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Background: We aimed to explore the potential association of body composition parameters measured by bioelectrical impedance
analysis (BIA) with the incidence of sarcopenia in patients with acute myeloid leukemia (AML) (non-M3) after chemotherapy.
Patients and Methods: This was a single-center observational study. Sixty-nine patients with newly diagnosed AML underwent
BIA at the time of initial diagnosis and after completion of three chemotherapy sessions. Pre- and post-chemotherapy BIA parameters
were compared. Sarcopenia was defined as low skeletal muscle mass plus low muscle strength according to the Asian Working Group
for Sarcopenia (AWGS). Association of sarcopenia with mid-arm muscle circumference (MAMC) and intracellular water (ICW) was
assessed by multivariate logistic regression.

Results: There was a significant increase in the prevalence of sarcopenia after chemotherapy (39.1% vs 14.5%, P<0.001). Skeletal
muscle mass (SMM), fat-free mass (FFM), and soft lean mass (SLM) showed a significant decrease after chemotherapy (P<0.05).
MAMC, ICW, and total body water (TBW) significantly decreased after chemotherapy (P<0.05). BIA indices including appendicular
skeletal muscle mass (ASM) (+=0.889, P<0.001), ICW (+=0.869, P<0.001), MAMC (r=0.849, P<0.001) showed a positive correlation
with SMI. Moreover, ASM (r=—0.453 P=0.001), ICW (=—0.322, P<0.05), and MAMC (=—0.352, P<0.05) showed a negative
correlation with sarcopenia. On multivariate logistic regression analysis, increased ICW was associated with decreased risk of
sarcopenia [odds ratio (OR): 0.50; 95% confidence interval (CI) 0.30-0.82]. Each additional unit of MAMC after chemotherapy
was associated with 71% lower risk of sarcopenia (OR: 0.29; 95% CI 0.13-0.66).

Conclusion: The incidence of sarcopenia was associated with chemotherapy of patients with AML (non-M3) as reflected by body
composition changes.
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Introduction

Acute myeloid leukemia (AML) is one of the most common forms of leukemia in adults.' In the absence of treatment,
death usually occurs within months of diagnosis secondary to infection or bleeding.> Chemotherapy is the main treatment
modality for AML. However, the side effects of chemotherapy, including body composition disorders, dramatically
decrease the quality of life and lead to poor prognosis.® Therefore, prevention and early detection of post-chemotherapy
changes in body composition is a key imperative for AML patients.

Muscle wasting is a critical component of the change in body composition. Sarcopenia is characterized by severe loss of
muscle mass and decline in muscle function.* The incidence of sarcopenia in elderly patients with hematologic malignancies,
especially in non-Hodgkin’s lymphoma (NHL), is higher than general elderly population.’ Several studies have corroborated
the poor prognostic impact of sarcopenia and body composition changes in patients with various solid cancers.®® Sun et al
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reported that progress of sarcopenia in patients with AML is associated with adverse outcomes, and the overall survival (OS)
of patients with sarcopenia was shorter than non-sarcopenia patients.”

Bioelectrical impedance analysis (BIA) has been widely used to evaluate body composition in various clinical
fields.'® Devices for BIA have a high accuracy and efficiency for evaluation of body composition at a relatively low
cost.'' In the contemporary literature, changes in body composition and occurrence of sarcopenia in AML (non-M3)
patients after repeated sessions of chemotherapy are not well characterized.

The purpose of this study was to investigate the post-chemotherapy changes in body composition indicators of AML
patients (non-M3), as measured by BIA, and to assess their potential association with the incidence of sarcopenia.

Patients and Methods

Study Design and Population

This was a single-center, observational study conducted from July 2020 to July 2021 in the Department of Hematology at
the First Affiliated Hospital of Chongqing Medical University. During the study reference period (Figure 1) a total of 105
patients were hospitalized due to newly diagnosed AML.

