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Key Points

• Transfusion during
hospitalization reduces
fatigability levels in
patients with anemia
after hospital
discharge.

• Fatigability can be
a useful outcome mea-
sure for studying the
effect of transfusion on
both the symptom of
fatigue and patient’s
physical function.

In patients with anemia, there is interest in understanding the impact of red blood cell (RBC)

transfusion on patient-reported outcomes such as fatigue. However, data from previous

studies are mixed as to whether transfusion improves fatigue. One explanation for this is

that prior studies have not examined whether changes in fatigue from transfusion may also

affect patient activity levels. This is important because if transfusion reduces fatigue,

patients may become more active, which could increase their fatigue. Thus, testing whether

transfusion affects patients’ fatigability, a measure of fatigue in the context of activity, may

be more useful than testing the effect of transfusion on fatigue alone. The objective of this

study was to test the effect of transfusion during hospitalization on patients’ fatigability 7

days postdischarge. This prospective observational study included hospitalized general

medicine patients with hemoglobin levels ,10 g/dL. Patient-reported fatigability was

collected during hospitalization and by telephone 7 days after discharge. Multivariable

linear regression was used to test the association between receipt of a transfusion and

fatigability 7 days postdischarge. Among the 350 patients participating, larger reductions in

fatigability were observed with more transfused RBCs. Receipt of 1 U of RBCs was associated

with a smaller reduction in fatigability, whereas receipt of 2 to 3 U of RBCs was associated

with reductions in fatigability nearly 1 standard deviation from baseline and 3 times greater

than patients receiving 1 U of RBCs. In hospitalized patients with anemia, receipt of

a transfusion is associated with reductions in fatigability 7 days after hospital discharge.

Introduction

In patients with anemia, there is a renewed interest in understanding the impact of red blood cell (RBC)
transfusion on patient-reported outcomes,1,2 such as fatigue. Fatigue is important because it is the
primary symptom of anemia and is a significant concern to patients.3,4 It is also associated with reduced
quality of life,1,3,5 decreased activity levels, deconditioning, and losses in functional status.6-8 Because
fatigue is a physiological response to decreased oxygen delivery to the tissues of anemia, it is expected
that transfusion, which increases oxygen delivery to the tissues, should reduce anemia-related fatigue.
However, data are mixed from studies examining the effect of transfusion on anemia-related fatigue, with
some studies showing a beneficial effect of transfusion on fatigue and other studies showing no
effect.9-16 One reason why the data are inconclusive with respect to whether transfusion reduces
fatigue may be that none of these studies accounted for patients’ activity levels when measuring fatigue.

Knowing a patient’s activity level or the activity context that provoked their self-reported fatigue level is
critical for interpreting the effect of transfusion on fatigue because fatigue and activity can influence
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each other. For example, if transfusion reduces fatigue, it may result
in increased activity that can then offset decreases in fatigue. By
measuring fatigue alone, transfusion may seem unsuccessful if
posttransfusion fatigue levels are the same or higher than
pretransfusion levels, as the important changes in patient activity
would not be appreciated. This example illustrates how previous
studies that have measured fatigue without considering effects on
a patient’s activity level can come to disparate conclusions about
the effect of transfusion on fatigue. It also suggests that measuring
the effect of transfusion on fatigue in the context of a known activity
level, a measure known as fatigability, may be a better and more
accurate way to capture the effect of transfusion.17-19

Fatigability is a measure of a patient’s self-reported fatigue in the
context of a known activity level, with greater fatigability indicating
more fatigue at any given level of activity. Fatigability standardizes
self-reported fatigue to an objective measure of activity, making it
possible to compare patients with similar fatigue levels but different
levels of activity. This makes fatigability a potentially useful way to
measure the effectiveness of transfusion, as it can capture changes
in fatigue and/or activity that may occur after transfusion. Moreover,
because fatigability includes a measure of patient activity, it also
provides information about patients’ physical function, and improv-
ing physical function is often an ultimate aim of clinicians when
considering transfusion in patients with symptoms from their
anemia. Knowing the effect of transfusion on fatigability could
address the fundamental clinical question of whether transfusion
provides a net benefit for both the symptom of fatigue and patients’
functional capacity.

