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ABSTRACT

We have evaluated risk factors associated with fatigue in 220 cancer patients during hospi-
talization for stem-cell transplantation (SCT). Fatigue was assessed using a validated one-
item energy scale and a comprehensive set of fatigue predictors, at hospital admission
(baseline), day of SCT, and 7 days and 14 days after SCT. In cross-sectional multivariate
analysis, depression was the variable most consistently and strongly associated with fati-
gue; other factors significantly associated with fatigue at some time during the study
included older age, higher education, smoking, lower Karnofsky performance status, loss
of appetite, nausea/vomiting, pain, higher regimen-related toxicity, low hemoglobin level,
requirement for red blood-cell transfusions, and third year of the study period. In prospec-
tive multivariate analysis, baseline depression showed significance or a trend towards sig-
nificance in its ability to predict subsequent measures of fatigue during hospitalization.
Our findings may help to shed light on the mechanisms underlying fatigue and may also
guide future interventions.

© 2005 Elsevier Ltd. All rights reserved.

1. Introduction

factors is available. The literature on this issue has been char-
acterized by methodological limitations [1-3] such as retro-

Fatigue is one of the most prevalent and distressing symptoms
of cancer. Reviews of cancer-related fatigue indicate preva-
lence rates ranging from 25% to 100% [1-3]. Fatigue has a major
negative effect on the patient’s quality of life, resulting in sub-
stantial adverse physical, psychosocial, and economic/occu-
pational consequences [4-7]. Fatigue is a non-specific,
multidimensional construct that is generally thought to in-
volve subjective feelings of tiredness and/or lack of energy.
Although research into the condition has increased in the past
decade, little in-depth information regarding related clinical

spective or cross-sectional designs, sampling bias, use of
questionnaires not validated, focus on a limited number of
risk factors, use of global emotional distress measures that
do not separate depression from anxiety, lack of assessment
by multivariate statistical methods, and small sample size.
Haematopoietic stem-cell transplantation (SCT) is a highly
aggressive and demanding medical therapy with a profound
impact at both physical and psychological levels [8,9]. Only
one study has reported clinical correlates of fatigue in pa-
tients hospitalized for SCT [6] and in fact their findings were
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limited by the small sample size (n=31) and the lack of
assessment by a multivariate statistical method.

In this 3-year prospective in-patient study, we evaluated fa-
tigue using a validated one-item scale and a wide range of po-
tential fatigue risk factors at four consecutive time points
during hospitalization for SCT. The purpose of the current
paper is to identify multivariate risk factors associated with
fatigue during hospitalization for SCT. We hypothesized that
depression would be associated with fatigue, even after adjust-
ing for a comprehensive set of clinical confounding variables.

2. Patients and methods

2.1.  Study population

The methods have been described in detail elsewhere [9,10].
Briefly, patients were consecutively recruited from the SCT
Unit, Hospital Clinic, Barcelona, between July 21, 1994, and Au-
gust 8, 1997. Inclusion criteria were haematologic malignancy,
age atleast 16, patient’s first SCT, and verbal informed consent.

2.2.  Study variables

2.2.1. Fatigue

Fatigue is a multidimensional concept with several modes of
expression: physical (e.g., diminished energy, need to rest),
cognitive (e.g., diminished concentration or attention), and
affective (e.g., decreased motivation or interest) [1,3]. A meth-
odological problem with regard to the relationship between
fatigue and depression is that most depression scales contain
items, which overlap with items of the fatigue questionnaires
(e.g., energy level, ability to concentrate, and motivation). To
solve in part this problem, in the current study, we measured
the most physical dimension of fatigue, using energy level as
a synonym for this construct. In a previous report, our one-
item energy level scale was validated for use as a synonym
of the most physical dimension of fatigue during hospitaliza-
tion for SCT [10]. Patients rated their overall energy loss expe-
rienced during the past week in relation to what could be
considered their healthy state. The energy loss was rated on
a numerical scale from 0 to 100, and the energy level obtained
by subtracting the energy loss from 100. In our previous report
[10], the reliability and validity of the energy level scale during
hospitalization for SCT were demonstrated: (1) we carried out
test-retest reliabilities between three consecutive time points
during hospitalization for SCT (all P <0.001); (2) convergent
validity was tested by examining associations with validated
related scales measured at the time of hospital admission
(energy and physical mobility scales from the Nottingham
Health Profile [11]; all P<0.001); (3) divergent validity was
demonstrated by a non-significant association between the
energy level scale and a validated unrelated scale measured
at the time of hospital admission (health care orientation
scale from the Psychosocial Adjustment to Illness Scale [12];
P =0.74); (4) to evaluate criterion validity, we used the method
of known-groups comparison to assess the ability of the en-
ergy level scale to distinguish between subgroups of patients
with different Karnofsky performance status [13] at four dif-
ferent time points during hospitalization for SCT (all
P <0.001); (5) we assessed the responsiveness of the energy

