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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 Fatigue 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 cognitive debriefing (phase 2) but none were deleted. All patients found the measure easy to understand and use. Item reduction 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
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 impairment, paraesthesia, stiffness, sleep disturbance, anxiety and depression [1,2]. Global prevalence estimates
of FM range from 0.5% to 10% [3-8], with women affected disproportionately [8-10]. FM impacts on functioning 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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Like pain, fatigue can only be measured by patient report. Recent literature and current regulatory standards
for the development of Patient Reported Outcome (PRO)
measures (and specifically those intended for use as endpoints 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]. Moreover, regulators particularly stress the importance of including input from patients who are in the target population 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 fatigue measures such as the Multidimensional Fatigue Inventory (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 include qualitative research with FM patients. Therefore, exisOJRA
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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. Patients and 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 elsewhere) [14]. In these interviews the patients consistently
reported experiencing tiredness/fatigue as: an overwhelmming 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 finalised 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 difficulty recalling their fatigue accurately over more than 24
hours. It was also developed to be completed electronically, via a hand-held Personal Digital Assistant (PDA),
to reduce respondent burden, allow time and date-stamping of data, reduce secondary data entry errors, and result 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 patients in electronic format. The aim was to assess whether
the proposed items were relevant, acceptable and understandable 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-minute 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.
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During the CD interview patients performed a ‘thinkaloud’ where they spoke their thoughts aloud as they read
and responded to each PRO question, followed by detailed 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 specialists in the US. US-English-speaking men and women
of any race and aged ≥18 years were invited to participate 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 rheumatic disorder, other non-focal rheumatic disease,
active infection, or an untreated endocrine disorder. Ethical approval of the study protocol, documents and procedures was granted by Copernicus, a centralized Independent Review Board, and written informed consent was obtained 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, resulting 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 reduction and explore the psychometric properties of the
final tool. Physicians completed a case report form (CRF)
confirming patients met inclusion/exclusion criteria (identical 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, including a pain NRS and a sleep interference rating scale. These
were also completed daily on the PDA, together with several 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 analyses 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 written informed consent prior to admission to the study.
Patients were not screened for fatigue or pain levels prior
OJRA
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Table 1. Other patient reported outcome instruments included in the psychometric validation study and their relevance to the
psychometric evaluation of the daily diary of fatigue symptoms—fibromyalgia.
Instrument
Pain Visual Analogue Scale (VAS) [32]

Multidimensional Assessment of Fatigue (MAF) [33]

Reason for Inclusion

Statistical Analyses



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



Convergent validity (MAF scales: severity, distress,
interference with ADLs, modified GFI)
Defining groups for known-groups validity (MAF
scales: severity, modified GFI)

Pearson’s correlation
ANOVA

Convergent validity (MFI scales: general fatigue,
physical fatigue, mental fatigue, reduced activity,
reduced motivation)
Defining groups for known-groups validity (MFI
general fatigue scale) evaluation

Pearson’s correlation
ANOVA

Pearson’s correlation




Multidimensional Fatigue Inventory (MFI) [34]

Fibromyalgia Impact Questionnaire (FIQ) [35]



Convergent validity (FIQ tiredness item)

Short-Form 36 Health Survey (SF-36) [36]



Convergent validity (SF-36 vitality scale)

ANOVA

Pearson’s correlation

Patient Global Impression of Change (PGIC) [37]



Test-retest reliability

Intra-Class Correlation
Coefficient

Patient Impression of Change (PIC)—fatigue specific



Test-retest reliability (fatigue)

Intra-Class Correlation
Coefficient

Epworth Sleepiness Scale (ESS) [38]



Divergent validity

Pearson’s correlation

Medical Outcomes Study—Sleep Scale (MOS-SS) [39]



Divergent validity (sleep somnolence scale)

Pearson’s correlation

Hospital Anxiety and Depression Scale (HADS) [40]



Divergent validity (anxiety and depression scales)