Although fatigability has recently been used as an outcome measure
in patients with anemia,19 the effect of transfusion on fatigability has
not been previously studied. The objective of this study was to: (1)
determine whether transfusion during hospitalization improves
patient’s fatigability 7 days postdischarge; and (2) compare the
effect of transfusion on fatigability vs the effect of transfusion on both
fatigue and physical function as individual outcome measures in
patients 7 days after hospital discharge. We hypothesized that
transfusion would be associated with a larger reduction in fatigability
7 days after hospital discharge among patients with high baseline
fatigability than among patients with low baseline fatigability.

Methods

Study design

This study was a prospective observational study of hospitalized
general medicine patients with anemia at The University of Chicago
Medical Center (UCMC). The study period was May 2018 through
February 2019. The Institutional Review Board approved the study
procedures, and all study subjects provided informed consent.

Study eligibility and inclusion criteria

All general medicine inpatients at UCMC were approached for
consent to the University of Chicago Hospitalist Project (UCHP),20

an established inpatient clinical research infrastructure at UCMC.
Patients consenting to the UCHP and with a hemoglobin (Hb) level
,10 g/dL at any point during their hospitalization were eligible for
participation in this study. We chose to study general medicine
patients because they receive the highest proportion of transfusion
in hospitalized patients,21,22 and the effect of transfusion on
fatigability or fatigue has been not been thoroughly studied in

a general medicine population. An Hb level ,10 g/dL was chosen
as an inclusion criterion because equipoise remains regarding the
effect of transfusion on fatigue at any Hb level, and some clinicians
still consider transfusion for patients with fatigue at Hb levels above
restrictive transfusion thresholds. If patients were not eligible for
inclusion at the time of consent for the UCHP, their Hb values were
reviewed twice daily until hospital discharge to assess if their Hb
level was ,10 g/dL. Proxies were sought to provide consent and
answer questions for patients who failed the Short Portable Mental
Status Questionnaire. The use of a proxy has been validated as an
approach to assess quality of life outcomes and was preferred over
the alternative of excluding patients who could not answer on their
own.23

Patient demographic data collection

Hospital administrative data were used to determine patients’ age,
sex, race/ethnicity, length of stay, patient comorbidities, and
a Charlson Comorbidity Index score24 calculated by using In-
ternational Classification of Diseases, Tenth Revision codes. Health
Care Utilization Project diagnosis categories25 were used to identify
patients with sickle cell anemia, gastrointestinal bleeding (GIB), and
iron deficiency because these conditions are not included as part of
the Charlson Comorbidity Index, and because patients with these
conditions have transfusion practices that differ from those of other
general medicine patients.

Measuring anemia

The first Hb level ,10 g/dL during a patient’s hospitalization,
making them eligible for study participation, was identified through
manual review of the electronic health record. Additional Hb values
during the patient’s hospitalization were obtained from the hospital’s
clinical data repository. Each patients’ nadir Hb was used in the
analysis because it is the measure of Hb most closely associated
with the patient’s fatigue levels.26

Determining receipt of RBC transfusion

while hospitalized

Whether patients received an RBC transfusion and the number of
units transfused during hospitalization were obtained from the
hospital’s clinical data repository.

Patient self-reported outcomes during hospitalization

and 7 days postdischarge

Self-reported measures of fatigability, fatigue, and physical function
were collected through an in-person interview either on the first day
of hospital admission for patients eligible at admission, or the day
the patient became eligible for the study for those who were not
immediately eligible at hospital admission. All patients completing
the inpatient interview were called 7 days after hospital discharge
and were re-administered the fatigability, fatigue, and physical
function instruments. The timing of the follow-up interview at 7 days
postdischarge was selected to allow patients to have substantial
experience after discharge to assess fatigability while still having Hb
levels likely to be influenced by the transfusions they received during
hospitalization.