The inclusion criteria for this study were 1) adult patients (age >18 years) with diagnosis of AML confirmed by
pathological examination or MICM classification and 2) indications for chemotherapy evaluated by the hematologist. The
exclusion criteria were 1) patients with acute promyelocytic leukemia; 2) patients with liver and/or kidney dysfunction or
other contraindications for chemotherapy, and those who still could not tolerate chemotherapy after active treatment for
the above contraindications; 3) pregnant women; 4) any other reason that the investigator considered inappropriate to
participate in this study. Finally, 69 initial diagnosis AML (non-M3) patients who reached complete remission (CR) were
recruited in this study, followed by two sessions of consolidation chemotherapy. All AML (non-M3) patients were given

Newly diagnosed AML patients during the study reference
period (n=105)

Patients excluded (n=18)
1.With APL (M3, n=9)
2.Liver and/or kidney dysfunctions (n=6)

3.Inability to cooperate to finish BIA measurements (n=3)

A\ 4
Patients with AML (non-M3)
(n=87)

Underwent Laboratory examinations, BIA measurements and

induction chemotherapy

\ 4

Achieved complete remission

(n=69)
Subsequent two sessions with consolidation chemotherapy
and BIA measurements
v
[ Correlation analysis ]

Figure | Schematic illustration of the study design and patient-selection criteria.
Abbreviations: AML, acute myeloid leukemia; APL, acute promyelocytic leukemia; BIA, bioelectric impedance analysis.
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the standard “3+7” induction chemotherapy with idarubicin (IDA, 10mg/m?-d) or daunorubicin (DNR, 60mg/m*-d) plus
cytarabine (Ara-c, 100-200mg/m?-d). Consolidation chemotherapy consisted of high-dose cytarabine-based regimens
(Ara-c, 1-3g/m?-q12).

The purpose and content of this study were explained to all participants and their written informed consents were
obtained prior to their enrolment. The study was conducted in accordance with the principles of the Declaration of
Helsinki. Ethical approval was obtained from the First Affiliated Hospital of Chongqing Medical University (approval
number 2020-589).

Measurements and Definition of Body Composition Parameters

Anthropometric variables include height (cm), weight (kg) and hand grip strength (kg) were measured by doctors,
following a standard protocol.'> Body mass index (BMI) was calculated as body weight in kilograms divided by height in
meters squared (kg/m?). Routine laboratory tests were performed in the Department of Laboratory at the First Affiliated
Hospital of Chongqing Medical University. All measurements and tests were undertaken at the time of initial diagnosis of
AML and after completion of three chemotherapy sessions. All participants were subjected to BIA measurements by
Direct Segmental Multi-Frequency Bioelectrical Impedance Analyzer (DSM-BIA, Inbody S10, Korea). After admission
to the hospital, BIA measurements were performed prior to initiation of any fluid therapy following the manufacturer’s
instructions. All participants were instructed not to consume any food or drink and to avoid strenuous activity within 2
hours before the measurements.

All BIA parameters were obtained using a standard montage of outer and inner electrodes on the right hand and foot
while patients lay down with legs apart. Body composition indicators including appendicular skeletal muscle mass
(ASM), skeletal muscle mass (SMM), soft lean mass (SLM), intracellular water (ICW), total body water (TBW), arm-
muscle circumference (MAMC), visceral fat area (VFA); fat mass (FM) and protein content were measured and recorded.
Sarcopenia was defined as low muscle mass plus low muscle strength according to the criteria of Asia Working Group for
Sarcopenia (AWGS)."? Low muscle mass was defined as ASM corrected by height squared (appendicular skeletal muscle
mass index, SMI) (<5.7 kg/m” in women and <7.0 kg/m? in men). Low muscle strength was determined by low hand grip
strength (HGS) (<18 kg in women and <28 kg in men).

Statistical Analysis

Continuous variables were presented as median with upper and lower quartiles, the interquartile range, or mean + stand
deviation. Between-group differences with respect to normally distributed continuous variables were assessed using
independent-samples #-test and those with respect to non-normally distributed variables were assessed using Mann—
Whitney U-test. Categorical variables were presented as frequency (proportions) and compared using Chi-squared test.
Multivariate logistic regression was performed to further test the strength of association of sarcopenia with ICW and
MAMC, after controlling for potential confounding variables including age, sex, FM, VFA, WBC, HB, PLT, UA, LDH.
All statistical analyses were performed using SPSS 25 (IBM, Armonk, New York, NY, USA). Two-sided P values < 0.05
were considered indicative of statistical significance for all comparisons.

