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To the Editor:

In patients with anemia there has been a renewed interest in understanding the impact of red
blood cell transfusion on patient-reported outcomes,! such as fatigue, the primary symptom
of anemia.2 Anemia-related fatigue is a significant concern to patients, effects their quality
of life,1-2 is associated with decreased activity levels, deconditioning, and losses in
functional status.3# Nevertheless, transfusion trials in hospitalized patients have largely used
mortality alone as a primary outcome. Data from these studies have driven restrictive
transfusion policies in which hospitalized patient’s hemoglobin (Hb) levels are maintained
in ranges associated with high levels of fatigue,® with limited data to assess whether
transfusion may affect fatigue. Additional transfusion trials using fatigue as an outcome
could answer the question of how transfusion affects fatigue. But, prior to initiating costly
trials it is first important to consider the limitations of fatigue as an outcome measure in
patients with anemia.

One important limitation of fatigue as an outcome measure is that it does not account for
patients’ activity level, or how activity influences fatigue.® This has two significant
implications for understanding fatigue and the effect of transfusion on fatigue in patients
with anemia. First, differences in functional capacity between patients who report similar
fatigue levels cannot be appreciated. For example, two patients with anemia may report
similar levels of fatigue, but one patient may be physically active while the other is
sedentary. By not accounting for how activity influences fatigue, these patients may be
perceived to be the same. Second, not accounting for how activity influences fatigue also
makes it difficult to evaluate the effectiveness of transfusion. If transfusion reduces fatigue,
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it may result in increased activity that could then offset decreases in fatigue. Measuring
fatigue alone may make transfusion appear unsuccessful if post-transfusion fatigue levels are
the same or higher than pre-transfusion levels, since the changes in patient activity would
not have been appreciated. One possible solution to these problems is to measure fatigue in
the context of activity, a measure known as fatigability.

Fatigability measures patient’s self-reported fatigue in the context of a standardized activity
level,® with greater fatigability indicating more fatigue at any given level of activity. Since
fatigability is standardized it can be used to objectively compare patients with similar fatigue
levels but different levels of activity. This makes fatigability potentially clinically useful for
identifying patients with anemia at high risk for functional decline due to fatigue interfering
with their activity. Fatigability could also better measure the effectiveness of transfusion than
fatigue, since it can capture changes in either fatigue and/or activity that may occur after
transfusion. Therefore, by accounting for the relationship between fatigue and activity,
fatigability addresses a critical limitation of fatigue, suggesting that fatigability could be a
useful outcome measure in patients with anemia.

However, despite the potential benefits of fatigability as an outcome measure, it has not been
previously used in and/or compared with validated measures of fatigue or activity in studies
of patients with anemia. The purpose of this study was to establish the clinical reliability of
fatigability in hospitalized patients with anemia by: (a) testing the association between
fatigability and increased patient age, comorbidities, and severity of anemia, since these
patient characteristics are associated increased fatigue® and/or declines in physical function
in patients with anemia,3 and (b) comparing fatigability to validated measures of fatigue and
physical function and the strength of their association with demographic (age) and clinical
characteristics (comorbidities, Hb) in patients with anemia.

We performed a prospective observational study of hospitalized general medicine patients
with a Hb < 10 g/dL during their hospitalization. Patient demographic data including, age,
sex, race, ethnicity, comorbidities, and Hb values were obtained from the hospitals
administrative database.

Self-reported measures of fatigability, fatigue, and/or physical function were collected
through an in-person interview during hospitalization. Fatigability was measured by the
pittsburgh fatigability scale (PFS) (primary outcome) and the situational fatigue scale (SFS)
physical fatigue subscale. Fatigue was measured by the functional assessment of chronic
illness therapy (FACIT) Fatigue subscale and the patient-reported outcomes measurement
information system (PROMIS) Fatigue (F) instruments. Physical function was measured by
the PROMIS physical function (PF) with mobility aid instrument, which provides a separate
score based on patients’ ability to ambulate.