Pearson’s correlation

Daily Sleep Interference Rating Scale (SIRS)



Divergent validity

Pearson’s correlation

Fibromyalgia Severity Scale [1]



Defining groups for known-groups validity evaluation

to inclusion in the study.
The distribution of responses for the draft DFS-Fibro
items was summarised using descriptive statistics. Administering the draft DFS-Fibro by means of a PDA device
prevented patients from skipping an item; therefore, evaluating 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 assessments were available within the 7-day period. If fewer than 4 assessments were available, data for that week
were treated as missing.
Item-reduction analyses involved inter-item correlation analysis and factor analysis conducted on week 2
mean scores (week 2 was selected to ensure that the reference week was the same for all patients since all had a
follow up clinic visit at this time point and were administered the other measures). The previous qualitative findings and expert clinical opinions were taken into account for item deletion/retention decisions.
Internal consistency and test-retest reliability were assessed using Cronbach’s alpha and Intra-Class Correlations (ICC), respectively. Coefficients >0.70 were required for both properties. Construct validity (convergent
and divergent) was explored through correlation analyses
between draft DFS-Fibro item scores and other PROs included in the study (Table 1). Scales measuring similar
Copyright © 2013 SciRes.
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concepts were expected to correlate more highly than
scales measuring dissimilar concepts, with the expected
correlations to demonstrate convergent validity being moderate to strong, and divergent validity being mild to moderate (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 measures of sleep and mood was expected to confirm that
these are distinct, albeit related, concepts. Discriminative/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 relevant PRO measures).
Based on initial psychometric findings and the previously 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. Results
3.1. Phase 1—Item Generation
An initial pool of 23 items was developed from CE patient data and input from expert FM clinicians, and PRO
experts. Items were grouped into conceptually consistent
OJRA
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domains which it was hypothesized could be combined
to measure the higher level concepts of severity and im-
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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 validity 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 domains: 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 completed as an electronic (ePRO) daily diary on hand-held

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. Demographic and clinical characteristics of patients included in the cognitive debriefing and psychometric validation
studies.
Characteristic
Age in years, mean (min, max)

Cognitive debriefing study (N = 20)

Psychometric validation study (N = 145)

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)

0

7 (4.8)

African American
Asian

1 (5.0)

0

Other

2 (10.0)

1 (0.7)

Highest education level, n (%)
High school diploma or general educational
diploma or less

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)a

7 (1, 17)

7.6 (0, 38.7)

Self-rated overall severity of fibromyalgia, n (%)
Very mild
Mild

2 (10.0)

Moderate

10 (50.0)

Severe

8 (40.0)

Very severe
Number of tender points, mean (min, max)
Clinician-reported presence of fatigue, n (%)
a

0

0
12.72 (9, 18)
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 understand, interpret and complete. Patients were consistently
positive about the electronic mode of administration. Patients 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 rather than on the severity of their fatigue; thus to help patients focus on the latter we removed this definition.
Four items in the “fatigue severity domain” were noted
as potentially weak because they were interpreted slightly differently to how they were intended or were considered very similar to another item. In addition, some patients found it difficult to think about the impact of fatigue 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]. Moreover, when the measure will be used as a daily diary, minimising 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 psychometric analysis as well as CE and CD patient data.
All 23 items were therefore retained in the draft DFSFibro 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 activity 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, patients had been diagnosed with FM for approximately 7.6
years prior to enrolment in the study (range 0 - 38.7
Copyright © 2013 SciRes.
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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 suggested one factor would explain the majority of variance
in the measure (91%). All items had very high factor loadings (0.80 - 0.98), thus strongly suggesting unidimensionality, 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. Inter-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 considered redundant. The CD findings suggested that measuring 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 fatigue (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” subdomain 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 activities items rather than severity of fatigue. Item 5 was
removed due to weak statistical results and patients interpreted this concept inconsistently during CD. The two
weakest items demonstrating redundancy were also removed (items 12 and 20). Finally, three items were deleted because patients reported the item to relate to a different concept than intended (items 2, 8 and 10) during
CD.
The above item deletions resulted in a final 5-item version 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 problematic [14].
3.3.3. Psychometric Validation of DFS-Fibro (v1.0)
Factor analysis of the final 5 items confirmed a uni-dimensional 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
OJRA
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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 validity 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 developing 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 answered 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 provided 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 removal 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 reliability; ICCs between the week 1 and week 2 mean total
scores for stable patients (identified as those who reported 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 completed are shown in Table 4. The predicted level of correlation 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 measures: FIQ tiredness item; MAF severity, distress and interference with activities of daily living items and modified 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 validity 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 measures: 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 (Table 5).