level scale to changes in Karnofsky performance status from
hospital admission to hospital discharge, with the subgroup
of patients whose Karnofsky performance status deteriorated
the most reporting a significantly worse outcome in energy le-
vel (P <0.001) compared to the subgroup of patients with less
decline in Karnofsky performance status; and (6) predictive
validity was demonstrated by the ability of the hospital
admission energy level score to significantly predict hospital
discharge energy level score after controlling for other base-
line risk factors (P < 0.001).

2.2.2. Depression and anxiety

The patient-rated Hospital Anxiety and Depression Scale
(HADS) contains two seven-item scales: one for depression
and one for anxiety, with higher scores indicating greater dis-
tress [14]. Items that may also be attributable to illness or
treatment side effects (e.g., fatigue) are not included in this
questionnaire. However, in the depression subscale the retar-
dation item (“I feel as if I am slowed down”) appears to over-
lap with fatigue. The HADS scale has been extensively
documented in patients with cancer [15-18] and its reliability
and validity has been demonstrated [14,15]. Our study used
an authorized Spanish translation. Internal consistency, reli-
ability and correlation analysis for the HADS subscales were
calculated from T1 to T4. Mean Cronbach’s alphas for the
depression and anxiety subscales were 0.88 and 0.80, and
the mean Spearman rank order correlation between the
depression and anxiety subscales was 0.47.

2.2.3. Loss of appetite and insomnia

Potential confounding exists in the measurement of fatigue
because of its close association with depression. Since fatigue
is primarily a subjectively experienced symptom, self-report
measures are the most commonly described type of instru-
ment for measuring fatigue [1]. It arises over a continuum,
ranging from tiredness to exhaustion. As a part of our investi-
gation, the nine diagnostic and statistical manual for mental
disorders, fourth edition (DSM-IV [19]) criterion items re-
quired for the diagnosis of major depression (categorical varia-
ble) were rated by the clinician as absent/sub-threshold or
present during the past week. The present report uses depres-
sion as defined by the HADS and not by DSM-IV because we
wanted a depression measure that could be self-reported by
the patient, spanning a continuum of depression levels, and
not including somatic depressive symptoms such as fatigue
or other symptoms that have been found to predict fatigue.
One of the nine DSM-IV criterion items to diagnose major
depression is fatigue, and two of the other criterion items,
insomnia and loss appetite, have been found to predict higher
levels of fatigue [1-5,18]. In the current report, we have only
used the DSM-IV criterion items insomnia and loss of appe-
tite to study its association with fatigue.

2.2.4. Nausea/vomiting and pain

The systemic symptom scale included the symptoms of vom-
iting/nausea, diarrhea, dry mouth, mouth pain, abdominal-
gia, headache, and other pain (the highest score of any
other pain if several were present). In a previous report [10],
the reliability and validity of the systemic symptom scale dur-
ing hospitalization for SCT were demonstrated. In this study,
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we used only those items that have been found in the litera-
ture to be related to fatigue [1-3]. Because odinia represents
the main source of pain, we used two pain variables: one spe-
cifically for mouth pain and a new composite variable that in-
cluded the other three pain symptoms of the systemic
symptom scale. Symptoms were categorized as absent/mild
or moderate/severe. We should state that the systemic symp-
tom scale has not been validated for use with the modifica-
tions that the researchers made to include only items
related to fatigue.

2.2.5. Functional status

The Karnofsky Performance Scale is an index of physical dis-
ability developed for the evaluation of oncology patients.
Lower scores reflect greater impairment in normal activity,
work, and self-care.

