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Abstract
Purpose: The treatment background, as well as the frequency and type of complications, in autologous
(auto-) and allogeneic (allo-) hematopoietic stem cell transplantation (HSCT) survivors in�uence the
appearance of moderate to vigorous physical activity (MVPA) or sedentary behavior. We aimed to identify
differences in MVPA and sedentary behavior between auto- and allo-HSCT survivors.

Methods: We included 13 auto- and 36 allo-HSCT survivors (≈ 4 years after HSCT). MVPA and sedentary
behavior were assessed using a triaxial accelerometer.

Results: There were no signi�cant between-group differences in MVPA and sedentary behavior (p = 0.768
and 0.739, respectively). In allo-HSCT survivors, MVPA was negatively correlated with the Hospital
Anxiety and Depression Scale score (r = -0.358, p = 0.032). Stepwise multiple regression analysis showed
that age was a signi�cant predictor of sedentary behavior in allo-HSCT survivors (β = 0.400, p = 0.016).

Conclusion: We observed no signi�cant between-group differences in MVPA and sedentary behavior. Our
results suggest that it may be unnecessary to change the rehabilitation program according to the donor
type in interventions for promoting MVPA and reducing sedentary behavior in long-term HSCT survivors.

Introduction
There has been a recent increase in the number of hematopoietic stem cell transplantations (HSCT) in
Japan [1]. Additionally, there have been improvements in conditioning, immunosuppressive drugs, and
supportive care for complications, with increased long-term survival [2, 3]. However, there is a high risk of
mortality from late complications during the 5 years after HSCT. The causes of late non-relapse mortality
2 years after HSCT include infectious diseases, respiratory complications, secondary malignancies, and
organ disorders [4]. Late complications may reduce the quality of life (QOL) in survivors after HSCT. For
cancer survivors other than HSCT survivors, there has been an annual increase in the relative 5-year
survival rate due to advances in early detection and treatment of diseases, with a concomitant increase in
the number of patients returning to society. A Japanese study that conducted a follow-up of cases
between 2009 and 2011 reported a relative 5-year survival rate of ≥ 60% for both men and women [5].
Given the increasing number of cancer survivors, there has been extensive research on physical activity,
including moderate to vigorous physical activity (MVPA) and sedentary behavior, in cancer survivors.
Previous studies on cancer survivors, including survivors of breast and colorectal cancer, have reported
correlations of MVPA with overall survival (OS), QOL, and treatment-related adverse effects [6–8].
Furthermore, among cancer survivors, increased sedentary behavior is associated with an increased risk
of mortality [9], the development of ischemic heart disease [10], and decreased QOL [11]. Sedentary
behavior is de�ned as waking behavior characterized by an energy expenditure of ≤ 1.5 metabolic
equivalents (METs) while in a sitting or reclining posture [12]. Studies in cancer survivors have examined
the correlates of MVPA and sedentary behavior assessed using an accelerometer, which can objectively
measure physical activity; however, few studies have objectively measured physical activity in HSCT
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survivors. Several studies have investigated physical activity using questionnaires [13–15]; however,
measurement errors are likely to occur in this self-report method [16–18]. No studies have compared
MVPA and sedentary behavior between autologous (auto-) and allogeneic (allo-) HSCT survivors.
Differences in treatment background, as well as the frequency and type of complications, between auto-
and allo-HSCT survivors may result in differences in MVPA and sedentary behavior. This study aimed to
identify differences in MVPA and sedentary behavior between auto- and allo-HSCT survivors.

Methods

Study design
This prospective observational study investigated whether there were differences in MVPA and sedentary
behavior between auto- and allo-HSCT survivors. Additionally, we investigated the associations of MVAP
and sedentary behavior with demographic and clinical characteristics, physical function, psychological
health, and QOL.

Participants
We included patients who underwent auto- or allo-HSCT (aged ≥ 18 years) at the Hamamatsu Medical
Center in Japan, visited an outpatient department of hematology from March 2019 to March 2020, and
were cognitively capable of handling accelerometers. We excluded patients who relapsed after HSCT or
those who received treatment for recurring cancer. This study was approved by the Hamamatsu Medical
Center Institutional Committee on Human Research. All the participants provided written informed
consent before the study. We collected the following information from the patients’ medical records: age,
sex height, body weight, body mass index, hematological diagnosis, stem cell source, donor type,
conditioning, comorbidity, time elapsed after HSCT, acute and chronic graft-versus-host disease (GVHD),
presence of comorbidity, and corticosteroid dose. Additionally, the survivors self-reported their
employment status, marital status, educational background, and smoking status.

