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Differences in pulmonary and extra-pulmonary characteristics in severely
versus non-severely fatigued recipients of allogeneic hematopoietic stem cell
transplantation: a cross-sectional, comparative study
Gülşah Barğı a, Meral Boşnak Güçlüa and Ayhan Gülsan Türköz Sucakb

aFaculty of Health Sciences, Department of Physiotherapy and Rehabilitation, Gazi University, Ankara, Turkey; bDepartment of Hematology,
Bahçeşehir University, Hospital of MedicalPark, Istanbul, Turkey

ABSTRACT
Objectives: Fatigue is a common symptom in allogeneic-hematopoietic stem cell
transplantation (allogeneic-HSCT) recipients. However, effects of severe fatigue on pulmonary
functions, blood cells, dyspnea, muscle strength, exercise capacity, depression and quality of
life (QOL) in allogeneic-HSCT recipients are still unknown. Therefore, to compare pulmonary
functions, blood levels, dyspnea, muscle strength, exercise capacity, depression, and QOL
between allogeneic-HSCT recipients according to fatigue severity and to determine
predictors of severe fatigue were aimed in the current study.
Methods: Twenty-four severe-fatigued (Fatigue Severity Scale score ≥36) (40.08 ± 12.44years) and
25 non-severe-fatigued (36.20 ± 13.73years) allogeneic-HSCT recipients were compared. Blood
levels, pulmonary functions (spirometer), dyspnea (Modified Medical Research Council Dyspnea
scale), exercise capacity (6-minute walk test), depression (Beck Depression Inventory-II), QOL
(European Organization for Research and Treatment of Cancer QOL Questionnaire), respiratory
(mouth pressure device) and peripheral muscle strength (dynamometer) were evaluated.
Results: Symptom QOL-subscale and depression scores were significantly higher; peripheral
muscle strength, global health status, and functional QOL-subscales scores were lower in severe-
fatigued recipients (p < 0.05) whose exercise capacity was clinically (28.85 m) decreased. Blood
levels, pulmonary functions, dyspnea, and respiratory muscle strength were similar in groups (p
> 0.05). 42.4% of the variance in severe fatigue was explained by symptom QOL-subscale score
and corticosteroid use after HSCT (p < 0.001).
Conclusions: Impairments in peripheral muscle strength, QOL, exercise capacity, and depression
are more prevalent among severe-fatigued recipients. Moreover, poorer QOL and corticosteroid
use after HSCT are most important predictors of severe fatigue. Effects of comprehensive
exercise programs and psychosocial support for severe-fatigued recipients in late post-
engraftment period should be investigated.
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Introduction

Fatigue is the most complained side effect that may last
for months or even years after treatment ends in
patients with cancer [1]. Cancer-related fatigue is
observed in 80% of patients received chemotherapy
and/or radiotherapy, yet its underlying mechanism is
not still clearly explained [2]. As for hematologic malig-
nancies and treatments including allogeneic or autolo-
gous hematopoietic stem cell transplantation (HSCT),
recipients are subject to lots of adverse effects such as
deconditioning, immobility and muscle weakness
along with fatigue [3]. Of all treatment modalities,
since allogeneic-HSCT is also highly associated with
various complications such as mortality, morbidity,
graft-versus-host disease (GvHD) [4], recipients are
required to remain close to the transplant center in
the acute phase of transplantation, approximately 100

days [5]. As a consequence, HSCT afflicts quality of life
(QOL) in recipients [6]. Given that fatigue exists before
HSCT and further deteriorates during the first three
weeks after HSCT, especially fatigue is a destructive
symptom for recipients. Baseline fatigue perception con-
tinues until one year after HSCT, as well [7].

Although fatigue has been one of the most intensely
experienced and investigated symptoms by allogeneic-
HSCT recipients, effects of severe fatigue on physical
fitness, mood and systems have not been known yet.
Therefore, to investigate differences in pulmonary and
extra-pulmonary outcomes such as pulmonary func-
tions, albumin-hemoglobin-white blood cell (WBC)
levels, dyspnea, respiratory and peripheral muscle
strength, submaximal exercise capacity, depression,
and QOL between allogeneic-HSCT recipients according
to fatigue perception severity was aimed in the current
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study. Secondary aim of this study was to determine pre-
dictors of severe fatigue in allogeneic-HSCT recipients.

Materials and methods

Forty-nine allogeneic-HSCT recipients who were at
minimum 100 days status post-transplantation,
between ages of 18 and 65, outpatients under standard
medical treatment, transplanted at Bone Marrow Trans-
plantation Unit of University Faculty of Medicine were
included and compared according to fatigue severity
level. If the level of fatigue perception severity evalu-
ated using Fatigue Severity Scale is equal or above 36
scores, patient is accepted as severe-fatigued or if the
score obtained from this scale is below 36 scores,
patient is non-severe-fatigued [8]. Fatigue severity of
all recipients was identified according to this scoring.
Twenty-four severe-fatigued and 25 non-severe-fati-
gued recipients were compared. Recipients had cogni-
tive disorder, orthopedic or neurological disease with a
potential to affect functional capacity, comorbidities
such as chronic obstructive pulmonary disease
(COPD), acute infections or pneumonia, problems
which may prevent measurements such as visual pro-
blems and mucositis were excluded. This cross-sec-
tional study was approved by local Ethics Committee
and is in accordance with the current version of the
Helsinki Declaration. Informed consent was obtained
from all individual participants included in the study.
Clinical trials number (NCT03448471) was obtained.

