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ABSTRACT

Introduction: Fatigue is an important fibromyalgia (FM) symptom, but existing measures of fatigue are unlikely to
meet regulatory standards for clinical trial use. We describe the development and validation of the Daily Diary of Fa-
tigue Symptoms—Fibromyalgia (DFS-Fibro), a 24-hour recall, patient-reported outcome (PRO) measure of fatigue in
FM that is administered electronically (ePRO). Methods: There were 3 phases of work: 1) item generation based on
concept elicitation interviews with FM patients, with clinical relevance confirmed by expert clinician review; 2) pilot
testing/cognitive debriefing interviews with FM patients; and 3) psychometric validation using data from a methodology
study with 145 FM patients. The measure was finalised based on both qualitative and quantitative findings. Results:
Twenty-three items were generated in phase 1, some minor revisions were made following the pilot testing and cogni-
tive debriefing (phase 2) but none were deleted. All patients found the measure easy to understand and use. Item reduc-
tion was conducted taking into account both the initial psychometric data and the earlier qualitative research, resulting
in a final 5 item measure of the “symptom” of fatigue. The 5-item DFS-Fibro had very high internal consistency (alpha
=0.99), and strong test-re-test reliability (r > 0.84), convergent validity and known-groups validity. Conclusion: The
DFS-Fibro has strong psychometric properties and strong face and content validity for the measurement of fatigue in
FM.

Keywords: Fatigue; Fibromyalgia; Patient Reported; Psychometric Validation; Qualitative; Questionnaire
Development; Diary; ePRO

1. Introduction Like pain, fatigue can only be measured by patient re-
port. Recent literature and current regulatory standards
for the development of Patient Reported Outcome (PRO)
measures (and specifically those intended for use as end-
points in clinical trials to support label claims) emphasize
the importance of including qualitative patient research

as a central part of the PRO development [17-19]. More-

Fibromyalgia (FM) is a chronic condition characterised
by persistent, generalised musculoskeletal pain not caused
by identifiable tissue inflammation or damage [1,2].
Other common symptoms include fatigue, cognitive im-
pairment, paraesthesia, stiffness, sleep disturbance, an-
xiety and depression [1,2]. Global prevalence estimates

of FM range from 0.5% to 10% [3-8], with women af-
fected disproportionately [8-10]. FM impacts on func-
tioning and emotional well-being [11-13].

In addition to pain, qualitative research has shown that
a majority of FM patients regard fatigue as one of the
most bothersome symptoms [11,14]. In a Delphi study,
fatigue was rated as the second most important domain to
measure (after pain) by 23 expert clinicians [15], and the
third most important domain by 100 FM patients (after
pain and “overall FM”) [16].
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over, regulators particularly stress the importance of in-
cluding input from patients who are in the target popu-
lation of interest. This helps ensure that the questionnaire
items using natural language used by patients, are easy to
understand and answer, and assess concepts identified as
relevant and important by patients. Although generic fati-
gue measures such as the Multidimensional Fatigue In-
ventory (MFI) and the Multidimensional Assessment of
Fatigue (MAF) have been used in FM clinical trials [11,
20-24], the development of these measures did not inclu-
de qualitative research with FM patients. Therefore, exis-
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ting instruments of FM fatigue may not be satisfactory
for regulatory and labelling purposes. Furthermore, these
existing measures have recall periods of 7 days or longer
[14]. Regulatory guidance for the development of patient
report measures recommends that for variable symptoms,
such as fatigue, patients may not be able to reliably recall
over more than 24 hours [19]. Thus, there was a need to
develop a new, daily self-completed FM fatigue measure.

2. Patientsand Methods
2.1. Phase 1—Item Generation

As recommended by current guidelines [19], a pool of
items was generated based upon qualitative data from
concept elicitation (CE) interviews with 40 FM patients
from the US, Germany and France (reported in detail else-
where) [14]. In these interviews the patients consistently
reported experiencing tiredness/fatigue as: an overwhelm-
ming feeling of tiredness (n = 17, 42.5%), not relieved by
resting or sleeping (n = 14, 35%), not proportional to effort
exerted (i.e they easily become tired) (n = 25, 62.5%),
associated with a heavy feeling in their body (n = 16,
40%) or a weak feeling in their muscles (n = 9, 22.5%),
that made it difficult for them to motivate themselves to
do things (n = 23, 57.5%), affected things they want to
do (n =27, 67.5%), or made tasks take longer to do (n =
15, 37.5%), and made it difficult to concentrate (n = 21,
52.5%), think clearly (n = 12, 30%) or remember things (n
=9,22.5%).

