels of fatigue in this sample. There is a
high degree of consistency across the scales, indicating that
this sample reports average fatigue levels 1.5 standard
deviations above the normative sample mean of 50; the one

@ Springer
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Table 4 PROMIS Fatiguegy; Profile

Very

No. Item Name Short Form In the past 7 days... Not atall A little bit Somewhat Quite abit much
E1 FATEXP34 Experience How tired did you feel on average? ? 2 g E' %'
E2 FATEXP40 Experience How fatigued were you on average? ? g g E' %'
E3 FATEXP36 Experience How exhausted were you on average? ? g' %l E' %'
S1  FATIMP48 Social To what Fjegreg ‘dlld your fatigue interfere with a a a a a
Impact your social activities? 1 2 3 4 5

. To what degree did your fatigue interfere with
S2 FATIMP45 Social your ability to engage in recreational d d 4 - -
Impact o 1 2 3 4 5
activities?
Motivational To what degree did you have trouble starting a a a a a
M1 FATIMP27 Impact things because of your fatigue? 1 2 3 4 5
Motivational To what degree did you have trouble finishing [} a a a a
M2 FATIMPS1 Impact things because of your fatigue? 1 2 3 4 5
Cognitive ~ To what degree did your fatigue make it a a a a a
C1  FATIMP38 Impact difficult to make decisions? 1 2 3 4 5
Cognitive  To what degree did your fatigue make you feel a a a a a
€2 FATIMP2 Impact slowed down in your thinking? 1 2 3 4 5
No. Item Name Short Form In the past 7 days... Never Rarely Sometimes  Often Always

Motivational How often were you less effective at home Q ] ] ] a
M3 FATIMP42 Impact due to your fatigue? 1 2 3 4 5
M4  FATIMP3 Motivational How often did you have to push yourself to get ] ] ] Q Q
Impact things done because of your fatigue? 1 2 3 4 5
Social How often did you have to limit your social ] Q ] Q Q
S3  FATIMP18 Impact activities because of your fatigue? 1 2 3 4 5
Social How often were you too tired to socialize with Q Q ] Q Q
S4  FATIMPS6 Impact your friends? 1 2 3 4 5
Cognitive . . ” Q Q a a a
C3 FATIMP30 Impact How often were you too tired to think clearly? 1 2 3 4 5
C4  FATIMP11 Cognitive ~ How often did your fatigue make you more forgetful? O Q a Q Q
Impact 1 2 3 4 5

Very

In the past 7 days... None Mild Moderate  Severe Severe

. What was the level of your fatigue on most a a a a a
E4 FATEXP56 Experience days? 1 2 3 4 5

Item name indicates the name used to identify the item within the PROMIS item bank, currently available at www.assessmentcenter.net

exception is the PROMIS Fatigue Short Form 7a which ~ None of the measures showed problems with floor effects
showed a lower average fatigue level, less than 1 standard  (proportion with lowest possible score) or ceiling effects
deviation above the PROMIS normative sample mean. (proportion with highest possible score). The PROMIS
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Table 5 PROMIS Fatiguegy; Profile subscale raw scores (sum of all item scores) and equivalent T scores for this study sample and for the

PROMIS normative sample

Fatigue experience Study sample PROMIS®- Fatigue social Study sample PROMIS®-
raw score T score equivalent impact raw scores T score equivalent
T score T score

4 19 33 4 21 38

5 24 39 5 25 45

6 27 42 6 27 48

7 30 45 7 30 50

8 33 48 8 32 52

9 36 51 9 34 54

10 39 53 10 36 56

11 42 55 11 38 57

12 45 57 12 41 59

13 48 59 13 43 61

14 51 62 14 46 63

15 55 64 15 48 64

16 58 67 16 51 66

17 61 70 17 54 68

18 67 71 18 57 70

19 67 74 19 60 73

20 67 78 20 66 77

Fatigue motivational Study PROMIS®- Fatigue cognitive Study sample PROMIS®-
impact raw score sample equivalent impact raw score T score equivalent

T score T score T score

4 13 36 4 20 39

5 17 42 5 24 45

6 21 45 6 28 49

7 24 47 7 31 51

8 27 49 8 34 54

9 30 52 9 36 56

10 33 54 10 39 58

11 36 56 11 41 60

12 38 58 12 43 61

13 41 60 13 46 63

14 44 61 14 48 65

15 47 63 15 51 67

16 50 65 16 54 69

17 54 68 17 57 71

18 57 70 18 60 74

19 61 73 19 64 77

20 66 77 20 69 81

Fatigue Short Form 7a, which was specifically designed to
cover the extreme tails of the fatigue distribution, had zero
cases at the floor or ceiling, whereas the other measures
demonstrated very low floor/ceiling rates. Scores in this
sample for all PROMIS measures approximated a normal
distribution, as evidenced by low skew and kurtosis values.

