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Abstract
The aim of this study was to examine the relationship of changes in hemoglobin levels to
changes in fatigue and cognitive functioning in cancer patients undergoing chemotherapy
treatment. Seventy-seven (77) patients completed a self-administered measure of fatigue and
a battery of psychometrician-administered measures of cognitive performance before the start
of chemotherapy and again before the start of the fourth treatment cycle. Hemoglobin levels
were measured at corresponding timepoints. Findings partially supported the hypothesis
that greater declines in hemoglobin over the course of repeated chemotherapy
administrations would be accompanied by greater increases in fatigue and greater declines
in cognitive performance over the same interval. Among the subset of 49 patients who
demonstrated a decline in hemoglobin to a final value �12 g/dL, greater declines in
hemoglobin were significantly (P � 0.05) related to greater increases in fatigue duration
and disruptiveness and more negative changes in performance on three cognitive tasks.
These findings suggest that, in addition to previously reported relationships with fatigue,
declines in hemoglobin levels during chemotherapy treatment are associated with adverse
changes in cognitive functioning. J Pain Symptom Manage 2004;28:7–18. � 2004
U.S. Cancer Pain Relief Committee. Published by Elsevier Inc. All rights reserved.
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Introduction
The adverse effects of chemotherapy treat-

ment on quality of life are well documented. In
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addition to such common side effects as nausea1

and fatigue,2 many patients report problems
with physical, social, emotional, and role func-
tioning.3–5 There is growing evidence to suggest
that many patients also experience problems
with cognitive functioning as a consequence of
chemotherapy treatment.6 Evidence regarding
the adverse effects of chemotherapy on cogni-
tive functioning consists primarily of studies
in which patients were evaluated months or
even years following the completion of che-
motherapy treatment. These studies have
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documented greater cognitive complaints or
poorer performance on cognitive tasks among
patients treated with chemotherapy relative to
comparison groups of cancer patients not
treated with chemotherapy.7–9 With regard to
the active treatment period, at least one study
has documented poorer cognitive function-
ing among patients currently receiving chemo-
therapy relative to a noncancer comparison
group.10

Although a number of mechanisms have
been proposed to explain the presence of cog-
nitive problems related to chemotherapy ad-
ministration,6,11,12 two lines of evidence suggest
that treatment-induced anemia may play a
major contributory factor. One line of evidence
consists of research demonstrating the impact
of anemia on fatigue in cancer patients. This
evidence includes findings demonstrating sig-
nificant relationships between concurrent mea-
surements of hemoglobin level and fatigue
severity in cancer patients.13–16 Additional evi-
dence regarding the role of anemia in fatigue
comes from studies evaluating the impact of
recombinant human erythropoietin (epoetin
alfa) on quality-of-life outcomes in cancer che-
motherapy patients. This evidence includes
results of a randomized double-blind placebo-
controlled trial showing that among anemic
cancer patients undergoing chemotherapy
treatment, those who received epoetin alfa evi-
denced greater improvements in fatigue.17 In
addition, findings from other studies indicate
that among patients administered epoetin alfa,
greater increases in hemoglobin level are associ-
ated with greater improvements in energy
level.18–21 The relevance of these findings to
problems in cognitive functioning is suggested
by reports demonstrating the prominence of
cognitive complaints among cancer patients ex-
periencing heightened fatigue.22–24

The second line of evidence consists of re-
search examining the impact on cognitive
functioning of administering epoetin alfa to
anemic patients undergoing chronic dialysis
for end-stage renal disease. Several studies have
demonstrated that following initiation of treat-
ment with epoetin alfa, patients manifest im-
provements on neuropsychological measures of
cognitive performance25–29 and electroenceph-
alographic (EEG) measures of event-related po-
tentials (ERPs).25,26,30–32
Based on these lines of evidence, the primary
aim of the current study was to examine the
relationship of changes in hemoglobin levels to
changes in fatigue and cognitive functioning
in cancer patients undergoing chemotherapy
treatment. Toward this end, hemoglobin levels,
fatigue, and cognitive functioning were evalu-
ated in a sample of cancer patients prior to
the start of chemotherapy treatment and again
before the start of the fourth cycle. These data
were used to test the hypotheses that greater
declines in hemoglobin over the course of re-
peated chemotherapy administrations would
be accompanied by greater increases in fatigue
and greater declines in cognitive performance
over the same interval.