Self-reported fatigability

Fatigability was measured by using the Pittsburgh Fatigability Scale
(PFS).27 The PFS is the only self-reported instrument validated to
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measure fatigability. Although the PFS was originally validated in
older adults, the questions on the PFS ask about fatigue in the
context of a range of physical activities that are appropriate for
adults of any age. Higher scores on the PFS reflect greater
fatigability (higher fatigue at any activity level). Values for any
missing data on the PFS were filled in by using a prorated score
according to validated rules for missing data on this tool.28

Self-reported fatigue and physical function

Self-reported fatigue was measured by using the Patient-Reported
Outcome Measurement Information Systems–Fatigue (PROMIS-F)
instrument,29 and self-reported physical function was measured by
using the PROMIS–Physical Function (PROMIS-PF) with mobility
aid instrument. The PROMIS-PF measures self-reported physical
activity performance based on whether a patient is able to ambulate
25 feet on a level surface. Both ambulatory and nonambulatory
patients were enrolled in the current study, but our analysis included
ambulatory patients only because the measure of fatigability
requires patient activity. Higher scores on the PROMIS-F and
PROMIS-PF represent higher levels of either patient fatigue or
physical function, and values for any missing data were handled
according to the validated HealthMeasures Scoring Service rules
for missing data on the PROMIS.30

Statistical analysis

Statistical analysis was performed by using Stata statistical
software (StataCorp, College Station, TX). Descriptive statistics
were used to characterize patient demographic characteristics.
Kruskal-Wallis and x2 tests were used to compare differences in
patient demographic characteristics based on the number of
transfusions a patient had during hospitalization. To test the
hypothesis that transfusion is most likely to benefit patients with
high fatigability during hospitalization, an a priori decision was made
to categorize patients as high or low fatigability by dividing the
sample at the median inpatient fatigability level. Our primary model
was a multivariable linear regression model with patient’s 7-day
postdischarge fatigability level as the dependent variable, trans-
fusion of RBCs as the primary predictor variable, and nadir Hb as an
independent variable of interest. Receipt of a transfusion was
modeled both as a continuous and categorical (0, 1 U, and 2 to 3 U)
variable, and patient’s nadir Hb (Hb, 9-9.9 g/dL, 8-8.9 g/dL, 7-7.9 g/
dL, and ,7 g/dL) was analyzed as a categorical variable. Patients
with $4-U transfusions were not analyzed because large-volume
transfusions are given for high-volume bleeds or life-threatening
illness and not for symptomatic improvement. The regression model
controlled for patient age, sex, race, Charlson Comorbidity Index,
and length of stay. We prespecified 2 sensitivity analyses based on
this model: (1) additionally controlling for sickle cell anemia, GIB,
and iron deficiency; and (2) adding the interaction between
transfusion and nadir Hb into the model.

Our primary model was used to also test and compare whether
transfusion was associated with reductions in 7-day postdischarge
fatigue or physical function as dependent variables. In these
models, patients were stratified into high baseline fatigue (fatigue
model) or low physical function (physical function model) groups
by dividing the sample at the median fatigue or physical function
level; however, all independent variables remained the same as in
our primary model. To test the effect of transfusion and fatigability
on postdischarge fatigue, we added to the fatigue model the

interaction between fatigability and transfusion, and compared it vs
the interaction between fatigue and transfusion.

Results

Patient characteristics

Figure 1 describes the number of eligible and consented patients
who completed both the inpatient and 7-day follow-up interviews.
Table 1 describes the demographic characteristics of the 350
patients included in the analysis. Overall, 267 patients received no
transfusion, 49 received a 1-U transfusion, and 34 received a 2- to
3-U transfusion. Patients receiving a transfusion (either 1 U or 2-3
U) had a lower nadir Hb (P, .01) and were more likely to have GIB
(P , .01) than patients who did not receive a transfusion. Patients
who did not receive a transfusion were more likely to have iron
deficiency (P , .01) than those who received a transfusion. The
overall median baseline (inpatient) fatigability level of the sample
was 33 (interquartile range, 5-49), and 174 patients were classified
as having “high fatigability,” and 176 patients were classified as
having “low fatigability.” Among patients receiving no transfusion,
136 (51%) had low baseline fatigability, and 131 (49%) had high
baseline fatigability. Among patients receiving a 1 U transfusion, 26
(53%) had low baseline fatigability, and 23 (47%) had high baseline
fatigability. Among patients receiving a transfusion of 2 to 3 U,
a total of 14 (41%) had low baseline fatigability and 20 (59%) had
high baseline fatigability. There were no differences in transfusion
according to baseline fatigability (high vs low) level (P5 .52). There
were also no differences in baseline characteristics between
patients who completed only the inpatient interview (n 5 520)
and those who completed both the inpatient and the 7-day follow-
up interview and were included in the final sample (n 5 350)
(supplemental Table 1). Supplemental Table 3 includes the
individual comorbidities of patients in the sample who received no
transfusion, a 1-U transfusion, or a 2- to 3-U transfusion.