Multivariable linear regression models were used to test the association between each
measure of fatigability, fatigue, and activity as dependent variables, with patient’s age,
Charlson Comorbidity Index, and Hb level as independent variables of interest.
Comprehensive study methods, including model specification are described in the e-
Appendix (Appendix).
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The study included 2049 subjects. The mean age was 57 years; 59% were female; 73% were
African-American. Table S1 contains the full demographic data of the sample (Table S1).

Higher fatigability was measured by the PFS and SFS and associated with older age, greater
number of comorbidities, and anemia severity. On the PFS, the larger fatigability coefficient
associated with each increase in age and comorbidity category and each 1 g/dL decrease in
Hb, indicate an increasing fatigability level across each of these patient characteristics.
Similarly, on the SFS, fatigability levels increased with older age, greater numbers of
comorbidities, and lower Hb, although the Hb effect was only statistically significant for
patients with a Hb < 7 g/dL (Table 1).

In contrast, neither measure of fatigue (FACIT, PROMIS-F) was consistently associated with
patients’ age, comorbidities, or severity of anemia. Increased fatigue measured by the FACIT
was associated with decreases in patients’ Hb levels and having =5 comorbidities, but had no
association with patient age. Measured by the PROMIS-F, lower fatigue levels were
paradoxically associated with older age for patients =75, but there were no other associations
between fatigue and patient age, comorbidities, or Hb.

The association between physical function and age, comorbidities, and Hb, varied by
patients’ ambulatory capability. In ambulatory patients lower physical function was
associated with each older age and higher comorbidity category, though the association with
comorbidities was statistically significant only in patients with 23 comorbidities. In
ambulatory patients there was no association between physical function and Hb. In non-
ambulatory patients decreased physical function was associated only with categories age >
75 and Hb < 7 g/dL.

This study supports the hypothesis that fatigability is strongly associated with expected
differences in age, comorbidities, and Hb level in hospitalized patients with anemia. Higher
fatigability levels were associated with each increase in age and comorbidity category, and
each 1 g/dL decrease in Hb, as measured by our primary outcome, the PFS. Similar
associations between fatigability and patient age, comorbidities, and Hb were present when
measuring fatigability using the SFS. These results on two different instruments help
validate the clinical reliability of fatigability as an outcome measure because older age,
comorbidities, and anemia severity are expected to be associated with increased fatigability
(greater fatigue at any level of activity).

Our results also highlight the limitations of fatigue as an outcome measure. Measured by the
FACIT increased fatigue was associated with lower Hb levels. However, fatigue measured by
the FACIT or PROMIS-F had no other associations with patients’ age, comorbidities, or Hb.
This is perhaps not surprising since fatigue is a subjective self-reported symptom, and
measuring it even when with well-validated instruments can produce discrepant and
paradoxical results.® It is also important to note that in our data older ambulatory patients
with more comorbid disease had reduced physical function. This suggests that the effects of
age and comorbidities on fatigue may be occurring through the pathway of reduced activity,
and these effects would not be captured by measuring fatigue without also understanding
changes in patient’s activity levels. This is the central limitation of fatigue as an outcome
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measure. The significance is that fatigue alone cannot discriminate between older adults
with anemia and more comorbid disease that may experience fatigue at lower activity levels
(higher fatigability), and younger healthier adults with anemia that may experience a similar
fatigue level at higher activity levels (lower fatigability). Fatigability addresses this
limitation and our study provides empirical support for using fatigability in future studies of
patients with anemia.

Fatigability has several potential uses as an outcome measure in patients with anemia.
Fatigability could be used in transfusion trials as a patient-reported outcome. Similarly,
fatigability could be used by clinicians to measure the impact of a patient’s anemia on their
fatigue and activity level, and their response to treatment. Clinicians could also use
fatigability to identify high risk patients whose fatigue is interfering with their normal
activity, and to target both fatigue as the primary symptom of anemia and activity as the
pathway by which anemia-related fatigue is likely to impair functional outcomes.

This study has the limitations of a single site observational study. Additionally, we used self-
reported instruments and patient’s actual fatigability, fatigue, and activity levels may be
different than reported.

Fatigue is limited in capturing the full effect of anemia on patients since it does not account
for patient activity. Fatigability, the measure of fatigue in the context of specific activity,
addresses this limitation with respect to fatigue, and future studies of patients with anemia
should include fatigability as an outcome measure.
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