Results

Changes in Clinical Indicators After Chemotherapy

Eighty-seven patients with AML (non-M3) at initial diagnosis were eligible for inclusion. Of these, 69 (79.3%)
participants achieved CR and subsequently accepted both BIA and three consolidation chemotherapy sessions. Table 1
shows the comparison of pre- and post-chemotherapy clinical and laboratory data. Post-chemotherapy BMI, white blood
cell count (WBC), uric acid (UA), serum albumin (ALB), and lactate dehydrogenase (LDH) levels were significantly
lower than the corresponding baseline levels (P<0.05 for all), while post-chemotherapy platelet count (PLT) was
significantly higher than the baseline PLT (median 117 vs 51, P<0.001). There was no significant difference between
the two groups with respect to other indices, including systolic blood pressure, diastolic blood pressure, or hemoglo-
bin (HB).
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Table | Changes in Clinical Indicators After Chemotherapy

Variables AML (Non-M3) P value
Pre-Chemotherapy (n=69): Post-Chemotherapy (n=69): Three
Initial Diagnosis Chemotherapy Sessions
Clinical data
Sex (male) 37 (53.6) / /
Age 53 (44.5-61.0) / /
BMI (kg/m?) 22.1 (20.3-24.6) 20.8 (19.2-23.7) 0.048
SBP (mmHg) 120.7£12.7 122.5£15.9 0.280
DBP (mmHg) 70.7+9.9 74.1x14.9 0.307
Laboratory data
WBC (10°/L) 11.0 (2.9-39.6) 42 (24-82) 0.011
RBC (10'/L) 2.2 (1.7-3.1) 2.6 (2.1-2.8) 0.034
N% 17.6 (3.0-42.1) 55.4 (32.4-68.9) <0.001
HB (g/L) 69.8 (56-94) 76 (67.6-86.8) 0.150
PLT (10°/L) 51 (22-139) 117.0 (57.3-215.5) <0.001
UA (mmol/L) 318.7£106.1 242.7%119.5 <0.001
ALB (g/L) 40 (38-43) 35.5 (33.0-38.0) <0.001
LDH (U/L) 584 (261-1403) 161 (114-264) <0.001
Cytogenetic risk group
Favorable 31 (45) / /
Intermediate 14 (20.3) / /
Adverse 24 (34.7) / /

Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; WBC, white blood cell; RBC, red blood cell; N%, neutrophil%; HB,
hemoglobin; PLT, platelet; UA, uric acid; ALB, albumin; LDH, lactate dehydrogenase.

Changes in Body Composition Indices After Chemotherapy

The BIA parameters are shown in Table 2. Post-chemotherapy ASM and HGS levels were significantly lower than
those before chemotherapy. The prevalence of sarcopenia in our cohort after chemotherapy was significantly higher
than that before chemotherapy (39.1% vs 14.5%, P<0.001). After chemotherapy, there was a significant decrease in
the three muscle indices (ie, SMM, FFM, and SLM). In addition, the value of MAMC, ICW, and TBW significantly
decreased after chemotherapy (P<0.05). There was no significant effect of chemotherapy on FM or VFA (P>0.05).

Correlation Between Sarcopenia and BIA Indices

Correlation between sarcopenia and BIA indices was assessed by Spearman correlation analysis (Table 3). BIA
indices including ASM (r=0.889, P<0.001), ICW (+=0.869, P<0.001), and MAMC (»=0.849, P<0.001) showed
a positive correlation with SMI. ASM (»=—0.453 P=0.001), ICW (=-0.322, P<0.05), MAMC (=—0.352, P<0.05)
showed a negative correlation with sarcopenia. VFA and FM showed no correlation with SMI or sarcopenia
(P>0.05).
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Table 2 Pre- and Post-Chemotherapy Bioelectric Impedance Analysis Parameters

