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Abstract

Background. The clinimetric properties of the Brief Fatigue Inventory (BFI) were not previously assessed in oncological

patients hospitalized for chemotherapy.

Objective. To assess the reliability and validity of the construct, ceiling and floor effects, and responsiveness of the BFI

administered to oncological patients hospitalized for chemotherapy.

Methods. This test-retest study included 100 oncological patients hospitalized for chemotherapy. The clinimetric

properties tested were as follows: internal consistency (Cronbach’s alpha), reliability (intraclass correlation coefficient

[ICC2,1] and 95% CI), agreement (standard error of measurement and minimum difference changed [MDC90%]), validity of

the construct (Pearson’s correlation [r] with the Piper Fatigue Scale), responsiveness (effect size [ES] and correlation), and

ceiling and floor effects (minimum and maximum score frequencies). The BFI was applied on the first day of chemotherapy

and 48 hours and 15 days after the start of chemotherapy.

Results. The BFI presented adequate values of internal consistency (a Cronbach ¼ 0.94), substantial reliability [ICC2,1

(95% CI) ¼ 0.87 (0.81 to 0.91)] and very good agreement (standard error of measurement ¼ 1% and MDC90% ¼ �0.37).

The BFI had a positive and strong correlation with the Piper Fatigue Scale (r ¼ 0.84; P < 0.001). Internal responsiveness was

considered moderate (ES ¼ 0.5), and external responsiveness was absent. A floor effect was present (35%).

Conclusion. BFI applied to oncological patients hospitalized for chemotherapy replicates its original version with adequate

reliability, validity, and internal responsiveness. However, in this population, the BFI showed a floor effect. J Pain Symptom

Manage 2019;57:297e303. � 2018 American Academy of Hospice and Palliative Medicine. Published by Elsevier Inc. All rights reserved.
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Introduction
Fatigue is a symptom present in 90% of oncological

patients.1 Cancer-related fatigue is associated with the
disease and treatment and is defined as a ‘‘condition
characterized by suffering and decreased functional
capacity due to energy reduction.’’2,3 Fatigue causes
a disproportional subjective sensation of physical,
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emotional, and cognitive fatigue or exhaustion in rela-
tion to the activity performed.4 To measure fatigue,
some questionnaires were developed.5 The Brief Fa-
tigue Inventory (BFI) is a one-dimensional question-
naire based on the Brief Pain Inventory that assesses
the severity and impact of oncologic pain.6 The BFI
was developed and translated into more than 30 lan-
guages by MD Anderson Cancer Center7 and has
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unique characteristics: it is short, it requires no more
than 5 minutes for the patient to complete, and it is
easily adaptable to other languages because it has
items that show the interference of fatigue specifically
in the activities of daily living.6 These features may
make BFI useful for administration during hospitaliza-
tion for the prescription of comfort measures for
oncological patients in an acute situation such as
chemotherapy.

Even with no mention of the transcultural transla-
tion and adaptation process to BFI used by MD Ander-
son Cancer Center,7 the internal consistency and
validity of the construct were measured in Chinese,8

Philippine,9 German,10 Greek,1 Indonesian,11 Italian,
Dutch, Japanese,12 Korean,13 Russian,14 and English
versions.6 There are no other clinimetric properties
tested in other populations what is important because
every questionnaire must make sense, be intelligible to
the patient, and be accurate at measuring what is pro-
posed.15 Therefore, the aim of this study was to test
the reliability, validity, responsiveness, ceiling, and
floor effects of BFI applied to oncological patients
hospitalized for chemotherapy.
Methods
Participants

Adult patients diagnosed with cancer for at least six
months and hospitalized consecutively for chemo-
therapy treatment between September 2016 and
November 2017 at AC Camargo Cancer Centere
Antônio Prudente Foundation. The exclusion criteria
were surgery less than 30 days previously, clinical
decompensation such as high fever or intense vomit-
ing, the need for transfer to an intensive care unit,
or hemodynamic instability between BFI test and
retest.

This study was approved by the Research Ethics
Committee of Universidade Cidade de S~ao Paulo
and followed all ethical recommendations. All patients
were informed about all study procedures and signed
the informed consent form.