Item content, based on this patient feedback, was fina-
lised with input from PRO experts, expert FM clinicians
and interviewers from all three countries. The qualitative
findings suggested that the measure should be completed
daily with a 24-hour recall due to the variable nature of
fatigue and due to patients reporting that they had diffi-
culty recalling their fatigue accurately over more than 24
hours. It was also developed to be completed electro-
nically, via a hand-held Personal Digital Assistant (PDA),
to reduce respondent burden, allow time and date-stam-
ping of data, reduce secondary data entry errors, and re-
sult in more accurate and complete data [25,26].

2.2. Phase 2—Cognitive Debriefing (CD)

The initial pool of items was pilot tested with FM pati-
ents in electronic format. The aim was to assess whether
the proposed items were relevant, acceptable and un-
derstandable to FM patients, and to identify any changes
that might be recommended before implementation in a
clinical study. Patients were trained to use the device
(visit 1), then completed the diary every evening for 3 - 7
days (referred to as the “pilot test”) followed by a 90-mi-
nute CD interview (visit 2) no more than 10 days after
visit 1. Thus, patients gained ‘“real-life” experience of
completing the measure prior to debriefing.

Copyright © 2013 SciRes.

During the CD interview patients performed a ‘think-
aloud’ where they spoke their thoughts aloud as they read
and responded to each PRO question, followed by detai-
led debriefing questions about each item, response scale
and the recall period—what patients understood them to
mean, their relevance and suggestions for rewording [18,
19,27].

FM patients (n = 20) were recruited through general
practitioners, internal medicine specialists and pain spe-
cialists in the US. US-English-speaking men and women
of any race and aged >18 years were invited to partici-
pate if they met the ACR diagnostic criteria for FM [2].
Patients were excluded if they had significant physical or
psychiatric co-morbidities, other severe pain, autoimmune
or rtheumatic disorder, other non-focal rheumatic disease,
active infection, or an untreated endocrine disorder. Ethi-
cal approval of the study protocol, documents and proce-
dures was granted by Copernicus, a centralized Indepen-
dent Review Board, and written informed consent was ob-
tained from all participants prior to entry into the study.

All interviews were audio-taped. Qualitative analysis
of verbatim transcripts was performed using methods
based on Grounded Theory [28-30] and Atlas.ti software
[31]. Based on patient feedback and discussions between
the researchers and expert clinicians, revisions were
made to the items, instructions and response options, re-
sulting in the draft version of the DFS-Fibro.

2.3. Phase 3—Psychometric Validation

The draft DFS-Fibro which emerged from phase 2 was
included in a cross-sectional methodology study with FM
patients to provide psychometric data to inform item re-
duction and explore the psychometric properties of the
final tool. Physicians completed a case report form (CRF)
confirming patients met inclusion/exclusion criteria (iden-
tical to those used in phase 2) and providing information
about patient clinical characteristics. Patients attended a
clinic visit where they were trained to use the PDA. They
then completed the draft DFS-Fibro each evening for 2
weeks until a follow-up clinic visit. Other measures were
collected to validate the draft DFS-Fibro against, includ-
ing a pain NRS and a sleep interference rating scale. These
were also completed daily on the PDA, together with sev-
eral pen/paper PROs completed at the clinic visits. Table
1 lists each additional measure, along with references for
full instrument descriptions and a summary of the ana-
lyses the measures were used in.

A total of 145 FM patients were recruited by FM expert
physicians at rheumatology or pain clinics in the US (150
patients were targeted, fitting with the recommendation
of >5 subjects per item for factor analysis and sufficient
for other psychometric methods [41]). All provided writ-
ten informed consent prior to admission to the study.
Patients were not screened for fatigue or pain levels prior
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Table 1. Other patient reported outcomeinstrumentsincluded in the psychometric validation study and their relevanceto the
psychometric evaluation of the daily diary of fatigue symptoms—fibromyalgia.

Instrument

Reason for Inclusion Statistical Analyses

Pain Visual Analogue Scale (VAS) [32]

e Defining groups for known-groups validity evaluation
(based on severity rating)

ANOVA

e Convergent validity (MAF scales: severity, distress,

Multidimensional Assessment of Fatigue (MAF) [33]

interference with ADLs, modified GFI)
e Defining groups for known-groups validity (MAF

Pearson’s correlation
ANOVA

scales: severity, modified GFI)

e Convergent validity (MFI scales: general fatigue,

physical fatigue, mental fatigue, reduced activity,
reduced motivation)

Multidimensional Fatigue Inventory (MFI) [34]

Pearson’s correlation
ANOVA

e Defining groups for known-groups validity (MFI
general fatigue scale) evaluation

Fibromyalgia Impact Questionnaire (FIQ) [35] .
Short-Form 36 Health Survey (SF-36) [36] .
Patient Global Impression of Change (PGIC) [37] .

Patient Impression of Change (PIC)—fatigue specific .