Measurements

MVPA and sedentary behavior
We assessed MVPA and sedentary behavior using a triaxial accelerometer (HJA-750C, Active style Pro,
Omron Healthcare, Kyoto, Japan). The reliability and validity of the accelerometer have been previously
con�rmed [19]. We investigated MVPA (≥ 3 METs) and sedentary behavior (≤ 1.5 METs); further, we
calculated daily MVPA and sedentary behavior. The patients were instructed to wear the accelerometer on
an elastic waistband for 7 consecutive days from their waking time in the morning to bedtime at night,
with the accelerometer being removed during bathing. We used data on days when the accelerometer was
worn for ≥ 10 h for ≥ 4 days. Non-wear time was de�ned as an interval of ≥ 60 consecutive minutes of
zero counts [20]. We performed MET-based classi�cation of physical activity using the manufacturer-
provided software (HMS-HJA-IC01J; Omron Healthcare).
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Physical Function
We used handgrip strength (kg) as an index of upper limb strength, which was evaluated using a
standard adjustable-handle dynamometer (TKK5101; Takei Scienti�c Instruments Co. Ltd., Niigata,
Japan). Measurements were conducted twice using both hands, with the highest value being selected for
analysis. Knee extensor muscle strength (kg/ kgwt) was measured as an index of lower limb strength
using handheld dynamometers (HHD; mobile MT-100; SAKAImed Co. Ltd., Tokyo, Japan). All sessions
used the same HHD equipped with a stabilizing belt to facilitate resistance application by the tester. We
examined the knee extension force with the patients sitting with their knee �exed to approximately 60°.
We used a dynamometer to the anterior surface of the tibia proximal to the malleoli. We recorded the
maximum force developed during a 10 s static effort. Triplicate measurements were bilaterally recorded,
with the highest value being used for analysis. Exercise capacity was evaluated using the six-minute
walking test (6 MWT) following the guidelines of the American Thoracic Society [21]. Speci�cally,
patients walked at their own pace along a 20-m corridor for 6 min, with the distance traveled (in meters)
during this period being measured.

QOL

The QOL was assessed using the European Organization for Research and Treatment of Cancer Quality
of Life Questionnaire Core-30 (EORTC QLQ C-30) version 3.0. This self-administered questionnaire
incorporated �ve functional scales, nine symptom scales, and global health status. All item scores were
transformed into values from 0 to 100. The values were positively correlated with the functional and
health levels in functional scales, quality of life in the global health status, and presence of symptoms in
the symptom scales. The EORTC QLQ is valid and reliable for patients with cancer worldwide [22];
moreover, the reliability and validity of the Japanese-translated questionnaire have been con�rmed [23].

Psychological Health
Psychological health was assessed using the Hospital Anxiety and Depression Scale (HADS), which
assesses the frequency of depressive status (7 items) and anxiety (7 items) over the past week from 0
(not at all) to 3 (most of the time). Positively worded items were reverse-scored. A higher score indicated
greater symptomology. The Japanese version of the HADS has been previously validated [24].

Statistical analysis
The Shapiro-Wilk test was used to evaluate the data distribution. Between-group comparisons of
continuous variables were assessed using unpaired t-tests and Mann-Whitney U tests. Between-group
comparisons of categorical variables were assessed using Chi-squared tests. We calculated Pearson’s
product-moment correlation coe�cients and Spearman’s rank correlation coe�cients to evaluate the
relationships of MVPA and sedentary behavior with demographic and clinical characteristics. To identify
variables independently associated with MVPA and sedentary behavior in the included patients, we



Page 5/18

performed a stepwise multiple regression analysis. Factors correlated with MVPA and sedentary behavior
were considered to be predictors of MVPA and sedentary behavior in auto- and allo-HSCT survivors.
Statistical analyses were performed using SPSS 24.0 J (SPSS Japan, Tokyo, Japan). Statistical
signi�cance was set at P ≤ 0.05.

Results

Participants
We screened 50 allo- and 16 auto-HSCT survivors (Fig. 1). Among them, 14 allo- and 3 auto-HSCT
survivors dropped out of the study, with the reasons for dropping out being noted. Finally, we included
and compared 36 allo- and 13 auto-HSCT patients. Table 1 shows the sample demographic and clinical
characteristics. For allo- and auto-HSCT survivors, the mean ages were 49.4 and 54.8 years, respectively;
moreover, 41.7% and 61.5% of the participants were men, respectively. The hematological diagnoses
included acute leukemia (55.5%), myelodysplastic syndrome (25.0%), malignant lymphoma (5.6%),
chronic myelogenous leukemia (2.8%), myelo�brosis (2.8%), Epstein-Barr virus-associated
hemophagocytic syndrome (2.8%), aplastic anemia (2.8%), and myeloid sarcoma (2.8%). Among auto-
HSCT survivors, there were seven and six patients had multiple myeloma and malignant lymphoma,
respectively. In allo- and auto-HSCT survivors, the mean time elapsed after HSCT was 49.5 (4.1 years)
and 43.0 (3.6 years) months, respectively. The proportion of comorbidities, including late complications,
was 41.7% and 38.5% in allo- and auto-HSCT survivors, respectively. Moreover, 15 (41.7%) and 8 (22.2%)
patients had a history of and current chronic GVHD, respectively. There were no signi�cant between-group
differences in demographic and clinical characteristics.
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Table 1
Demographic and clinical characteristics of auto- and allo-HSCT survivors

  allo-HSCT (n = 36) auto-HSCT (n = 13) p

  Mean (SD)  