Instruments
The BFI is a scale with 11 points (0 to 10), including

a dichotomous question about whether the patient felt
tired or fatigued in the last 7 days.6 For each question,
zero is considered ‘‘no fatigue’’ and 10 is ‘‘worst fa-
tigue possible,’’ except for the dichotomous question
that is not scored. Among the other questions, 3 mea-
sures the severity of fatigue in the current, daily situa-
tions, and in the last 24 hours. Six questions measure
the influence of fatigue in general activities, mood,
walk, work, relationship with other people, and recre-
ation. The total score is the average of all questions.
According to the total score, fatigue is classified as
mild (1 to 3 points), moderate (4 to 6 points), and se-
vere (7 to 10 points).6

The Piper Fatigue Scale (PIPER) was used to test
the validity of the BFI because it presents adequate
clinimetric properties in Brazilian-Portuguese
version.16 The PIPER has 22 questions. Five of these
questions are open-ended. The score ranges from
0 to 10 points for each item. The PIPER assesses three
dimensions: behavioral, affective, and psychological.
The total score is the average score for each question.
Higher scores mean more severe fatigue.16

The Global Effect Perception Scale (GEP) is used to
test the responsiveness of the BFI. The GEP aims to
check the overall patient impression of recovery by
comparing his condition on the onset and currently.
The GEP is a numerical scale of 11 points (�5
to þ5), with �5 being ‘‘extremely worse,’’ 0 being ‘‘un-
modified,’’ and þ5 being ‘‘fully recovered.’’ Higher
scores mean greater recovery.15

Procedure
The patients were selected and included in the

study on the first day of hospitalization. At the base-
line, the GEP, PIPER, and BFI (test) were applied to
patients. Forty-eight hours after the chemotherapy
started, the BFI was applied again (retest). The inter-
val between BFI test and retest was established to
ensure patient clinical stability and to avoid memoriza-
tion bias.
Fifteen days after the start of chemotherapy, GEP

and BFI were again applied via call phone or face-to-
face interview, if the patient remained hospitalized.
The 15-day interval was determined to be considered
the peak time of fatigue because chemotherapy causes
blood myelosuppression.

Analysis of Clinimetric Properties
Reliability shows how much the information from

the instrument is free of measurement errors between
the test and retest.17e20 It encompasses the following
properties:

- Internal consistency checks that the survey ques-
tions are related to each other, measuring the
same construct.15 It is assessed by the total Cron-
bach’s alpha and with each question deleted.
Very low values indicate poor consistency. Values
of 0.70 # alpha < 0.95 are considered adequate.
Values > 0.95 indicate redundancy of the
questions.17,21

- Measurement error checks for random and sys-
tematic errors in the score of an instrument not
attributed to true clinical changes of the pa-
tient.21,22 The measurement error encompasses
the standard error of measure (SEM) and minimal



Vol. 57 No. 2 February 2019 299Brief Fatigue Inventory to Inpatients
detectable change (MDC).22e25 The SEM was
calculated as the standard deviation of the mean
of the differences between the test and retest
divided by the square root of 2 (SD of the differ-
ences/O2).22 The SEM percentage of a question-
naire scores is the agreement indicator. The
agreement is very good if SEM # 5%, good if
5% < SEM # 10%, and negative if
10% < SEM # 20%.22,24 The MDC was calculated
as 1.645 � O2 � SEM,22 and we considered a 90%
confidence interval (CI), reflecting the smallest
detectable change for the patient. Changes in
questionnaire scores greater than the MDC char-
acterize a change above the measurement error
and reflect a clinical change rather than a ques-
tionnaire error.22

- Reliability checks the relative measurement error.
It assesses how patients can be distinguished from
each other, despite the measurement error of the
questionnaire. Reliability was calculated by the in-
traclass correlation coefficient (ICC) of type 2.1
and their respective 95% CI with the total score
obtained from the test and retest. Reliability is
poor if ICC < 0.40, moderate if 0.40 $ ICC <
0.75, substantial if 0.75 $ ICC < 0.90, and excel-
lent if ICC $ 0.90.21e26

Validity of the construct shows how much the instru-
ment measures the concept to which it is proposed. It
was measured by Pearson’s correlation between the
BFI and PIPER. The correlation is weak if r < 0.30,
moderate if 0.30 # r > 0.60, and strong if
r $ 0.60.25,26 Our hypothesis is that the correlation be-
tween those questionnaires is positive and moderate
because BFI is one dimensional and the PIPER is a
multidimensional questionnaire. The PIPER was cho-
sen because it is the most popular instrument to assess
cancer-related fatigue in clinical practice.5,16

Ceiling and floor effects show whether the instru-
ment can discriminate patients with different levels
of impairment. The effects are considered as present
when more than 15% of patients present a minimum
or maximum score in the questionnaire test.21e26