Measurements were done by physiotherapist
between 2012 and 2013. The whole evaluation period
of recipients for the current study was 1.5 hours. Demo-
graphic and clinical characteristics of recipients were
recorded. Especially albumin-hemoglobin-WBC levels
were selected to analyze from total blood count labora-
tory results but all total blood counts of recipients were
checked while collecting data for safety of recipients.

Pulmonary function tests

Pulmonary function test was performed using spirom-
eter (Vmax 220 SensorMedics Corporation, Yorba
Linda, CA) in sitting position according to American
Thoracic Society (ATS)/European Respiratory Society
(ERS) guidelines [9]. Single breath diffusing capacity for
carbon monoxide (DLCO) was performed with reference
to ATS [10]. Forced expiratory volume in first second
(FEV1), forced vital capacity (FVC), FEV1/FVC, peak expira-
tory flow (PEF) and forced expiratory flow at 25–75%
(FEF25–75%) were expressed as percentages of expected
values. Reference values were used for comparison [11].

Respiratory muscle strength

Respiratory muscle strength was assessed using a por-
table mouth pressure device (Micro Medical MicroRPM,

England, UK) according to ATS/ERS guidelines [12].
Maximal inspiratory pressure (MIP) was measured at
residual volume, whereas maximal expiratory pressure
(MEP) was measured at total lung capacity. The highest
value measured for MIP and MEP were recorded and
reference values were used for comparison [13].

Peripheral muscle strength

Quadriceps femoris, elbow flexion, and shoulder abduc-
tion muscles strength were measured from the non-
dominant side, using hand-held dynamometer (JTECH
Commander, Salt Lake City, U.S.A.) [14]. Testwas repeated
three times for each muscle and the highest value in
Newton (N) was recorded. Reference values were used
for comparison [14]. Minimal clinically important differ-
ence (MCID) is 17.2 Nm for quadriceps femoris muscle
strength [15].

Functional exercise capacity

Recipients were walked along a 30-m unobstructed
corridor during 6-minute according to ATS criteria
[16]. Recipients completed two encouraged 6-minute
walk test (6-MWT) and rested minimum 30-minute
between two tests. The highest distance was recorded
and expressed as percentage of predicted values [17].
MCID is 25 m for 6-MWT distance [18]. Heart rate
(Polar FT100, China), blood pressure, oxygen saturation
(pulse oximeter, Spirodoc MIR, Italy), respiratory rate,
dyspnea and fatigue perception (Modified Borg scale)
were recorded before and after tests [19].

Dyspnea

Modified Medical Research Council Dyspnea scale was
used to evaluate the severity of dyspnea during daily
living activities. Dyspnea is graded from zero (absence
of dyspnea during strenuous exercise) to four (presence
of dyspnea during all daily living activities) [20]. This
scale has been validated in pulmonary patients [21].

Fatigue

Fatigue severity was measured using the Turkish
version of Fatigue Severity Scale which is valid and
reliable [8]. Self-administered questionnaire is consist-
ing of nine questions [22]. Average score is determined
on a seven-point scale. Patients mark a number from 1
to 7 for each nine question which indicates from strong
disagreement to strong agreement, respectively [22].
Cut-off fatigue severity score is 36 according to this
scale [8]. Scale is used in cancer patients [23].

Depression

Depression was measured with the Turkish version of
Beck Depression Inventory-II used to identify both the
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presence and severity of depressive symptoms [24].
This valid and reliable instrument consists of 21 self-
rating questions about depressive symptoms which
are rated 0–3 scores, total score is 63. There are cut-
off scores of Beck Depression Inventory-II for Turkish
population and ≥13 of total score demonstrates from
mild to severe depression [24].

Quality of life

QOL was measured using the Turkish version of Euro-
pean Organization for Research and Treatment of
Cancer QOL Questionnaire C30 version 3.0 (EORTCQLQ)
which is widely used as health-related QOL question-
naire in cancer patients. This scale is also a valid and
reliable tool for Turkish cancer patients [25]. Cancer-
specific questionnaire has 30 questions and incorpor-
ates five functional scales, three symptom scales, a
global health status and several single items. All item
scores are transformed to 0–100. Higher values indicate
the higher functional/healthy level in functional scales,
a higher QOL level in global health status and increased
symptoms in symptom scales [26].

Statistical analysis

Windows-based SPSS 15.0 statistical analysis program
was used for statistical evaluation (SPSS Inc., Chicago, Illi-
nois, U.S.A.). Variables were descriptively expressed as
mean ± standard deviation (X ± SD), 95% confidence
interval (95%CI), median (minimum–maximum), fre-
quency and percentage. Variables were investigated

using visual (histograms, probability plots) and analytical
methods (Shapiro–Wilk’s test) to determine normally dis-
tribution. Normally distributed variables using Student’s
t-test, undistributed variables using Mann–Whitney U
test and nominal data using Chi-square test were com-
pared. While investigating associations between nor-
mally and non-normally distributed and/or ordinal
variables, correlation coefficients and their significance
were calculated using Pearson and Spearman tests,
respectively. A multiple linear regression model was
used to identify independent predictors including corti-
costeroid use after HSCT, depression, quadriceps
femoris and elbow flexion muscles strength, symptom,
functional and global health status subscales scores of
EORTCQLQ of severe fatigue. Model fit was assessed
using appropriate residual statistics. Level of significance
was set to p≤ 0.05. Post hoc power analysis was done
using quadriceps femoris muscle strength to detect
17.2Nm difference in quadriceps femoris muscle
strength for an α value of 0.05 [18].