Epworth Sleepiness Scale (ESS) [38] .
Medical Outcomes Study—Sleep Scale (MOS-SS) [39] o
Hospital Anxiety and Depression Scale (HADS) [40] .
Daily Sleep Interference Rating Scale (SIRS) .
Fibromyalgia Severity Scale [1] .

Convergent validity (FIQ tiredness item)

Convergent validity (SF-36 vitality scale)

Test-retest reliability

Test-retest reliability (fatigue)

Divergent validity

Divergent validity (sleep somnolence scale)
Divergent validity (anxiety and depression scales)
Divergent validity

Defining groups for known-groups validity evaluation

Pearson’s correlation

Pearson’s correlation

Intra-Class Correlation
Coefficient

Intra-Class Correlation
Coefficient

Pearson’s correlation
Pearson’s correlation
Pearson’s correlation
Pearson’s correlation

ANOVA

to inclusion in the study.

The distribution of responses for the draft DFS-Fibro
items was summarised using descriptive statistics. Admi-
nistering the draft DFS-Fibro by means of a PDA device
prevented patients from skipping an item; therefore, eva-
luating missing data at an item level was not appropriate.
Patterns in incomplete diary entries or missing days were
assessed. Weekly mean scores were calculated if >4 as-
sessments were available within the 7-day period. If fe-
wer than 4 assessments were available, data for that week
were treated as missing.

Item-reduction analyses involved inter-item correla-
tion analysis and factor analysis conducted on week 2
mean scores (week 2 was selected to ensure that the refe-
rence week was the same for all patients since all had a
follow up clinic visit at this time point and were adminis-
tered the other measures). The previous qualitative fin-
dings and expert clinical opinions were taken into ac-
count for item deletion/retention decisions.

Internal consistency and test-retest reliability were as-
sessed using Cronbach’s alpha and Intra-Class Correla-
tions (ICC), respectively. Coefficients >0.70 were re-
quired for both properties. Construct validity (convergent
and divergent) was explored through correlation analyses
between draft DFS-Fibro item scores and other PROs in-
cluded in the study (Table 1). Scales measuring similar

Copyright © 2013 SciRes.

concepts were expected to correlate more highly than
scales measuring dissimilar concepts, with the expected
correlations to demonstrate convergent validity being mo-
derate to strong, and divergent validity being mild to mo-
derate (not low, because some correlation was expected
among all measures given the nature of symptoms within
FM). Demonstrating that the DFS-Fibro has stronger
correlations with other measures of fatigue than with mea-
sures of sleep and mood was expected to confirm that
these are distinct, albeit related, concepts. Discrimina-
tive/known-groups validity was explored by evaluating
differences between groups known to vary according to
the level of fatigue and FM severity (see Table 1 for re-
levant PRO measures).

Based on initial psychometric findings and the previou-
sly conducted qualitative research, recommendations were
made for item deletion or retention. The psychometric
properties of the final DFS-Fibro (version 1.0) were then
evaluated against the same criteria as given above.

3. Reaults
3.1. Phase 1—Item Generation

An initial pool of 23 items was developed from CE pa-
tient data and input from expert FM clinicians, and PRO
experts. Items were grouped into conceptually consistent
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domains which it was hypothesized could be combined
to measure the higher level concepts of severity and im-

23-ITEM DRAFT DFS-FIBRO
QUESTIONNAIRE

RESULTS FROM CONTENT VALIDITY AND

PSYCHOMTERIC

Overall Fatigue Sub-Domain

1. How severe was your fatigue today?

Retain due to importance of concept to patients and
understood correctly. May be challenging to translate.

2. How much of the day were you unable to do things
due to tiredness?

Delete because patients focussed on ability to do
things rather than tiredness. Psychometrically weak.

Characterising Fatigue Sub-Domain

3. How worn out did you feel today?
4. How easily did you get tired today?
15. How exhausted did you feel today?

Retain due to being relevant and conceptually clear to
patients. Psychometrically sound.

5. How much energy did you have today?

Only positive worded item. Delete due to weak
inter-item correlation and ‘energy’ may be
multi-dimensional concept.

23. How much of the day did you feel overwhelmed
by tiredness?

UE DOMAIN

J

Delete due to being more an emotional response to
fatigue rather than a symptom of fatigue.
Multidimensional concept.

10. How tired did you feel when you woke up this
morning?

Delete due to being misinterpreted as a measure of
sleep quality. Psychometrically unclear.

20. How weak did you feel today?

Delete as conceptually unclear and other sub-domain
items are stronger. May be interpreted as a measure of
‘strength’ rather than fatigue.

Physical Body Fatigue Sub-Domain

SEVERITY OF FATIC

8. How weak did your muscles feel today?

Delete due to being more pain- related than
fatigue-related. May be interpreted as a measure of
‘strength’ rather than fatigue.