2.2.6. Regimen-related toxicity

The Bearman Toxicity Scale [20] was used to specifically rate
the complications due to chemotherapy or chemoradiother-
apy during hospitalization for SCT. Cardiac, bladder, renal,
pulmonary, hepatic, central nervous system, gastrointestinal,
and stomatitis toxicities are assigned a grade of 0-4 in
increasing severity according to specific guidelines for each
organ. The regimen-related toxicity score is the sum of the
highest toxicity observed in each organ at any time.

2.2.7. Other disease- and treatment-related data
Haematological cancer diagnosis, disease risk status (low/
intermediate versus high), conditioning regimen (chemother-
apy versus chemoradiotherapy), type of SCT (autologous or
syngeneic versus allogeneic), haemoglobin count, period of
study entry (July 1994-June 1996 versus July 1996-August
1997), weekly requirement of red blood cell transfusions,
and weekly requirement of opioid and benzodiacepine medi-
cations. Morphine and additional analgesics were converted
to morphine equivalents using the conversion factors of Stim-
mel [21] and benzodiacepines medications were converted to
diazepam equivalents [22].

2.3. Study procedures

Patients were assessed in a first structured interview within
48'h of hospital admission (T1, day —9 to day —4 depending
on the conditioning regimen), and subsequently on a weekly
basis from day of transplant (T2, day 0) until discharge or
death (T3, day +7; T4, day +14; T5, day +21, and so on). In order
to limit the number of dropouts (mainly due to hospital dis-
charge) we only used data from the T1 to T4 interviews. At
hospital admission and subsequently on a weekly basis, a
Karnofsky performance status score was obtained from the
haematologist. No inter-rater reliability assessment was car-
ried out for this performance status measure. All structured
interviews were carried out by three researchers: the main
investigator was a psychiatrist (J.M.P.), the two others were a
fourth year psychiatric resident (J.A.) who participated in
the study for the first 11 months and a psychiatrist (J.B.)
who participated in the rest of the study. Each patient was
interviewed by only one of the researchers during the hospi-
talization period. The first interview included sociodemo-

graphic data, assessment of psychiatric status with DSM-IV
criteria, energy level scale, and the HADS. After this first
interview, patients were asked to complete two self-report
instruments: the Nottingham Health Profile to measure
health-related quality of life and the Psychosocial Adjustment
to Illness Scale to assess psychosocial adaptation. In the fol-
lowing weekly assessments, we administered a structured
interview that comprised assessment of psychiatric status
with DSM-IV criteria, energy level scale, systemic symptom
scale, and the HADS. After discharge, using a standardized
form, J.M.P. abstracted medical data from hospital charts.
The regimen-related toxicity, requirement of red blood cell
transfusions, opioid treatment, and benzodiacepine treat-
ment were obtained from T2 to T4. The clinical research pro-
tocol was reviewed and approved by the Department of
Psychiatry’s Committee on Clinical Research.

2.4.  Statistical analysis

Univariate and multivariate linear regression analysis were
used to identify predictors of energy level at T1, T2, T3, and
T4. We dichotomized all weekly Karnofsky performance sta-
tus variables (lowest quintile versus upper four quintiles),
and all weekly benzodiazepine treatment variables (lower
four quintiles versus highest quintile) because of their highly
skewed distributions. Because their median energy levels
were very similar, the time periods July 1994-June 1995 and
July 1995-June 1996 were combined in the same category.
For multivariate models, a stepwise selection method was
used to select significant variables. Since poor health status
can significantly increase both depression and fatigue [1-
3,23,24], interaction terms between HADS depression and
disease risk status, admission hemoglobin level, Karnofsky
performance status, regimen-related toxicity, mouth pain,
other pain, and requirement of red-blood cell transfusions
were tested in their corresponding multivariate models. All
multivariate models were adjusted for sex and age. Collinear-
ity was assessed using variance inflation factors and standard
residuals-based diagnostic procedures were used to assess
model assumptions and adequacy of the model fit. Perfor-
mance of the model was assessed by the adjusted explained
variance (R?). Patients with missing data on any scale were
excluded from analyses. All reported P values are two-tailed.
P values were considered significant if they were less than
0.05. No adjustment of the alpha level for multiple tests was
made. Statistical analyses were done with SPSS (version 11.5).