Effect of RBC transfusion on fatigability

In patients with high fatigability during hospitalization, receipt of
a transfusion was associated with decreased fatigability after
hospital discharge. Figure 2 shows the unadjusted baseline and 7-
day follow-up fatigability scores according to transfusion category.
In the regression model, receipt of a transfusion was associated
with lower fatigability levels 7 days after hospital discharge (b5 –2.9;
P5 .03). Compared with patients receiving no transfusion, patients
receiving either a 1 U (b 5 –2.6; P 5 .35) or 2 to 3 U (b 5 –7.3;
P 5 .02) transfusion during hospitalization had lower fatigability
levels 7 days after hospital discharge (Table 2). In patients receiving
2 to 3 U of RBCs, the reduction in fatigability levels at 7 days
postdischarge was not only statistically significant, but the re-
duction in fatigability (b 5 –7.3) was nearly 3 times that of a 1 U
transfusion, and almost a 1 standard deviation (SD 5 9) decrease
from baseline (inpatient) fatigability levels. Although lower Hb levels
were associated with greater fatigability at 7 days postdischarge in
patients with high fatigability, this effect did not reach statistical
significance.

In our prespecified sensitivity analyses controlling for sickle cell
anemia, iron deficiency, and GIB, the effect of transfusion on
fatigability levels 7 days postdischarge was the same as in our
primary model (supplemental Table 2), and there was no effect of
the interaction between transfusion and Hb on 7-day fatigability
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levels. Because patients receiving a transfusion had a lower nadir
Hb during hospitalization than patients not receiving a transfusion,
we also performed a post hoc sensitivity analysis restricting the
model to patients with a nadir Hb ,8 g/dL during hospitalization
(n 5 75). In this analysis, the effect of transfusion on fatigability
levels 7 days postdischarge was again the same as in our primary
model. In contrast to patients with high fatigability, in patients with
low baseline fatigability during hospitalization, there was no effect of
transfusion on fatigability at 7 days postdischarge and no pattern of
association between Hb level during hospitalization and fatigability
7 days postdischarge (Table 2).

Effect of RBC transfusion on fatigue and

physical function

There was no effect of transfusion on either fatigue or physical
function levels at 7 days after hospital discharge. Although receipt
of any transfusion reduced fatigue levels 7 days postdischarge (b5
–1.7; P 5 .28), the result was not statistically significant. Similarly,
compared with patients receiving no transfusion, patients receiving
either a 1 U (b 5 –3.3; P 5 .32) or 2 to 3 U transfusion (b 5 –7.0;
P 5 .08) had lower fatigue levels, but the results were not
statistically significant (Table 3). Lower Hb levels were associated
with higher fatigue levels (positive coefficient) 7 days postdi-
scharge, but the effect was not statistically significant, and there

was no association between Hb level and physical function scores
at 7 days postdischarge. Neither the interaction between trans-
fusion and fatigue or transfusion and fatigability had an effect on
fatigue levels 7 days postdischarge (Table 4). Receipt of a trans-
fusion also had no effect on physical function 7 days after hospital
discharge (b 5 0.03; P 5 .98), and compared with patients
receiving no transfusion, receipt of either a 1 U or 2 to 3 U
transfusion was not associated with changes in physical function
levels 7 days postdischarge (Table 5). When both the fatigue and
the physical function models where restricted to patients with
a nadir Hb ,8 g/dL only, there was no effect of transfusion on
fatigue (1 U transfusion, b 5 –2.8, P 5 .41; 2 to 3 U transfusion, b
5 –4.5, P 5 .19) or physical function (1 U transfusion, b 5 –3.6,
P 5 .26; 2 to 3 U transfusion, b 5 0.47, P 5 .90) 7 days after
hospital discharge.

