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Abstract

Background Fatigue is the most frequent and distressing symptom affecting the physical, cognitive, and affective
domains of breast cancer patients. The Functional Assessment of Chronic lliness Therapy—Fatigue (FACIT-F) has been
widely used in patients with chronic diseases and has shown satisfactory reliability and validity. This study aimed to
examine the psychometric properties of the FACIT-F among Chinese patients with breast cancer.

Methods Using a convenience sampling method, a cross—sectional survey (January 2020 and September 2022)
was used with patients recruited from two tertiary hospitals in Shanghai, Mainland China, and a total of 597 patients
completed a demographic information questionnaire, the FACIT-F and the Functional Assessment of Cancer Therapy
for Breast Cancer (FACT-B). Convergent validity was estimated by calculating the Pearson correlation coefficient of
the FACIT-F with the FACT-B. Measurement invariance across age was performed by examining differential item
functioning (DIF) across age groups (<60 and > 60 years). The internal consistency and split—half reliability were
performed for reliability analysis. Unidimensionality of the scale was evaluated by the principal component analysis
by Rasch analysis. Additionally, Rasch analysis was performed for item difficulty levels, and an item—person map was
used.

Results No floor/ceiling effects were observed for the FACIT-F. Moderate correlations were found between FACIT-F
and FACT-B (r=—0.342, p<0.01). Most items showed an absence of DIF regarding age, except for one item. In
addition, the FACIT-F showed acceptable internal consistency. Principal component analysis of Rasch residuals
showed that the proportion of variance explained by the FACIT-F was 53.3%, and the outfit mean square statistics
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for the items ranged from 0.68 to 1.90 and the infit MNSQ from 0.63 to 1.73. Additionally, an acceptable response

between items and persons was found.

Conclusions The findings indicate that the Chinese version of the FACIT-F is a valid tool for the measurement of

fatigue in breast cancer patients.

Keywords Breast cancer, Fatigue, Reliability, Validity, Rasch analysis

Background

Breast cancer is a global public health problem. Although
the improvement of early detection and the availability of
effective treatments has increased the long—term survival
of patients with breast cancer, they still suffer from vary-
ing degrees of distressing symptoms from cancer treat-
ment to survivorship [1-3]. Fatigue has been considered
as one of the most common adverse reactions of patients
with breast cancer [4]. Cancer—related fatigue refers to
the persistent fatigue caused by cancer or the relevant
treatment and other disease—related factors, which
affects the daily life of the patient but is not consistent
with his or her activity level and is more severe and lasts
longer than noncancer—related fatigue [5, 6]. Patients
with fatigue often have pain, depression, insomnia,
and cognitive dysfunction [7]. Significant fatigue after
diagnosis may last 5 years or even longer and is closely
related to decreased quality of life [8—10]. Identification
of fatigue trajectories helps to understand the symptoms
in this population to predict patients that will experience
fatigue symptoms and improve their usual functioning
and health-related quality of life. To better understand
the fatigue experiences of these patients, an appropriate
measure with high accuracy is needed.

A number of self-reported scales are used to measure
fatigue in patients with cancer. These measures differ
in the psychometric properties, the ease of administra-
tion, and the range of measurement [11]. The Functional
Assessment of Chronic Illness Therapy—Fatigue (FACIT—
F) are among the most recommended cancer—related
fatigue outcome measures in the literature. The FACIT-
F is a patient-reported outcome instrument to assess
fatigue levels in addition to its impact on daily function-
ing, and it has been used to meet a growing demand for
the precise evaluation of fatigue levels in patients with
cancer [12]. In comparison to other relevant measures,
the FACIT-F has been identified as one of the most suit-
able scales to quantify cancer—related fatigue for routine
use and has shown better differentiation performance
across the fatigue spectrum [11, 12]. For example, Yellen
et al. [13] reported that the FACIT-F could be used as an
independent, brief, unidimensional measure of fatigue.
As stated by Chandran et al., although the FACIT-F is
a unidimensional measure of fatigue, its items covered
a wider range of fatigue, and is easy to administer and
score [14]. The FACIT-F was originally derived from a

41-item survey and is now a briefer, more valid measure
of fatigue [13]. With concise items, the FACIT-F still
covers comprehensive aspects of fatigue, including physi-
ology, functionality, emotionality, and sociality. Addition-
ally, based on item response theory (IRT), the FACIT-F
is more capable of guiding item selection accurately [13].
The FACIT-F has been shown to detect symptoms ear-
lier and improve provider—patient communication, with
a time frame of 7 days [15]. Although the 7—day and 4—
week time frames are comparable in measuring cancer—
related fatigue, the 7—day time frame was more capable
of observing detailed information and is preferred [16].