Age, years 49.4 (12.8) 54.8 (11.5) 0.197

Female/male, n (%) 21 (58.7%) / 15 (41.7%) 5 (38.5%) / 8 (61.5%) 0.218

Height, cm 161.4 (7.3) 163.0 (9.4) 0.532

Body weight, kg 56.1 (10.3) 63.2 (15.2) 0.054

Body mass index, kg/m2 21.6 (3.8) 23.4 (3.9) 0.077

  Median (range)  

Time elapsed from HSCT 49.5 (8–199) 43 (1–121) 0.150

  n (%)  

Diagnosis  

Acute leukemia 20 (55.5%) 0  

Myelodysplastic syndrome 9 (25.0%) 0  

Multiple myeloma 0 7 (53.8%)  

Malignant lymphoma 2 (5.6%) 6 (46.2%)  

Chronic myelogenous leukemia 1(2.8%) 0  

Myelo�brosis 1(2.8%) 0  

EBV-AHS 1(2.8%) 0  

Aplastic anemia 1(2.8%) 0  

Myeloid sarcoma 1(2.8%) 0  

Comorbidity, n (%)     0.84

None 21 (58.3%) 8 (61.5%)  

Yes 15 (41.7%) 5 (38.5%)  

Employment status, n (%)     0.840

Not working 15 (41.7%) 5 (38.5%)  

HSCT, hematopoietic stem cell transplantation; SD, standard deviation; EBV-AHS, Epstein-Barr virus-
associated hemophagocytic syndrome; NA, not applicable; HLA, human leukocyte antigen; GVHD,
graft versus host disease
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  allo-HSCT (n = 36) auto-HSCT (n = 13) p

Employed 21 (58.3%) 8 (61.5%)  

Marital status, n (%)     0.297

Not married 12 (33.3%) 2 (15.4%)  

Married 24 (66.7%) 11 (84.6%)  

Education, n (%)     1.00

Junior high school 2 (5.6%) 1 (7.7%)  

High school 15 (41.7%) 5 (38.5%)  

Technical school 7 (19.4%) 3 (23.1%)  

Junior college 4 (11.1%) 1 (7.7%)  

University/college 8 (22.2%) 3 (23.1%)  

Smoking status, n (%)     0.716

Non-smoking 33 (91.7%) 12 (92.3%)  

Current 3 (8.3%) 1 (7.7%)  

Stem cell source, n (%)      

Bone marrow 23 (63.9%) NA  

Cord blood 9 (25.0%) NA  

Peripheral blood stem cell 4 (11.1%) 13 (100%)  

Donor type, n (%)   NA  

HLA-mismatched/unrelated 13 (36.1%)    

HLA-matched/related 11 (30.6%)    

HLA-matched/unrelated 10 (27.8%)    

HLA-mismatched/related 1 (2.8%)    

Conditioning, n (%)   NA  

Myeloablative 28 (77.8%)    

Reduced intensity 7 (19.4%)    

Unknown 1 (2.8%)    

HSCT, hematopoietic stem cell transplantation; SD, standard deviation; EBV-AHS, Epstein-Barr virus-
associated hemophagocytic syndrome; NA, not applicable; HLA, human leukocyte antigen; GVHD,
graft versus host disease
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  allo-HSCT (n = 36) auto-HSCT (n = 13) p

Steroid dose at survey, (n %)   NA  

Yes 8 (22.2%)    

No 28 (77.8%)    

History of aGVHD, n (%)   NA  

Yes 26 (72.2%)    

No 10 (27.8%)    

cGVHD at survey, n (%)   NA  

Yes 8 (22.2%)    

No 28 (77.8%)    

History of cGVHD, n (%)      

Yes 15 (41.7%)    

No 21 (58.3%)    

HSCT, hematopoietic stem cell transplantation; SD, standard deviation; EBV-AHS, Epstein-Barr virus-
associated hemophagocytic syndrome; NA, not applicable; HLA, human leukocyte antigen; GVHD,
graft versus host disease

Between-group comparisons of MVPA, sedentary behavior, physical function, psychological health, and
QOL

Table 2 shows the between-group comparison of MVPA, sedentary behavior, physical function,
psychological health, and QOL. There were no signi�cant between-group differences in MVPA and
sedentary behavior (p = 0.768 and 0.739, respectively). The mean duration of accelerometer wear time in
allo- and auto-HSCT survivors was 903.2 and 870.8 min/day, respectively. Allo-HSCT survivors had 539.1
min of sedentary behavior per day (9.0 h; standard deviation [SD] = 106.9 min) and performed 40.4 min of
MVPA per day (SD = 32.8 min). Contrastingly, auto-HSCT survivors had 526.7 min of sedentary behavior
per day (8.8 h; SD = 123.0 min) and performed 34.9 min of MVPA per day. There was a signi�cant
between-group difference in dyspnea, which is the symptom scale of the EORTC QLQ C-30 (p = 0.011).
There were no signi�cant between-group differences in the other measurements.
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Table 2
Between-group comparison of MVPA, sedentary behavior, physical function, psychological health, and