Methods
Participants

To be eligible, participants had to 1) be diag-
nosed with cancer, 2) not be diagnosed with a
primary brain tumor or brain metastasis, 3)
have no prior history of cranial radiation, 4) be
scheduled to receive a minimum of four cycles
of intravenous chemotherapy with a minimum
of 7 days between cycles, 5) not be scheduled
to receive radiation therapy concurrently with
chemotherapy, 6) be capable of speaking and
reading standard English, 7) be between 18
and 80 years of age, 8) have an eighth grade or
higher education, and 9) be able to give written
informed consent prior to study entry.

One-hundred two patients completed the
baseline assessment conducted before the start
of chemotherapy treatment. Seventy-seven pa-
tients (82%) also completed a follow-up assess-
ment conducted before the start of the fourth
treatment cycle. Reasons for not completing
the follow-up assessment included mortality,
discontinuation of chemotherapy or initiation
of concurrent radiotherapy prior to the third
treatment cycle, and unwillingness to partici-
pate in the follow-up assessment. Analyses for
the present study focused on patients who com-
pleted both the baseline and follow-up assess-
ments (n � 77) as well as a subset of these
patients who also demonstrated a decline in
hemoglobin to a final value �12 g/dL (n � 49).
This subgroup was selected for analysis based
on prior research that demonstrated signifi-
cant differences in fatigue and quality of life
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between cancer patients with hemoglobin values
�12 g/dL versus �12 g/dL.33

Demographic and clinical characteristics of
the sample of participants who completed both
assessments as well as the subsample of partici-
pants who evidenced a decline in hemoglobin
to a final value �12 g/dL are shown in Table 1.
The sample of participants who completed both
assessments had a mean age of 60 years (range
19–79), a mean educational level of 14 years
(range 8–26) and a mean intellectual ability
level (as estimated by the National Adult Read-
ing Test) of 106 (range 80–124). The subsample
of participants who evidenced a decline in
hemoglobin to �12 g/dL had a mean age of

Table 1
Demographic and Clinical Characteristics

Sample

Participants
All with decline

participants in Hgb to
seen twice �12 g/dL

Variable n (%) n (%)

Sex
Male 18 (23) 10 (20)
Female 59 (77) 39 (80)

Race/ethnicity
White 71 (92) 45 (92)
Non-white 6 (8) 4 (8)

Disease stage
1 3 (4) 2 (4)
2 7 (9) 7 (14)
3 43 (56) 25 (51)
4 22 (28) 14 (29)
Unknown/unstaged 2 (3) 1 (2)

Cancer type
Ovarian 32 (42) 20 (41)
Lung 25 (33) 14 (29)
Breast 8 (10) 5 (10)
Endometrial 4 (5) 3 (6)
Other 8 (10) 7 (14)

Received
blood transfusion

No 69 (90) 42 (86)
Yes 8 (10) 7 (14)

Received erythropoietin
No 72 (94) 45 (92)
Yes 5 (6) 4 (8)

Chemotherapy agentsa

Carboplatin 54 (70) 34 (69)
Paclitaxel 35 (45) 23 (47)
Doxorubicin 11 (14) 6 (12)
Cisplatin 7 (9) 6 (12)
Docetaxel 7 (9) 5 (10)
Etoposide 5 (6) 2 (4)
Gemcitabine 5 (6) 2 (4)
Cyclophosphamide 4 (5) 3 (6)
Other (�5% per agent) 11 (14) 11 (22)

aPercentages total � 100% as patients could receive more than 1
agent.
59 years (range 24–78), a mean educational
level of 14 years (range 8–26) and a mean
intellectual ability level (as estimated by the
National Adult Reading Test) of 106 (range
80–122).