Early identification and management of cancer—related
fatigue during cancer treatment may help prevent a
decline in quality of life through improved management
of contributing factors. To better measure fatigue among
breast cancer patients, brief and accurate instruments
that can be used for clinical routine is needed in this
population. Considering that the FACIT-F shows excel-
lent psychometric properties in differentiating patients
by fatigue level and patient-rated performance status, it
is an appropriate instrument to assess fatigue in patients
with cancer. Validation of the FACIT-F in in a sample of
Chinese patients with breast cancer will provide a suit-
able and acceptable cultural fit instrument for screening
and assessing fatigue in clinical practice. Therefore, this
study aimed to examine the psychometric properties of
the FACIT-F in a sample of Chinese patients with breast
cancer according to item response theory.

Methods
Study populations and procedure
Using the convenience sampling method, a cross—sec-
tional survey (January 2020 and September 2022) was
used with patients recruited from two tertiary hospitals
in Shanghai, Mainland China. The inclusion criteria of
the patients were as follows: aged 18 or older, diagnosed
with breast cancer, able to read and write independently,
and volunteered to participate in the study. Patients with
critical and life—threatening conditions were excluded.
All the patients were recruited and completed the
survey during hospitalization. The survey was con-
ducted with the help of trained nurse researchers to
ensure standardization of data collection. Patient con-
sent was obtained in writing before the survey, along
with explanations of the purpose and process of the
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study. Ethical approval was approved by the Institutional
Review Boards of Fudan University Cancer Hospital (no
1810192-22) and Fudan University Zhongshan Hospital
(no 2020-076R).

Measures

Demographic information

Demographic information collected information on age,
religion, marital status, education level, lifestyle, place of
residence, employment status, family income, and men-
strual status.

Functional assessment of chronic illness therapy—fatigue
(FACIT-F)

The FACIT-F is a self-reported instrument that assesses
tiredness, weakness, and difficulty conducting usual
activities due to fatigue over the previous 7 days [17]. The
FACIT-F includes 13 items, and all items are rated on a
5—-point scale, with options ranging from “not at all (0)”
to “very much (4)’; and a higher score indicating higher
levels of fatigue [17]. To date, the FACIT-F is available
in more than 70 languages on the FACIT official website
(http://www.facit.org/), and it has been widely applied
in various cancer populations, such as patients with
prostate cancer and colorectal cancer, and shows satis-
factorily psychometric properties results [18]. Based on
the PROs measures development guideline of Food and
Drug Administration, we develop a Chinese version of
the FACIT-F instrument for breast cancer patients with
the guidance of the functional assessment of chronic ill-
ness therapy translation method. The cognitive inter-
views were conducted in 20 postoperative patients with
breast cancer and cultural adaptation was performed.
Subsequently, after a preliminary survey of psychomet-
rics research in 246 patients with breast cancer, the final
Chinese version of the FACIT-F includes 12 items, and
the relevant details can be found in our previous report
[19, 20].

Functional assessment of cancer therapy-breast (FACT-B)
The FACT-B is a frequently used instrument designed
to assess quality of life in breast cancer patients [21, 22].
It includes 36 items and five subscales, encompassing
physical, social, emotional, and functional well-being
domains, along with a breast cancer—specific subscale.
Item responses are scored based on a 5—point Likert
scale, with higher scores representing a high quality of
life [21]. The Chinese version of the scale has been widely
validated in breast cancer patients [23]. Cronbachs «a
coefficient of the FACT-B ranged from 0.87 to 0.91 in
this study.
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Statistical analysis

All the analyses were performed in IBM SPSS (version
21.0), Mplus (version 7.0), and Winsteps software (ver-
sion 3.75.0). Statistical significance was set at p<0.05.

The descriptive statistics were conducted in which cat-
egorical data were presented as frequency and percentage
and continuous data were presented as mean (standard
deviation). Floor and ceiling effects were examined to
assess the coverage of the FACIT-F. There was evidence
of floor and ceiling effects when over 15% of respondents
reported the lowest or highest score, respectively [24].
Convergent validity was performed to examine asso-
ciations between the FACIT-F and the FACT-B using
Pearson correlation coefficients, in which values>0.50
were considered strong correlations, 0.30-0.49 were
considered moderate correlations, and <0.29 were con-
sidered weak correlations [25]. Moderate to high correla-
tions were expected to be identified in the two measures.
Differential item functioning (DIF) indicates whether
respondents from various groups perform differently on
the instrument even though they have the same degree
of the studied trait [26]. If the absolute value of the DIF
Contrast is greater than 1.0 logits, the item is considered
to have a DIF [26]. We tested whether measurement bias
existed across age groups (<60 and >60 years) in the
scale. Regarding reliability, Cronbach’s « coefficient and
split—half reliability for the scale were calculated, and a
value of 0.70 or higher was deemed to indicate acceptable
reliability [27, 28].