Discussion

This study shows that in hospitalized patients with anemia and high
fatigability, receipt of a transfusion during hospitalization was
associated with reductions in fatigability 7 days after hospital
discharge. Compared with patients receiving no transfusion, receipt
of a 1 U RBC transfusion was associated with a small reduction in
fatigability, and although the effect was not statistically significant,
the confidence intervals were wide and skewed largely negative.

2387
Consented to Hospitalist Project & 

Hb <10 g/dL

1025 (43%)
Consented to Study

870 (85%) 
Completed Inpatient Interview

452 (52%) 
Completed 7-Day Follow-up Interview

350 (77%) 
Final Analytic Sample

1362 (57%) 
Discharge Before Inpatient 
Interview or Refused

155 (15%) 
Incomplete Inpatient Interview

418 (48%) 
Unable to be contacted for 7-day
Follow-up Interview

89 (25%) Non-Ambulatory

13 (4%) 4 U RBC Transfusion

176 (50%) 
Low Baseline Fatigability, 
PFS Score 31

174 (50%) 
High Baseline Fatigability, 
PFS Score 31

Figure 1. Flow diagram of eligible and included

patients.
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This result, plus the significant effect of transfusion on fatigability as
a continuous variable, suggests that the increase in tissue
oxygenation from a single unit of RBCs likely reduces fatigability
but that our study was not powered to detect this difference
compared with patients receiving no transfusion. In addition,
patients with mild to moderate anemia who still experience
significant fatigue would be the patients most expected to benefit

clinically from a single unit transfusion with reduced fatigability and/
or fatigue. However, in the current study, many of these patients did
not undergo transfusion, likely because their Hb never fell below
restrictive transfusion thresholds, limiting our ability to test this
hypothesis. Receipt of 2 to 3 U of RBCs was, however, associated
with clinically large and statistically significant reductions in
fatigability. Patients receiving 2 to 3 U of RBCs had postdischarge

Table 1. Patient characteristics by receipt of transfusion (N 5 350)

Characteristic

RBC transfusion

No transfusion (n 5 267) 1-U transfusion (n 5 49) 2- to 3-U transfusion (n 5 34) P*

Age, median (IQR), y 61 (20-86) 58 (24-76) 57 (24-75) .18

Female sex, n (%) 154 (58) 31 (63) 21 (62) .72

Male sex, n (%) 113 (42) 18 (37) 13 (38)

Race, n (%)

Black/African American 181 (68) 37 (76) 25 (74) .73

White/Caucasian 72 (27) 10 (20) 9 (26)

Other 14 (4) 2 (4) 0 (0)

Do not know/refused 3 (1) 0 (0) 0 (0)

Ethnicity, n (%)

Not Hispanic or Latino 250 (94) 47 (96) 32 (94) .89

Hispanic or Latino 14 (5) 2 (4) 2 (6)

Do not know/refused to answer 3 (1) 0 (0) 0 (0)

Nadir Hb, median (IQR), g/dL 8.2 (6.0-10.0) 6.7 (6.1-7.3) 6.6 (5.7-7.1) ,.01

Nadir Hb (categorical), n (%)

9-10 g/dL 76 (29) 0 (0) 1 (3) ,.01

8-8.9 g/dL 86 (32) 1 (2) 0 (0)

7-7.9 g/dL 81 (30) 4 (8) 4 (12)

,7 g/dL 24 (9) 44 (90) 29 (85)

Fatigability, median (IQR)†

Baseline in-hospital 30 (8-45) 30 (17-42) 35 (20-44) .33

7-d follow-up 32 (0-50) 33 (19-43 33 (17-43) .76

Fatigue, median (IQR)†

Baseline in-hospital 27 (8-40) 28 (14-39) 26 (17-39) .71

7-d follow-up 44 (25-55) 42 (26-53) 43 (36-54) .54

Physical function, median (IQR)†

Baseline in-hospital 45 (24-55) 47 (28-54) 43 (36-53) .62

7-d follow-up 44 (25-55) 42 (26-53) 43 (36-54) .54

Charlson Comorbidity Index, n (%)