Results

Sixty-nine allogeneic-HSCT recipients were screened
and 20 recipients were excluded due to acute pneumo-
nia (n = 2), COPD (n = 2), severe pain in the knee and
low back (n = 4), declined to participate (n = 9) and
logistic problems (n = 3) (Figure 1). Of all 69 recipients,
49 were allocated to severe-fatigued (n = 24) and non-
severe-fatigued (n = 25) groups and analyzed. Baseline
characteristics of Fatigue Severity Scale questions for
severe-fatigued and non-severe-fatigued groups were

Figure 1. Flow diagram of allogeneic HSCT recipients.
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given in Table 1. All recipients were receiving optimal
medical therapy including immunosuppressive
agents, antibiotics and other drugs. Demographic
characteristics, smoking-performance status, transplan-
tation age, disease-hospitalization duration, time
elapsed both from diagnosis to transplantation and
from transplantation to physiotherapy assessment,
donor type, stem cell source, total body irradiation,
GvHD presence, corticosteroid use before HSCT,
number of chemotherapy cycles before HSCT and dis-
tribution of diagnosis were similar in groups except
conditioning regimen and corticosteroid use after
HSCT (Table 2, p > 0.05).

Pulmonary functions

No statistically significant differences were observed in
FEV1%, FVC%, FEV1/FVC, PEF%, FEF25–75%% and DLCO%
between groups (Table 3, p > 0.05). Obstructive type
pulmonary abnormalities in 4% non-severe-fatigued
and 12.5% severe-fatigued recipients; restrictive type
pulmonary abnormalities in 8% non-severe-fatigued
and 16.7% severe-fatigued recipients were present.

Total blood count

No statistically significant differences were observed in
albumin-hemoglobin-WBC levels between groups
(Table 3, p > 0.05).

Inspiratory and expiratory muscle strength

No statistically significant differences were observed in
MIP, MEP and their percentage values between groups
(Table 3, p > 0.05). Three (12%) recipients’ MIP in the

non-severe-fatigued group was lower than 80% of pre-
dicted values (p = 0.235). Two (8%) recipients’ MEP in
the non-severe-fatigued group and 4 (16.7%) in the
severe-fatigued group were lower than 80% of pre-
dicted values (p = 0.417). Nine (37.5%) severe-fatigued
recipients’ MIP was lower than the lower limit of 95%
CI (102.33–124.79) of non-severe-fatigued recipients.

Peripheral muscle strength

Quadriceps femoris, shoulder abductors and elbow
flexors muscle strength was significantly lower in the
severe-fatigued group than non-severe-fatigued
group (Figure 2–3, Table 3, p < 0.05). Besides, mean
difference of groups for quadriceps femoris muscle
strength (56.82 Nm) was higher than 17.2 Nm.
Twenty-two (88%) recipients’ quadriceps femoris
muscle strength in the non-severe-fatigued group
and 21 (87.5%) in the severe-fatigued group were
lower than 80% of predicted values (p = 1.000).
Fifteen (68.2%) severe-fatigued recipients’ quadriceps
femoris muscle strength was lower than the lower
limit of 95%CI (268.98–330.29) of non-severe-fatigued
recipients. Six (24%) recipients’ elbow flexors muscle
strength in the non-severe-fatigued group and 10
(41.7%) in the severe-fatigued group were lower than
80% of predicted values (p = 0.187). Twenty (80%) reci-
pients’ shoulder abductors muscle strength in the non-
severe-fatigued group and 18 (75%) in the severe-fati-
gued group were lower than 80% of predicted values
(p = 0.675). Post hoc power according to quadriceps
femoris muscle strength value was (1 − β) = 71.2%
and effect size was 0.74.

Functional exercise capacity

No statistically significant differences were observed
in 6-MWT distance (−28.85 m, 95%CI = −78.97 to
21.27), its percentage, values of before 6-MWT, after
6-MWT and differences in after and before 6-MWT
measurements between groups (Tables 3–4, p >
0.05). Mean difference of groups for functional exer-
cise capacity (28.85 m) was higher than 25 m. Thirteen
(52%) recipients’ functional exercise capacity in the
non-severe-fatigued group and 13 (54.2%) in the
severe-fatigued group were lower than 80% of pre-
dicted values (p = 0.879). Eleven (45.8%) severe-fati-
gued recipients’ 6-MWT distance was lower than the
lower limit of 95%CI (547.61–617.28) of non-severe-
fatigued recipients.

Dyspnea

No statistically significant difference was observed in
Modified Medical Research Council Dyspnea score
between groups (Table 3, p > 0.05). Dyspnea during
daily living activities and exertional dyspnea during 6-

Table 1. Baseline characteristics of Fatigue Severity Scale
Questions in severe-fatigued and non-severe-fatigued groups.