QOL

  Allo-HSCT Auto-HSCT  

Variables Mean (SD) p

Accelerometer wear time, minutes/day 903.2 ± 79.5 870.8 ± 97.7 0.254

MVPA, minutes/day 40.4 (32.8) 34.9 (26.5) 0.768

Sedentary behavior, minutes/day 539.1 (106.9) 526.7 (123.0) 0.739

Handgrip, kg 29.7 (9.5) 33.0 (8.9) 0.262

Knee extension force, kgf/kgw 0.53 (0.16) 0.58 (0.18) 0.460

6MWT, m 481.7 (60.7) 457.9 (73.4) 0.270

HADS      

Anxiety 3.2 (2.9) 3.9 (3.6) 0.521

Depression 4.3 (3.0) 5 (2.2) 0.264

EORTC QLQ C-30      

Global health status 78.9 (15.7) 69.1 (20.3) 0.208

Physical function 87.8 (14.5) 86.2 (12.5) 0.473

Role function 88.5 (22.4) 88.5 (17.7) 0.798

Emotional function 90.6 (13.1) 90.6 (11.4) 0.718

Cognitive function 82.9 (19.7) 85.8 (8.9) 0.838

Social function 87.2 (24.1) 89.7 (19.2) 0.977

Fatigue 27.7 (19.7) 27.8 (21.3) 0.898

Nausea/vomiting 2.8 (7.4) 0 0.161

Pain 15.3 (20.1) 16.6 (27.7) 0.738

Dyspnea 7.4 (19.4) 20.4 (20.8) 0.011*

Insomnia 14.7 (21.3) 10.2 (15.2) 0.571

Appetite loss 12.0 (19.5) 12.8 ± 20.8 0.955

MVPA, moderate-to-vigorous intensity physical activity; 6 MWT, six minutes walking test; HADS,
Hospital Anxiety and Depression Scale; EORTC QLQ C-30, European Organization for Research and
Treatment of Cancer Quality of Life Questionnaire Core-30

*p < 0.05
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  Allo-HSCT Auto-HSCT  

Constipation 10.1 (17.2) 23 ± 30.3 0.164

Diarrhea 13.8 (21.2) 10.2 ± 15.2 0.692

Financial di�culties 19.4 (31.8) 12.7 ± 16.1 0.936

MVPA, moderate-to-vigorous intensity physical activity; 6 MWT, six minutes walking test; HADS,
Hospital Anxiety and Depression Scale; EORTC QLQ C-30, European Organization for Research and
Treatment of Cancer Quality of Life Questionnaire Core-30

*p < 0.05
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Table 3
Associations of MVAP and sedentary behavior with demographic and clinical characteristics, physical

function, psychological health, and QOL in allo-HSCT survivors.

  MVPA sedentary behavior

Variables correlation coe�cient (r) p correlation coe�cient (r) p

Age -0.194 0.099 0.400 0.016*

Height -0.110 0.353 0.268 0.114

Body weight -0.018 0.881 0.231 0.175

BMI 0.035 0.764 0.212 0.214

Highest education level -0.047 0.733 0.084 0.626

Comorbidity -0.051 0.707 0.211 0.217

Time elapsed from HSCT 0.166 0.156 -0.160 0.352

Handgrip 0.025 0.827 0.205 0.230

Knee extension force 0.035 0.764 0.269 0.112

6MWT 0.013 0.913 -0.16 0.927

HADS (anxiety) 0.084 0.490 -0.408 0.014*

HADS (depression) -0.358 0.032* 0.071 0.680

EORTC QLQ-C30        

Global health status 0.053 0.667 0.075 0.665

Physical function 0.079 0.529 0.055 0.749

Role function 0.042 0.755 -0.171 0.319

Emotional function -0.057 0.661 0.356 0.033

Cognitive function 0.079 0.544 0.110 0.521

Social function -0.021 0.876 -0.106 0.539

Fatigue -0.062 0.621 -0.301 0.075

Nausea/vomiting 0.022 0.873 -0.173 0.314

MVPA, moderate-to-vigorous intensity physical activity; BMI, body mass index; HSCT, hematopoietic
stem cell transplantation; 6 MWT, six minutes walking test; HADS, Hospital Anxiety and Depression
Scale; EORTC QLQ C-30, European Organization for Research and Treatment of Cancer Quality of Life
Questionnaire Core-30

*p < 0.05
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  MVPA sedentary behavior

Pain -0.066 0.615 0.018 0.919

Dyspnea 0.059 0.672 0.278 0.100

Insomnia 0.040 0.772 -0.277 0.102

Appetite loss -0.226 0.099 0.327 0.052

Constipation -0.112 0.419 0.025 0.886

Diarrhea -0.177 0.202 0.165 0.355

Financial di�culties -0.037 0.781 0.148 0.388

MVPA, moderate-to-vigorous intensity physical activity; BMI, body mass index; HSCT, hematopoietic
stem cell transplantation; 6 MWT, six minutes walking test; HADS, Hospital Anxiety and Depression
Scale; EORTC QLQ C-30, European Organization for Research and Treatment of Cancer Quality of Life
Questionnaire Core-30