Test information curves (Fig. 1) indicate that all of the
short forms of the PROMIS Fatigueg,; Profile provided

generally equivalent or greater test information than stan-
dard 4- or 7-item PROMIS Fatigue short forms in the range
of fatigue severity between —2.0 and +2.0 standard devi-
ations. Notably, two of the PROMIS Fatiguegy; Profile
short forms, fatigue cognitive impact and fatigue social
impact, perform as well or better than all standard PROMIS
short forms, even those with 6 or 8 items, across the fatigue
spectrum. For fatigue experience and fatigue motivational
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Table 6 Bivariate Pearson correlations between PROMIS Fatiguegy,
Profile short form scores

2 3 4
1. Fatigue experience 0.70 0.75 0.60
2. Fatigue social impact - 0.77 0.62
3. Fatigue motivational impact - 0.70

4. Fatigue cognitive impact -

impact, the standard 6- or 8-item PROMIS short forms
provided more information, but this is expected given they
contain more items. The PROMIS Fatigue short forms 6a
and 8a provide slightly more information than the newly
created short forms at the lowest levels of fatigue (<—2.0
standard deviations). The Fatigue Short Form 7a provides
slightly more information at the highest levels of fatigue
(>+2.0 standard deviations), but over the entire range of
fatigue, the 7-item form provided less information com-
pared to either the new short forms or the more generic
PROMIIS Fatigue short forms 6a and 8a.

Discussion

The federally funded initiative, PROMIS, has devised a
large battery of item banks that are meant to be universally
applicable across chronic conditions [7, 21]. However,
examination and validation of PROMIS measures within a
given clinical population is recommended before using
them within that group [21, 22]. The PROMIS design
allows for customized measures that are created by
selecting a subset of items that are deemed optimal for a
given clinical population. Previous work has capitalized on
this flexible feature of PROMIS to develop condition-
specific short forms for fatigue in MS [10] and cognitive
dysfunction in FM [23]. This study utilized a combination
of classical test theory and item response theory to develop
an FM-specific measure of fatigue and to compare the new

measure to existing standard PROMIS short forms of the
same construct.

The 16-item PROMIS Fatiguery, Profile development is
consistent with the PROMIS approach to profile measure-
ment development, which involves devising a static set of
short forms, each of which consists of the best items for a
given domain or subdomain. As with the PROMIS standard
profile measures, the PROMIS Fatiguegy; Profile provides
raw and T scores for each short form with no overall (total)
score, due to the fact that the short forms together do not
represent a unidimensional construct. It was developed,
guided by knowledge of the experience of fatigue in FM
(based on previous research and the clinical experience of
three of the authors) as well as psychometric indicators,
including factor analysis and item information function
results. One strength of the PROMIS Fatiguegy, Profile is
that it has four unidimensional short forms that capture
distinct aspects of fatigue in FM. The fatigue experience
short form contains items that assess intensity of tiredness,
exhaustion, and fatigue. The three fatigue impact short
forms contain items that assess the impact of a person’s
fatigue on his or her mental, social, and motivational
activities and abilities. The capability to measure distinct
facets of fatigue might be particularly important when using
the PROMIS Fatiguegy; Profile as a treatment outcome
measure, where it is expected that the intervention will have
relatively stronger impact on one of subdomains of fatigue
in FM. In contrast, the PROMIS Fatigue Short Form 8a,
which includes 4 experience and 4 impact items, the PRO-
MIS Fatigue Short Form 7a, which has 3 experience and 4
impact items, the PROMIS Fatigue Short Form 6a, which
contains 3 impact and 3 experience items, and the PROMIS
Fatigue Short Form 4a, which contains 3 experience and 1
impact item, were all designed to be scored and used only as
a total scale due to the fact that factor analyses in the nor-
mative population revealed a single fatigue factor. Interest-
ingly, the correlation between subscales that assess fatigue
experience and fatigue impact was substantially smaller in