Fatigue Severity Scale Questions

Severe-fatigued
group
(n = 24)

Non-severe-
fatigued group

(n = 25)
X ± SD X ± SD

1. My motivation is lower when I
am fatigued (1–7 score)

5.58 ± 1.5 2.76 ± 1.42

2. Exercise brings on my fatigue (1–
7 score)

5 ± 2.06 2.56 ± 1.53

3. I am easily fatigued (1–7 score) 5.08 ± 1.61 2.12 ± 1.05
4. Fatigue interferes with my
physical functioning (1–7 score)

4.96 ± 1.6 2.52 ± 1.56

5. Fatigue causes frequent
problems for me (1–7 score)

4.17 ± 1.44 2.4 ± 1.23

6. My fatigue prevents sustained
physical functioning (1–7 score)

5.25 ± 1.15 2.48 ± 1.26

7. Fatigue interferes with carrying
out certain duties and
responsibilities (1–7 score)

5.17 ± 1.37 2.52 ± 1.45

8. Fatigue is among my three most
disabling symptoms (1–7 score)

5.08 ± 1.84 3.24 ± 2.01

9. Fatigue interferes with my work,
family, or social life (1–7 score)

5.29 ± 1.6 2.24 ± 1.01

Total score (9–63 score) 45.63 ± 7.22 22.84 ± 7.59

Descriptive analyses were presented using mean ± standard deviation
(X ± SD) and p values for all comparisons were p < 0.001.
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MWT existed by 44.9 and 51% of our all allogeneic-
HSCT recipients, respectively.

Depression

Depression scores were significantly higher in the
severe-fatigued group than non-severe-fatigued
group (Figure 4, Table 3, p < 0.05). Totally 32.7% of allo-
geneic-HSCT, 5 (20%) in the non-severe-fatigued group
and 11 (45.8%) in severe-fatigued recipients had mild
to severe depression (p = 0.054).

Quality of life

Symptom subscale score of EORTCQLQ was significantly
higher, global health status and functional subscales
scores of EORTCQLQ were lower in severe-fatigued
group than non-severe-fatigued group (Figure 4,
Table 3, p < 0.05).

Correlations

Severe fatigue was statistically significantly and nega-
tively correlated with depression (r =−0.370, p =
0.009), symptom subscale score of EORTCQLQ (r =
−0.508, p < 0.001), corticosteroid use after HSCT (r =
−0.321, p = 0.028) and disease duration (r =−0.274, p
= 0.056); positively correlated with conditioning
regimen (r = 0.285, p = 0.047), quadriceps femoris (r =
0.376, p = 0.009), elbow flexors (r = 0.409, p = 0.004),
shoulder abductors muscle strength (r = 0.295, p =
0.040), functional (r = 0.462, p = 0.001) and global
health status subscale scores of EORTCQLQ (r = 0.373,
p = 0.008).

Severe fatigue was not statistically correlated with
age, transplantation age, time elapsed from diagnosis
to transplantation, duration of hospitalization, time
elapsed from transplantation to physiotherapy assess-
ment, presence of total body irradiation and number

Table 2. Baseline demographic and transplantation characteristics of severe-fatigued and non-severe-fatigued groups.

Characteristics

Severe-fatigued group
(n = 24)

Non-severe-fatigued group
(n = 25)

pMean ± standard deviation (X ± SD) Mean ± standard deviation (X ± SD)

Age, year 40.08±12.44 36.20 ± 13.73 0.305
Male/female, n;% 14;58.3%/10;41.7% 20;80%/5;20% 0.100
Weight, kg 68.04 ± 16.96 72.52 ± 13.58 0.312
Height, cm 163.63 ± 5.64 167.80 ± 10.09 0.080
BMI, kg/m2 25.39 ± 6.13 25.68 ± 3.90 0.844
Smoking, packxyears 9.18 ± 18.38 8.39 ± 12.14 0.860
Smoking (current/ex-smoker/non), n;% 0;0%/14;58.3%/10;41.7% 4;16%/13;52%/8;32% 0.120
Transplantation age, year 37.17 ± 12.95 34.40 ± 13.78 0.473
Disease duration, day 1579.21 ± 1037.96 1094.40 ± 852.06 0.080
ECOG performance status, (0–5) 0.96 ± 0.36 1.04 ± 0.20 0.327
Karnofsky performance status, (0–100%) 90 ± 8.34 92.40 ± 5.97 0.251
Time elapsed from diagnosis to transplantation, day 701.42 ± 1015.98 524.96 ± 1135.28 0.570
Time elapsed from transplantation to physiotherapy
assessment, day

877.79 ± 1019.99 569.44 ± 804.23 0.245

Hospitalization duration, day 24.96 ± 15.24 21.36 ± 4.69 0.278
Donor type, n/% 0.172
HLA-identical sibling, n/% 20/83.3% 23/92%
HLA-matched unrelated, n/% 3/12.5% 0/0%
HLA-mismatched unrelated, n/% 1/4.2% 2/8%

Stem cell source, n/% 0.322
Bone marrow, n/% 0/0% 1/4%
Peripheral blood, n/% 24/100% 24/96%

Conditioning regimen, n/% 0.046***
Myeloablative, n/% 19/79.2% 13/52%
Non-myeloablative, n/% 5/20.8% 12/48%

Total body irradiation, n/%, 5/20.8% 3/12% 0.403
Acute GvHD, n/% 10/41.7% 6/24% 0.187
Chronic GvHD, n/% 14/58.3% 9/36% 0.117
Corticosteroid use before HSCT, n/% 6/26.1% 5/20.8% 0.671
Corticosteroid use after HSCT, n/% 13/56.5% 6/25% 0.028***
Number of chemotherapy cycles before HSCT 0.771
None, n/% 3/12.5% 5/20%
One cycle, n/% 2/8.3% 3/12%
Two cycles, n/% 4/16.7% 5/20%
More than two, n/% 15/62.5% 12/48%

