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Abstract
Background Allogeneic hematopoietic stem cell transplantation is an effective
treatment modality for hematologic malignancies, and malnutrition is a com-
mon complication that exerts a negative impact on prognosis. Previous studies
have demonstrated that muscle mass can reflect patients’nutritional status ear-
lier than serum biochemical parameters such as albumin, while the impact of
pre-transplant muscle mass on early transplant-related complications remains
unclear. Objective To investigate the impact of pre-transplant skeletal muscle
mass on early outcomes of allogeneic hematopoietic stem cell transplantation,
and to provide clinical evidence for implementing nutritional interventions and
improving prognosis. Methods This study employed a prospective cohort study
design, selecting 77 leukemia patients who underwent allogeneic hematopoietic
stem cell transplantation at the Hematology Medical Center of Xinqiao Hos-
pital in Chongqing from January to October 2022 as study subjects. Skeletal
muscle mass was assessed using bioelectrical impedance analysis, and patients
were divided into a normal skeletal muscle mass group (36 cases) and a low
skeletal muscle mass group (41 cases) based on skeletal muscle mass. Baseline
data were collected, including personal information and clinical data. SPSS
23.0 software was used to compare oral mucositis, gastrointestinal symptoms,
infections, and hematopoietic reconstitution time between the two groups dur-
ing the early post-transplant period (within 30 days post-transplant). Results
The incidence rates of diarrhea, nausea/vomiting, and stomach/abdominal pain
showed no statistically significant differences between the normal SMM group
and the low SMM group (P>0.05). The normal SMM group had lower inci-
dence rates of oral mucositis, hypoalbuminemia, overt gastrointestinal bleeding,
and infection compared to the low SMM group (P<0.05). The severity of oral
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mucositis in the normal SMM group was lower than that in the low SMM group
(P<0.001). The neutrophil engraftment time and platelet engraftment time were
both longer in the low SMM group than in the normal SMM group (P<0.01).
Conclusion The incidence of low skeletal muscle mass in pre-transplant patients
is relatively high. Low skeletal muscle mass is associated with the occurrence of
oral mucositis, severity of oral mucositis, occurrence of hypoalbuminemia, overt
gastrointestinal bleeding, infection, and delayed neutrophil and platelet engraft-
ment during the early post-transplant period. Patients should be screened as
early as possible before transplantation, and efforts should be made to actively
improve patients’skeletal muscle mass to enhance early transplant outcomes.
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Abstract
Background: Allogeneic hematopoietic stem cell transplantation (allo-HSCT)
is an effective treatment for hematopoietic malignancies. Malnutrition is a com-
mon complication and negatively affects prognosis. Muscle mass has been shown
to reflect the nutritional status of patients earlier than blood biochemical pa-
rameters such as albumin. However, the influence of pre-transplantation muscle
mass on the complications associated with early transplantation remains un-
clear.
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Objective: To investigate the effect of pre-transplant skeletal muscle mass on
the early outcomes of allo-HSCT and provide a clinical basis for nutritional
interventions and prognosis improvement.

Methods: A prospective cohort study was conducted with 77 leukemia patients
who underwent allo-HSCT at the Medical Center of Hematology, Xinqiao Hos-
pital in Chongqing from January to October 2022. Bioelectrical impedance
analysis was used to assess skeletal muscle mass. Patients were divided into the
normal skeletal muscle mass (normal SMM) group (36 cases) and low skeletal
muscle mass (low SMM) group (41 cases) according to their skeletal muscle mass.
Baseline data, including personal and clinical details, were collected. Early post-
transplant complications (within 30 days post-transplant) such as oral mucositis,
gastrointestinal symptoms, infection, and hematopoietic reconstitution time be-
tween the two groups were compared using SPSS 23.0 software.

Results: There was no statistically significant difference in the incidence of
diarrhea, nausea, vomiting, and abdominal pain/gastritis between the normal
and low SMM groups (P>0.05). The incidence of oral mucositis, hypoalbu-
minemia, overt gastrointestinal bleeding, and infection was lower in the normal
SMM group than in the low SMM group (P<0.05). The severity of oral mucosi-
tis in patients in the normal SMM group was lower than that in the low SMM
group (P<0.001). Neutrophil implantation time and platelet implantation time
were longer in patients in the low SMM group than in the normal SMM group
(P<0.01).

Conclusion: The pre-transplant patients had a high incidence of low skeletal
muscle mass. Low skeletal muscle mass before transplantation correlates with
the occurrence of oral mucositis, hypoalbuminemia, overt gastrointestinal bleed-
ing, and infections, as well as extended neutrophil and platelet engraftment time
in the early transplantation period. Patients should be screened as early as pos-
sible prior to transplantation to boost skeletal muscle mass and improve early
post-transplant outcomes.