Responsiveness

- Internal responsiveness is a longitudinal measure
and checks whether the instrument can detect
changes over a preestablished period of time.15 In-
ternal responsiveness is measured by the effect size
(difference between the initial and final measure-
ments divided by the standard deviation of the
initial measurement). Responsiveness is small if
the effect size is <0.2, moderate if between 0.3
and 0.7, and large if >0.8.27

- External responsiveness checks whether the in-
strument can detect the magnitude of changes
over time related to the other reference measure
by the ROC curve.15,28
Statistical Analysis
A sample of 100 patients is required to test properly

reliability, validity, ceiling and floor effects, and
responsiveness according to COSMIN.21 All analyses
were performed using IBM software SPSS 17.0.
Results
Initially, 118 patients were included in the study.

Four of them were excluded because of clinical com-
plications between test and retest and two patients
refused to continue in the study. Six patients were dis-
charged between the test and retest. In the follow-up
period, one patient died and four were lost to
follow-up. Therefore, 100 patients completed the
study. Fifty-three were men, and 55 had comorbidities.
Hematologic cancers such as lymphomas, leukemia,
and multiple myeloma were the most frequent in
our population, followed by pelvic cancers. Metastasis
was observed in almost half of the patients. Most of the
patients previously underwent some type of treatment
such as chemotherapy (Table 1).
The mean hospitalization time was 5.9 � 6.19 days.

The BFI score was 2.92 � 2.50 in the test and
3.58 � 2.66 points in the retest. After 15 days, the
BFI score was 3.35 � 2.66 (P > 0.05). After 15 days,
26% of the patients reported worsening of fatigue
compared with the initial assessment, according to
the GEP (Table 2).
The analysis of properties showed adequate levels of

reliability and agreement and internal consistency.
The measurement error was considered very good
with SEM < 5% of the total score. The floor effect
was observed in this population. There was a strong
and positive correlation between the BFI and PIPER.
Responsiveness was considered moderate (Table 3).
Table 4 shows the clinimetric properties of other ver-
sions of the BFI when administered in other
populations.
Discussion
Our results showed that the clinimetric properties

of BFI are adequate when applied to hospitalized
oncological patients, preserving the properties of
the original version.6 In addition, properties such
as the reliability, validity of construct, ceiling and
floor effects, and responsiveness were tested with
methodological rigor17 and novelty in relation to
all other versions previously tested. Adequate values
of internal consistency were found when the BFI was
applied to acute patients. Reliability between the test



Table 1
Characteristics of Patients (n ¼ 100)

Characteristics Values

Age (years), mean (SD) 50.32 (14.38)
Male, n 53
BMI (kg/m2), mean (SD) 25.67 (4.94)
Physically active, n 22a

Comorbidities
Systemic hypertension, n 30
Diabetes mellitus, n 16
Depression/anxiety, n 3
Smokers, n 34
Time since diagnosis of cancer (months),

mean (SD)
14.02 (20.36)

Metastasis, n 46
Oncological groups

Hematological, n 35
Pelvic, n 33
Abdominal, n 22
Head and neck, n 4
Gynecological, n 3
Mastology, n 2
Thorax, n 1

Previous treatment
Chemotherapy, n 82
Radiotherapy, n 12
Surgery, n 39

n ¼ number of patients; BMI ¼ body mass index; SD ¼ standard deviation.
aClassification according to Baecke questionnaire.

Table 3
Classification of BFI Clinimetric Properties in

Hospitalized Cancer Patients (n ¼ 100)

Proprieties Values Classification

Internal consistency
Cronbach’s alpha

(variation with
exclusion item to item)

0.95 (0.94-0.95) Adequate

Reliability
ICC2,1 (95% CI) 0.87 (0.81-0.91) Substantial

Measurement error
Standard error measurement 1% Very good
Minimal Detectable Change �0.37

Validity of the construct
Correlation with PIPER (r) 0.84a Good

Responsiveness
Internal 0.50 Moderate

Ceiling and floor effects Floor 35% Inadequate

BFI ¼ Brief Fatigue Inventory; n ¼ number of patients; ICC ¼ intraclass cor-
relation coefficient; r ¼ Pearson’s correlation.
Classification according to COSMIN.26

ICC ¼ 0.87; 95% CI ¼ 0.81e0.91.
aP < 0.05.

300 Vol. 57 No. 2 February 2019Nunes et al.
and retest was classified as substantial, and the mea-
surement error considered very good. The BFI was
also considered valid in the assessment of fatigue,
using the PIPER as the reference. Internal respon-
siveness was considered moderate. However, there
were the presence of a floor effect and the absence
of external responsiveness.