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.

Item

Adjusted
Cronbach’s
alphaa
(n = 137)

Inter-item correlation (n = 137)
Item 1/how
severe
fatigue

Item 3/
worn
out

Item 4/ easily
get tired

Item 15/
exhausted

Item 18/
tired

5-item
Total

1

1

0.97

0.94

0.94

0.93

0.96

3

0.98

1

0.96

0.96

0.95

4

0.94

0.96

1

0.95

15

0.94

0.96

0.95

18

0.93

0.95

5-item
Total

0.96

0.98

Test-retest reliabilityb

PGIC
(n = 96)

PIC–Fatigue
(n = 99)

0.99

0.83

0.84

0.98

0.98

0.84

0.84

0.95

0.97

0.99

0.83

0.82

1

0.95

0.97

0.99

0.82

0.84

0.95

0.95

1

0.96

0.99

0.81

0.81

0.97

0.97

0.96

1

0.99

0.84

0.85

a

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; bIntra-class correlation coefficient; PGIC: patient global impression of change; PIC: patient impression of change.
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Table 4. Construct validity of the DFS-Fibro version 1.0.
Correlationa

PRO measure
Convergent validity
FIQ tiredness item

0.75

MAF severity

0.86

MAF distress

0.83

MAF interference with ADLs

0.77

MAF modified GFI

0.89

MFI general fatigue

0.60

MFI physical fatigue

0.50

MFI mental fatigue

0.55

MFI reduced activity

0.49

MFI reduced motivation

0.50

SF-36 vitality

−0.64

Divergent validity
HADS anxiety

0.37

HADS depression

0.53

MOS sleep somnolence

0.57

Epworth Sleepiness Scale (ESS)

0.37

Daily Sleep Interference Rating Scale

0.81

99

(v1.0) has been developed based on qualitative interviews 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
FM patient interviews and pilot tested, patients reported
that the DFS-Fibro (v1.0) is easy to understand and answer and includes the important fatigue concepts as identified by patients themselves; thus ensuring the measure
has content validity for an FM-specific population.
The majority of existing measures of fatigue use a 7day recall period whereas the DFS-Fibro (v1.0) has a 24hour recall period. This is because evidence that when
concepts such as pain or fatigue are measured with
longer recall periods (such as 7 days or 4 weeks), ratings
are typically inflated compared with shorter recall periods [43,44]. Furthermore, there is evidence that 24 hour
recall periods correlate more closely with momentary
ratings than 7 day or 4-week recall periods do [44].
The rationale for developing the DFS-Fibro (v1.0) was
to include it in upcoming FM clinical trials as an outcome
measure for assessing the efficacy of new FM treatments.
As an assessment of a symptom that has been shown to
fluctuate and vary on a daily basis [14], using a 24-hour
recall period was deemed preferable to a 7-day recall to
ensure we capture fluctuations in patients’ FM fatigue
and most pertinently, to ensure accuracy in their reporting, and to ensure we do not inflate patients’ fatigue