Keywords: Hematopoietic stem cell transplantation; Hematologic diseases;
Skeletal muscle mass; Nutritional status; Cohort studies

Introduction
Allogeneic hematopoietic stem cell transplantation (allo-HSCT) is an effective
treatment for hematologic malignancies [1]. However, patients undergoing allo-
HSCT frequently experience malnutrition due to their underlying disease, prior
chemotherapy, and treatment-related toxicities. Pre-transplant malnutrition
is associated with adverse clinical outcomes [2-8], and studies have shown that
muscle mass reflects nutritional status earlier than blood biochemical parameters
such as albumin [9]. The incidence of low skeletal muscle mass (SMM) before
transplantation is as high as 62.8% [10], and existing research has confirmed that
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pre-transplant skeletal muscle mass is associated with survival outcomes includ-
ing non-relapse mortality, overall survival, and chronic graft-versus-host disease
(cGVHD) [11-13]. Furthermore, some early post-transplant complications such
as oral mucositis are related to survival outcomes [14]. Studies have demon-
strated that low skeletal muscle content is closely associated with increased
incidence of surgical complications and adverse reactions to various anti-tumor
treatments in cancer patients [15-17], yet whether pre-transplant skeletal muscle
mass affects early transplant-related complications remains unclear. We hypoth-
esized that low pre-transplant skeletal muscle mass may impact early transplant
outcomes. Therefore, this prospective cohort study used skeletal muscle mass as
the exposure factor to observe its influence on early clinical outcomes, providing
a theoretical basis for early nutritional intervention to improve clinical results.

Methods
Study Design and Subjects

Patients with leukemia who underwent allo-HSCT at the Medical Center of
Hematology, Xinqiao Hospital in Chongqing between January and October
2022 were selected as study subjects. Inclusion criteria were: (1) diagnosis
of leukemia according to established criteria [18-20] and undergoing peripheral
blood hematopoietic stem cell transplantation and/or bone marrow transplan-
tation; (2) age 18-65 years; (3) stable condition with clear consciousness and
ability to cooperate with all measurements. Exclusion criteria were: (1) severe
heart, brain, kidney, or other organ diseases before transplantation; (2) non-first-
time allo-HSCT; (3) presence of metal implants such as stents or pacemakers
that precluded body composition analysis; (4) pre-existing hypoalbuminemia
or diagnosed infection before conditioning. Dropout criteria were: (1) patients
whose condition worsened and could not continue participation, those who died
during transplantation, or those who refused to participate during follow-up; (2)
poor hematopoietic reconstitution during the observation period (within 30 days
post-transplant). This study was approved by the Medical Ethics Committee of
the Second Affiliated Hospital of Army Medical University (approval number:
2022 Research No. 283-01), and all patients provided informed consent.

Sample Size Estimation

Based on the incidence of severe oral mucositis reported in literature [21], with
52.0% in the exposed group and 24.0% in the non-exposed group, and using
𝛼=0.05 and 𝛽=0.2, the sample size was estimated using the cohort study sample
size calculation formula. Considering a 10% dropout rate, 42 cases per group
were required, totaling 84 cases for both groups.

Research Methods

This was a prospective cohort study. A self-designed general information ques-
tionnaire was used to collect baseline data including gender, age, diagnosis, and
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transplant type. Baseline data collection and skeletal muscle mass assessment
were completed one day before conditioning. A symptom observation form was
established to dynamically record symptoms and hematopoietic reconstitution
time daily during the early post-transplant period (within 30 days after trans-
plantation).

1.3.1 Skeletal Muscle Mass Assessment The Inbody S10 device (Biospace,
South Korea) was used for body composition analysis based on bioelectrical
impedance principles. Measurements were performed in a fasting state after pa-
tient admission to the transplant unit but before conditioning. Subjects stood
barefoot on the device and held hand electrodes. After entering patient informa-
tion, body composition analysis results were obtained directly. The standard
range for skeletal muscle mass was 90%-110% of the standard skeletal muscle
content. Patients with skeletal muscle mass below the lower reference limit were
assigned to the low SMM group, while those within the reference range were
assigned to the normal SMM group.

1.3.2 Oral Mucositis Evaluated using the World Health Organization
(WHO) Oral Mucositis Assessment Scale [22]. The grading criteria were as
follows: Grade 0: intact oral mucosa without abnormalities, asymptomatic;
Grade I: 1-2 small ulcers with mild erythema and pain, no impact on eating;
Grade II: 1-2 large ulcers or multiple small ulcers with increased pain, able to
consume semi-liquid foods; Grade III: more than 2 large ulcers with significant
pain, able to consume only liquid diet; Grade IV: more than 2 large ulcers or
extensive confluent ulcers with severe intolerable pain, unable to eat.