A Rasch analysis was used in this study to estimate
the item or ability parameters of the FACIT-F based on
item response theory [29, 30]. The Rasch model assumes
that the scale based on item response theory is unidi-
mensional, and principal components analysis (PCA) of
the residuals can be used to test the unidimensionality,
with the proportion of variance explained by a measure
of more than 20% indicating that the data fit a unidimen-
sional model [31]. Infit and outfit MNSQ were used to
indicate the fitness of items, and values less than 2.0 were
considered fitting to the model [32]. A bubble chart was
used to visualize the measurement value of the model fit,
and item difficulty levels were calculated during the cali-
bration process in logits, with values in the range of —3 to
3 being acceptable [33]. In addition, an item—person map
distribution was examined to identify whether items and
responders were in hierarchical order. The ideal relative
difficulty and relative ability should be observed on the
same interval continuum of logits [34].

Results

Demographic characteristics

Six hundred forty—seven patients were eligible to par-
ticipate; of these, 597 (92.3%) returned valid question-
naires. The participants were an average of 48.12 years of
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Table 1 Demographic characteristics of the study sample

(N=597)
Variables n (%)
Age (years)

18-40 126 (21.1)

41-59 390 (65.3)

>60 81(13.6)
Religion

Yes 52(87)

No 545 (91.3)
Marital status

Married 563 (94.3)

Single/divorced/widowed 34(5.7)
Education level

Primary school or less 152 (254)

Junior high school 186 (31.2)

Senior high school or more 259 (434)
Lifestyle

Living with family 563 (94.3)

Living alone 18 (3.0)

Others 16 (2.7)
Residence

City 185 (31.0)

County 143 (24.0)

Village or countryside 269 (45.0)
Employment status

Employed 217 (26.3)

Retired 114(19.1)

Unemployed 266 (44.6)
Income (monthly)

<3000¥ 306 (51.3)

>3000¥ 291(48.7)
Menstrual status

Premenopausal 284 (47.6)

Postmenopausal 313 (524)

age (SD=10.03 years), and all of them were female. The
majority of the participants reported no religious beliefs
(91.3%), married (94.3%), with a senior high school edu-
cation or more (43.4%), living with their families (94.3%),
in a village or countryside (45.0%), were unemployed
(44.6%), had low income (51.3%), and were postmeno-
pausal (52.4%) (Table 1).

Descriptive statistics

No floor/ceiling effects were observed for the FACIT-F
since participants who scored the lowest score and high-
est accounted for 0.2% and 0.8% of the sample, respec-
tively, and the proportion was less than 15%.

Concurrent validity

The correlation between the FACIT-F and FACT-B was
analyzed using Pearson correlation to examine the con-
current validity of the FACIT-F. The FACIT-F score was
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Table 2 Differential item functioning (DIF) by age (N=597)

Item DIF DIF DIF Contrast
(age<60) (age=60)
Item 1 -0.10 -0.04 -0.06
[tem 2 -0.13 0.01 -0.14
Item 3 0.17 0.09 0.09
Item 4 -0.07 0.24 -0.31
Item 5 -0.04 0.25 -0.29
Item 6 -1.50 -1.24 -0.26
[tem 7 -1.38 -1.22 -0.16
[tem 8 -0.13 -0.71 1.58
Item 9 1.82 144 0.38
Item 10 0.27 0.31 -0.04
Item 11 1.03 0.87 0.16
Item 12 0.27 -0.01 0.28

Table 3 Dimensionality analysis of the FACIT-F (N=597)

Empirical Modeled
Eigen % %
Total raw variance 257 100.0 100.0
Raw variance explained by measures 13.7 533 54.7
Raw variance explained by persons 6.9 26.7 274
Raw variance explained by items 6.8 26.6 27.3
Raw unexplained variance (total) 12,0 46.7 453

significantly correlated with the FACT-B (r = —0.342,
p<0.01), supporting convergent validity.

Measurement invariance

As shown in Table 2, all items exhibited no evidence of
DIF exception for one item, with only a DIF contrast of
1.58, providing evidence in support of overall unbiased
results for the scale.