12. How heavy did your body feel today?

Delete due to weak convergent validity and other
sub-domain items are stronger.

18. How tired did your body feel today?

Retain due to being relevant and conceptually clear to
patients. Psychometrically sound.

Motivation Sub-Domain

9. How much of an effort was it to do things today due
to tiredness?

22. How much did you have to force yourself to do
things today due to tiredness?

19. How difficult was it to get motivated to do things
today, due to tiredness?

Delete due to being more related to the impact than
symptom of fatigue.

Daily Activity Limitations due to Fatigue Sub-Domain

11. How much did tiredness make it difficult to do
things today?

16. Did it take longer to do things because you were
tired today?

7. How much did tiredness stop you from doing things
today?

14. Did you do things more slowly because you were
tired today?

Deleted all 4 daily activity items as patients had
difficulty answering only in terms of fatigue (and not
pain) during CD. To focus on fatigue ‘symptom’,
retain items measuring core fatigue symptom only.

Cognitive Limitations due to Fatigue Sub-Domain

6. How difficult was it to concentrate because you
were tired today?

17. How much did tiredness make it difficult to
remember things today?

13. Due to tiredness, how difficult was it to think
clearly today?

21. How difficult was it to focus today, due to
tiredness?

IMPACT OF FATIGUE DOMAIN

Deleted all 4 cognitive limitations items as patients
had difficulty answering only in terms of fatigue (and
not pain) during CD. To focus on fatigue ‘symptom’,
retain items measuring core fatigue symptom only.

FINAL ITEMS
FOR DFS-FIBRO
v1.0

1. How severe was
your fatigue today?

2. How exhausted
did you feel today?

3. How worn out did
you feel today?

4. How easily did
you get tired today?

5. How tired did
your body feel
today?

95

pact of fatigue (see Figure 1). Fatigue severity included
four domains: overall fatigue (2 items); characterising

Figure 1. Development of the final daily diary of fatigue symptoms—fibromyalgia (DFS-Fibro) (v1.0) following content valid-

ity testing and psychometric analysis.

Copyright © 2013 SciRes.
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fatigue (7 items); physical body fatigue (3 items); and
motivation (3 items). Impact of fatigue included two do-
mains: daily activity limitations due to fatigue (4 items);
and cognitive limitations due to fatigue (4 items). All
items were developed with a 0 - 10 Numerical Rating
Scale (NRS) response scale and a 24-hour recall period
stated as “today”. The items were developed to be com-
pleted as an electronic (ePRO) daily diary on hand-held

Validation of the Daily Diary of Fatigue Symptoms—Fibromyalgia (DFS-Fibro)

PDA.

3.2. Phase 2—Cognitive Debriefing (CD)

Sample Characteristics

The majority of the 20 patients were Caucasian (n = 16,
80%) and female (n = 17, 85%) (Table 2). Mean age was
53 years (range 42 - 81 years). Fifty percent of patients

Table 2. Demogr aphic and clinical characteristics of patientsincluded in the cognitive debriefing and psychometric validation

studies.
Characteristic Cognitive debriefing study (N = 20) Psychometric validation study (N = 145)
Age in years, mean (min, max) 53.45 (42, 81) 52.2 (21, 82)
Sex, n (%)
Male 3(15.0) 15 (10.3)
Female 17 (85.0) 130 (89.7)
Current living status, n (%)
Living alone 5(25.0)
Living with a partner 10 (50.0)
Living with a partner and children 4 (20.0)
Living with children 1(5.0)
Ethnicity, n (%)
Hispanic 1(5.0) 0
Caucasian 16 (80.0) 137 (94.5)
African American 0 7(4.8)
Asian 1(5.0) 0
Other 2(10.0) 1(0.7)
Highest education level, n (%)
gll;gll(; r:1cah(());)}e(iisploma or general educational 6(30.0)
Certificate programme or some college education 4(20.0)
College or university degree 8 (40.0)
Postgraduate degree qualification 2 (10.0)
Current work status, n (%)
Full or part-time paid work 9 (45.0)
Looking for work 2 (10.0)
Full-time homemaker 1(5.0)
Retired 4(20.0)
Not working due to fibromyalgia 2(10.0)
Other 2(10.0)
Years since diagnosis, mean (min, max)* 7(1,17) 7.6 (0, 38.7)
Self-rated overall severity of fibromyalgia, n (%)
Very mild 0
Mild 2(10.0)
Moderate 10 (50.0)
Severe 8 (40.0)
Very severe 0
Number of tender points, mean (min, max) 12.72 (9, 18)
Clinician-reported presence of fatigue, n (%) 19 (95.0)

Data missing for 7 patients.