Diagnosis, n/% 0.175
Acute lymphoblastic leukemia, n/% 5/20.8% 4/16%
Acute myeloid leukemia, n/% 6/25.0% 10/40%
Myelodysplastic syndrome, n/% 4/16.7% 4/16%
Chronic myeloid leukemia, n/% 2/8.3% 0/0%
Non-Hodgkin lymphoma, n/% 0/0% 2/8%
Multiple myeloma, n/% 4/16.7% 0/0%
Aplastic anemia, n/% 3/12.5% 4/16%
Thalassemia major, n/% 0/0% 1/4%

BMI Body Mass Index, ECOG Eastern Cooperative Oncology Group, HLA Human Leukocyte Antigen, GvHD Graft-versus-Host Disease, HSCT Hematopoietic stem
cell transplantation

Student’s t-test *p < 0.05, Mann–Whitney U-test **p < 0.05, Chi-square test ***p < 0.05.
Descriptive analyses were presented using mean ± standard deviation (X ± SD) and median (min–max) for normally and non-normally distributed variables,
respectively.
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of chemotherapy cycles before HSCT, donor type,
stem cell source, acute and chronic GvHD, corticoster-
oid use before HSCT, albumin-hemoglobin-WBC
levels, pulmonary functions, dyspnea, MIP, MEP and
6-MWT distance (p > 0.05).

Based onmultiple linear regression analysis 42.4% of
the variance in severe fatigue (R2 = 0.424, p < 0.001)
was explained by symptom subscale score of
EORTCQLQ (R2 = 0.226, p < 0.001) and corticosteroid
use after HSCT (R2 = 0.198, p = 0.001).

Table 3. Comparison of pulmonary functions, DLCO, albumin, hemoglobin and WBC levels, dyspnea, exercise capacity, muscle
strength, depression and QOL in severe-fatigued and non-severe-fatigued allo-HSCT recipients.
Characteristics Severe-fatigued group Non-severe-fatigued group Difference between means [95%CI] and medians [U ] p

FEV1 (%) 88.08 ± 24.42 96.88 ± 15.98 8.79 [(−3.02)–(20.61)] 0.141
FVC (%) 92.5 ± 20.69 98.24 ± 13.36 5.74 [(−4.23)–(15.71)] 0.253
FEV1/FVC (%) 82 (54–98) 84 (65–97) 253.5 0.351
PEF (%) 92.79 ± 22.71 94.6 ± 19.58 1.81 [(−10.36)–(13.98)] 0.766
FEF25–75% (%) 73.5 (9−138) 86 (34−129) 221 0.114
DLCO (%) 75.94 ± 16.75 75.59 ± 14.43 −0.35 [(−10.33)–(9.63)] 0.943
Albumin level (g/dL) 4.05 (3.1–4.8) 4.3 (1.6–5.21) 226 0.137
Hemoglobin (g/dL) 12.59 ± 2.47 12.78 ± 2.06 0.19 [(−1.12)–(1.49)] 0.772
WBC (×103/mm3) 6.53 ± 2.81 5.76 ± 2.27 −0.77 [(−2.23)–(0.69)] 0.297
MMRC Dyspnea scale (0−4) 1 (0−3) 0 (0–2) 216 0.070
6-MWT Distance (m) 555 (333–660) 612.6 (468.6–691.8) U = 242, 95%CI = −28.85 [(−78.97)–(21.27)] 0.246
6-MWT Distance (%) 78.64 (50.01–90.57) 78.88 (44.28–92.92) U = 273, 95%CI = −1.35 [(−7.05)–(4.35)] 0.589
MIP (cmH2O) 111.71 ± 29.29 113.56 ± 27.19 1.85 [(−14.39)–(18.09)] 0.820
MIP (%) 117.96 ± 30.6 112.16 ± 27.13 −5.79 [(−22.4)–(10.81)] 0.486
MEP (cmH2O) 128.25 ± 35.84 143.28 ± 32.46 15.03 [(−4.60)–(34.66)] 0.130
MEP (%) 106.37 ± 26.27 106.17 ± 18.94 −0.19 [(−13.32)–(12.92)] 0.976
Quadriceps femoris (N ) 242.82 ± 80.38 299.64 ± 74.27 56.82 [(11.38)–(102.26)] 0.015*
Quadriceps femoris (%) 54.96 ± 15.11 59.59 ± 15.04 4.63 [(−4.24)–(13.5)] 0.299
Shoulder abductors (N ) 136 (68.2–266) 184 (90.2–294) 198 0.041**
Shoulder abductors (%) 66.24 ± 15.86 70.71 ± 17.02 4.48 [(−4.99)–(13.95)] 0.346
Elbow flexors (N ) 173 (92.4–369) 220 (125–374) 158.5 0.005**
Elbow flexors (%) 80.63 ± 17.35 93.59 ± 21.86 12.97 [(1.59)–(24.34)] 0.026*
BDI-II (0–63) 9.5 (2–43) 6 (0–28) 172 0.010**
EORTCQLQ
Global Health Status (0–100) 66.67 ± 21.28 82 ± 16.78 15.33 [(4.34)–(26.32)] 0.007*
Functional Scale (0–100) 80 (66.67–95.56) 91.11 (57.78–100) 140.5 0.001**
Symptom Scale (0–100) 17.95 (0–38.46) 10.26 (2.56–28.21) 124.5 <0.001**

