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Background: Sarcopenia, characterized by decreased muscle mass, strength, and function, is
associated with adverse outcomes. The prevalence of sarcopenia and the effect of the
inflammatory response on muscle strength loss in children undergoing hematopoietic
stem cell transplantation (HSCT) are unknown. This study aimed to estimate the preva-
lence of sarcopenia on admission and its associated clinical factors in children and adoles-
cents undergoing HSCT and to determine the extent to which the systemic inflammatory
response during hospitalization affects muscle strength.
Method: This was a prospective study of patients aged 6—18 years old undergoing HSCT. The
outcome variables were the prevalence of sarcopenia on admission (loss of strength and
skeletal muscle mass) and the loss of handgrip strength during hospitalization. Potential
explanatory variables included age, sarcopenia, nutritional status and systemic inflamma-
tion as measured by serum C-reactive protein, albumin and ferritin concentrations.
Results: Eighty patients with a mean age of 11.5 (+ 3.5) years were included. The main diag-
noses were acute lymphocytic leukemia, acute myeloid leukemia and aplastic anemia.
Eleven percent of patients had sarcopenia upon admission. Female sex, sarcopenia on
admission (B coefficient: 0.70; 95% CI: -1.30 to —0.12; p-value = 0.018) and serum C-reactive
protein concentration (8 coefficient: —0.10; 95% CI: —0.16 to —0.04; p-value = 0.001) were
associated with handgrip strength loss from admission to 14 days after HSCT.
Conclusion: Sarcopenia on admission and the degree of systemic inflammatory response are
associated with decreased handgrip strength during hospitalization in pediatric patients
undergoing HSCT. Further studies using the same criteria for diagnosing sarcopenia are
required to enhance our understanding of these relationships.
© 2024 Associagao Brasileira de Hematologia, Hemoterapia e Terapia Celular. Published by
Elsevier Espaiia, S.L.U. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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(HSCT) may present a previous catabolic state. In addition to
the underlying disease and increased nutritional needs due
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to the developmental stage, the treatment itself can nega-
tively impact the child’s nutritional status. " Factors such as
chemotherapy toxicity, surgical requirements and infections
elicit a systemic inflammatory response and protein catabo-
lism, resulting in a decrease in muscle mass, which, in combi-
nation with loss of strength and/or function, characterizes
sarcopenia. ? Sarcopenia has been associated with adverse
clinical outcomes.® This term was originally used to describe
age-related loss of muscle mass in older adults, but its defini-
tion was expanded in 2010 by the European Working Group
on Sarcopenia in Older People (EWGSOP)” to include muscle
function evaluations based on strength and functional capac-
ity. Beyond being non-invasive and inexpensive, these
parameters are more effective in predicting clinical outcomes
than muscle mass alone. ° Therefore, reduced muscle mass
without functional assessment cannot be considered sarco-
penia.® Studies investigating the relationship between muscle
mass loss and clinical outcomes in children with cancer have
not yet adopted the EWGSOP criteria for sarcopenia.

The prevalence of sarcopenia, as defined by the EWGSOP
or EWGSOP2’ (revised EWGSOP), in pediatric patients under-
going HSCT and the extent to which the inflammatory
response affects the strength loss in children throughout
their hospitalization are unknown. Obtaining this informa-
tion could enable early and specific interventions to reduce
the prevalence of sarcopenia in these patients. This study
aimed to estimate the prevalence of sarcopenia and its asso-
ciated clinical factors at hospital admission in children and
adolescents undergoing HSCT and to determine the extent to
which the systemic inflammatory response during hospitali-
zation affects muscle strength as measured by grip strength.

Materials and methods

This was a prospective cohort study with a convenience sam-
pling of patients consecutively admitted to the Grupo de
Apoio ao Adolescente e a Crianga com Cancer (GRAACC) hos-
pital for HSCT treatment between May 2019 and February
2023. After this period, there were data losses due to restricted
access to the sector, infection, and quarantine of patients
exposed to Covid-19. Eligible patients were HSCT patients
aged between 6 and 18 years old regardless of their underlying
disease. Patients with cognitive and psychomotor
impairment (motor impossibility to perform the strength test
due to central nervous system impairment), Down syndrome,
previous HSCT, or without remission of the onco-hematologi-
cal disease were excluded.

The project was approved by the Research Ethics Commit-
tees of the Universidade Federal de Sao Paulo and the
GRAACC hospital, where the data were collected (Approval
number 04,711,818.3.0000.5505). A Free and Informed Con-
sent Term signed by the guardian was used, as well as the
Term of Assent when applicable.