Variables AML (Non-M3) P value

Pre-Chemotherapy (n=69): Post-Chemotherapy (n=69): Three

Initial Diagnosis Chemotherapy Sessions

Diagnosis of sarcopenia
ASM (kg) 18.0 (15.2-21.0) 16.3 (14.4-19.6) 0.053
HGS (kg) 30.6x11.7 24.6x10.9 0.003
SMI (kg/m?) 7.1 (6.15-7.7) 6.5 (5.7-7.2) 0.007
Sacropenia (n, %) 10 (14.5) 27 (39.1) <0.001
BIA data
SMM (kg) 24.1 (21.3-27.2) 21.6 (20.2-24.5) 0.010
FFM (kg) 44.2 (39.749.4) 40.3 (37.9-46.0) 0.022
SLM (kg) 41.8 (35.446.8) 37.9 (35.743.2) 0.017
ICW (%) 20.0 (17.6-22.4) 18.1 (17.0-20.3) 0.010
TBW (%) 32.7 (29.1-36.6) 29.6 (27.9-34.0) 0.020
MAMC (cm) 23.6 (21.9-24.8) 22.1 (21.0-23.5) 0.003
VFA (cm?) 55.8 (41.8-75.1) 64.0 (50.0-79.6) 0.169
M (kg) 13.1 (9.6-16.4) 12.6 (10.0-17.2) 0.822

Abbreviations: ASM, appendicular skeletal muscle mass; HGS, hand grip strength; SMI, appendicular skeletal mass index which is defined as ASM/height?; SMM, skeletal muscle
mass; FFM, fat-free mass; SLM, soft lean mass; ICVWV, intracellular water; TBW, total body water; MAMC, mid-arm muscle circumference; VFA, visceral fat area; FM, fat mass.

Table 3 Correlation Coefficients (Spearman’s Rho) for Sarcopenia and BIA Indicators

Variables SMI Sarcopenia

r P value r P value
ASM (kg) 0.889 <0.001 —0.453 0.001
ICW (%) 0.869 <0.001 —0.322 0.029
MAMC (cm) 0.849 <0.001 —0.352 0.015
VFA (cm?) 0.169 0.257 —0.192 0.195
FM (kg) 0.142 0.342 —0.170 0.254

Abbreviations: ASM, appendicular skeletal muscle mass; ICWV, intracellular water; MAMC, mid-arm muscle circumference;
VFA, visceral fat area; FM, fat mass.

Logistic Regression Analysis of the Association of Sacropenia with MAMC and ICW
Logistic regression analysis was performed to evaluate the strength of the association of sarcopenia with ICW and
MAMC (Table 4). In model 2, after adjusting for age, sex, VFA, FM, WBC, HB, PLT, UA, and LDH, increased ICW
showed a significant association with decreased sarcopenia [odds ratio (OR): 0.50; 95% confidence interval (CI) 0.30—
0.82]. Each additional unit of MAMC was associated with 71% lower risk of sarcopenia (OR: 0.29; 95% CI 0.13-0.66)
in AML (non-M3) patients after chemotherapy.
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Table 4 Results of Logistic Regression Analysis Showing the Association of BMI,
AMC, and ICW with the Incidence of Sarcopenia

Variables Sarcopenia (n=27)
Model OR (95% CI) P value
ICW Crude OR 0.84 (0.73-0.97) 0.023
Model | 0.67 (0.51-0.89) 0.007
Model 2 0.50 (0.30-0.82) 0.007
MAMC Crude OR 0.67 (0.48-0.92) 0.015
Model | 0.42 (0.23-0.75) 0.004
Model 2 0.29 (0.13-0.66) 0.003

Notes: Model I: adjusted for age, sex; Model 2: adjusted for age, sex, FM, VFA, WBC, HB, PLT, UA, LDH.
Abbreviations: ICVV, intracellular water; MAMC, mid-arm muscle circumference.

Discussion

The key findings of our study are as follows: a) In AML patients, the increased incidence of sarcopenia after
chemotherapy depends on weight reduction, which is mainly due to the loss of muscle mass and water content rather
than fat mass. b) MAMC and ICW showed a significant association with the incidence of sarcopenia after adjusting for
age, sex, and clinical indicators.