Procedure
Participants were recruited at the Moffitt

Cancer Center following the consultation with
a medical oncologist where plans for chemo-
therapy administration were discussed and
agreed upon. After provision of written in-
formed consent, a baseline assessment was
conducted on the day of recruitment or at an-
other time prior to the start of the first chemo-
therapy cycle. A follow-up assessment was
conducted prior to the start of the fourth treat-
ment cycle and at least one week following the
completion of the third treatment cycle. At each
assessment, participants completed self-report
questionnaires and were administered mea-
sures of cognitive functioning by appropriately
trained and supervised personnel. Participants
were paid US$50 for completing each as-
sessment. Blood samples obtained as part of
routine clinical care just prior to the first treat-
ment cycle and fourth treatment cycle were
used to measure hemoglobin levels. Assays
were performed by commercial laboratories.
Study procedures were approved by the Univer-
sity of South Florida Institutional Review Board.

Measures
Demographic data were obtained at the

baseline assessment through use of a standard
self-report questionnaire. Variables assessed in-
cluded age, sex, race/ethnicity, marital status,
years of education, and household income.
Medical charts were reviewed in order to ob-
tain information about disease and treatment
characteristics. Variables assessed included type
of cancer, disease stage, occurrence of blood
transfusions during study participation, use of
erythropoietic agents during study participa-
tion, and names of intravenous chemotherapy
agents administered during study participation.
Descriptions of standardized measures admin-
istered at both the baseline and follow-up as-
sessments follow.

The Fatigue Symptom Inventory (FSI)34 is a
14-item measure that assesses the frequency and
severity of fatigue as well as its perceived disrup-
tiveness. Frequency is measured as the number
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of days in the past week (0–7) respondents felt
fatigued as well as the portion of each day
(0 � none, 10 � entire day) on average they felt
fatigued. Severity is measured on four separate
11-point scales (0 � not at all fatigued, 10 � as
fatigued as I could be) that assess most, least,
and average fatigue during the past week as well
as current fatigue. Perceived disruptiveness is
measured on seven separate 11-point scales
(0 � no interference, 10 � extreme interfer-
ence) that assess the degree to which fatigue
in the past week was judged to interfere with
general level of activity, ability to bathe and
dress, normal work activity, ability to concen-
trate, relations with others, enjoyment of life,
and mood. As in prior research,35 interfer-
ence ratings were summed to yield a total dis-
ruptiveness score. In the current study, the FSI
was administered at both the baseline and
follow-up assessments. Analyses for the current
study focused on ratings of average fatigue se-
verity, reports of number of days fatigued, and
ratings of perceived disruptiveness. Previous re-
search has demonstrated the reliability and va-
lidity of the FSI with cancer patients.34–36

The Digit Span subtest from the WAIS-III37

measures immediate verbal memory and audi-
tory attention and concentration by asking re-
spondents to repeat sequences of digits of
increasing lengths in forward and reverse order.
Performances from the forward and backward
trials were combined to derive an age-cor-
rected scaled score using published norms.37

This scaled score was then converted to a stan-
dard z-score. Alternate forms of Digit Span are
not available.

The Digit Symbol subtest from the WAIS-III
is a test of sustained attention, psychomotor
speed, and motor persistence. Respondents
are asked to match numbers with geometric
marks according to a designated code. The total
number of correct responses in 120 seconds
was used to determine an age-corrected scaled
score using published norms.37 This scaled
score was then converted to a standard z-score.
Alternate forms of Digit Symbol are not available.

The Hopkins Verbal Learning Test (HVLT)38

is a test of verbal learning and memory. Respon-
dents are presented with the same list of 12
words belonging to three semantic categories
presented over three learning/recall trials. De-
layed recall is obtained after 20 minutes, fol-
lowed by a discrimination task consisting of the
twelve target words and twelve distractor words.
These procedures were used to calculate an
immediate recall score (the number of words
recalled over the three learning trials), a de-
layed recall score (the number of words recalled
after the 20-minute delay), and a discrimination
score (the number of correct responses minus
the number of incorrect responses from the
discrimination task). These scores were then
converted to standard z-scores using published
age-graded norms.38 Equivalent forms, which
allow for repeated testing with minimal practice
effects, areavailable for theHVLT and were used
at the baseline and follow-up assessments in the
present study.