FEV1 Forced expiratory volume in the first second, FVC Forced vital capacity, FEV1/FVC Forced expiratory volume in the first second/forced vital capacity, PEF
Peak expiratory flow, FEF25–25% Forced expiratory flow from 25% to 75%, DLCO Diffusing capacity of the lung for carbon monoxide, WBC White blood cell,
MMRC Modified Medical Research Council, 6-MWT six minute walk test, MIP Maximal inspiratory pressure, MEP Maximal expiratory pressure, BDI-II Beck
Depression Inventory-II, EORTCQLQ European Organization for Research and Treatment of Cancer QOL Questionnaire, CI Confidence interval.

Student’s t-test *p < 0.05, Mann–Whitney U-test **p < 0.05,
Descriptive analyses were presented using mean ± standard deviation (X ± SD) and median (min–max) for normally and non-normally distributed variables,
respectively.

Figure 2. Comparison of muscle strength (N ) in recipients.
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Discussion

The present study demonstrates for the first time in the
literature that upper and lower extremity muscle
strength, depression and QOL are more impaired, exer-
cise capacity is clinically (−28.85 m, 95%CI = −78.97 to
21.27) decreased in allogeneic-HSCT recipients with

severe fatigue. On the other hand, dyspnea perception,
pulmonary functions, respiratory muscle strength and
albumin-hemoglobin-WBC levels do not alter accord-
ing to fatigue severity in survived HSCT recipients. As
predicted, poorer QOL and corticosteroid use after
HSCT are predictors of severe fatigue. The presence

Figure 3. Comparison of muscle strength (%) in recipients.

Figure 4. Comparison of BDI-II and QOL scores in recipients.
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of received myeloablative conditioning regimen, corti-
costeroid use after HSCT and also longer disease dur-
ation afflict severity of fatigue in HSCT recipients
during the late post-engraftment period.

Both restrictive and obstructive pulmonary func-
tion abnormalities are prevalent in almost one-fifth
of recipients during the post-transplantation process
[27]. Severe-fatigued and non-severe-fatigued recipi-
ents had similar dynamic lung volumes and pulmon-
ary diffusion capacity in the current study. In
addition obstructive and restrictive type pulmonary
abnormalities also existed in a minority of our recipi-
ents. No relationship between pulmonary functions
and level of severe fatigue perception was present,
either. In contrast to our study, Breukink et al. demon-
strated that two physical dimensions of fatigue
(reduced activity and reduced motivation) are
related to only FEV1, but its other dimensions
(general, physical and mental fatigue) are not
related to any other dynamic pulmonary parameters
in COPD patients [28]. In the present study, pulmonary
function impairments were not common problem in
allogeneic-HSCT recipients in contrast to COPD
patients, since it is a lung disease. Large airway
obstruction, inactivity and fatigue may be a destruc-
tive cycle for COPD patients [28]. Further studies
investigating effects of abnormal pulmonary func-
tions on fatigue in recipients are needed.

Both groups had similar albumin, hemoglobin and
WBC levels, also no relation between selected blood
parameters and severe fatigue was demonstrated in
the present study. In addition, all our recipients were
normal-over weighted according to body mass index

values. That is, severe fatigue occurred independently
from albumin, hemoglobin and WBC levels in allo-
geneic-HSCT recipients. A study conducted with
various cancer patients showed that hypoalbuminae-
mia and higher C-reactive protein level which are
responsible for systemic inflammation and amount of
lean tissue are associated with higher mortality rates
[29]. It is known that the presence of fatigue seen
with eating disorders, weakness, lack of energy and
weight loss – physical dimensions of fatigue – often
appear together [30]. In contrast to our findings, it is
stated that hemoglobin and WBC levels are also hema-
tologic indicators/causative elements of cancer-related
fatigue [31]. However, majority of our recipients’
albumin (93.9%), hemoglobin (57.1%) and WBC
(73.5%) values were in normal ranges. These similarities
between groups may be due to blood levels in normal
ranges that our recipients have.

Dyspnea perception during these activities was
similar in groups, besides dyspnea was not related
with severe fatigue in the present study. In contrast
to our study, Breukink et al. suggested that dyspnea
perception during symptom-limited exercise test in
COPD patients is substantially related to reduced
motivation [28], a subscale dimension of Fatigue
Index-20 which is used in cancer patients [32].
Whereas nearly half of allogeneic-HSCT recipients had
dyspnea complaint, its severity was not affected from
severe fatigue in the current study. In other words,
severe dyspnea may not be a main complaint for
severe-fatigued allogeneic-HSCT recipients, unlike
COPD patients. Consistent with our outcome, Seo
et al. [31] stated that dyspnea is not one of physical

Table 4. Comparison of 6-MWT values in severe-fatigued and non-severe-fatigued allo-HSCT recipients.