Sarcopenia caused by changes in body composition is often associated with poor prognosis in cancer patients. Sarcopenia
is characterized by loss of skeletal muscle mass and performance and is a risk factor for frailty, morbidity, and mortality in
older people.'*'> Moreover, low skeletal muscle has been shown to be a prognostic marker in the context of many diseases
such as malignant cancer, heart failure, and chronic obstructive pulmonary disease.'®'® Several studies have shown that
body composition, as assessed by CT, is useful in predicting the prognosis; in addition, CT-detected sarcopenia was
associated with lower overall survival in patients with AML and acute lymphoblastic leukemia (ALL)."**°

Our study revealed changes in body composition and increased prevalence of sarcopenia after chemotherapy. There
was a simultaneous decline in BMI, muscle and water content without changes in fat content, although the biochemical
parameters (WBC, PLT, ALB and LDH) improved after three chemotherapy sessions. Myelosuppression is a common
side effect of anthracyclines. For prevention of complications such as bleeding and infection, patients are often advised
bed rest.! Previous studies have shown that bed rest substantially reduces skeletal muscle mass without affecting lipid
content and is associated with changes in metabolic phenotype including decline in resting fat oxidation, basal metabolic
rate,”? glucose tolerance and insulin sensitivity,”> and increase in mitochondrial production of reactive oxygen species
(ROS).>* Therefore, treatment regimens of sarcopenia may be for individual and selected cases, including physical
training, modifications of nutritional intake, and pharmacological treatment.?

There is a distinct difference between body composition disorder induced by chemotherapy and cachexia. Cancer
cachexia is related to poor prognosis and is defined as atrophy of skeletal muscle and adipose tissue resulting in
progressive weight loss.%® It has been frequently related to involuntary weight loss, decreased muscle mass as well as
biochemical changes, such as decreased ALB.?” Of note, the post-chemotherapy weight loss in our cohort was mainly
due to loss of muscle mass and water instead of fat. However, the underlying mechanism of this phenomenon is not clear.
Several reasons may explain this phenomenon. Firstly, both adipocytes and fat tissue affect metabolism and inactivation
of anthracyclines. Secondly, this phenomenon may be related to the inflammatory response of AML with sarcopenia.
A substantial body of literature suggests that inflammatory cytokines activate many molecular pathways in skeletal
muscle rather than adipose tissue,”® and high level of inflammatory cytokines was shown to negatively correlate with
skeletal muscle mass.*’

BIA is a simple, relatively cheap, and effective approach to evaluate body composition. High BMI is associated with
increased risk of most hematological malignancies.>® Although BMI is most frequently used to assess nutritional status, it
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does not precisely reflect body composition, nor does it differentiate skeletal muscle from body fat.>' Owing to its
advantages, BIA has been widely used for body composition analysis in research of various diseases over the past few
decades.''** Many BIA indicators including segmental skeletal muscle, body fat and water content provide useful
supportive information to facilitate clinical diagnosis.*>* Here, we measured body composition indicators including
skeletal muscle mass using BIA with the aim of more accurate characterization of the link between sarcopenia and AML.

MAMC measured by BIA can reflect muscle mass and performance and has been used as an indicator of nutritional
status.>® Many previous studies have demonstrated a correlation between MAMC and skeletal muscle index, which has
been proven valuable to assess the outcomes in patients with hematological malignancies.**>” Due to better predictable
effects of reflecting muscle performance, intracellular water (ICW) may be used as a supplementary indicator together
with MAMC for the diagnosis of sarcopenia.>*° In the present study, both MAMC and ICW measured by BIA showed
a strong correlation with post-chemotherapy sarcopenia in AML patients, which is consistent with previous studies. This
association persisted after adjustment for a variety of potential confounding factors.

Some limitations of our study should be acknowledged. Firstly, this was a single center cross-sectional study with
a small sample size. Secondly, we used BIA to measure body composition instead of other modalities such as dual-energy
X-ray absorptiometry (DEXA), computed tomography (CT), and magnetic resonance imaging (MRI); the accuracy of
BIA is still controversial. Thirdly, we only observed the incidence of sarcopenia based on changes in BIA indicators. We
were unable to call the patients back for a comprehensive assessment of sarcopenia.

Conclusion

We found increased incidence of sarcopenia in AML (non-M3) patients after chemotherapy. Both MAMC and ICW
measured by BIA showed a strong association with sarcopenia. Our findings further our understanding of sarcopenia in
AML patients.
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