*p < 0.05

Associations of MVAP and sedentary behavior with demographic and clinical characteristics, physical
function, psychological health, and QOL among auto- and allo-HSCT survivors

Table 2 shows the associations of MVAP and sedentary behavior with demographic and clinical
characteristics, physical function, psychological health, and QOL in allo-HSCT survivors. There was a
negative correlation between MVPA and HADS (depression) in allo-HSCT survivors (r = -0.358, p = 0.032).
Similarly, there was a negative correlation of sedentary behavior with HADS (anxiety) (r = -0.408, p = 
0.014), age (r = 0.400, p = 0.016), and EORTC QLQ-C30 (emotion) (r = 0.356, p = 0.033) in allo-HSCT
survivors. Contrastingly, MVPA and sedentary behavior were not associated with demographic and
clinical characteristics as well as measurements in auto-HSCT survivors (results not shown). Stepwise
multiple regression analysis revealed that age was a signi�cant predictor of sedentary behavior (β = 
0.400, p = 0.016, Table 4).

Table 4
Stepwise multiple regression analysis of predictive factors for sedentary

behavior in allo-HSCT survivors
Variables β 95%CI p

Age 0.400 0.673–6.023 0.016*

HADS (anxiety) -0.311 -22.828-0.201 0.054

CI, con�dence interval; HADS, Hospital Anxiety and Depression Scale,

*p < 0.05
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Discussion
This is the �rst study to compare objectively measured MVPA and sedentary behavior among auto- and
allo-HSCT survivors. We observed no signi�cant between-group differences in MVPA and sedentary
behavior. Additionally, we found that depression and age were associated with MVPA and sedentary
behavior, respectively, in allo-HSCT survivors. The lack of a between-group difference in MVPA and
sedentary behavior could be attributed to the low prevalence of chronic GVHD among allo-HSCT
survivors, as well as the lack of a between-group difference in the prevalence of complications. The
cumulative incidence of chronic GVHD among allo-HSCT survivors was reported to be 47% [25];
additionally, the incidence of chronic GVHD at 2 years after allo-HSCT in Japan is 37% [26]. Furthermore,
HSCT survivors with chronic GVHD have lower physical and social functioning than those without
chronic GVHD [27]. Consistent with previous �ndings, physical function could decrease due to the effects
of chronic GVHD and late complications, with an increase and decrease in sedentary behavior and MVPA,
respectively. The incidence of chronic GVHD was 41.7%, which was consistent with previous �ndings;
however, there was a low prevalence during the survey. In our study, the mean time elapsed after HSCT
was approximately 4 years; moreover, the population was considered to have a low risk of developing
chronic GVHD. Contrastingly, a previous study found that HSCT survivors with three or more late
complications had reduced physical function, restricted daily activities, and decreased full-time
employment compared with HSCT survivors without late complications [28]. The cumulative incidence of
late complications without malignancies at 5 years after HSCT was 44.8% and 79% among auto- and
allo-HSCT patients, respectively [28]. A previous study on chronic health disorders in survivors about 7
years after HSCT reported that the proportion of survivors with health disorders was 71% and 61% after
allo-HSCT and auto-HSCT, respectively. Moreover, allo-HSCT survivors had a signi�cantly higher rate of
health problems than auto-HSCT survivors [29]. In our study, the proportion of complications, including
late complications, was 38.5% and 41.7% among auto- and allo-HSCT survivors, respectively, with no
signi�cant between-group difference in the proportion of comorbidities.

We observed a negative correlation between MVPA and depression in allo-HSCT survivors. Similarly,
previous studies on breast and colorectal cancer survivors reported a negative correlation between MVPA
and depression [30, 31]. Additionally, approximately 15% of auto- and allo-HSCT survivors have moderate-
to-severe depression [32]. Depression is associated with the severity of chronic GVHD in allo-HSCT
survivors [33]. Therefore, it is important to examine for depression in the long-term follow-up of HSCT
survivors. Depression should be considered when applying interventions for promoting MVPA in HSCT
survivors who have returned to daily activities and work. Age was signi�cantly associated with sedentary
behavior in allo-HSCT survivors. Previous studies on cancer survivors have reported a positive correlation
between age and sedentary behavior [34, 35]. Similarly, a previous study on healthy adults reported that
sedentary behavior tended to increase with age [36]. This suggests that age should be considered when
developing effective interventions for reducing sedentary behavior.

This study has several limitations. First, the sample size was small; speci�cally, there was a small
number of auto-HSCT survivors. The small number of auto-HSCT survivors could be attributed to some
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auto-HSCT survivors being classi�ed as recurrent or intractable cases. Second, there was a large variation
in the time elapsed after HSCT. This is because this was a cross-sectional study and there was no
opportunity for outpatient visits during this study period given the decreased frequency of outpatient
visits upon stabilization of medical conditions after a long period following HSCT. Third, although we
used the accelerometer to objectively measure physical activity, it cannot detect non-walking physical
activity (e.g., swimming and cycling), which may have affected the results. However, in Japan, where
medical fees are not granted for outpatient rehabilitation after HSCT, our �ndings may facilitate the
introduction of outpatient rehabilitation after HSCT.