1.3.3 Infection Diagnosed according to the Hospital Infection Diagnostic Cri-
teria issued by the Ministry of Health. HSCT patients with obvious infection
foci within 30 days post-transplant, positive blood cultures, positive microbial
examination of other specimens such as urine, sputum, or stool, or diagnosis of
infection through medical examination were considered infected.

1.3.4 Overt Gastrointestinal Bleeding Defined as hematemesis, melena,
or hematochezia [23-24]. The occurrence of overt gastrointestinal bleeding in
transplant patients was observed.

1.3.5 Diarrhea Defined as bowel movements significantly exceeding usual fre-
quency (>3 times/day), with loose stools and increased water content (>85%),
possibly accompanied by mucus, pus, blood, or undigested food [25].

1.3.6 Nausea and Vomiting Nausea is characterized by retching and/or
urgent need to vomit; vomiting is a reflex action of expelling gastric contents
through the mouth. Patients reporting nausea and vomiting symptoms were
diagnosed accordingly.
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1.3.7 Hypoalbuminemia Diagnosed when serum albumin <35 g/L or serum
total protein <60 g/L [26].

1.3.8 Stomach Pain/Abdominal Pain Assessed using the Numeric Pain
Rating Scale (0-10, where 0 represents no pain and $�$1 indicates pain). Pa-
tients reporting pain with confirmation by medical staff of the location in the
stomach/abdomen were diagnosed with stomach pain/abdominal pain.

1.3.9 Hematopoietic Reconstitution Time Complete blood count results
were monitored to assess hematopoietic reconstitution, primarily including neu-
trophil engraftment time and platelet engraftment time. Neutrophil (ANC) en-
graftment was defined as neutrophils exceeding 0.5$×$10^9/L for three consecu-
tive days, with the first day considered as neutrophil engraftment time. Platelet
(PLT) engraftment was defined as platelet count $�20×$10^9/L for seven con-
secutive days without transfusion support, with the first day of sustained PLT
$�20×$10^9/L considered as platelet engraftment time. Poor hematopoietic re-
constitution was defined as ANC or PLT engraftment time exceeding 28 days
after stem cell infusion.

Quality Control

(1) Body composition measurements were performed by designated personnel
using specified dedicated equipment; (2) Oral mucositis and overt gastroin-
testinal bleeding were dynamically observed and recorded by designated
personnel, while neutrophil engraftment time was obtained by researchers
from laboratory results in electronic medical records.

Statistical Analysis

SPSS 23.0 statistical software was used for data analysis. All continuous vari-
ables in this study were non-normally distributed and expressed as median (P25,
P75). Comparisons between groups were performed using the rank-sum test.
Categorical data were analyzed using the �2 test. Comparisons of ordinal data
between groups were performed using the Mann-Whitney U test. P<0.05 was
considered statistically significant.

Results
Baseline Characteristics

The study planned to enroll 84 cases. However, 3 cases had poor hematopoietic
stem cell engraftment during the observation period, 1 patient refused partici-
pation during testing, 1 patient had missing data, and 2 patients had duplicate
entries due to basic information input errors. The final sample size included 77
cases, comprising 41 males and 36 females with a median age of 37 (27, 49) years.
There were no statistically significant differences between the two groups in age,
gender, disease diagnosis, or transplant type (P>0.05), as shown in Table 1 .
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Table 1 Comparison of baseline data between the two groups

Early Transplant-Related Complications

There were no statistically significant differences in the incidence of diarrhea,
nausea/vomiting, or stomach pain/abdominal pain between the normal SMM
and low SMM groups (P>0.05). The incidence of oral mucositis, hypoalbumine-
mia, overt gastrointestinal bleeding, and infection was significantly lower in the
normal SMM group compared to the low SMM group (P<0.05), as shown in
Table 2 . The severity of oral mucositis in the normal SMM group was signifi-
cantly lower than that in the low SMM group (Z=6.461, P<0.001), as shown in
Table 3 .

Table 2 Comparison of early transplant-related complications between
the two groups

Table 3 Comparison of severity of oral mucositis between the two
groups

Hematopoietic Reconstitution Time

Neutrophil engraftment time and platelet engraftment time were significantly
longer in the low SMM group compared to the normal SMM group (P<0.01),
as shown in Table 4 .