2.5.  Attrition and missing data

A total of 852 out of 871 possible observations (97.8%) were
made from T1 to T4: 220, 217, 214, and 201. Missing observa-
tions were due to compromised medical status (3 at T2, 4 at
T3, and 6 at T4) or scheduling difficulties (6 at T4). Attrition
was due to hospital discharge (four patients had been dis-
charged before the T4 assessment) and death (two patients
had died by the time of the T3 assessment and 3 by the T4
assessment). Due to patient fatigue, in a few cases complete
assessment of all predictor variables could not be performed.
The total number of evaluations for energy level, loss of appe-
tite, insomnia, and HADS decreased to 851, 851, 851 and 849,
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respectively. For the haemoglobin count, information was
missing from two patients.

3. Results

Of 253 patients that received SCT during the 3-year recruit-
ment period, 235 met the eligibility criteria. Due to scheduling
difficulties, 15 patients could not be interviewed at the first
assessment and were excluded from the study. All patients
who were approached agreed to be interviewed. Thus, the fi-
nal study cohort included 93.6% of the eligible population
(220/235). There were no differences in age, sex, haematologic
diagnosis, or disease risk status between the 220 patients who
participated in the study and the 15 excluded patients
(P >0.20). Baseline patient characteristics are displayed in
Table 1. Measures in energy level and 12 fatigue risk factors
from day of hospital admission (T1) to day +14 after SCT
(T4) are listed in Table 2. Median energy level scores at T1,
T2, T3, and T4 were 80, 50, 50 and 50, respectively.

Table 3 shows all tested univariate predictors of energy le-
vel from T1 to T4. Variables with P < 0.10 in univariate analy-
sis were included in multivariate linear regression models.
Full multivariate models estimating energy level from T1 to
T4 (Table 4) included baseline data in addition to concurrent
weekly values of those variables measured over time. Further-
more, the T1 energy level variable was incorporated in the full
regression models used to predict energy level at T2, T3 and
T4, to adjust for the effect of this variable at baseline. Ad-
justed explained variance for all these models ranged from
32% to 48%. After adjusting for the effect of other risk factors,
low Karnofsky performance status at T1 and higher HADS
depression at T2, T3, and T4 were the factors with the stron-

Table 1 - Baseline patient characteristics

Characteristic T1 (n=220)
Age (years) 38 (16-65)
Female sex, n (%) 91 (41.3)
Married/cohabitating, n (%) 141 (64.1)
Education, years 11 (4-12)
Current smoking, n (%) 41 (18.6)
Haematological cancer diagnosis, n (%)
Acute myelogenous leukemia 50 (22.7)
Acute lymphoblastic leukemia 29 (13.2)
Chronic myelogenous leukemia 34 (15.5)
Non-Hodgkin’s lymphoma 46 (20.9)
Hodgkin’s disease 19 (8.6)
Multiple myeloma 27 (12.3)
Other® 15 (6.8)
High risk disease status, n (%) 100 (45.5)
Hemoglobin count (g/dl) 115 (62-159)
Chemoradiotherapy, n (%) 156 (70.9)
Allogeneic SCT," n (%) 129 (58.6)
July 1996-August 1997, n (%) 75 (34.1)

Data are median (range) unless otherwise indicated. Comparison
categories can be found in Section 2.2 and missing information in
Section 2.5.

a Chronic lymphocytic leukemia (n = 7), myelodysplastic syndrome
(n =5), histiocytosis (n = 1), myeloproliferative syndrome (n = 1), and
granulocytic sarcoma (n = 1).

b One syngeneic SCT was placed with the autologous SCT group.