Table 7 Reliability and data distribution characteristics of the fatigue PROMIS Fatiguegy; Profile short form scores and standard PROMIS

Fatigue short forms

Measure Reliability T score Mean £+ SD Floor (%) Ceiling (%) Skew Kurtosis
PROMIS Fatiguery, Profile short forms
Fatigue experience 0.89 65.39 £ 6.86 0 7.1 —0.38 —0.20
Fatigue social impact 0.91 65.16 £+ 6.89 0.6 10.2 —0.69 0.22
Fatigue motivational impact 0.88 65.16 &+ 6.29 0 8.3 —0.63 0.34
Fatigue cognitive impact 0.90 6591 £ 7.21 0.6 4.9 —0.48 —0.02
PROMIS Fatigue Short Form 4a 0.86 64.83 £ 6.31 0 11.1 —0.57 0.02
PROMIS Fatigue Short Form 6a 0.90 65.30 £+ 6.16 0 7.9 —0.67 0.20
PROMIS Fatigue Short Form 7a 0.83 59.85 £ 5.33 0 0 —-0.47 —0.68
PROMIS Fatigue Short Form 8a 0.87 65.51 £ 6.04 0 5.6 —0.68 0.41
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Fig. 1 Test information curves comparing PROMIS Fatiguegy
Profile short forms—fatigue experience, fatigue social impact, fatigue
motivational impact, and fatigue cognitive impact—and PROMIS
Fatigue short forms 4a, 6a, 7a, and 8a. The fatigue x-axis depicts the
FM sample theta (SD) scale

this study (#’s = 0.60-0.75; 36-56 % shared variance)
compared to the PROMIS development sample (r = 0.95;
90 % shared variance) [6]. The very high correlation in the
development sample was interpreted as evidence that the
items that assess fatigue experience and fatigue impact could
be included in a single unidimensional measure. The results
from this study suggest that dimensionality of the item bank
may differ across samples and different clinical conditions
and highlights the need for examination of the psychometric
properties of PROMIS measures in specific populations
before they can be confidently adopted for use.

The PROMIS Fatiguepy, Profile performed well psy-
chometrically in this sample. Reliability was excellent for
each of the short forms (experience = 0.89; social
impact = 0.91; motivational impact = 0.88; cognitive
impact = 0.90). Because we used the same sample to
select the best performing items and to evaluate the psy-
chometrics of the resulting subscales, it is possible that
reliability calculations reflect as overestimation of what
would be found in other samples of adults with FM.
Reliability of these scales should be re-evaluated in other
FM samples. Further examination of the psychometric
properties, including construct validity, test-retest relia-
bility, sensitivity to change, and responsiveness/minimally
important differences, of the PROMIS Fatiguegy, Profile is
also needed. Additional comparisons of the psychometric
performance of the PROMIS Fatiguegy, Profile with stan-
dard PROMIS short forms and CATs in FM are warranted.
However, it is recommended that clinicians and/or
researchers using PROMIS to assess fatigue in FM use the
PROMIIS Fatiguery Profile. Although the PROMIS Fatigue
short forms 6a and 8a also performed satisfactorily in this
sample, the use of the newly developed PROMIS
Fatiguegy; Profile is encouraged for use in people with FM
for a number of reasons. Item selection for the PROMIS
Fatiguegy, Profile was based, in part, on factor analyses and
IRT that indicated distinct domains of functioning that
were important to assess in FM and items that offered the
most information in assessing those domains. The PROMIS
Fatigue Short Form 8a, the best performing standard
PROMIS short form, contains four fatigue impact items
that, unfortunately, only represent the motivational impact
factor identified in this study; it does not contain items that
assess the social or cognitive impact of fatigue. The
PROMIS Fatiguegy; Profile, in contrast, contains subscales
that reflect all of the fatigue domains that were revealed in
factor analyses and are known to be important in the lives
of people with FM [2]. The PROMIS Fatiguegy, Profile can
be thought of as containing PROMIS fatigue item bank
items that have been essentially “vetted” and selected for
use in FM. Uniform use of the PROMIS Fatiguegy, Profile
by researchers will allow for comparison of fatigue
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experience and fatigue impact scores across studies. In
addition, because it is possible to convert the PROMIS
Fatiguepy; Profile scores to T scores, clinicians and
researchers can compare the score for any given patient or
study sample to others with FM (using this study sample
T scores) and/or the general US population (using the
PROMIS T scores).