Copyright © 2013 SciRes.
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(n = 10) rated their overall FM severity as moderate.
Qualitative findings from CD interviews (phase 2)
Almost all patients found the 23 items easy to under-

stand, interpret and complete. Patients were consistently
positive about the electronic mode of administration. Pa-
tients did not identify any concepts as missing from the
measure. In light of these findings, no items were added
or deleted. A few minor changes to wording and bolding
of words were made based on patient feedback. The most
notable revision was deleting the definition of fatigue
(“by fatigue we mean tiredness that makes it difficult to
do things”) from the end of question 1 (“How severe was
your fatigue today?”’). During CD, this definition seemed
to lead patients to focus on their ability to do things ra-
ther than on the severity of their fatigue; thus to help pa-
tients focus on the latter we removed this definition.

Four items in the “fatigue severity domain” were noted
as potentially weak because they were interpreted sligh-
tly differently to how they were intended or were consi-
dered very similar to another item. In addition, some pa-
tients found it difficult to think about the impact of fati-
gue separately from pain when answering the “impact of
fatigue” items. These items were considered candidates
for deletion following psychometric analysis. Standard
practice for instrument development is to start with a
large pool of items and reduce this number based on the
results of content and psychometric validation [42]. More-
over, when the measure will be used as a daily diary, mi-
nimising patient burden in terms of the number of items
is crucial. Thus the intention was to psychometrically test
the draft DFS-Fibro and delete items based on psychome-
tric analysis as well as CE and CD patient data.

All 23 items were therefore retained in the draft DFS-
Fibro which was taken forward for psychometric testing.
An item-scale structure consisting of six sub-domains
was hypothesized for the draft DFS-Fibro: the first four
sub-domains (“overall fatigue” [2 items], “characterising
fatigue” [7 items], “physical body fatigue” [3 items] and
“motivation” [3 items]) contributed to a fatigue severity
domain score and the latter two sub-domains (“daily ac-
tivity limitations due to fatigue” [4 items] and “cognitive
limitation due to fatigue” [4 items]) contributed to an
impact of fatigue domain score. For all items, except
item 5 (“how much energy did you have today?”), higher
scores indicate greater severity or impact. Item 5 was
reverse scored.

3.3. Phase 3 Psychometric Validation

3.3.1. Sample Characteristics

The majority of the 145 patients were Caucasian (n = 137,
94.5%) and female (n = 130, 89.7%) (Table 2). Mean
age was 52.2 years (range 21 - 82 years). On average, pa-
tients had been diagnosed with FM for approximately 7.6
years prior to enrolment in the study (range 0 - 38.7

Copyright © 2013 SciRes.

years).

3.3.2. Psychometric Analysis

There was minimal missing data and no floor or ceiling
effects (i.e. <50% of patients chose either 0 or 10) for
any item. The distribution of responses was acceptable
for all of the items, so none were considered for deletion
on this basis. Factor analysis of week 2 mean scores sug-
gested one factor would explain the majority of variance
in the measure (91%). All items had very high factor loa-
dings (0.80 - 0.98), thus strongly suggesting unidimen-
sionality, except item 5 (0.31)—energy item.

In total, 18 items were deleted based on the qualitative
and psychometric findings—the reasons for deleting each
item are detailed in Figure 1 and summarised below. In-
ter-item correlations were moderate to high for all items
except item 5, with many correlations above 0.80, thus
providing strong evidence that some items could be con-
sidered redundant. The CD findings suggested that mea-
suring only the core “symptom” of fatigue (rather than
the impact of fatigue) may be the best approach to ensure
that patients answer items thinking only about their fa-
tigue (and not their pain); when answering impact items,
many patients indicated that it was difficult for them to
separate limitations due to fatigue from limitations due to
pain. All items asking about the impact of fatigue on
daily activities or cognition were therefore removed.

In addition to the impact items, the “motivation” sub-
domain items and item 23 were also deleted on the basis
of the statistical results and because some patients during
CD interpreted them as measuring impact on daily acti-
vities items rather than severity of fatigue. Item 5 was
removed due to weak statistical results and patients inter-
preted this concept inconsistently during CD. The two
weakest items demonstrating redundancy were also re-
moved (items 12 and 20). Finally, three items were dele-
ted because patients reported the item to relate to a dif-
ferent concept than intended (items 2, 8 and 10) during
CD.

The above item deletions resulted in a final 5-item ver-
sion of the DFS-Fibro (v1.0). Items retained were: 1
(how severe fatigue), 3 (worn out), 4 (easily get tired), 15
(exhausted) and 18 (tired). Thus, all of the items retained
ask about the “symptom” of fatigue. Item 1 was retained
as a useful overall item, although it was recognised that
translating the word “fatigue” may be potentially proble-
matic [14].