0 44 (16) 7 (14) 7 (21) .98

1-2 74 (28) 14 (29) 9 (26)

3-4 56 (21) 10 (20) 5 (15)

$5 93 (35) 18 (37) 13 (38)

Other comorbidities, n (%)

Sickle cell anemia 15 (6) 6 (12) 4 (12) .14

Iron-deficiency anemia 33 (12) 16 (33) 9 (27) ,.01

GIB 10 (4) 8 (16) 12 (35) ,.01

Length of stay, median (IQR), d 6 (1-31) 8 (3-16) 9 (4-19) .07

IQR, interquartile range.
*P value equals Kruskal-Wallis for continuous variables (age, Hb values, fatigability, fatigue, physical function, and length of stay) and x2 for categorical variables (sex, race, ethnicity,

Charlson Comorbidity Index, sickle cell anemia, iron deficiency, and GIB).
†Scale ranges: Pittsburgh Fatigability Scale, 0 to 50; PROMIS-F, 8 to 40; PROMIS-PF, 11 to 55.
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fatigability levels almost 3 times lower than patients receiving 1 U of
RBCs, and nearly an entire standard deviation lower than baseline
fatigability levels. Overall, this pattern of larger reductions in
fatigability with more units of transfused RBCs is suggestive of
transfusion having a potential dose–response effect on reducing
fatigability. Although our data cannot fully substantiate it, a potential
dose–response effect should be further explored because it would
be consistent with clinical and physiological reasoning, whereby
increasing the oxygen delivery to the tissues from higher Hb levels
would be expected to provide a greater reduction in patients’
symptoms. Importantly, the data from this study also confirm our
hypothesis that the effect of transfusion on reducing fatigability is
likely to be greatest for patients with high baseline fatigability.
Indeed, in our study, transfusion did not improve fatigability levels for
patients with low baseline fatigability, and there was no pattern of
association between Hb levels during hospitalization and fatigability
levels postdischarge for these patients. This suggests that in
patients with low fatigability, compensatory physiological mecha-
nisms have likely resulted in less severe fatigue relative to activity
regardless of Hb level, and our data indicate that a transfusion is
unlikely to benefit these patients. It is important to note therefore
that Hb alone does not predict either patients’ fatigability levels
during hospitalization or their likelihood of response to transfusion.
Rather, measuring fatigability in combination with Hb is likely
necessary to identify patients who have high fatigability and low Hb,
and are most likely to benefit from transfusion with reduced
fatigability after hospital discharge.

In addition to showing that transfusion reduces fatigability after
hospital discharge, this study also compared the effect of
transfusion on fatigability vs the effect of transfusion on fatigue
and physical function alone. Fatigue has historically been used as an
important patient-reported outcome measure in patients with
anemia. Data from our study show that although transfusion
reduces fatigue 7 days after hospital discharge in a pattern similar
to that of fatigability, the effect is not statistically significant. The
pattern similar to fatigability, of larger improvements in fatigue with
more units of RBCs transfused, is not surprising because fatigue
and fatigability are related constructs. Interestingly, the interaction
between transfusion and fatigability predicted reductions in fatigue
postdischarge, whereas the interaction between transfusion and
fatigue had no association with postdischarge fatigue. This
outcome suggests that fatigability may be more physiologically
representative of the changes in fatigue and activity which patients
experience as their Hb level changes, and that fatigue is a related
but less modifiable phenotypic manifestation of those changes. The
weaker association between transfusion and reductions in fatigue,
compared with fatigability, is also likely because measuring fatigue
without additionally appreciating a patient’s activity level can result
in inaccurate estimates of the effect of transfusion. If fatigue is not
standardized to activity (ie, fatigability), any measurement of fatigue
or change in fatigue after transfusion will be imprecise because
differences between patients who report similar levels of fatigue but
have different activity levels (sedentary vs fully functional) are not
accounted for. This can explain why past studies have produced
inconsistent and paradoxical conclusions about the effect of
transfusion on fatigue as a single outcome measure.