The Visual Reproduction subtest from the
WMS-III39 assesses nonverbal memory for
designs. Respondents are presented with five
novel designs individually for 10 seconds. Fol-
lowing each presentation, respondents are
asked to reproduce the design from memory.
Delayed recall and recognition recall are ob-
tained after 30 minutes. These procedures were
used to obtain three summary scores. The im-
mediate recall score represents the number of
design features correctly reproduced immedi-
ately following presentation. The delayed recall
score represents the number of design features
correctly reproduced 30 minutes following
presentation. The recognition score represents
the number of stimuli that are correctly recog-
nized based on presentation of 24 previously
presented stimuli and 24 distractor stimuli.
Published norms39 were used to derive age-
corrected scale scores, which were then con-
verted to standard z-scores. Alternate forms of
Visual Reproduction are not available.

The Trail Making Test40 assesses the ability
to follow a simple number sequence (Trails A)
and a more complex sequence of alternating
numbers and letters (Trails B). Scores repre-
sent the time required to draw lines connecting
the correct number sequence (Trails A) and
the correct number-letter sequence (Trails B).
These scores were converted to standard z-
scores using published age-, education-, and
sex-based norms.41 Alternate forms for the
Trailmaking Test were not available at the time
of study initiation.

Controlled Oral Word Association (COWA)
from the Multilingual Aphasia Examination42

assesses the speed and ease of associated word
production. Respondents are asked to produce
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as many words as possible beginning with the
same letter in one minute. Three different let-
ters are presented in separate one-minute trials.
A total score was derived by summing the
number of words correctly produced for each
letter across the three one-minute trials. This
score was then converted to a standard z-score
using published age- and education-graded
norms.42 Equivalent forms are available for
the COWA and were used at the baseline and
follow-up assessments in the present study.

The National Adult Reading Test43 contains
50 irregular words that cannot be easily phonet-
ically decoded. It was used in the present study,
as in other research,44 to estimate respondents’
general level of intellectual ability. As such, it
was administered only at the baseline assessment.

Results
Changes in Hemoglobin, Fatigue,
and Cognitive Performance

A series of paired t-tests was conducted to
evaluate changes over time in hemoglobin
values, fatigue levels, and cognitive perfor-
mance scores. Results for all participants who
completed both assessments appear in Table 2.
As expected, hemoglobin levels declined signif-
icantly over time by an average of approximately
1.1 g/dL (P � 0.0001). No significant changes
were evident between the two assessment
points in the average severity of fatigue, the
number of days fatigue was experienced in
the past week, or the perceived disruptiveness
of fatigue (P values � 0.05). In contrast, sig-
nificant changes in cognitive performance over
time were evident on Digit Symbol, Visual Re-
production (Immediate, Delayed, and Recogni-
tion), and both Trails A and B (P values
�0.05). In each instance, the change was in
the direction of improved performance over
time. The magnitude of these changes ranged
from 0.26 to 0.51 standard deviation units. No
significant change over time was evident on
Digit Span, Controlled Oral Word Association,
or the Hopkins Verbal Learning Test. It should
be noted that the latter two measures were the
only cognitive performance tasks for which al-
ternate forms were available and were admini-
stered at the follow-up assessment.

A similar pattern of results was observed
among the subset of patients who demon-
strated a decline in hemoglobin level to �12 g/
dL (see Table 3). Hemoglobin levels declined
significantly in this group, with an average de-
cline of approximately 1.7 g/dL (P � 0.0001).
Once again, there were no significant changes
over time in fatigue (P values � 0.05). Signifi-
cant improvements in cognitive performance
were evident again on Digit Symbol and Visual
Reproduction (Immediate, Delayed, and Rec-
ognition) (P values � 0.05). No significant
Table 2
Comparison of Baseline and Follow-up Measures for All Participants Seen at T1 and T2

Assessment

Baseline Follow-up

Variable Mean (SD) Mean (SD) t

Hemoglobin 12.49 (1.50) 11.41 (1.27) �6.14a

FSI-Fatigue Severity 3.16 (2.07) 3.17 (2.09) 0.05
FSI-Days Fatigued 4.13 (2.61) 3.61 (2.43) �1.66
FSI-Fatigue Disruptiveness 2.39 (2.15) 2.32 (2.13) �0.25
HVLT-Total �0.63 (1.08) �0.53 (1.21) 0.87
HVLT-Delayed �0.48 (1.35) �0.61 (1.33) �1.03
HVLT-Discrimination �0.15 (1.10) �0.28 (1.13) �0.99
Digit Span 0.13 (0.80) 0.25 (0.84) 1.62
Digit Symbol 0.31 (1.03) 0.57 (1.09) 2.91b