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

MAF Modified GFI

MFI General
Fatigue Subscale

VAS Pain Score

Standardised
difference between
upper and lower
quartile patients

Standardised
difference between
upper and lower
quartile patients

Standardised
difference between
upper and lower
quartile patients

Standardised
difference between
upper and lower
quartile patients

1—How Severe
Fatigue

1.68

2.40

1.82

1.55

2.51

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

2.21

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

2.41

Lower quartile

4.04

3.95

4.33

4.24

2.78

Upper quartile

7.26

7.74

7.44

7.09

6.73

Item

Fibromyalgia
Severity Scale
Standardised
difference between
mild and severe
patients

Mean Summated
Domain Score*

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 interviews, 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 indicated that all items, except item 5 (energy), were closely 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 data 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 correlation 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 multidimensional view, the correlation and factor analysis data
suggested that these components are so closely related
that a measure focusing on the core “symptom” of fatigue 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 elements are therefore more appropriately captured by
evaluating the impact of FM as a whole using comprehensive measures of functioning that are specific to these
domains. The impact items were therefore removed from
the fatigue diary. Additional items were removed to reduce 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 understood patient language. The fatigue literature often emphasizes the fact that fatigue is multi-dimensional, including physical and cognitive/mental and sometimes emotional components [51,52]. While in our qualitative reCopyright © 2013 SciRes.

search we found that all of these components were reported, the fact that all items correlated so highly demonstrates 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 study need to be considered, and a number of additional activities should be conducted to provide further support
for the use of the new measure. The validation study evaluated cross-sectional psychometric properties and test-retest reliability only. Priority should now be given to evaluating 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 changes in the measure over time.
In addition, although the qualitative work was conducted 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 validity 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 DFSFibro. If a paper version of the measure was to be used in
clinical practice or research, additional equivalence testing 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
OJRA
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cancer or primary Sjögren’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 validation of the measure in those patient populations.
In summary, a rigorous development process has resulted 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 important 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 version is available via the Pfizer PRO website
(www.pfizerpatientreportedoutcomes.com).

No. 5, 2010, pp. 600-610. doi:10.1002/acr.20140
[2]

F. Wolfe, H. A. Smythe, M. B. Yunus, R. M. Bennett, C.
Bombardier and D. L. Goldenberg, “The American College of Rheumatology 1990 Criteria for the Classification
of Fibromyalgia. Report of the Multicenter Criteria Committee,” Arthritis & Rheumatism, Vol. 33, No. 2, 1990, pp.
160-172. doi:10.1002/art.1780330203

[3]

J. C. Branco, B. Bannwarth, I. Failde, et al., “Prevalence
of Fibromyalgia: A Survey in Five European Countries,”
Seminars in Arthritis and Rheumatism, Vol. 39, No. 6,
2009, pp. 448-453.

[4]

L. Carmona, J. Ballina, R. Gabriel and A. Laffon, “The
Burden of Musculoskeletal Diseases in the General Population of Spain: Results from a National Survey,” Annals
of the Rheumatic Diseases, Vol. 60, No. 11, 2001, pp.
1040-1045. doi:10.1136/ard.60.11.1040

[5]

L. Coster, S. Kendall, B. Gerdle, C. Henriksson, K. G.
Henriksson and A. Bengtsson, “Chronic Widespread Musculoskeletal Pain—A Comparison of Those Who Meet
Criteria for Fibromyalgia and Those Who Do Not,” European Journal of Pain, Vol. 12, No. 5, 2008, pp. 600-610.
doi:10.1016/j.ejpain.2007.10.001

[6]

F. Salaffi, R. De Angelis and W. Grassi, “Prevalence of
Musculoskeletal Conditions in an Italian Population Sample: Results of a Regional Community-Based Study. I.
The MAPPING Study,” Clinical and Experimental Rheumatology, Vol. 23, No. 6, 2005, pp. 819-828.