10

20

30

40

50

No Transfusion 1 U Transfusion 2-3 U Transfusion

Baseline Fatigability 7-Day Follow-Up Fatigability

Figure 2. Fatigability levels during hospitalization and 7 days

postdischarge.

Table 2. Fatigability levels 7 days after hospital discharge

Variable

High baseline fatigability Low baseline fatigability

Coefficient 95% CI P Coefficient 95% CI P

RBC transfusion, U

1 U 22.6 28.0 to 2.9 .35 2.1 25.0 to 9.2 .56

2-3 U 27.3 213 to 21.2 .02 1.1 26.8 to 9.0 .79

Hb, g/dL

8-8.9 20.13 24.1 to 3.9 .95 20.43 24.9 to 4.1 .85

7-7.9 2.6 21.1 to 6.4 .17 20.51 25.3 to 4.3 .83

,7 5.6 20.25 to 211 .06 20.58 27.8 to 6.6 .88

Scale range, 0 to 50. Model controls for: age, sex, race, Charlson Comorbidity Index, length of stay, nadir Hb. Referent categories: No transfusion, and Hb 9-10 g/dL.
CI, confidence interval.

Table 3. Fatigue levels 7 days after hospital discharge

Variable Coefficient 95% CI P

RBC transfusion, U

1 23.3 29.7 to 3.2 .32

2-3 27.0 215 to 0.96 .08

Hb, g/dL

8-8.9 22.9 27.7 to 1.9 .23

7-7.9 1.4 23.2 to 6.0 .56

,7 4.9 22.1 to 12 .17

Scale range, 8 to 40. Model controls for: age, sex, race, Charlson Comorbidity Index,
length of stay, nadir Hb. Referent categories: no transfusion, and Hb 9 to 10 g/dL.
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We also found no effect of transfusion on physical function alone.
Physical function may be a too coarse and distal outcome measure
for hospitalized patients with anemia. Although transfusion may
ultimately have an effect on physical function, this effect is likely to
occur first through subtle changes in fatigue as a precursor on the
causal pathway toward changes in overall physical function.17

Therefore, fatigability because it accounts for patients’ activity level
is a better and more accurate outcome measure than either fatigue
or physical function alone, for evaluating the effect of transfusion on
fatigue and activity.

There are several limitations to our study, including that it is a single-
center observational study of general medicine patients. As such,
our results may not generalize to other institutions, or to other
patient populations (ie, cardiology, oncology) in which patient-
reported outcomes after transfusion are important. In addition, as
a small pilot study, we were not able to recruit every hospitalized
patient with anemia into our study, and we were not able to reach
every patient for the 7-day follow-up call. However, we found no
differences in patients who completed and did not complete the 7-
day follow-up interview. We also collected patient self-reported
outcomes, but we were not able to collect Hb levels to correlate
with self-reported measures at the 7-day follow-up time period. It is
possible that patients’ fatigability, fatigue, and physical function
levels are different than reported, or that there are other instruments
which could better measure these outcomes after transfusion. In
addition, as an observational study, we were not able to dictate the
timing of when patients received transfusion during their stay. As
such, the large effect of reduced fatigability in patients receiving a 2
to 3 U transfusion, compared with a 1 U transfusion, may be the
result of these patients receiving transfusion closer to discharge
and the follow-up interview time point; overall, however, this
potential bias would favor our underlying hypothesis, that trans-
fusion reduces fatigability, because it would suggest that the effect
of a 1 U transfusion was underappreciated at the follow-up interview

time point. Finally, to define high and low fatigability, we split the
sample at the median fatigability level, but this method may not be
the optimal way to define such groups and could have affected our
results.

In summary, transfusion during hospitalization reduces fatigability
levels in patients with anemia after hospital discharge. Fatigability
can be a useful outcome measure in patients with anemia that can
improve understanding of the effect of transfusion on both the
symptom of anemia and the patient’s physical function. Future trials
focused on the effect of transfusion on patient-reported outcomes
should use fatigability as an important patient-centered outcome
measure.
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