3.3.3. Psychometric Validation of DFS-Fibro (v1.0)

Factor analysis of the final 5 items confirmed a uni-di-
mensional structure supporting the scoring of all 5 items
in a single scale. Unrotated factor analysis of week 2 mean
scores for the 5 items showed that a one-factor solution
was best, accounted for all of the common variance and
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was the only factor with an eigenvalue above 1 (4.74).
All other factors had an eigenvalue of 0.02 or less. All
five items had very high factor loadings (between 0.97
and 0.99) suggesting that they were highly related.

Pearson’s correlations among the 5 items were high,
ranging from 0.92 to 0.97 (Table 3). It could be suggested
that the high level of inter-item correlations indicates a
single, global item is sufficient, statistically, to measure
FM fatigue. However, current guidelines for instrument
development emphasise the importance of content valid-
ity and therefore to fully evaluate all important fatigue
concepts, as identified by patients themselves, this must
be assessed by the measure using the patient language.
Moreover, previous patient qualitative work [14] showed
that patients did not consistently use one single word that
would represent the concept of “fatigue” therefore de-
veloping wording for a single item that would resonate
with all patients would be extremely difficult.

The average response to all of the 5 items (all ans-
wered using a 0 - 10 NRS) was taken as the daily score.
Mean total scores over a week were then calculated.
Cronbach’s alpha for the mean total score at week 2 pro-
vided evidence of extremely high internal consistency for
the DFS-Fibro (v1.0), with an alpha coefficient of 0.99.
Calculation of an adjusted Cronbach’s alpha for the total
score by excluding each item by turn showed that re-
moval of any of the five items had minimal impact on the
alpha coefficient (Table 3). This indicated a very high
level of internal consistency.

The DFS-Fibro (v1.0) showed strong test-retest relia-
bility; ICCs between the week 1 and week 2 mean total
scores for stable patients (identified as those who repor-
ted no change using the PIC or the PGIC) were 0.85 and
0.84, respectively, for the PIC and PGIC. ICCs for the
individual items were all also >0.80 (Table 3).

The correlations between the week 2 mean DFS-Fibro

(v1.0) total scores and the other PRO measures comple-
ted are shown in Table 4. The predicted level of correla-
tion for convergent validity against all of the selected
measures was met. Moderate to strong correlations (r =
—0.49 - 0.89) were observed with the following mea-
sures: FIQ tiredness item; MAF severity, distress and in-
terference with activities of daily living items and modi-
fied GFI, MFI general fatigue, physical fatigue, mental
fatigue, reduced activity, and reduced motivation items;
and the SF-36 vitality scale.

The predicted levels of correlation for divergent vali-
dity against all of the pre-selected measures were also
met, with the exception of the daily Sleep Interference
Rating Scale (r = 0.81) (Table 4). This measure asks
about how much pain has interfered with sleep and the
relationships observed with this scale are more consistent
with those observed against measures of pain rather than
other measures of sleep. Weak to moderate correlations
(r =0.37 - 0.57) were observed with the following mea-
sures: HADS anxiety and depression scales; MOS sleep
somnolence scale; and the ESS.

The known-groups validity analyses provide evidence
the DFS-Fibro is discriminative. Overall, the summated
DFS-Fibro total score discriminated well between all the
differing groups at the p < 0.001 level (Table5).

4. Discussion

The DFS-Fibro (v1.0) has been developed to provide a
specific measure of fatigue for patients with FM to be
used in clinical trials as an outcome measure to support
product label claims. It is self-completed, with five items,
for completion daily using a hand-held electronic device.
The measure asks about the “symptom” of fatigue using
simple, patient-friendly language.

In contrast to existing fatigue measures, the DFS-Fibro

Table 3. Psychometric validation of DFS-Fibro version 1.0.

Adjusted
Item Inter-item correlation (n = 137) Crgjnpbha;h’s Test-retest reliability”
(n=137)
'tegvz heo"" '55;””?’ ltem 4/ easily  Item15/  Item18/  G-item PGIC PIC—Fatigue
fatigue out get tired exhausted tired Total (n =96) (n=99)
1 1 0.97 0.94 0.94 0.93 0.96 0.99 0.83 0.84
3 0.98 1 0.96 0.96 0.95 0.98 0.98 0.84 0.84
4 0.94 0.96 1 0.95 0.95 0.97 0.99 0.83 0.82
15 0.94 0.96 0.95 1 0.95 0.97 0.99 0.82 0.84
18 0.93 0.95 0.95 0.95 1 0.96 0.99 0.81 0.81
Sngf 0.96 0.98 0.97 0.97 0.96 1 0.99 0.84 0.85

*Adjusted indicates that the alpha coefficient was computed with the indicated item removed. The alpha coefficient for the week 2 mean overall DFS-Fibro
version 1.0 score was 0.99; "Intra-class correlation coefficient; PGIC: patient global impression of change; PIC: patient impression of change.