Characteristics

Before 6-MWT After 6-MWT Δ 6-MWT

Severe-
Fatigued
Group

Non-Severe-
Fatigued Group p

Severe-
Fatigued Group

Non-Severe-
Fatigued Group p

Severe-
Fatigued
Group

Non-Severe-
Fatigued Group p

Heart rate (beats/
min)

89.21 ± 15.08 87.16 ± 11.66 0.596 143.79 ± 21.68 143.04 ± 21.35 0.903 54.58 ± 15.49 55.88 ± 16.85 0.781

Systolic blood
pressure
(mmHg)

115.83 ± 12.8 113 ± 16.42 0.505 135.46 ± 23.84 134.6 ± 22.45 0.897 20 ((−5)–(66)) 20 (0–70) 0.674

Diastolic blood
pressure
(mmHg)

74.38 ± 10.25 73.44 ± 9.22 0.738 72 ± 16.92 69.8 ± 14.29 0.625 −2.38 ± 14.22 −3.64 ± 13.51 0.751

Oxygen
saturation (%)

96 (93–98) 97 (93–98) 0.670 96.5 (81–99) 96 (91–99) 0.590 0 ((−15)–(2)) 0 ((−5)–(3)) 0.394

Respiratory rate
(breath/min)

20.33 ± 2.62 20.48 ± 2.9 0.854 32 (24–44) 28 (20–36) 0.298 8 (0–24) 8 (−4)–(16) 0.378

Dyspnea
perception
(MBS, 0–10)

0 (0–1) 0 (0–0) 0.307 0 (0–5) 0.5 (0–5) 0.812 0 (0–5) 0.5 (0–5) 0.846

Fatigue
perception
(MBS, 0–10)

0 (0–3) 0 (0–1) 0.342 2 (0–4) 1 (0–5) 0.138 1.5 (0–4) 1 (0–5) 0.415

Leg fatigue
perception
(MBS, 0–10)

0 (0–2) 0 (0–0) 0.307 1 (0–3) 0 (0–7) 0.450 1 (0–3) 0 (0–7) 0.548

6-MWT six minute walk test, MBS Modified Borg Scale, Δ difference between after and before 6-MWT measurements
Student’s t-test *p < 0.05, Mann–Whitney U-test **p < 0.05,
Descriptive analyses were presented using mean ± standard deviation (X ± SD) and median (min–max) for normally and non-normally distributed variables,
respectively.
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factors (pain, nausea, vomiting) of cancer-related
fatigue. We used subjective methods to evaluate
dyspnea in recipients. However, there is a golden stan-
dard method to evaluate reasons and contact of
fatigue and dyspnea which is cardiopulmonary exercise
testing. Reduced peak oxygen uptake in cancer outpa-
tients with clinically important unexplained dyspnea
was previously shown [33]. Therefore, oxygen uptake
should be measured to determine connection
between severe fatigue and dyspnea in further studies.

It was previously reported that inspiratory muscle
weakness exists by 52% of all allogeneic-HSCT recipi-
ents [34]. In the current study, respiratory muscle
strength was similar in both groups besides it was
not related to severe fatigue. Additionally, inspiratory
muscle weakness was present by 12.2% of all allo-
geneic-HSCT recipients. Presence of respiratory
muscle weakness was lower in our recipients compared
to 52% which was finding of Kovalszki et al. [34]. It was
reported in advance that spirometry and lung volumes
are well preserved nearly two years after HSCT [35].
Therefore respiratory muscle strength may have been
less affected from process of HSCT via well preserved
pulmonary functions. In line with our study, Breukink
et al. displayed that physical and mental fatigues are
not related to respiratory muscle weakness in COPD
patients [28]. In further studies, severe fatigue should
be investigated in allogeneic-HSCT recipients with res-
piratory muscle weakness.

It is previously known that peripheral muscle weak-
ness is present by 75% of allogeneic-HSCT recipients
[34]. Our study is the first to show upper and lower
extremity muscle strength were more decreased in
severe-fatigued allogeneic-HSCT recipients in the
current literature, to our knowledge. Peripheral
muscle weakness existed in almost all of our recipients.
Finally, mean difference of groups for quadriceps
femoris muscle strength (56.82 Nm) was higher than
17.2 Nm and post hoc power to detect differences in
quadriceps femoris muscle strength indicates that our
study had an adequate sample size. Consistently, Breu-
kink et al. displayed that physical and mental fatigue is
substantially related with upper and lower extremity
muscle weakness [28]. In consistent with our study,
studies about the process of HSCT also showed respir-
atory and peripheral muscle weakness, impaired func-
tional exercise capacity, physical inactivity and the
presence of severe fatigue. In addition to these out-
comes, the relationship between decline in these phys-
ical functions using of high corticosteroid dose and
evident fatigue was demonstrated [34,36–38]. Corticos-
teroid use after HSCT is one of two predictors of severe
fatigue in our recipients. Corticosteroid use after HSCT
was higher in severe-fatigued recipients than non-
severe-fatigued recipients and it was also related with
quadriceps femoris muscle strength in the present
study. Moreover, GvHD prophylaxis consisted of

cyclosporine and methotrexate for myeloablative con-
ditioning regimen (high-dose) was higher (79.2%) in
severe-fatigued recipients. Acute GvHD was related
with all muscle strength and exercise capacity as time
elapsed from diagnosis to transplantation was related
to elbow flexor muscle strength in our recipients. It is
known that myeloablative regimen has higher treat-
ment-related mortality but serves better malignant
disease control after HSCT [39]. For these reasons, per-
ipheral muscle strength may be affected by more use
of high dose conditioning regimen and corticosteroids
in severe-fatigued allogeneic-HSCT recipients. Routine
measurement of fatigue and muscle strength should
be taken into account in severe-fatigued recipients.
Cancer-related fatigue is both alleviated and explained
by daily living activities, physical activity, regular exer-
cise and usual activity level [31]. Therefore rehabilita-
tion programs including upper and lower extremity
resistance training exercises, especially eccentric exer-
cises which facilitate mesenchymal stem cell appear-
ance in skeletal muscle [40], should be applied during
all transplantation process [2].