[7]

K. P. White and M. Harth, “Classification, Epidemiology,
and Natural History of Fibromyalgia,” Current Pain and
Headache Reports, Vol. 5, No. 4, 2001, pp. 320-329.
doi:10.1007/s11916-001-0021-2

[8]

F. Wolfe, K. Ross, J. Anderson, I. J. Russell and L. Herbert, “The Prevalence and Characteristics of Fibromyalgia
in the General Population,” Arthritis & Rheumatism, Vol.
38, No. 1, 1995, pp. 19-28. doi:10.1002/art.1780380104

[9]

E. M. Bartels, L. Dreyer, S. Jacobsen, A. Jespersen, H.
Bliddal and B. Danneskiold-Samsoe, “Fibromyalgia, Diagnosis and Prevalence. Are Gender Differences Explainable?” Ugeskrift for Laeger, Vol. 171, No. 49, 2009,
pp. 3588-3592.

5. Competing Interests
This study was funded by Pfizer, Ltd. Authors Louise
Humphrey and Rob Arbuckle, employees of Mapi Values, served as paid consultants to Pfizer during the conduct of this study and the development of this manuscript,
all other authors were employees of Pfizer at the time the
study was conducted.

6. Authors’ Contributions
All authors were involved in the design of the study, designing the analysis plan, reviewed the analysis findings,
participated in item reduction and reviewed and gave
input into the manuscript. In addition, CB, LH and RA
performed the qualitative research and IH performed the
psychometric validation analyses.

7. Acknowledgements
We’d like to thank the following for their contributions:
Sabine Bieldfeldt (German interviewer); Nicola Barnes
(French interviewer); Crystal Tellefsen (US interviewer);
Andrew Yarworksy (US interviewer); Laura-Jayne Hunter (UK researcher); Bharath Rao (UK researcher); Jenny
Gilbride (statistician).

REFERENCES
[1]

F. Wolfe, D. J. Clauw, M. A. Fitzcharles, et al., “The
American College of Rheumatology Preliminary Diagnostic Criteria for Fibromyalgia and Measurement of
Symptom Severity,” Arthritis Care & Research, Vol. 62,

Copyright © 2013 SciRes.

101

[10] M. B. Yunus, “Gender Differences in Fibromyalgia and
Other Related Syndromes,” The Journal of Gender-Specific Medicine, Vol. 5, No. 2, 2002, pp. 42-47.
[11] L. M. Arnold, L. J. Crofford, P. J. Mease, et al., “Patient
Perspectives on the Impact of Fibromyalgia,” Patient
Education and Counseling, Vol. 73, No. 1, 2008, pp. 114120. doi:10.1016/j.pec.2008.06.005
[12] A. L. Bernard, A. Prince and P. Edsall, “Quality of Life
Issues for Fibromyalgia Patients,” Arthritis Care & Research, Vol. 13, No. 1, 2000, pp. 42-50.
doi:10.1002/1529-0131(200002)13:1<42::AID-ART7>3.
0.CO;2-R
[13] K. P. White, M. Speechly, M. Harth and T. Ostbye,
“Comparing Self-Reported Function and Work Disability
in 100 Community Cases of Fibromyalgia Syndrome versus Controls in London. Ontario: The London Fibromyalgia Epidemiology Study,” Arthritis & Rheumatism, Vol.
42, No. 1, 1999, pp. 76-83.
doi:10.1002/1529-0131(199901)42:1<76::AID-ANR10>3