Visual Reproduction-Immediate �0.16 (1.18) 0.35 (1.27) 4.91c

Visual Reproduction-Delayed 0.24 (1.01) 0.49 (1.22) 2.05d

Visual Reproduction-Recognition 0.39 (0.93) 0.60 (0.91) 2.65c

Trails A �0.27 (1.15) 0.04 (1.13) 2.33d

Trails B �0.29 (1.26) 0.07 (1.15) 2.68c

Controlled Oral Word Association �0.45 (0.92) �0.52 (0.89) �0.82
aP � 0.0001.
bP � 0.01.
cP � 0.001.
dP � 0.05.
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Table 3
Comparison of Baseline and Follow-up Measures for Participants with Decline in Hemoglobin to �12 g/dL

Assessment

Baseline Follow-up

Variable Mean (SD) Mean (SD) t

Hemoglobin 12.45 (1.18) 10.76 (0.92) �8.69a

FSI-Fatigue Severity 3.15 (2.07) 3.32 (2.15) 0.42
FSI-Days Fatigued 3.89 (2.52) 3.47 (2.54) �1.10
FSI-Fatigue Disruptiveness 2.55 (2.35) 2.57 (2.27) 0.10
HVLT-Total �0.72 (1.17) �0.60 (1.24) 0.70
HVLT-Delayed �0.63 (1.41) �0.76 (1.35) �0.86
HVLT-Discrimination �0.25 (1.16) �0.29 (1.04) �0.24
Digit Span 0.14 (0.78) 0.20 (0.89) 0.67
Digit Symbol 0.19 (1.05) 0.53 (1.11) 3.14b

Visual Reproduction-Immediate �0.29 (1.24) 0.20 (1.40) 3.35b

Visual Reproduction-Delayed 0.03 (0.97) 0.35 (1.17) 2.03c

Visual Reproduction-Recognition 0.16 (0.91) 0.45 (1.01) 2.73b

Trails A �0.11 (1.07) �0.04 (1.25) 0.52
Trails B �0.22 (1.25) 0.04 (1.20) 1.69
Controlled Oral Word Association �0.40 (0.84) �0.53 (0.77) �1.22
aP � 0.0001.
bP � 0.01.
cP � 0.05.
changes were evident on Digit Span, Controlled
Oral Word Association, the Hopkins Verbal
Learning Test, or Trails A and B (P values �
0.05).

Relationship Between Changes in Hemoglobin
to Changes in Fatigue and Cognitive
Performance

In order to examine the relationship between
changes in hemoglobin and changes in fatigue
and cognitive performance, a series of hierar-
chical regression analyses was performed. In
each analysis, the follow-up value for a fatigue
variable or a cognitive performance variable
served as the dependent measure. The corres-
ponding baseline value for that variable was en-
tered into each analysis on the first step in order
to transform the dependent variable into a re-
sidualized change score.45 The change in hemo-
globin level (follow-up value minus baseline
value) was then entered into each equation on
the second step. Of principal interest is the
significance of the change in variability ac-
counted for (∆R2) when change in hemoglobin
was entered into each equation. Evidence of a
significant change in variability accounted for
on this step of the equation (tested by comput-
ing an F statistic) is consistent with the view
that changes in hemoglobin were significantly
related to changes in fatigue or cognitive per-
formance. The sign of the beta weight (stan-
dardized parameter estimate) can be examined
to determine the direction of significant rela-
tionships between changes in hemoglobin and
changes in fatigue and cognitive performance.
A negative sign indicates that greater declines
in hemoglobin were associated with greater
increases in fatigue or cognitive performance
whereas a positive sign indicates that greater
declines in hemoglobin were associated with
greater decreases in fatigue or cognitive
performance.

The results of regression analyses comparing
changes in hemoglobin to changes in fatigue
and cognitive performance for all participants
completing both assessments appear in Table 4.
Among these participants, change in fatigue
disruptiveness (as measured by the FSI) was
the only variable examined that was signifi-
cantly related to change in hemoglobin
(P � 0.05). As indicated by the negative sign of
the beta weight, a greater decline in hemoglo-
bin was related to a greater increase in fa-
tigue disruptiveness.