Table 2 - Patient characteristics over time

Characteristic T1 T2 T3 T4
(n=220) (n=217) (n=214) (n=201)

Energy level score 85 (0-100) 50 (0-100) 50 (0-100) 50 (20-100)

Karnofsky score 100 (50-100) 70 (40-80) 70 (30-80) 70 (40-90)

HADS anxiety 3 (0-21) 2(0-17) 2(0-16) 2 (0-17)
score

HADS depression 1 (0-19) 3(0-20) 3(0-17) 3 (0-20)
score

Loss of appetite, 22 (10.0) 176 (81.5) 181 (84.6) 151 (75.1)
n (%)

Insomnia, 23 (10.5) 55(25.5) 53 (24.8) 39 (19.4)
n (%)

Nausea/vomiting, 150 (69.1) 110 (51.4) 65 (32.3)
n (%)

Mouth pain, n (%) 27 (12.4) 128 (59.8) 52 (25.9)

Other pain, n (%) 80 (36.9) 69 (32.2) 31 (15.4)

Regimen-related 1(04) 2 (0-6) 2 (0-8)
toxicity score

Red blood cell 0 (0-10) 2 (0-10) 2 (0-8)
transfusions, n

Opioid treatment 0 (0-82) 9 (0-350) 21 (0-439)

Benzodiazepine 0 (0-67) 0 (0-118) 2 (0-118)

treatment

Data are median (range) unless otherwise indicated. See Section
2.2 for comparison categories and Section 2.5 for missing infor-
mation. Opioid treatment is expressed in mg of morphine equiv-
alents and benzodiazepine treatment in mg of diazepam
equivalents. Higher scores on energy level and Karnofsky scales
and lower scores in all other scales represent better functioning.

gest association with low energy level in their corresponding
regression models. Baseline multivariate models were used to
study the predictive effect of those T1 risk factors on energy
level at T2, T3, and T4 (Table 5). Compared to full multivariate
models, a lower number of variables contributed to explain-
ing the adjusted variance (range 6-19%). Baseline energy level
was the strongest and most consistent predictor of subse-
quent measures of energy level. Baseline HADS depression
was found to significantly predict T3 energy level (P = 0.038),
showing a trend for significance in predicting T2 (P =0.093)
and T4 (P=0.16) energy level. Tested interaction terms did
not reach statistical significance in any full or baseline multi-
variate model (data not shown).

To investigate any confounding effect of the original HADS
depression scale due to the fact that it contains the retarda-
tion item (“I feel as if I am slowed down”) which appears to
overlap with fatigue, we excluded this item from the scale
and repeated the multivariate analysis. Although there was
a reduction in the standardized B coefficients of the HADS
depression after excluding this item (data not shown), we ob-
tained the same significant results in predicting energy level
in the full and baseline multivariate models.

To further explore the complex relation between fatigue
and depression, we performed univariate and multivariate
regression analyses to identify predictors of HADS depression
from T1 to T4 (data not shown). For these analyses we used
the same candidate risk factors as for the analyses predicting
energy level. While low energy level was significantly associ-
ated with higher HADS depression in all corresponding multi-
variate full models, baseline energy level had no effect on
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Table 3 - Univariate predictors of energy level at T1, T2, T3, and T4

T1 energy
level (n =220)

level (n=216)

T2 energy T3 energy

level (n =214)

T4 energy
level (n=201)

T1 risk factors

Age —0.096
Female —-0.031
Married/cohabitating 0.077
Education 0.095
Current smoking —0.122°
High risk disease -0.239"
Hemoglobin count 0.252"
Chemoradiotherapy 0.033
Allogeneic SCT 0.062
July 1996-August 1997 0.259™
HADS anxiety —0.259"
HADS depression —0.453"
Karnofsky status 0.484""
Loss of appetite —0.429"
Insomnia -0.393"

T2-T4 risk factors
HADS anxiety
HADS depression
Karnofsky status
Loss of appetite
Insomnia
Nausea/vomiting
Mouth pain
Other pain
Regimen-related toxicity
Red blood-cell transfusions
Opioid treatment
Benzodiazepine treatment

—0.060 —0.070 —0.086
—0.027 —0.061 —0.067
0.011 0.141" 0.041
0.026 —-0.119 —0.037
—0.033 —0.073 —0.074
—0.068 —0.159 -0.111
0.101 0.202" 0.178"
0.075 0.026 0.020
0.104 0.018 —0.077
0308 0.204" 0.184"
-0.204" —0.206" —0.158"
—0.253" —0.267" -0.216"
0.235"" 0.224" 0.114
—0.141" —0.118" —0.097
-0.229" —0.178" —0.102
—0.247" —0.266" -0.380""
-0.482"" —0.573" —0.513"
0.348" 0337 0.372"
-0.359"" —0.135" -0.194"
-0.239" —0.075 —0.243"
-0.251" —0.304"" —0.223"
—0.114" —0.107 -0.244"
-0.133" —0.286"" —0.243"
—0.158" -0.213" -0.216"
—0.055 —0.229" —0.064
-0.103 —0.164" —0.146"
-0.018 —0.118" —0.163"

Each energy level outcome was analyzed for baseline T1 data in addition to concurrent weekly values of those risk factors measured from T2 to
T4. Data are expressed as standardized p coefficients. See also footnote in Table 2.