Rasch analysis

The results of PCA supported the unidimensionality of
the FACIT-F, and the proportion of variance explained
by the FACIT-F was 53.3%, providing evidence of a one—
factor structure. The results also indicated acceptable
reliability, with an IRI of 0.99 and a PRI of 0.86, higher
than the cutoff value of 0.80 (Table 3).

The outfit MNSQ for the items ranged from 0.64 to
1.90, and the infit MNSQ ranged from 0.63 to 1.73, which
were within the range of —3 to 3. The results of the Rasch
standard error calculation of the FACIT-F are shown in
Table 4, suggesting that the scale was reliable. The diffi-
culty levels of all items ranged from —1.27 to 1.47, sup-
porting that the items were capable of distinguishing
fatigue levels across a wide range.

In the bubble chart, the farther to the left the item is
represents overfit, the farther to the right is underfit, and
items with partial overlap indicates similar difficulty. The
item bubble chart of FACIT-F showed that the left was
overfit while the item to the right was underfit, and most
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Table 4 Item parameter estimation results of the FACIT-F

(N=597)

Item Difficulty  S.E. Infit MNSQ  Outfit MNSQ
Item 1 -0.04 0.06 0.71 073
Item 2 0.01 0.06 0.69 0.69
Item 3 0.09 0.06 0.70 0.79
Item 4 0.20 0.06 0.65 0.68
Item 5 0.22 0.06 0.63 0.64
Item 6 -1.27 0.05 1.36 1.48
Item 7 -1.22 0.05 1.53 159
Item 8 -0.65 0.05 1.73 1.90
Item 9 1.47 0.07 1.24 1.10
[tem 10 0.31 0.06 112 1.12
Item 11 0.87 0.06 0.84 0.77
Item 12 0.02 0.06 0.92 0.73

items should fall near the middle of the scale, which was
in line with the hypothesis that high—quality items should
be close to the middle line. Therefore, most items did not
show a significant Rasch standard error. Items with par-
tial overlap indicated similar difficulty in Fig. 1, and the
standard error of the items was 0.05-0.07, indicating
negligible measurement error.

The relationship between the item difficulty of the
FACIT-F in the current sample is shown in Fig. 2, in
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which the left part of the figure displayed the distribu-
tion of a person’s ability levels, the leftmost number rep-
resented the logit unit of the ability of the person and
item difficulty, and the right part showed the difficulty
distribution of the items. From the top down, the abil-
ity level of the person decreased gradually, and the dif-
ficulty of the items decreased similarly. The most difficult
item for the participants was Fatigue09 (“I am too tired to
eat”) with a 1.47 logit (SE=0.07), and the easiest item was
Fatigue06 (“I have energy”) with a —1.27 logit (SE=0.05).
By comparing the distribution of person’s ability and item
difficulty, the distribution of respondent’s ability was
wide, in the range of (—-5—+42), but more concentrated in
the range of (—3-0), and the distribution of item difficulty
was narrower than the ability distribution, which was
concentrated in the range (-1.5—+1.5). Thus, the results
indicated that FACIT-F can well distinguish the patients
with fatigue levels in the range of (—1.5—+1.5).

Reliability

The Cronbach’s a coefficient of the FACIT-F was 0.901,
and the split-half reliability was 0.922, indicating satis-
factory reliability.

ITEM

Measures More
o =

Less

0.1
Overfit

Fig. 1 Item bubble chart of the FACIT-F

Outfit Mean-square (log-scaled)

10
Underfit
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Discussion

To the best of our knowledge, this is the first psychomet-
ric study of the FACIT-F specifically validated in a Chi-
nese breast cancer population. The current results have
shown that the FACIT-F had acceptable levels of reliabil-
ity and validity.
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Regarding convergent validity, moderate correla-
tions between FACIT-F and FACT-B were identified,
and the negative correlations revealed that the FACIT-
F was correlated with measures of quality of life, and
the results were similar to the original validation of the
instrument [35]. FACT-B is a widely used measure pre-
viously shown to be reliable in breast cancer patients.
Therefore, our results suggested that higher scores on
the FACIT-F were associated with lower scores on the
FACT-B, which was consistent with the commonly rec-
ognized conclusion that patients with significant fatigue
symptoms were more likely to report low quality of life.
Wang et al. [36] examined the psychometric properties of
the Chinese version of the FACIT-F in patients receiving
maintenance dialysis and found that fatigue scores were
associated with several quality of life domains, including
fatigue, depression, anxiety and sleep quality. Ishikawa et
al. [37] validated the Portuguese version of the FACT-F
in a sample of Brazilian cancer patients and compared
the FACT-F to the MOS 36-Item Short—-Form Health
Survey (SF-36) to establish its convergent validity. The
Pearson correlation results indicated acceptable correla-
tions between the FACT-F and SF-36 scores, ranging
from 0.31 to 0.76, which was in line with our results. Sim-
ilarly, the FACIT-Fatigue was reported to have moderate
to high correlations with the SF-36 in patients with sys-
temic lupus erythematosus [38]. Eek et al. [39] also found
strong correlations between the FACT-F and the fatigue
scale in the EORTC QLQ-C30 in patients with chronic
lymphocytic leukemia, with all Pearson’s r=0.5. A previ-
ous study confirmed a negative association between the
FACIT-F and quality of life domains in a population with
breast cancer [39].