In conclusion, we observed no signi�cant between-group differences in MVPA and sedentary behavior.
Our results suggest that it may be unnecessary to change the rehabilitation program according to the
donor type in interventions for promoting MVPA and reducing sedentary behavior in long-term survivors
of HSCT.

Declarations
Funding: Not applicable

Competing interest: The authors declare that they have no con�icts of interest.

Authors' contributions: TN, the corresponding author, designed the study and prepared the draft of
manuscript. YT, designed the study and revised the draft of the manuscript. JS, revised the draft of the
manuscript. KN recruited the patients, collected clinical data and revised the draft of the manuscript. All
authors read and approved the �nal manuscript.

Ethics approval and Consent to participate: This study was approved by Hamamatsu Medical Center
Institutional Committee on Human Research (approval number, 2019-136). Written informed consent was
obtained from each patient before the study.

Consent to publish: Not applicable
Availability of data and material: All data generated or analysed during this study are included in this
article.
Code availability: Not applicable

References
1. The Japanese Data Center for Hematopoietic Cell Transplantation/The Japan Society for

Hematopoietic Cell Transplantation (2020) Hematopoietic cell transplantation in Japan. Annual
report of nationwide survey 2020. http://www.jdchct.or.jp/data/report/2020/. Accessed 7 Aug 2021

2. Gooley TA, Chien JW, Pergam SA, Hingorani S, Sorror ML, Boeckh M, Martin PJ, Sandmaier BM, Marr
KA, Appelbaum FR, Storb R, McDonald GB (2010) Reduced mortality after allogeneic hematopoietic-



Page 15/18

cell transplantation. N Engl J Med 363(22):2091–2101. http:// doi: 10.1056/NEJMoa1004383.,
https://doi.org/10.1056/NEJMoa1004383

3. Yoshimi A, Suzuki R, Atsuta Y, Iida M, Lu DP, Tong W, Ghavamzadeh A, Alimoghaddam K, Lie AK,
Liang R, Chan LL, Haipeng L, Tan PL, Hwang WY, Chiou TJ, Chen PM, Van Binh T, Minh NN, Min CK,
Hwang TJ, Kodera Y, Asia-Paci�c Blood and Marrow Transplantation Group (APBMT) (2010)
Hematopoietic SCT activity in Asia: a report from the Asia-Paci�c Blood and Marrow Transplantation
Group. Bone Marrow Transplant 45(12):1682–1691. http://. doi

4. Atsuta Y, Hirakawa A, Nakasone H, Kurosawa S, Oshima K, Sakai R, Ohashi K, Takahashi S, Mori T,
Ozawa Y, Fukuda T, Kanamori H, Morishima Y, Kato K, Yabe H, Sakamaki H, Taniguchi S, Yamashita
T, Late Effect and Quality of Life Working Group of the Japan Society for Hematopoietic Cell
Transplantation (2016) Late mortality and causes of death among long-term survivors after
allogeneic stem cell transplantation. Biol Blood Marrow Transplant 22(9):1702–1709.
https://doi.org/10.1016/j.bbmt.2016.05.019.. http://doi: 10.1016/j.bbmt.2016.05.019

5. Center for Cancer Control and Information Services, National Cancer Center (2020) Monitoring of
cancer incidence in Japan - survival 2009–2011 report.
https://ganjoho.jp/reg_stat/statistics/dl/index.html#survival. Accessed 7 Aug 2021

�. Lynch BM, Cerin E, Owen N, Hawkes AL, Aitken JF (2008) Prospective relationships of physical
activity with quality of life among colorectal cancer survivors. J Clin Oncol 26(27):4480–4487.
http:// doi: 10.1200/JCO.2007.15.7917., https://doi.org/10.1200/JCO.2007.15.7917

7. Ibrahim EM, Al-Homaidh A (2011) Physical activity and survival after breast cancer diagnosis: meta-
analysis of published studies. Med Oncol 28(3):753–765. http://doi: 10.1007/s12032-010-9536-x

�. Speck RM, Courneya KS, Mâsse LC, Duval S, Schmitz KH (2010) An update of controlled physical
activity trials in cancer survivors: a systematic review and meta-analysis. J Cancer Surviv 4(2):87–
100. http:// doi: 10.1007/s11764-009-0110-5., https://doi.org/10.1007/s11764-009-0110-5

9. Campbell PT, Patel AV, Newton CC, Jacobs EJ, Gapstur SM (2013) Associations of recreational
physical activity and leisure time spent sitting with colorectal cancer survival. J Clin Oncol
31(7):876–885. http:// doi: 10.1200/JCO.2012.45.9735., https://doi.org/10.1200/JCO.2012.45.9735