OJRA

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

102
.0.CO;2-G

[14] L. Humphrey, R. Arbuckle, P. Mease, D. A. Williams, B.
D. Samsoe and C. Gilbert, “Fatigue in Fibromyalgia: A
Conceptual Model Informed by Patient Interviews,” BMC
Musculoskeletal Disorders, Vol. 11, 2010, p. 216.
doi:10.1186/1471-2474-11-216
[15] N. Dalkey, “The Delphi Methods: An Experimental Study
of Group Opinion, US Air Force Project RAND Report
RM-5888-PR,” The Rand Corporation, Santa Monica,
1969.
[16] P. J. Mease, L. M. Arnold, L. J. Crofford, et al., “Identifying the Clinical Domains of Fibromyalgia: Contributions from Clinician and Patient Delphi Exercises,” Arthritis Care & Research, Vol. 59, No. 7, 2008, pp. 952960. doi:10.1002/art.23826
[17] Committee for Medicinal Products for Human Use
(CHMP), “Reflection Paper on the Regulatory Guidance
for the Use of Health-Related Quality of Life (HRQL)
Measures in the Evaluation of Medicinal Products,” European Medicines Agency (EMEA), London, 2005.
[18] K. E. Lasch, P. Marquis, M. Vigneux, et al., “PRO Development: Rigorous Qualitative Research as the Crucial
Foundation,” Quality of Life Research, Vol. 19, No. 8,
2010, pp. 1087-1096. doi:10.1007/s11136-010-9677-6
[19] Food and Drug Administration, “Guidance for Industry:
Patient-Reported Outcome Measures: Use in Medical
Product Development to Support Labeling Claims,” Food
and Drug Administration, Silver Spring, 2009.
[20] L. M. Arnold, L. J. Crofford and S. A. Martin, “The Effect of Anxiety and Depression on Improvements in Pain
in a Randomized, Controlled Trial of Pregabalin for
Treatment of Fibromyalgia,” Pain Medicine, Vol. 8, No.
8, 2007, pp. 633-638.
doi:10.1111/j.1526-4637.2007.00332.x

doi:10.1016/j.pain.2004.04.012
[26] S. J. Coons, C. J. Gwaltney, R. D. Hays, et al., “Recommendations on Evidence Needed to Support Measurement
Equivalence between Electronic and Paper-Based PatientReported Outcome (PRO) Measures: ISPOR ePRO Good
Research Practices Task Force Report,” Value in Health,
Vol. 12, No. 4, 2009, pp. 419-429.
doi:10.1111/j.1524-4733.2008.00470.x
[27] N. K. Leidy and M. Vernon, “Perspectives on PatientReported Outcomes: Content Validity and Qualitative Research in a Changing Clinical Trial Environment,” PharmacoEconomics, Vol. 26, No. 5, 2008, pp. 363-370.
doi:10.2165/00019053-200826050-00002
[28] G. A. Bowen, “Grounded Theory and Sensitizing Concepts,” International Journal of Qualitative Methods, Vol.
5, No. 3, 2006, pp. 12-23.
[29] B. Glaser and A. L. Strauss, “The Constant Comparative
Methods of Qualitative Analysis. Discovery of Grounded
Theory,” Aldine de Gruyter, New York, 1967, pp. 101116.
[30] A. L. Strauss and J. Corbin, “Basics of Qualitative Research Techniques and Procedures for Developing
Grounded Theory,” Sage, New York, 1998.
[31] “Atlas.ti (version 5.2),” Scientific Software Development
GmbH, Berlin.
[32] E. C. Huskisson, “Measurement of Pain,” The Lancet,
Vol. 304, No. 7889, 1974, pp. 1127-1131.
doi:10.1016/S0140-6736(74)90884-8
[33] B. L. Belza, C. J. Henke, E. H. Yelin, W. V. Epstein and
C. L. Gilliss, “Correlates of Fatigue in Older Adults with
Rheumatoid Arthritis,” Nursing Research, Vol. 42, No. 2,
1993, pp. 93-99.
doi:10.1097/00006199-199303000-00006

[21] E. M. Bartels and B. Danneskiold-Samsoe, “Histological
Abnormalities in Muscle from Patients with Certain Types
of Fibrositis,” The Lancet, Vol. 327, No. 8484, 1986, pp.
755-757. doi:10.1016/S0140-6736(86)91779-4