The assessment of the internal consistency of the
Brazilian Portuguese version of the BFI applied to
oncological patients hospitalized for chemotherapy
showed that the values were similar to the original En-
glish version.6 Cronbach’s alpha was 0.96 and ranged
for each deleted item from 0.95 for items related to
general activities to 0.96 for the remaining items in
the original version.6 In our study, the BFI also pre-
sented similar internal consistency to other versions.
The Japanese,12 Korean,13 Philippine,9 Greek,1

German,10 and Taiwan11 versions presented Cron-
bach’s alpha between 0.92 and 0.97. The Chinese8
Table 2
Distribution of Fatigue Classification According to the

BFI (n ¼ 100)

Classification (%) Baseline After 15 days

Absent fatigue 35 26
Mild fatigue 27 33
Moderate fatigue 30 30
Severe fatigue 8 11

BFI ¼ Brief Fatigue Inventory; n ¼ number of patients.
Mild ¼ 1 to 3 points; Moderate ¼ 4 to 6 points; Severe ¼ 7 to 10 points.
version assessed the internal consistency for two
blocks: the three first questions that evaluate fatigue
severity (Cronbach’s alpha ¼ 0.92) and the last six
questions that evaluate fatigue intensity (Cronbach’s
alpha ¼ 0.90).
The reliability of BFI was only previously tested in

the study in Taiwan11; however, it was assessed via Pear-
son’s correlation (r). The authors correlated the total
BFI score between the test and retest11 with a three-
day interval of administration in 12 outpatients from
oncology centers. The reliability was r ¼ 0.89. Reli-
ability is an important clinimetric property because it
shows the ability of an instrument to obtain similar re-
sponses as long as patients are in a stable condition.19

In our study, reliability was assessed using the ICC2,1

and respective 95% CI, and a sample of 100 patients,
as suggested by COSMIN.26

The agreement between the test and retest of the
BFI was assessed for the first time in our study.
Even so, our results showed 1% of error of measure-
ment in an instrument with a maximum score of 10
points, indicating very good and high concor-
dance.23,26 In this way, we can understand that the
BFI is sufficiently sustainable to be applied to hospi-
talized population.
In the assessment of the validity of the construct, a

strong and positive correlation between the BFI and
PIPER was observed. Our results are similar to those
reported for the original version of the BFI.6 Mendo-
za et al.6 showed the validity of the BFI, with strong
correlation with the FACT instrument-F. The correla-
tion ranged from 0.81 for fatigue severity to 0.92 for
fatigue interference in general activities. Not all
studies compared the BFI to other instruments with
an identical construct, so moderate values in these



T
ab
le
4

C
li
n
im

et
ri
c
P
ro
p
er
ti
es

o
f
O
th
er

V
er
si
o
n
s
o
f
B
F
I
in

P
re
vi
o
u
s
S
tu
d
ie
s

C
h
ar
ac
te
ri
st
ic
s
an

d
P
ro
p
er
ti
es

M
ys
ta
ki
d
o
u
1

M
en

d
o
za

6
W
an

g8
M
en

d
o
za

9
R
ad

b
ru
ch

1
0

L
in

1
1

O
ku

ya
m
a1

2
Yu

n
1
3

T
h
is
St
u
d
y

L
an

gu
ag
e

G
re
ek

E
n
gl
is
h

C
h
in
es
e

P
h
il
ip
p
in
e

G
er
m
an

T
ai
w
an

es
e

Ja
p
an

es
e

K
o
re
an

P
o
rt
u
gu

es
e

P
o
p
u
la
ti
o
n
(n

)
O
u
tp
at
ie
n
t

(1
02

)
O
u
tp
at
ie
n
t

þ
in
p
at
ie
n
t

(3
05

)

O
u
tp
at
ie
n
t

þ
in
p
at
ie
n
t

(2
49

)

O
u
tp
at
ie
n
t

þ
in
p
at
ie
n
t

(2
06

)

O
u
tp
at
ie
n
t

(1
17

)
O
u
tp
at
ie
n
t

(4
39

)
O
u
tp
at
ie
n
t

(2
52

)
O
u
tp
at
ie
n
t

þ
in
p
at
ie
n
t

(1
78

)

In
p
at
ie
n
t
(1
00

)

R
el
ia
b
il
it
y

In
te
rn
al

co
n
si
st
en

cy
(C

ro
n
ba
ch
’s
al
ph
a)