10. Hawkes AL, Lynch BM, Owen N, Aitken JF (2011) Lifestyle factors associated concurrently and
prospectively with co-morbid cardiovascular disease in a population-based cohort of colorectal
cancer survivors. Eur J Cancer 47(2):267–276. http:// doi: 10.1016/j.ejca.2010.10.002.,
https://doi.org/10.1016/j.ejca.2010.10.002

11. Leger KJ, Baker KS, Cushing-Haugen KL, Flowers MED, Leisenring WM, Martin PJ, Mendoza JA,
Reding KW, Syrjala KL, Lee SJ, Chow EJ (2018) Lifestyle factors and subsequent ischemic heart
disease risk after hematopoietic cell transplantation. Cancer 124(7):1507–1515. http://doi:
10.1002/cncr.31227

12. Sedentary Behaviour Research Network (2012) Letter to the editor: standardized use of the terms
“sedentary” and “sedentary behaviours”. Appl Physiol Nutr Metab 37(3):540–542. http:// doi:
10.1139/h2012-024., https://doi.org/10.1139/h2012-024



Page 16/18

13. Bersvendsen HS, Haugnes HS, Fagerli UM, Fluge Ø, Holte H, Smeland KB, Wilsgaard T, Kiserud CE
(2019) Lifestyle behavior among lymphoma survivors after high-dose therapy with autologous
hematopoietic stem cell transplantation, assessed by patient-reported outcomes. Acta Oncol
58(5):690–699. http://. doi

14. Stenehjem JS, Smeland KB, Murbraech K, Holte H, Kvaløy S, Thorsen L, Arbo I, Jones LW, Aakhus S,
Lund MB, Kiserud CE (2016) Cardiorespiratory �tness in long-term lymphoma survivors after high-
dose chemotherapy with autologous stem cell transplantation. Br J Cancer 115(2):178–187. http://.
doi

15. Ainsworth BE, Caspersen CJ, Matthews CE, Mâsse LC, Baranowski T, Zhu W (2012)
Recommendations to improve the accuracy of estimates of physical activity derived from self report.
J Phys Act Health 9(0 1) Supplement 1:S76–84. http://doi: 10.1123/jpah.9.s1.s76,
https://doi.org/10.1123/jpah.9.s1.s76

1�. Douma JAJ, de Beaufort MB, Kampshoff CS, Persoon S, Vermaire JA, Chinapaw MJ, van Mechelen
W, Nollet F, Kersten MJ, Smit JH, Verdonck-de Leeuw IM, Altenburg TM, Buffart LM (2020) Physical
activity in patients with cancer: self-report versus accelerometer assessments. Support Care Cancer
28(8):3701–3709. http://doi: 10.1007/s00520-019-05203-3

17. Skender S, Ose J, Chang-Claude J, Paskow M, Brühmann B, Siegel EM, Steindorf K, Ulrich CM (2016)
Accelerometry and physical activity questionnaires - a systematic review. BMC Public Health 16:515.
http://. doi

1�. Lynch BM, Cerin E, Owen N, Hawkes AL, Aitken JF (2011) Television viewing time of colorectal cancer
survivors is associated prospectively with quality of life. Cancer Causes Control 22(8):1111–1120.
http:// doi: 10.1007/s10552-011-9786-8., https://doi.org/10.1007/s10552-011-9786-8

19. Ohkawara K, Oshima Y, Hikihara Y, Ishikawa-Takata K, Tabata I, Tanaka S (2011) Real-time
estimation of daily physical activity intensity by a triaxial accelerometer and a gravity-removal
classi�cation algorithm. Br J Nutr 105(11):1681–1691. http://doi: 10.1017/S0007114510005441

20. Matthews CE, Chen KY, Freedson PS, Buchowski MS, Beech BM, Pate RR, Troiano RP (2008) Amount
of time spent in sedentary behaviors in the United States, 2003–2004. Am J Epidemiol 167(7):875–
881. http://. doi

21. ATS Committee on Pro�ciency Standards for Clinical Pulmonary Function Laboratories (2002) ATS
statement: guidelines for the six-minute walk test. Am J Respir Crit Care Med 166(1):111–117. http://
10.1164. ajrccm.166.1.at

22. Aaronson NK, Ahmedzai S, Bergman B, Bullinger M, Cull A, Duez NJ, Filiberti A, Flechtner H,
Fleishman SB, de Haes JC (1993) The European Organization for Research and Treatment of Cancer
QLQ-C30: a quality-of-life instrument for use in international clinical trials in oncology. J Natl Cancer
Inst 85(5):365–376. http://doi: 10.1093/jnci/85.5.365

23. Kobayashi K, Takeda F, Teramukai S, Gotoh I, Sakai H, Yoneda S, Noguchi Y, Ogasawara H, Yoshida K
(1998) A cross-validation of the European Organization for Research and Treatment of Cancer QLQ-



Page 17/18

C30 (EORTC QLQ-C30) for Japanese with lung cancer. Eur J Cancer 34(6):810–815.
https://doi.org/10.1016/s0959-8049(97)00395-x