* P<0.10.
** P<0.01.
*** P <0.001.

predicting subsequent HADS depression at T2 (P =0.68), T3
(P=0.50), and T4 (P = 0.74) in multivariate baseline models.

4, Discussion

To our knowledge, this study is the largest in-hospital investi-
gation studying risk factors for fatigue in any cancer sample.
In cross-sectional multivariate analysis, depression was the
variable most consistently and strongly associated with fati-
gue. Although there are some contradictory results [7,25,26],
most studies have emphasized a significant cross-sectional
association between depression and fatigue [5,6,16-18]. Fail-
ure to find a significant association may partly be explained
by the nature of the patient sample and/or a low depression
level. Stone and colleagues [25] found that depression had
no effect on fatigue in a sample of patients with advanced dis-
ease and a very short prognosis. Under these circumstances,
the role of depression may be more difficult to detect because
of the strong cancer- or treatment-related biological pro-
cesses at that moment. In another study [26], depression
was not associated with fatigue in a sample of long-term can-
cer survivors with a low prevalence of depression. Visser and

Smets [7] concluded that fatigue and depression were unre-
lated conditions with different patterns over time. However,
in a recent study Tchekmedyian and colleagues [27] reported
that improvement of fatigue was significantly associated with
a reduction in depression.

Fatigue can occur as a symptom of depression [5,19,23,24]
or, alternatively, it may precipitate feelings of depression be-
cause of its adverse effect on mood and functional ability. In
our cross-sectional multivariate analysis, HADS depression
was found to predict energy level, and energy level was found
to predict HADS depression. However, in prospective multi-
variate analysis, baseline HADS depression showed signifi-
cance or a trend towards significance for predicting
subsequent measures of energy level, while baseline energy
level did not predict subsequent measures of HADS depres-
sion. In addition, medical complications or treatment side ef-
fects that can significantly impact on fatigue may also cause
or mimic depression [1-3,23,24]. However, our depression
measure did not include somatic symptoms that could be
attributed to illness or treatment side effects, and statistical
analyses controlled for a comprehensive set of clinical con-
founding factors.
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Table 4 - Full multivariate models: predictors of energy

level at T1, T2, T3, and T4

B P Adjusted R?
T1 energy level (n = 218) 0.454
T1 Karnofsky 0.332 <0.001
T1 loss of appetite —0.263 <0.001
T1 HADS depression -0.214 <0.001
July 1996-August 1997 0.193  0.001
Current smoking —0.148  0.010
Hemoglobin count 0.123  0.032
Age —0.110 0.037
T2 energy level (n =216) 0.402
T2 HADS depression -0.310 <0.001
T1 energy level 0.212 <0.001
T2 Karnofsky 0.176  0.002
T2 nausea/vomiting —0.161  0.004
July 1996-August 1997 0.135  0.028
T2 loss of appetite -0.128  0.038
T3 energy level (n=212) 0.469
T3 HADS depression —0.434 <0.001
July 1996-August 1997 0.187 <0.001
T3 other pain —0.164  0.003
Education —0.159  0.003
T1 energy level 0.153  0.006
T3 red blood cell transfusions —0.137  0.009
T3 regimen-related toxicity -0.135  0.012
T4 energy level (n = 199) 0.321
T4 HADS depression —0.440 <0.001
July 1996-August 1997 0.154 0.016
T4 Karnofsky 0.156  0.019

All variables with P <0.10 in univariate analysis were included in
multivariate regression models. Only significant (P < 0.05) predic-
tors are listed. See also footnote in Table 2.