Measurement invariance of the FACIT-F was estab-
lished across age groups. The results supported that most
items showed an absence of DIF with regard to age. How-
ever, one out of 12 items in the FACIT-F had DIF. The
possible DIF might be due to translational differences.
Sample representative might also have an impact on the
psychometric properties since most of the included par-
ticipants were middle—aged women with breast cancer.
Since elderly patients accounted for only a small propor-
tion of the sample, selection bias might have caused the
differences. Additionally, exhausted patients were more
likely to refuse to participate in the investigation, which
may have an impact on the results. Overall, the establish-
ment of measurement equivalence was in line with pre-
vious studies, showing that the FACIT-F has the same
perception between populations and across ages. Kwak-
kenbos et al. [12] also assessed the cross—language mea-
surement equivalence of the FACIT-F in three language
versions in systemic sclerosis patients and showed that
the magnitude of the DIF was negligible. Although some
items had statistically significant DIF, no substantive
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differences were found for the FACIT-F across different
language versions of the FACIT-F, which was in line with
our findings.

The FACIT-F has been proposed as a unidimensional
scale with the range of factor loadings being acceptable.
Our results of PCA confirmed the unidimensionality
of the scale, which was in line with reports in the Ara-
bic cancer population, supporting that the items in the
FACIT-F assessed a unidimensional attribute of fatigue
[40]. Additionally, our results were consistent with find-
ings reported by Kwakkenbos et al. [12], in which the
FACIT-F showed a unidimensional construct in the Eng-
lish, French and Dutch versions of the scale.

In Rasch analyses, we found that the scale had accept-
able difficulty levels, ranging from —1.27 to 1.47, and fell
into the scope of (-3, 3). In the item bubble chart, one
bubble represented one item, and the size of the bubble
represented the size of the measurement error. The bub-
ble chart also demonstrated that the standard error of
the items was negligible. In addition, the acceptable reli-
ability of the scale (IRI=0.99, PRI=0.86) was found in the
Rasch analysis. Considering this, our results were consis-
tent with the hypothesis of IRT analysis and showed that
the FACIT-F had good coverage of the fatigue domain
and acceptable term difficulty distribution.

In this study, acceptable Cronbach’s a coefficients were
found for the FACIT-F, reaching acceptable standards
of 0.70, which compared favorably with the findings of
the original English version reported by Yellen et al. [13]
(a=0.93). There were no floor/ceiling effects, showing
that the items of the scale covered a wide range of fatigue
levels, and the results were consistent with Magbali et al.
[40]. Test—retest reliability has not been examined in this
study. Test-retest reliability of the FACIT-F has been
tested in a population of patients treated for cancers of
the head and neck [35]. The results confirmed that the
FACIT-F demonstrated a slight advantage over the Mod-
ified Brief Fatigue Inventory with respect to test—retest
reliability. The Test-retest reliability of the FACIT-F in
breast cancer patients could be tested in the future.

Limitation

Several limitations should be addressed in this study.
First, we used a cross—sectional study design, and the
test—retest reliability of the FACIT-F had not been
assessed. Second, we did not control for demographic
and clinical variables of patients with breast cancer,
which might be associated with fatigue levels and could
affect the results. Third, only female patients were
included in this study. Thus, the measurement invariance
of the FACIT-F across sexes could be tested in the future.
Despite these limitations, our study provided evidence
that the Chinese version of the FACIT-F was a valid tool
for assessing fatigue in breast cancer patients.
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Conclusions

This study found evidence for acceptable validity and
internal consistency of the FACIT-F in a sample of Chi-
nese patients with breast cancer. It has been established
that the FACIT-F can be applied to patients with breast
cancer by researchers or clinicians for the measurement
of fatigue in patients with breast cancer.
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