24. Motegi T, Watanabe Y, Fukui N, Ogawa M, Hashijiri K, Tsuboya R, Sugai T, Egawa J, Araki R, Haino K,
Yamaguchi M, Nishijima K, Enomoto T, Someya T (2020) Depression, anxiety and primiparity are
negatively associated with mother–infant bonding in Japanese mothers. Neuropsychiatr Dis Treat
16(16):3117–3122. http://doi: 10.2147/NDT.S287036

25. Arora M, Cutler CS, Jagasia MH, Pidala J, Chai X, Martin PJ, Flowers ME, Inamoto Y, Chen GL, Wood
WA, Khera N, Palmer J, Duong H, Arai S, Mayer S, Pusic I, Lee SJ (2016) Late acute and chronic graft-
versus-host disease after allogeneic hematopoietic cell transplantation. Biol Blood Marrow
Transplant 22(3):449–455. https://doi.org/10.1016/j.bbmt.2015.10.018.. http://doi:
10.1016/j.bbmt.2015.10.018

2�. Kanda J, Nakasone H, Atsuta Y, Toubai T, Yokoyama H, Fukuda T, Taniguchi S, Ohashi K, Ogawa H,
Eto T, Miyamura K, Morishima Y, Nagamura-Inoue T, Sakamaki H, Murata M (2014) Risk factors and
organ involvement of chronic GVHD in Japan. Bone Marrow Transplant 49(2):228–235. https://doi:
10.1038/bmt.2013.151

27. Mitchell SA, Leidy NK, Mooney KH, Dudley WN, Beck SL, LaStayo PC, Cowen EW, Palit P, Comis LE,
Krumlauf MC, Avila DN, Atlam N, Fowler DH, Pavletic SZ (2010) Determinants of functional
performance in long-term survivors of allogeneic hematopoietic stem cell transplantation with
chronic graft-versus-host disease (cGVHD). Bone Marrow Transplant 45(4):762–769. http://doi:
10.1038/bmt.2009.238

2�. Khera N, Storer B, Flowers ME, Carpenter PA, Inamoto Y, Sandmaier BM, Martin PJ, Lee SJ (2012)
Nonmalignant late effects and compromised functional status in survivors of hematopoietic cell
transplantation. J Clin Oncol 30(1):71–77. http://. doi

29. Sun CL, Francisco L, Kawashima T, Leisenring W, Robison LL, Baker KS, Weisdorf DJ, Forman SJ,
Bhatia S (2010) Prevalence and predictors of chronic health conditions after hematopoietic cell
transplantation: a report from the bone marrow transplant Survivor Study. Blood 116(17):3129–3139
quiz 3377. https://doi.org/10.1182/blood-2009-06-229369.. http://doi: 10.1182/blood-2009-06-
229369

30. Brunet J, O’Loughlin JL, Gunnell KE, Sabiston CM (2018) Physical activity and depressive symptoms
after breast cancer: cross-sectional and longitudinal relationships. Health Psychol 37(1):14–23.
http://. doi

31. van Putten M, Husson O, Mols F, Luyer MDP, van de Poll-Franse LV, Ezendam NPM (2016) Correlates
of physical activity among colorectal cancer survivors: results from the longitudinal population-
based pro�les registry. Support Care Cancer 24(2):573–583. http://doi: 10.1007/s00520-015-2816-4

32. Mosher CE, DuHamel KN, Rini C, Corner G, Lam J, Redd WH (2011) Quality of life concerns and
depression among hematopoietic stem cell transplant survivors. Support Care Cancer 19(9):1357–
1365. http:// doi: 10.1007/s00520-010-0958-y., https://doi.org/10.1007/s00520-010-0958-y



Page 18/18

33. Jim HS, Sutton SK, Jacobsen PB, Martin PJ, Flowers ME, Lee SJ (2016) Risk factors for depression
and fatigue among survivors of hematopoietic cell transplantation. Cancer 122(8):1290–1297.
http://. doi

34. Thraen-Borowski KM, Gennuso KP, Cadmus-Bertram L (2017) Accelerometer-derived physical activity
and sedentary time by cancer type in the United States. PLoS ONE 12(8):e0182554. http:// doi:
10.1371/journal.pone.0182554., https://doi.org/10.1371/journal.pone.0182554

35. Sweegers MG, Boyle T, Vallance JK, Chinapaw MJ, Brug J, Aaronson NK, D’Silva A, Kampshoff CS,
Lynch BM, Nollet F, Phillips SM, Stuiver MM, van Waart H, Wang X, Buffart LM, Altenburg TM (2019)
Which cancer survivors are at risk for a physically inactive and sedentary lifestyle? Results from
pooled accelerometer data of 1447 cancer survivors. Int J Behav Nutr Phys Act 16(1):66. http://doi:
10.1186/s12966-019-0820-7

3�. Healy GN, Clark BK, Winkler EA, Gardiner PA, Brown WJ, Matthews CE (2011) Measurement of adults’
sedentary time in population-based studies. Am J Prev Med 41(2):216–227. http:// doi:
10.1016/j.amepre.2011.05.005., https://doi.org/10.1016/j.amepre.2011.05.005

Figures

Figure 1

Study �ow diagram.