Copyright © 2013 SciRes.
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Table 4. Construct validity of the DFS-Fibro version 1.0. (v1.0) has been developed based on qualitative inter-

views with FM patients, using the regulatory standards to
guide its development thus allowing for the DFS-Fibro
(v1.0) to be used in clinical trials to support labelling
claims [19]. Indeed, because it has been generated from

PRO measure Corréation®

Convergent validity

FIQ tiredness item 0.75 _ ) ’ . -
‘ FM patient interviews and pilot tested, patients reported
MAF severity 0.86 that the DFS-Fibro (v1.0) is easy to understand and an-
MAF distress 0.83 swer and includes the important fatigue concepts as iden-
) ) tified by patients themselves; thus ensuring the measure
MAF interference with ADLs 0.77 P . .

has content validity for an FM-specific population.
MAF modified GFI 0.89 The majority of existing measures of fatigue use a 7-
MFT general fatigue 0.60 day recall periqd where?as.the DF S—Fibrg (v1.0) has a 24-
' ' hour recall period. This is because evidence that when
MFI physical fatigue 0.50 concepts such as pain or fatigue are measured with
MFI mental fatigue 0.55 longer recall periods (such as 7 days or 4 weeks), ratings
MEI reduced activity 0.49 are typically inflated compared .w1th‘shorter recall peri-
ods [43,44]. Furthermore, there is evidence that 24 hour
MFI reduced motivation 0.50 recall periods correlate more closely with momentary

ratings than 7 day or 4-week recall periods do [44].

SF-36 vitality —0.64
The rationale for developing the DFS-Fibro (v1.0) was
Divergent validity : - : .. :
to include it in upcoming FM clinical trials as an outcome
HADS anxiety 0.37 measure for assessing the efficacy of new FM treatments.
HADS depression 0.53 As an assessment of a syrpptom Fhat has bF:en shown to
fluctuate and vary on a daily basis [14], using a 24-hour
MOS sleep somnolence 0.57 recall period was deemed preferable to a 7-day recall to
Epworth Sleepiness Scale (ESS) 0.37 ensure we capture fluctuations in patients’ FM fatigue
and most pertinently, to ensure accuracy in their report-
Daily Sleep Interference Rating Scale 0.81

ing, and to ensure we do not inflate patients’ fatigue

Table 5. Known-groups validity for the DFS-Fibro version 1.0.

MAF Severity - MFI General . Fibromyalgia
Item Domain MAF Modified GFI Fatigue Subscale VAS Pain Score Severity Scale
Standar dised Standar dised Standar dised Standar dised Standar dised

difference between
upper and lower

difference between
upper and lower

difference between
upper and lower

difference between
upper and lower

difference between
mild and severe

quartile patients quartile patients quartile patients quartile patients patients

é;u}glfgv Severe 1.68 2.40 1.82 1.55 251
3—Worn Out 1.78 2.40 1.77 1.54 2.26
4—Easily Get Tired 1.90 2.55 1.84 1.52 221
15—Exhausted 1.73 2.29 1.94 1.46 2.24
18—Tired 1.91 2.44 1.83 1.38 2.51
5-Item Total 1.85 2.51 1.90 1.53 241
Mean Summat*ed

Domain Score

Lower quartile 4.04 3.95 4.33 4.24 2.78
Upper quartile 7.26 7.74 7.44 7.09 6.73

GFI, Global Fatigue Index; MAF, Multidimensional Assessment of Fatigue; MFI, Multidimensional Fatigue Inventory; VAS, visual analogue scale. “Paired test
p value < 0.001 for all comparisons between different groups.
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ratings [43,44].

Sample clinical and demographic characteristics in the
three study phases were comparable. Initial CE inter-
views, conducted with 40 FM patients in three countries
[14], ensured that the items developed had strong content
validity, were not specific to any particular culture and
could be easily translated. Input from expert clinicians at
the Item Generation meeting provided support for the
clinical relevance of items. As a result, 23 items were
developed that reflect patients’ natural language, and that
were clinically relevant. Subsequent pilot testing and CD
provided additional support for the content validity of the
draft version of the measure (referred to as the draft
DFS-Fibro) prior to inclusion in the methodology study.

The psychometric analyses of the draft DFS-Fibro in-
dicated that all items, except item 5 (energy), were clo-
sely related. The weak relationship between item 5 and
all other items could be due to the fact that this item was
the only positive worded item. However, the statistical da-
ta as well as the qualitative findings suggest that the
concept of “energy” is not a simple, uni-dimensional
concept but one that may be interpreted differently by
different patients, thus accounting for its lack of correla-
tion with the other items and subsequent removal from
the diary.