The results of regression analyses for the
subset of patients who demonstrated a decline
in hemoglobin level to a value �12 g/dL also
appear in Table 4. Once again, a greater dec-
line in hemoglobin was significantly related
to a greater increase in fatigue disruptiveness
(P � 0.01). A greater decline in hemoglobin
was also significantly related to a greater
increase in the number of days fatigue was ex-
perienced in the past week (P � 0.05). Among
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Table 4
Relationship Between Changes in Hemoglobin and Changes in Fatigue and Cognitive Functioning

Sample

All participants seen twice Participants with decline in Hgb to �12 g/dL

Variable Beta ∆R2 F Beta ∆R2 F

FSI-Fatigue Severity �0.01 0.00 0.00 �0.09 0.01 0.37
FSI-Days Fatigued �0.14 0.02 1.64 �0.29 0.09 4.68a

FSI-Fatigue Disruptiveness �0.22 0.05 4.47a �0.36 0.13 7.86b

HVLT-Total �0.09 0.01 0.85 �0.21 0.04 2.87
HVLT-Delayed �0.01 0.00 0.00 �0.14 0.02 1.89
HVLT-Discrimination �0.01 0.00 0.00 �0.13 0.02 0.99
Digit Span 0.06 0.00 0.44 0.00 0.00 0.00
Digit Symbol �0.03 0.00 0.11 �0.07 0.01 0.56
Visual Reproduction-Immediate �0.01 0.00 0.02 �0.03 0.00 0.11
Visual Reproduction-Delayed 0.02 0.00 0.03 0.02 0.00 0.04
Visual Reproduction-Recognition 0.09 0.01 1.12 0.21 0.04 3.93a

Trails A 0.13 0.03 2.50 0.20 0.04 4.05a

Trails B 0.11 0.01 1.22 0.26 0.07 5.40a

Controlled Oral Word Association 0.05 0.00 0.41 0.14 0.02 1.41
aP � 0.05.
bP � 0.01.
measures of cognitive performance, changes in
performance on Trails A, Trails B, and Visual
Reproduction Recognition were also signifi-
cantly related to changes in hemoglobin (P
values � 0.05). In each instance, a greater de-
cline in hemoglobin was related to a greater
decline in cognitive performance.

Based on these findings, additional analyses
were performed in order to characterize further
the observed relationships between changes in
hemoglobin and changes in cognitive perfor-
mance. For illustrative purposes, the sample of
patients who demonstrated a decline in hemo-
globin to a final value �12 g/dL was split at
the median decline value (�1.4 g/dL) into a
lesser decline group (n � 25) and a greater de-
cline group (n � 24). T-tests were then per-
formed to compare changes in performance
on Trails A, Trails B, and Visual Reproduction-
Recognition between these two groups. Mean
scores for each group on each measure are
shown in Figure 1. These findings indicated that
the group that experienced a greater decline in
hemoglobin also had significantly worse change
scores on Trails B (t � 2.03, P � 0.05) and
Visual Reproduction-Recognition (t � 2.11,
P � 0.04). Results for Trails A were in the same
direction but not statistically significant
(t � 1.45, P � 0.15). Visual inspection of mean
scores shows the presence of sizable improve-
ments over time in cognitive performance
among patients with lesser declines in hemoglo-
bin (range 0.25–0.56 SD units) versus limited
improvements or small declines over time in
cognitive performance among patients with
greater declines in hemoglobin (range 0.07 to
�0.12 SD units).

Discussion
Study findings provided partial support for

the hypothesis that greater declines in hemo-
globin over the course of repeated chemother-
apy administrations would be accompanied by
greater increases in fatigue and greater declines
in cognitive performance over the same inter-
val. Among patients who demonstrated a de-
cline in hemoglobin to a final value �12 g/dL,
greater declines in hemoglobin were signifi-
cantly related to greater increases in fatigue
duration and disruptiveness and more nega-
tive changes in performance on three cognitive
tasks (Trails A, Trails B, and Visual Reproduc-
tion-Recognition).