In the current study, exercise capacity was similarly
reduced in both groups besides it was not related to
severe fatigue. However, exercise capacity was clini-
cally decreased in severe-fatigued allogeneic-HSCT
recipients versus non-severe-fatigued (6-MWT distance
mean difference: 28.85 m). Braam et al. showed that
remarkable impairments in maximum oxygen con-
sumption and maximal workload evaluated during
maximal exercise test are evident in severe-fatigued
sarcoidosis patients whose pulmonary functions were
in normal limits [41]. Breukink et al. indicated that
fatigue dimensions are not related with exercise
capacity (maximum workload of exercise test), in con-
sistent with our study [28]. In fact, that study showed
reduced motivation (a dimension of fatigue scale) is
related to Borg dyspnea and fatigue perception at
maximum workloads. Morishita et al. demonstrated
that recipients treated with myeloablative conditioning
regimen have more decreased 6-MWT distance rather
than muscle weakness in short-term after HSCT com-
pared with recipients treated with reduced intensity
conditioning regimen despite physical therapy inter-
ventions during the process [38]. Much as recipients
given high dose corticosteroids immediately after
HSCT to prevent and heal GvHD are related with
massive physical function declines included especially
muscle strength, but not decline in exercise capacity
[38]. As for our results, number of recipients given cor-
ticosteroids after HSCT and treated with myeloablative
conditioning regimen were higher in severe-fatigued
recipients, in line with results of Morishita et al. [38].
Corticosteroid use after HSCT is also one of predictors
of severe fatigue in our study. Consequently submaxi-
mal exercise capacity may be less affected than periph-
eral muscle strength in severe-fatigued allogeneic-
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HSCT recipients. Routine follow-up of exercise capacity
and aerobic exercise interventions for recipients are
substantial from the time of initial diagnosis for hem-
atological malignancy to HSCT process before fatigue
becomes evident.

Depressive symptoms are experienced by 15% of
HSCT recipients whose post-transplantation disease
durations are 1–3 years [42]. In the present study,
totally 32.7% of allogeneic-HSCT, 45.8% of severe-fati-
gued and 20% of non-severe-fatigued recipients had
from mild to severe depression, which was higher
than previously reported [42]. In addition, depressive
symptoms were remarkably higher in severe-fatigued
recipients than others and severe fatigue was related
with depression in the current study. In a newly pub-
lished study, adult HSCT survivors with persistent
fatigue which is more severe than occasional tiredness
of daily living have more anxiety and depression than
healthy controls with occasional tiredness have been
shown [43]. Moreover, survivors have higher interleu-
kin-6 and tumor necrosis factor-α (TNF-α) levels as
well as lower red blood cell and hemoglobin levels
[43]. Significant pathway for severe fatigue via
chronic inflammation may play a significant role in allo-
geneic-HSCT recipients, as well [43]. Therefore this
pathway via chronic inflammation and the impact of
psychosocial support on severe fatigue should be
investigated.

Among HSCT survivors QOL impairments due to
some worries about fertility, future employment
status and having different physical appearance are
unfortunately present [42]. Impaired QOL was one of
the predictors of severe fatigue and severe fatigue
was related with QOL in the present study. In parallel
with our study, Cohen et al. showed that symptom
severity including fatigue, dyspnea, and pain effects
QOL in HSCT recipients [44]. Moreover, recipients
received myeloablative conditioning regimen have
severe symptoms and poorer QOL [44]. Inal-Ince et al.
reported that severe fatigue has larger negative
impact on QOL in COPD patients, consistent with
findings of the present study [45]. As presented in
the study of Cohen et al., a number of recipients
received myeloablative conditioning regimen was
higher in severe-fatigued recipients than others in
our study [44]. Due to adverse early and late effects
of myeloablative conditioning regimen on many
body systems and organs, QOL may be more impaired
in severe-fatigued allogeneic-HSCT recipients [39].
Therefore, it should be alleviated with proper interven-
tions such as inspiratory muscle training [46] and mod-
erate exercise training [47].

Fatigue is a destructive symptom for all allogeneic-
HSCT candidates and recipients. Thus, fatigue severity
of recipients during HSCT process should be evaluated
routinely. Peripheral muscle weakness, depression,
poorer QOL, and functional exercise capacity

impairments are more common among severe-fati-
gued allogeneic-HSCT recipients. In conclusion,
impacts of exercise training and psychosocial support
on severe fatigue should be investigated.

To best investigate factors resulted in severe fatigue,
the cardiopulmonary exercise test is the golden stan-
dard. However, due to technical issues, we could not
perform the cardiopulmonary exercise test which is
the most prominent limitation of this study. Another
important limitation of the study, prior sample size
analysis could not be calculated because of lack of
studies about this topic. However, post hoc power cal-
culation analysis showed relatively higher power with
large effect size. Further studies are needed with
higher number of patients.
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