Table 5 - Baseline multivariate models: predictors of
energy level at T2, T3, and T4

B P Adjusted R?
T2 energy level (n = 216) 0.190
T1 energy level 0.329 <0.001
July 1996-August 1997 0.229 0.001
T3 energy level (n = 212) 0.150
T1 energy level 0.223 0.004
Education —0.170 0.010
July 1995-June 1996 0.158 0.020
T1 HADS depression —0.152 0.038
T4 energy level (n = 199) 0.058
T1 energy level 0.249 <0.001

P values for T1 HADS depression at models T2 and T4 were 0.093 and
0.16. See also footnote in Table 4.

As expected from a clinical perspective and in agreement
with other reports, we found that older age [16,26], lower Kar-
nofsky performance status [4], higher disease or treatment
burden [26], anaemia (low haemoglobin level/requirement of
red-blood cell transfusions) [4,28], pain [5,17,25], or gastroin-
testinal symptoms such as nausea/vomiting [4] or loss of
appetite [4] are significantly associated with fatigue. Pain

can occur secondary to anticancer treatment and may lead
to fatigue through its effects on mood, activity level, and/or
sleep [5]. Fatigue may also be induced by loss of nutrients as
a result of anorexia, nausea or vomiting [1].

Another noteworthy finding in this study was the signifi-
cant association between smoking at the time of hospital
admission and low energy level, even after adjusting for other
clinical confounding variables. Consistent with our findings,
several studies in the general population have described an
association between smoking and fatigue [29,30]. We also
found that degree of fatigue decreased in the last year of
our study period, probably in relation to improvement in sup-
portive care technologies and better patient selection. Our
finding that higher education attainment, a surrogate of
higher socioeconomic status [31], was predictive of lower
energy level was contrary to expectations.

This study has several limitations. First, we did not per-
form a multidimensional assessment of fatigue. However,
the advantages of the single-item fatigue scale include low
burden to patients, simplicity, and ease of clinical use.
Administering quality of life instruments in the SCT setting
needs to be done with an acute awareness of the risk of
patient overload. Second, although we did not measure in-
ter-rater reliability for the haematological ratings of the
Karnofsky performance status, our accurate knowledge of
the patients’ physical and functional status coupled with
the use of strict guidelines for the assessment aided our esti-
mation of performance status ratings. Third, we did not as-
sess systemic symptomatology at T1, so as not to impose an
undue burden on our patients. Based on clinical experience
and the existing literature, systemic symptoms are at their
lowest level previous to initiating the conditioning treatment
at T1 [6,8]. Fourth, although our results provide support for
the prognostic importance of depression, they do not estab-
lish that depression causes fatigue. To establish a causal rela-
tionship, we need longitudinal research combining repeated
measurement of depression and its presumed pathophysio-
logical mechanisms, followed by adequately powered, ran-
domized trials targeting the implicated mechanisms. Finally,
as in any single-institution study, some conclusions are spe-
cific to our center and reflect our patient characteristics and
practice patterns. However, the findings of this study are
strengthened by its prospective design, non-biased sample,
high recruitment rates, large population, use of brief and pre-
viously validated instruments, use of serial evaluations, and
use of multivariate regression models that included a com-
prehensive set of clinical confounding variables.

Our results support the multidimensional etiology of fati-
gue and may be useful in generating hypotheses about mech-
anisms underlying fatigue and directing intervention efforts
for cancer-related fatigue. Although some clinical factors that
we have found to be associated with fatigue are non-modifi-
able, other factors are treatable and may result in a decrease
of fatigue levels. From a clinical perspective, we highlight the
importance of carefully screening for depression in cancer
patients who complain of fatigue. Short and simple self-
reported questionnaires, such as the HADS, may help to de-
tect depression in the clinical setting [15,16]. Many of the
depressed patients can be treated effectively with medication
and/or psychotherapy [1-3,23,24]. Furthermore, appropriate
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treatment of pain, nausea/vomiting, or anaemia may be effec-
tive for reducing fatigue. In addition, help from smoking ces-
sation services early in the disease process may have a role in
promoting physical and psychological health. If this is not
possible, evident restrictions for smoking during hospitaliza-
tion for SCT provide an important opportunity for initially
refractory patients to stop smoking. Clearly, further research
is needed to gain a better understanding of the physiopathol-
ogy and treatment of fatigue in cancer patients [1-3]. Among
other outcomes, the course and predictors of fatigue during
post-SCT follow-up and their impact on quality of life will
be presented in future articles.
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