[34] E. M. Smets, B. Garssen, B. Bonke and J. C. De Haes,
“The Multidimensional Fatigue Inventory (MFI) Psychometric Qualities of an Instrument to Assess Fatigue,”
Journal of Psychosomatic Research, Vol. 39, No. 3, 1995,
pp. 315-325. doi:10.1016/0022-3999(94)00125-O

[22] L. J. Crofford, M. C. Rowbotham, P. J. Mease, et al.,
“Pregabalin for the Treatment of Fibromyalgia Syndrome:
Results of a Randomized, Double-Blind, Placebo-Controlled Trial,” Arthritis & Rheumatism, Vol. 52, No. 4,
2005, pp. 1264-1273. doi:10.1002/art.20983

[35] C. S. Burckhardt, S. R. Clark and R. M. Bennett, “The
Fibromyalgia Impact Questionnaire: Development and
Validation,” The Journal of Rheumatology, Vol. 18, No. 5,
1991, pp. 728-733.

[23] L. J. Crofford, P. J. Mease and S. L. Simpson, “Fibromyalgia Relapse Evaluation and Efficacy for Durability
of Meaningful Relief (FREEDOM): A 6-Month DoubleBlind, Placebo-Controlled Trial with Pregabalin,” Pain,
Vol. 136, No. 3, 2008, pp. 419-431.
doi:10.1016/j.pain.2008.02.027
[24] P. Mease, I. J. Russell and L. M. Arnold, “A Randomized,
Double-Blind, Placebo-Controlled, Phase III Trial of Pregabalin in the Treatment of Patients with Fibromyalgia,”
The Journal of Rheumatology, Vol. 35, No. 3, 2008, pp.
502-514.
[25] A. J. Cook, D. A. Roberts, M. D. Henderson, L. C. Van
Winkle, D. C. Chastain and R. J. Hamill-Ruth, “Electronic Pain Questionnaires: A Randomized, Crossover
Comparison with Paper Questionnaires for Chronic Pain
Assessment,” Pain, Vol. 110, No. 1, 2004, pp. 310-317.
Copyright © 2013 SciRes.

[36] J. E. Ware, J. Kosinski and J. E. Dewey, “How to Score
Version 2 of the SF-36(R) Health Survey,” Quality Metric Incorporated, Lincoln, 2000.
[37] W. Guy, “Clinical Global Impression. ECDEU Assessment Manual for Psychopharmacology-Revised,” National Institute of Mental Health, Rockville, 1976.
[38] M. W. Johns, “A New Method for Measuring Daytime
Sleepiness: The Epworth Sleepiness Scale,” Sleep, Vol.
14, No. 6, 1991, pp. 540-545.
[39] R. D. Hays and A. L. Stewart, “Sleep Measures,” In: A. L.
Stewart and J. E. Ware, Eds., Measuring Functioning and
Well Being, Duke University Press, Durham, 1992, pp.
235-259.
[40] A. S. Zigmond and R. P. Snaith, “The Hospital Anxiety
and Depression Scale,” Acta Psychiatrica Scandinavica,
Vol. 67, No. 6, 1983, pp. 361-370.