The previously noted relationships between
changes in hemoglobin and changes in cog-
nitive performance were evident only among
the subgroup of patients whose hemoglobin de-
clined to a value �12 g/dL between the start
of chemotherapy and the start of the fourth
treatment cycle. Among the larger sample of
patients assessed on two occasions (and for
whom changes in hemoglobin also included an
increase in values, no change in values, and
a decline to a value �12 g/dL), changes in
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Fig. 1. Changes in cognitive performance based on degree of hemoglobin decline among participants with decline
in hemoglobin to �12 g/dL.
hemoglobin were not significantly related to
changes on any cognitive performance tasks.
This pattern of findings suggests that hemoglo-
bin has to decline to levels below normal for
the impact of treatment-related anemia on cog-
nitive functioning to be detected. A similar pat-
tern of results has been reported in research on
cognitive functioning among chronic dialysis
patients receiving epoetin alfa. Along these
lines, two studies have reported significant rela-
tionships between hemoglobin levels and ERP
P300 latency scores,26,30 and amplitude scores30

obtained before the start of treatment with
epoetin alfa (i.e., when patients’ hemoglobin
levels were generally well below normal). How-
ever, these same studies reported no significant
relationships between hemoglobin levels and
P300 scores following treatment with epoetin
alfa (i.e., when patients’ hemoglobin levels were
generally no longer below normal).

Other findings from the present study add
to our knowledge about the impact of chemo-
therapy-induced anemia on the experience of
fatigue. Previous research on this topic has con-
sisted primarily of cross-sectional studies, in
which fatigue and hemoglobin were measured
at a single point in time,13 or longitudinal
studies, in which hemoglobin and fatigue were
assessed before and after administration of
epoetin alfa to correct anemia.19–21 The present
study is among the first to document how
changes in hemoglobin are accompanied by
changes in fatigue among chemotherapy pa-
tients who, for the most part, were not receiving
epoetin alfa. As the results indicate, changes in
fatigue corresponded more closely to changes
in hemoglobin among patients who experi-
enced a decline to a final value �12 g/dL.
Among these patients, greater declines in he-
moglobin were significantly related to greater
increases in fatigue disruptiveness and the
number of days that fatigue was present in
the past week. In contrast, changes in hemoglo-
bin were significantly related only to changes
in fatigue disruptiveness in the larger group of
patients. The pattern of findings also suggests
that the changes in the experience of fatigue
that accompany declining hemoglobin values
may not be captured simply by asking patients
to rate the severity of their fatigue over the
past week.
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Among the battery of tasks administered to
patients, changes in cognitive performance
were found to be related to changes in hemo-
globin only for Trails A, Trails B, and Visual
Reproduction-Recognition. There are at least
two possible explanations for this pattern of
results. One possibility is that lack of additional
significant findings may be attributable to lim-
ited statistical power afforded by the relatively
small sample size. Although this possibility
cannot be ruled out, the absence of even mar-
ginally significant findings for most of the
other measures of cognitive performance ar-
gues against it. Another possibility is that the
presence of “practice effects” may have ob-
scured relationships between changes in cogni-
tive performance and changes in hemoglobin.
In the present context, the term “practice ef-
fects” refers to the tendency for cognitive task
performance to improve over time as a conse-
quence of repeated exposure to the same test
stimuli.46 The presence of practice effects in
the current study can be inferred from the
pattern of changes over time in performance on
the cognitive tasks.

For the larger sample, significant improve-
ments were evident on 7 of the 8 scores derived
from tests for which the same stimuli were
used at both assessments but on none of the 4
scores derived from tests for which different
stimuli were used at each assessment. Although
practice effects appeared to be present, two
findings argue against the conclusion that the
lack of additional significant relationships
between hemoglobin and cognitive perfor-
mance was due to practice effects. First, one
of the cognitive performance tasks significantly
related to changes in hemoglobin (i.e., Visual
Reproduction-Recognition) was also one for
which the same stimuli were used on both
occasions and performance was found to im-
prove over time. Second, relationships between
changes in hemoglobin and changes in cogni-
tive performance were not found for the two
measures for which alternate forms were avail-
able and were used on the two testing occasions
(i.e., HVLT and COWA).