It is frequently suggested in the literature that fatigue
is multi-dimensional and includes physical, mental and
sometimes emotional components [45-49]. Although, the
qualitative research reported here supported this multidi-
mensional view, the correlation and factor analysis data
suggested that these components are so closely related
that a measure focusing on the core “symptom” of fa-
tigue is most appropriate. As shown in our research and
other literature, fibromyalgia is a complex condition with
multiple symptoms that all impact upon a person’s life in
many ways [50]. However our research with FM patients
shows that they have difficulty separating the impact of
fatigue from the impact of other symptoms, such as pain;
therefore asking patients about the impact of fatigue on
cognition or daily activities is inappropriate. These ele-
ments are therefore more appropriately captured by
evaluating the impact of FM as a whole using comprehen-
sive measures of functioning that are specific to these
domains. The impact items were therefore removed from
the fatigue diary. Additional items were removed to re-
duce item redundancy, this is particularly important for a
daily diary in which minimising respondent burden is
crucial. This resulted in a brief, 5 item tool that retained
items with strong psychometric properties that focuses on
the symptom of fatigue using commonly used and under-
stood patient language. The fatigue literature often em-
phasizes the fact that fatigue is multi-dimensional, inclu-
ding physical and cognitive/mental and sometimes emo-
tional components [51,52]. While in our qualitative re-

Copyright © 2013 SciRes.

search we found that all of these components were repo-
rted, the fact that all items correlated so highly demon-
strates that important information is not lost by focussing
solely on the “symptom” of fatigue.

Psychometric testing of the 5-item DFS-Fibro (v1.0)
demonstrated that it has strong measurement properties.
All five items were highly correlated and the very high
Cronbach’s alpha confirmed that the measure has very
high internal consistency. Adjusted Cronbach’s alpha data
suggested that further items could be deleted, but we
considered that retaining all five items was beneficial for
reasons of face validity. The final DFS-Fibro (v1.0) also
had strong test-retest reliability, convergent validity and
known-groups validity.

Several limitations of the psychometric validation stu-
dy need to be considered, and a number of additional ac-
tivities should be conducted to provide further support
for the use of the new measure. The validation study eva-
luated cross-sectional psychometric properties and test-re-
test reliability only. Priority should now be given to eva-
luating the responsive of the DFS-Fibro (v1.0) to changes
over time in a FM intervention study in which patients’
fatigue would be expected to change. Such a study could
also be used to help identify minimally important chan-
ges in the measure over time.

In addition, although the qualitative work was condu-
cted in several countries to address cross-cultural issues,
the CD and the validation study were performed in the
United States only. The translatability and linguistic va-
lidity of the DFS-Fibro (v1.0) has thus not been explored.
Moreover, the psychometric validation results detailed
here are specific to the electronic version of the DFS-
Fibro. If a paper version of the measure was to be used in
clinical practice or research, additional equivalence tes-
ting of that mode of administration would be necessary
[26].

The DFS-Fibro (v1.0) focussed purely on measuring
the “symptom” of fatigue. Given the complex nature of
FM, it is recommended that fatigue is evaluated as part of
an overall measurement strategy including measurement
of other FM symptoms and the impact of all symptoms
(or overall FM) on a patient’s life. Many patients with
FM experience sleep problems [16,53], and although our
qualitative work clearly suggested that fatigue and sleep
were distinct [14], additional qualitative work exploring
the link between sleep problems and fatigue would be of
value.

The components of fatigue identified in our research
are consistent with those described for other chronic
conditions in which fatigue is a common and distressing
symptom (e.g. rheumatoid arthritis (RA) [45] and cancer
[54,55]). Patients with RA also describe their fatigue as
being extreme, different from normal tiredness, severe
weariness and overwhelming. Studies in patients with
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cancer or primary Sjogren’s syndrome have shown that
brief questionnaires concentrating on the “symptom” of
fatigue may be sufficient for assessing fatigue in these
diseases [56,57]. These observations suggest that the
DFS-Fibro (v1.0) may have value as a measure of fatigue
in other disease areas. However, this would have to be
supported by qualitative research and psychometric vali-
dation of the measure in those patient populations.

In summary, a rigorous development process has resu-
Ited in a brief (five-item), patient-reported instrument for
the assessment of fatigue in FM patients. The DFS-Fibro
(v1.0) has strong psychometric properties and face and
content validity, and would have minimal burden for
patients to complete during an intervention study. The
DFS-Fibro (v1.0) is a valuable tool for assessing an im-
portant symptom in FM which is often under-recognised
in terms of impact and importance to patients. Moreover,
it is appropriate for use in clinical trials as an outcome
measure to support label claims.

The DFS-Fibro is the copyright of Pfizer, a paper ver-
sion is available via the Pfizer PRO website
(www.pfizerpatientreportedoutcomes.com).
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