Table 4 Comparison of hematopoietic reconstitution between the two
groups

Discussion
Patients with malignant leukemia require multiple courses of chemotherapy to
achieve disease remission before transplantation, and both chemotherapy and
malignant tumors are major contributors to malnutrition. Studies have shown
that early assessment of skeletal muscle mass in allo-HSCT patients can provide
earlier warning for nutritional intervention [9]. Nutritional screening methods
have been reported to predict clinical outcomes [6,27], making pre-transplant
nutritional assessment crucial. Various nutritional screening methods are avail-
able, and skeletal muscle content has been established as an effective indicator
for evaluating malnutrition in cancer patients [28]. Muscle mass reflects nu-
tritional status earlier than blood biochemical parameters such as albumin [9].
Methods for assessing skeletal muscle mass include cross-sectional computed to-
mography (CT) imaging, dual-energy X-ray absorptiometry, and bioelectrical
impedance analysis (BIA). BIA is a mature technique for diagnosing malnutri-
tion that accurately reflects nutritional status with advantages of being simple,
rapid, non-invasive, precise, and reliable, and has been applied in nutritional as-
sessment of patients [4]. This study used BIA to assess pre-transplant skeletal
muscle mass, revealing a 53.25% incidence of low skeletal muscle mass before
transplantation, similar to the 62.8% reported by SHINYA et al. [10]. One
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study reported that the prevalence of sarcopenia in adult populations before
allo-HSCT was as high as 50.6% [29], indicating that the incidence of low mus-
cle mass before transplantation is relatively high. During malnutrition, protein
demand increases significantly, while complications such as infection, gastroin-
testinal reactions, and mucositis reduce or restrict nutrient intake, exacerbating
the risk of malnutrition in transplant patients. Studies have confirmed that
malnutrition can lead to delayed hematopoietic reconstitution [38], and our re-
sults showed prolonged neutrophil and platelet engraftment times in the low
SMM group. This may be because patients in the low SMM group had higher
rates of oral mucositis and overt gastrointestinal bleeding, which limit nutri-
ent intake in HSCT patients, worsening malnutrition and consequently delaying
hematopoietic reconstitution. However, some studies have reported different
findings, suggesting that pre-transplant nutritional parameters are not associ-
ated with hematopoietic reconstitution time [39], possibly due to different nu-
tritional assessment indicators used across studies.

Oral mucositis is a common early post-transplant complication. Our results
showed that the low SMM group had a higher incidence of oral mucositis and
more severe mucositis compared to the normal SMM group, with statistically
significant differences. Jiang et al. [21] reported that low muscle mass is asso-
ciated with the occurrence and severity of gastrointestinal mucositis, consistent
with our findings. Studies have shown that in malnourished patients, protein
is massively depleted, primarily from muscle albumin consumption, leading to
significant muscle loss [30], and our results confirmed a higher incidence of hy-
poalbuminemia in the low SMM group. The higher incidence and severity of oral
mucositis in the low SMM group may be attributed to poorer nutritional status,
as nutritional status correlates with mucositis severity—the worse the nutritional
status, the more severe the mucositis [33]. This study also demonstrated sig-
nificantly higher overt gastrointestinal bleeding in the pre-transplant low SMM
group. Research has identified platelet count <30$×$10^9/L and pre-transplant
gastrointestinal disease or bleeding as important risk factors for gastrointestinal
bleeding after haploidentical transplantation [34]; in our study, all gastrointesti-
nal bleeding occurred during the bone marrow suppression period. The cause
of overt gastrointestinal bleeding in the low SMM group may be toxic injury
to the gastrointestinal mucosa from conditioning chemotherapy, while skeletal
muscle is the main protein component in the body that promotes wound repair
during acute and chronic disease states [35]. Patients with low muscle mass
have low protein content, resulting in slower mucosal repair, which combined
with thrombocytopenia during bone marrow suppression, triggers bleeding.

Furthermore, malnutrition is associated with infection. Nutritional status is
negatively correlated with nosocomial infection—the poorer the nutritional sta-
tus, the higher the risk of nosocomial infection [36]. As skeletal muscle content
is an effective indicator for assessing malnutrition, our finding of higher infec-
tion rates in the low SMM group confirms the relationship between nutrition
and infection. Studies have shown that malnutrition affects the quantity and
function of immune cells and is associated with immunosuppression, leading to
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increased susceptibility to infection [37].

Patients who performed strength exercises and received protein supplementation
showed greater relative increase in muscle strength after surgery compared to
those receiving protein supplementation alone. Pre-transplant strength training
combined with nutritional support can improve muscle mass safely and feasibly
[32].

In summary, this study demonstrates that most patients exhibit low skeletal
muscle mass before transplantation, with a relatively high incidence. Low skele-
tal muscle mass affects the occurrence of oral mucositis, severity of mucositis,
infection, hypoalbuminemia, and overt gastrointestinal bleeding during early
transplantation, and delays neutrophil and platelet engraftment. Low muscle
mass patients should be identified early in the clinical course and receive timely
intervention to improve clinical outcomes and patient quality of life.

This study has several limitations. First, it is a single-center study with a small
sample size, which may limit the generalizability of the findings. Second, the
effects of conditioning regimens and the number of reinfused stem cells were not
evaluated, preventing comprehensive analysis of the impact of skeletal muscle
mass on early transplant outcomes. Therefore, future studies are needed to
clarify the relationship between pre-transplant skeletal muscle mass and early
transplant-related complications.
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