Study variables
The outcome variables were sarcopenia on admission and

loss of strength during hospitalization. Sarcopenia was
defined as loss of strength, measured by handgrip strength

(HGS) associated with loss of skeletal muscle mass, measured
by mid-arm circumference (MAMC). The following variables
were considered exposure variables for sarcopenia: sex, age,
time of treatment between diagnosis and HSCT, ferritin and
albumin concentrations and the body mass index for age
(BMI/A) z-score on admission. Potential associations between
sarcopenia and the time of engraftment, length of hospital
stay, need for intensive care, infection and mortality were
also evaluated.

The variation in muscle strength during hospitalization
was defined by the difference between the z scores of the HGS
on admission and on Day +14. The exposure variable for this
outcome was the systemic inflammatory response as mea-
sured by the serum C-reactive protein (CRP) concentration on
admission and Day +14. Potential variables associated with
this outcome were serum albumin and ferritin concentrations
on admission, age, sex, BMI/A z-score, sarcopenia diagnosis
on admission and steroid use.

Anthropometric and muscle strength assessment

Abaseline hydraulic dynamometer (model 12—-0241) was used
for the HGS analysis. Measurements were performed twice in
the dominant hand with the highest value being considered.
Values of HGS were transformed into a z-score (sHGS) using
the mean and standard deviation (SD) of healthy Brazilian
children and adolescents as reference. ° In this study, for
HGS, a z-score cutoff point of <—1 was employed as an indica-
tor of strength loss and for abnormal MAMC a value below the
5th percentile for age was used, as proposed by Frisancho.®
Muscle strength measurements were performed by the first
author and arm anthropometry measurements by trained
dietitians on the staff.

For nutritional status classification, anthropometric
indexes of weight (kg) and height (m) were compared to the
World Health Organization (WHO) standards. Patients were
considered malnourished when they presented a z-score for
BMI/A lower than —2. The z-scores were calculated using the
WHO Anthroplus software. *

Dietary assessment

The adequacy of energy intake was calculated individually
according to Schofield equation for basal metabolic rate,"”
and the estimated average requirement (EAR) for protein
intake was calculated for each patient according to sex and
age.’® The calculations were made based on dietary recalls
conducted by the dietitian staff.

Laboratory assessment

The clinical and laboratory data collected and used were
those of routine care, with no need for further evaluation.
The serum concentrations of albumin, ferritin, and CRP evalu-
ated in the study were part of the internal operating proce-
dures of routine laboratory assessments. Serum albumin was
quantified using a colorimetric method, with hypoalbumine-
mia defined as a serum albumin concentration lower than
3.5 g/dL. The CRP concentration was evaluated using turbi-
dimetry with a value equal to or less than 10 mg/dL
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considered the normal reference. '* Serum albumin and ferri-
tin were collected at the time of patient admission, while CRP
was collected at admission, on Day —1, Day +7, and Day +14 to
assess its response over time.

Infection

The presence of infection and sepsis during hospitalization
was identified from patients’ medical records.**°

Statistical analysis

Categorical variables are expressed as frequencies and per-
centages. Continuous quantitative variables are expressed as
means and SD or median and interquartile range, depending
on the nature of the distribution. A two-tailed t-test was used
to compare means between groups. Logistic regression was
used to verify the association between the pre-HSCT treat-
ment time and sarcopenia. Linear regression was used to
evaluate the association between sarcopenia, length of hospi-
tal stay, and time of engraftment.

Generalized estimating equations (GEE) with exchangeable
correlation structures and Gaussian distribution were used to
analyze the association between potential exposure variables
and sHGS at different study timepoints. Variables that were
associated with the outcome with a p-value <0.15 in the uni-
variate analysis were selected for multivariate analysis. In the
multivariate analysis models, associations with a p-value
<0.05 were considered significant. Interactions between the
remaining variables in the final model were tested. Results
are expressed as p-coefficients and 95% confidence intervals
(95% CIs). The data were analyzed using Stata MP 14.0 soft-
ware (Stata Corporation, College Station, TX, USA).

Results
Descriptive analysis of data

The sample consisted of 80 patients, 46 (57.5%) of whom were
male. The mean age was 11.5 (+ 3.5) years. The median time
between diagnosis of the underlying disease and transplanta-
tion was 19.5 (interquartile range — IQR: 9.7—39.3) months.
The mean time of hospital stay was 28.7 (+ 10) days and the
time for marrow engraftment was 16 (+ 4.4) days. The mortal-
ity rate during hospitalization was 3.9% (3/77). Table 1 shows
the main clinical characteristics of the study participants.