Several limitations of the current study
should be noted. First, no deliberate attempt
was made to keep participants unaware of their
hemoglobin levels. Accordingly, the possibility
that changes in fatigue and cognitive function-
ing over time may be attributable, at least in part,
to patients’ knowledge and understanding of
their hemoglobin values cannot be ruled out.
Second, hemoglobin levels were assessed using
assays performed by commercial laboratories.
Consequently, the possibility that differences in
assay procedures across laboratories or within
the same laboratory over time may have contrib-
uted unwanted variability in hemoglobin levels
cannot be ruled out. Third, the results of the
current study are entirely correlational in
nature. Accordingly, no definitive conclusions
can be drawn about the causal relationship be-
tween changes in hemoglobin and changes in
fatigue and cognitive functioning. The possibil-
ity remains that the influence of another un-
accounted for variable may explain both the
changes in hemoglobin levels and the corres-
ponding changes in fatigue and cognitive func-
tioning. Fourth, there is the potential for Type
I error due to the performance of multiple sta-
tistical tests.

Despite these limitations, the current study
provides preliminary evidence that should en-
courage additional research into the impact
of chemotherapy on cognitive functioning. One
possible direction for future research would
be to obtain data on brain functioning concur-
rent with data on hemoglobin and cognitive
functioning to better understand the central
nervous system effects of chemotherapy treat-
ment. Previous research with anemic chronic
dialysis patients has demonstrated the sensitivity
and usefulness of EEG recordings of ERPs in
detecting changes in brain functioning that
correspond with changes in hemoglobin
levels.25,26,30,32 Within oncology, there is prelim-
inary evidence of the sensitivity of neurophysio-
logical measures to the effects of chemotherapy
treatment. In a study that compared breast
cancer patients treated previously with high
dose or standard dose chemotherapy to breast
cancer patients not treated previously with che-
motherapy, van Dam and colleagues9 demon-
strated higher rates of impairment on cognitive
tasks in the two chemotherapy groups relative to
the nonchemotherapy group. More recently,
the same group of investigators reported find-
ings for neurophysiological recordings per-
formed on a subset of participants from the
same study.47 Similar to the results for cogni-
tive impairment, patients treated previously
with chemotherapy demonstrated greater asym-
metry of alpha rhythms relative to patients not
treated previously with chemotherapy.
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Another direction for future research would
be to examine the effects of treatment with
epoetin alfa on cognitive functioning in pa-
tients undergoing chemotherapy treatment. Ev-
idence from the present study suggesting that
declines in hemoglobin are accompanied by
declines in cognitive functioning in chemo-
therapy patients, combined with evidence that
correction of anemia with epoetin alfa is associ-
ated with improvements in cognitive function-
ing in chronic dialysis patients,25–29 point to the
potential benefits of such an approach. Addi-
tional supportive evidence comes from a recent
small-scale randomized clinical trial that evalu-
ated the impact of epoetin alfa on cognitive
functioning in breast cancer patients receiv-
ing adjuvant or neoadjuvant chemotherapy.48

Compared to patients administered placebo
treatment, patients administered epoetin alfa
demonstrated better performance on a mea-
sure assessing executive control abilities.49

In conclusion, the present study provides pre-
liminary evidence of the impact of chemother-
apy-induced anemia on cognitive functioning.
In addition to previously reported relationships
with fatigue, changes in hemoglobin levels
during chemotherapy treatment appear to be
associated with adverse changes in cognitive
functioning. Among patients experiencing dec-
lines in hemoglobin over the course of chemo-
therapy to levels �12 g/dL, greater declines in
hemoglobin levels were associated with more
negative changes in performance on three cog-
nitive tasks (Trails A, Trails B, and Visual Repro-
duction-Recognition). The limited number of
cognitive tasks affected and the magnitude of
the changes suggest that the effects of chemo-
therapy-induced anemia on cognitive func-
tioning are subtle. Nevertheless, even minor
changes in cognitive functioning may have a
major impact on patients’ quality of life and
occupational and social functioning. Future re-
search should examine this issue, as well as
the impact that chemotherapy-induced anemia
may have on brain functioning. Findings from
the present study, in combination with research
on cognitive functioning in chronic dialysis pa-
tients administered epoetin alfa, also provide
support for clinical trials to evaluate the po-
tential of epoetin alfa to preserve cognitive
functioning in cancer patients undergoing
chemotherapy treatment.
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