0.
95

0.
96

0.
92

0.
95

0.
93

0.
97

0.
96

0.
95

0.
93

R
el
ia
b
il
it
y,
IC

C
2
,1
(9
5%

C
I)

N
P

N
P

N
P

N
P

N
P

N
P

N
P

N
P

0.
87

(0
.8
1-
0.
91

)

M
ea
su
re
m
en

t
er
ro
r,

p
o
in
ts

(%
)

N
P

N
P

N
P

N
P

N
P

N
P

N
P

N
P

1%

V
al
id
it
y
o
f
th
e
C
o
n
st
ru
ct

r
0.
90

0.
81

�0
.9
2

0.
70

0.
78

0.
94

0.
78

0.
90

0.
84

C
ei
li
n
g
an

d
fl
o
o
r
ef
fe
ct
s

N
P

N
P

N
P

N
P

N
P

N
P

N
P

N
P

35
%

(fl
o
o
r)

R
es
p
o
n
si
ve
n
es
s

N
P

N
P

N
P

N
P

N
P

N
P

N
P

N
P

T
E
¼

0.
5

n
¼

sa
m
p
le

si
ze
;
N
P
¼

n
o
t
p
re
se
n
te
d
;
IC

C
¼

in
tr
ac
la
ss

co
rr
el
at
io
n
co

ef
fi
ci
en

t;
r
¼

P
ea
rs
o
n
’s
co

rr
el
at
io
n
.

IC
C

¼
0.
87

;
95

%
C
I
¼

0.
81

-0
.9
1.

Vol. 57 No. 2 February 2019 301Brief Fatigue Inventory to Inpatients
cases can be considered adequate. Mystakidou et al.1

compared the BFI to the hemoglobin level and fa-
tigue tests,29 and they found a weak and negative cor-
relation (r ¼ �0.21; P ¼ 0.004). Our initial
hypothesis was to find a moderate correlation
because we compared a one-dimensional instrument
to a multidimensional one, but we found a strong
correlation. Our hypothesis for this finding is that
the impact of fatigue on dimensions measured by
the PIPER is similar that in performing general activ-
ities by oncological patients.
Responsiveness was small in our study. The reduced

number of patients who reported worsening of fatigue
after 15 days of treatment was unexpected and may
have interfered with our results and decreased BFI
responsiveness. Our results are similar to those re-
ported by Lin et al.11 The authors assessed BFI respon-
siveness in 20 patients with breast cancer undergoing
chemotherapy at the day hospital. They assessed fa-
tigue via the BFI before, during, and at the end of
the treatment. The authors used ANOVA for repeated
measures and found that fatigue was linearly
decreasing during treatment, as well as in our popula-
tion.11 We believe that other studies should assess in-
ternal and external responsiveness in oncological
patients to confirm our finds.
Ceiling and floor effects were not assessed in studies

testing other versions of BFI. In our study, BFI demon-
strated a floor effect. No ceiling effect was observed.
Instruments that have a high percentage of ceiling
or floor effects may not capture or measure the
construct to which it is proposed, that is, to differen-
tiate who does or does not have the health condition
goal.20 One hypothesis for our finding was the selec-
tion of patients at the beginning of treatment because
severe fatigue may not occur. As this was the first study
to measure this property, we can not state whether the
same floor effect could be detected if the BFI were
applied to patients at the end of many cycles of
chemotherapy, or if in this population a ceiling effect
would be found because, possibly, many patients
would present worse clinical condition, including se-
vere fatigue.
The results of this study indicate that BFI adminis-

tered to oncological patients hospitalized for chemo-
therapy has acceptable levels of reliability, validity of
the construct and internal responsiveness. In this
way, we emphasize the importance of measuring
cancer-related fatigue with accurate and simple instru-
ments such as the BFI.
The limitations of this study were the administration

of the BFI via call phone in the third interview. This
may have made it difficult for the patient to under-
stand, but it was the only way to make the study viable.
In addition, we obtained the floor effect in our sample
probably due to the short diagnosis time of the disease
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and small number of chemotherapeutic cycles per-
formed until the moment of the study. A sample
with more severe patients might be more appropriate
to assess responsiveness.
Conclusion
The BFI has adequate reliability, validity, and inter-

nal responsiveness when used to assess cancer-related
fatigue in patients hospitalized for chemotherapy.
The BFI presents the floor effect and lack of external
responsiveness and should be tested in other popula-
tions to confirm these findings.
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