On admission, the sample median for the BMI/A z-score
was 0.26 (IQR: —0.79 to 1.46) and for height/age (H/A) it was
—0.09 (IQR: —0.84 t0 0.54).

The median adequacy for protein and energy intake were
145% (IQR: 104 to 188) and 92% (IQR: 63 to 114), respectively.

Sarcopenia

Sarcopenia, defined as decreased HGS and low muscle reserve
as measured by the MAMC, was observed in 11.2% (9/80) of the
patients on hospital admission. Ten of 80 (12.5%) children and
adolescents had a MAMC <5th percentile and 37.5% (30/80)
already had a MAMC <25th percentile, which is a nutritional

Table 1 - Clinical and demographic characteristics of the
study sample.

n %
Age >12 years (n = 80) 42 52.5
Diagnosis
Acute lymphocytic leukemia 26 32.5
Acute myeloid leukemia 17 21.2
Aplastic anemia 9 11.2
Neuroblastoma 8 10.0
Others (lymphomas, anemias, myelodysplas- 20 25.1
tic syndrome, Ewing’s sarcoma)
Type of HSCT performed (n = 80)
Autologous 17 21.5
Related allogeneic 18 22.5
Unrelated allogeneic 18 22.5
Haploidentical 27 33.7
Conditioning regimen (n = 77)
Fludarabine + cyclophosphamide + total body 11 13.7
irradiation
Busulfan + melphalan 9 11.2
Busulfan + melphalan + fludarabine 9 11.2
Fludarabine + total body irradiation 9 11.2
Etoposide + thymoglobulin + total body 9 11.2
irradiation
Others 33 41.5
Infections during hospitalization (n = 80)
Febrile neutropenia 55 68.7
Catheter infection 15 18.7
Cytomegalovirus reactivation 7 8.7
Urinary tract infection 7 8.7
Sepsis 3 3.8
Use of corticosteroids throughout hospitaliza- 32 40
tion (n = 80)
z-score of BMI/age at admission (n = 80)
Z - score <—2 9 11.2
z-score>—-2and <1 45 56.3
z-score>1and <2 14 17.5
Z - score > 2 12 15.0

*Data expressed in absolute frequency (n) and relative frequency.

risk parameter. Table 2 shows the clinical and demographic
characteristics of patients according to the presence or
absence of sarcopenia.

Sarcopenia on admission was not associated with pre-
HSCT treatment time (p-value = 0.284), engrafting time (p-
value = 0.421) or length of hospital stay (p-value = 0.608).

Systemic inflammatory response

Table 3 shows the values of laboratory tests for serum albu-
min, ferritin and CRP, as well as the evolution of CRP serum
concentrations.

Handgrip strength

Table 4 shows the values of handgrip strength and their
respective z-scores on admission and on Day +14. The
strength loss from admission to Day +14 was greater in girls
than in boys (p-value = 0.048).

The results of the analysis of potential factors associated
with sHGS are shown in Table 5. Sex, sarcopenia diagnosis on
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Table 2 - Clinical and demographic characteristics according to the presence or absence of sarcopenia.

Sarcopenic Non-sarcopenic p-value*
n % n %

Age 0.487
<12 years 3 3.75 35 43.8
>12 years 6 7.5 36 45.0

Sex 0.726
Female 3 3.8 31 38.8
Male 6 7.5 40 50.0

Ferritin on admission >1000 mg/dL 0.260
No 2 48.5 31 45.6
Yes 6 11.8 29 42.6
No available ferritin value (n = 12)

Category of underlying disease 0.347
Onco-hematological 6 7.5 42 52.5
Solid tumors 3 3.7 16 20.0
Non-oncology 0 0 13 16.2

Infections during hospitalization
No 0 0 10 12.5 0.59
Yes 9 11.25 61 76.2

* Fisher’s exact test or Pearson chi” test.

Table 3 - Laboratory test values during hospitalization. Discussion
n Median (IQR) . . .
In this study, we examined the prevalence of sarcopenia
Albumin on admission (g/dL) 7e 426 (048) among pediatric patients undergoing HSCT using the criteria
262::;32;3&5:(:;25 SH‘) o4 1020 (517-1892) recommended by the EWGSOP2.” Approximately 11% of
At admission 75 9(08-7) patients met the sarcopenia cr1te:r1a upon hospital admission,
Day -1 80 15 8 (4.6-55.1) defined by a MAMC <5th percentile and a sHGS less than —1.
Day +7 80 61.2 (34.0-101.7) A cross-sectional case series study conducted by Rezende
Day +14 79 (11.1-66.1) et al.'” was the first to adopt the EWGSOP2 criteria (loss of

muscle mass and HGS) for diagnosing sarcopenia in children.
In a sample of 85 patients with chronic liver disease aged 6 to
19 years, the authors identified a 40% prevalence of sarcope-
nia in outpatient clinics. To evaluate muscle and strength
loss, measured by dual-energy X-ray absorptiometry (DXA)
and HGS, respectively, the authors adopted values below the
median values found in their sample as cutoffs for DXA and
HGS, which probably explains the higher prevalence of sarco-