The PROMIS Fatigue Short Form 7a is not recom-
mended for use in FM due to its low test information and
unusually low average fatigue score compared to other
PROMIS measures. The items for the standard 4-, 6-, and
8-item fatigue short form were ranked and selected based
on two empirical criteria: (1) maximum interval informa-
tion and (2) CAT simulations using 1000 cases. In contrast,
items for the 7-item fatigue short form were selected by an
expert panel who were focused on item content and rep-
resenting the full range of the fatigue construct. This
approach resulted in a measure that contains more “high-
difficulty” items (e.g., “how often did you experience
extreme exhaustion?”, “how often were you too tired to
take a bath or shower?”) and has more information at the
highest (most severe) end of the fatigue spectrum com-
pared to any of the other short forms being considered in
this study. Although these high-difficulty items result in no
cases at the ceiling of the 7-item measure in this sample,
the test information across the range of the fatigue spec-
trum was relatively low, especially for a measure with a
relatively high number of items. Although the PROMIS
Fatigue Short Form 4a had adequate reliability in this
sample, it had lower test information than any of the uni-
dimensional short forms from the PROMIS Fatiguegy
Profile.

Study strengths and limitations

Strengths of this study include the large and geographically
diverse sample, use of both classical test theory and IRT,
and the balanced use of empirical information along with
clinical and pragmatic consideration in the selecting of
short form items. The study was limited by self-report of
FM diagnosis; however, this is consistent with the
methodology that was used in the development of the
PROMIS measures. Study participants were NFA mem-
bers, which makes it more likely that the self-reported
diagnostic status was accurate; furthermore, 98.5 % of
participants responded “yes” to the questions, “Have you
been diagnosed with FM?” However, the recruitment of
participations through the NFA alone might have resulted
in a study sample that is not wholly representative of the
FM population.

The limited types of data collected from participants in
this study (e.g., basic demographics, PROMIS items) make
it difficult to compare this sample with the broader FM
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population; however, the sociodemographic characteristics
of this study sample are similar to those for people with FM
in general [3]. And in a similar study where we have col-
lected online survey data from people recruited through the
NFA, the sample was very comparable to other FM sam-
ples in terms of self-reported cognitive functioning and FM
severity and represented a broad range of FM severity [23].
Because the sample lacked heterogeneity in terms of sex
and race, our ability to generalize our findings to males or
racial minorities is limited. Future research examining the
psychometric performance of the measure needs to include
more diverse samples, particularly to examine whether
psychometric properties are consistent or different (e.g.,
differential item functioning) across subgroups of people
with FM. Although it was important to provide sample-
specific T scores so that users can see how an individual
patient or study participant compares to a large sample of
individuals with FM, future research in larger, well-char-
acterized samples may result in different T score conver-
sion values; such research is needed for the continued
clinical and research utility of the PROMIS Fatiguegy,
Profile.

Conclusion

In summary, fatigue is one of the hallmark symptoms of
FM and it is important to assess fatigue clinically and for
research purposes. Previous factor analyses of the PROMIS
fatigue items suggested that fatigue could be measured as a
unidimensional construct. However, the results from this
study provide evidence that the fatigue PROMIS item bank
has multiple dimensions in a sample of individuals with
FM. This study leveraged the flexibility of the PROMIS
items banks to develop a customized PROMIS Fatiguegy
Profile that contains four short forms, fatigue experience,
fatigue social impact, fatigue motivational impact, and
fatigue cognitive impact, which reflect the different
dimensions identified in the factor analyses. This newly
developed PROMIS Fatiguepy, Profile provides a broader
assessment of fatigue in FM with overall better psycho-
metric qualities than the standard PROMIS short forms.
The PROMIS Fatiguegy Profile provides clinicians and
researchers a comprehensive yet relatively brief measure of
fatigue that is psychometrically sound and is recommended
for use by those who want to use a PROMIS measure of
fatigue in FM.
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