OJRA

Validation of the Daily Diary of Fatigue Symptoms—Fibromyalgia (DFS-Fibro)
doi:10.1111/j.1600-0447.1983.tb09716.x
[41] P. M. Fayers, D. Machin, “Factor Analysis,” In: M. J.
Staquet, R. D. Hays and P. M. Fayers, Eds., Quality of
Life Assessment in Clinical Trials, Oxford University
Press, New York, 1988, pp. 178-223.
[42] R. DeVellis, “Scale Development: Theory and Application,” In: Applied Social Research Methods Series, Vol.
26, SAGE, Thousand Oaks, 1991, 171 p.
[43] D. E. Stull, N. K. Leidy, B. Parasuraman and O. Chassany, “Optimal Recall Periods for Patient-Reported Outcomes: Challenges and Potential Solutions,” Current
Medical Research and Opinion, Vol. 25, No. 4, 2009, pp.
929-942. doi:10.1185/03007990902774765
[44] J. E. Broderick, J. E. Schwartz, G. Vikingstad, M. Pribbernow, S. Grossman and A. A. Stone, “The Accuracy of
Pain and Fatigue Items across Different Reporting Periods,” Pain, Vol. 139, No. 1, 2008, pp. 146-157.
doi:10.1016/j.pain.2008.03.024
[45] S. Hewlett, M. Hehir and J. R. Kirwan, “Measuring Fatigue in Rheumatoid Arthritis: A Systematic Review of
Scales in Use,” Arthritis & Rheumatism, Vol. 57, No. 3,
2007, pp. 429-439. doi:10.1002/art.22611
[46] J. S. Lou, “Physical and Mental Fatigue in Parkinson’s
Disease,” Drugs & Aging, Vol. 26, No. 3, 2009, pp. 195208. doi:10.2165/00002512-200926030-00002
[47] O. Minton and P. Stone, “A Systematic Review of the
Scales Used for the Measurement of Cancer-Related Fatigue (CRF),” Annals Oncology, Vol. 20, No. 1, 2009, pp.
17-25. doi:10.1093/annonc/mdn537
[48] J. Nicklin, F. Cramp, J. Kirwan, R. Greenwood, M. Urban
and S. Hewlett, “Measuring Fatigue in Rheumatoid Arthritis: A Cross-Sectional Study to Evaluate the Bristol
Rheumatoid Arthritis Fatigue Multi-Dimensional Questionnaire, Visual Analog Scales, and Numerical Rating

Copyright © 2013 SciRes.

103

Scales,” Arthritis Care & Research, Vol. 62, No. 11,
2010, 1559-1568. doi:10.1002/acr.20282
[49] L. Whitehead, “The Measurement of Fatigue in Chronic
Illness: A Systematic Review of Unidimensional and
Multidimensional Fatigue Measures,” Journal of Pain
and Symptom Management, Vol. 37, No. 1, 2009, pp.
107-128. doi:10.1016/j.jpainsymman.2007.08.019
[50] R. M. Bennett, J. Schein, M. R. Kosinski, D. J. Hewitt, D.
M. Jordan and N. R. Rosenthal, “Impact of Fibromyalgia
Pain on Health-Related Quality of Life before and after
Treatment with Tramadol/Acetaminophen,” Arthritis &
Rheumatism, Vol. 53, No. 4, 2005, pp. 519-527.
doi:10.1002/art.21319
[51] M. J. Zwarts, G. Bleijenberg and B. G. M. Van Engelen,
“Clinical Neurophysiology of Fatigue,” Clinical Neurophysiology, Vol. 119, No. 1, 2008, pp. 2-10.
doi:10.1016/j.clinph.2007.09.126
[52] M. A. Echteld, J. Passchier, S. Teunissen, S. Claessen, R.
De Wit and C. C. D. Van Der Rijt, “Multidimensional Fatigue and Its Correlates in Hospitalised Advanced Cancer
Patients,” European Journal of Cancer, Vol. 43, No. 6,
2007, pp. 1030-1036. doi:10.1016/j.ejca.2007.01.024
[53] S. M. Bigatti, A. M. Hernandez, T. A. Cronan and K. L.
Rand, “Sleep Disturbances in Fibromyalgia Syndrome:
Relationship to Pain and Depression,” Arthritis & Rheumatism, Vol. 59, No. 7, 2008, pp. 961-967.
doi:10.1002/art.23828
[54] S. J. Bowman, J. Hamburger, A. Richards, R. J. Barry and
S. Rauz, “Patient-reported Outcomes in primary Sjogren’s
Syndrome: Comparison of the Long and Short Versions
of the Profile of Fatigue and Discomfort-Sicca Symptoms
Inventory,” Rheumatology, Vol. 48, No. 2, 2009, pp. 140143. doi:10.1093/rheumatology/ken426

OJRA