Data are expressed as medians and interquartile ranges (IQR),
except for albumin values. *Mean (SD) **Significant differences
among timepoints (p-value <0.001). Generalized estimating equa-
tions.

admission, and serum CRP concentration were associated

with sHGS. CRP concentration was independently associated
with the sHGS. The adjusted linear predictions of CRP concen-
tration on the sHGS are shown in Figure 1. A 10 mg/dL
increase in serum CRP concentration resulted in a 0.1
decrease in sHGS. Patients diagnosed with sarcopenia on
admission had a reduction of 0.70 in the sHGS compared to
non-sarcopenic patients.

penia in their study compared to the current study. In the
cited study, the prevalence rates of muscle mass and strength
deficits were 50.6% and 54.1%, respectively. In contrast, this
study identified 12.5% of patients with a MAMC <5th percen-
tile and approximately 34% of patients with sHGS <—1 on
admission. However, it should be noted that patients in this
study had different underlying medical conditions. Similar to

Table 4 - Evolution of handgrip strength at the time of admission and on Day +14 after transplantation and their respective

Z-scores.

Variable Admission (n = 80) Day +14 (n = 65) p-value
SHGS (median- IQR) —1:14 —1.96;0.35 =159 —2.44; —0.64 <0.001*
z-score <—1le > -2 (n-%) 27 33.7 17 26.1
z-score <—2 (n-%) 17 21.2 26 40.0

sHGS, Handgrip Strength z-score.

2 Paired t-test.
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Table 5 - Analysis of the potential factors associated with sHGS at two-time points (admission and 14 days after transplant

—-D+14).

Variable Univariate analysis p-value Multivariate analysis p-value
B coefficient (95% CI) B coefficient (95% CI)

Age —0.04 (~0.13 t0 0.49) 0.378

Sex —0.66 (—1.21 to —0.11) 0.018 —0.59 (-1,15 to —0.28) 0.039
BMI/A z-score on admission 0.23 (0.94 to 0.37) 0.001 0.12 (—0.03 to 0.26) 0.118
Sarcopenia on admission —0.93 (—1.39 to —0.47) 0.000 —0.70 (—1.30 to —0.12) 0.018
Steroids —0.11 (—0.71 to 0.49) 0.718

CRP (x10 mg/dL) —0.1(~0.1 to —0.04) 0.000 —0.10 (—0.16 to —0.04) 0.001
Ferritin on admission 0.0004 (—0.0002 to 0.0003) 0.741

Albumin on admission —0.17 (—0.79 to 0.44) 0.577

95% CI: 95% confidence interval; sHGS: handgrip strength z-score.

BMI/A: Body Mass Index/Age; CRP: C-reactive protein. Generalized estimating equations.

their study, the diagnosis of sarcopenia was not associated
with sex or nutritional status classification.”’

A retrospective study by Suzuki et al.”® assessed sarcope-
nia by measuring the psoas muscle area in children with
acute lymphoblastic leukemia (ALL) before and after induc-
tion treatment. In the cited study, 29.7% of the patients were
classified as sarcopenic based on a muscle mass loss index
below the 25 quartile. A recent study of children who under-
went allogeneic HSCT was conducted by the same authors,
who assessed muscle mass loss using computed tomography
at the time of diagnosis and pre-transplantation. Muscle loss,
defined as a muscle mass loss index pre-transplantation/
baseline of the psoas muscle area lower than 0.85 was identi-
fied in 41.5% of the patients. '° Comparing the results
observed in the current study with those of the cited studies
is difficult because different criteria were used to define
sarcopenia

Having sarcopenia on admission was associated with a
decrease in HGS in the adjusted analysis. The diagnosis of sar-
copenia resulted in a decrease in 0.70 sHGS, which is also clini-
cally significant. Additionally, HSG loss was associated with the
inflammatory response. These findings confirm the data of

Predictive Margins with 95% Cls

-1.5

-2
|

-25

Linear Prediction of handgrip strength z score

-3
1

0 10 20 30 40 50 60 70 80 90 100
C-reactive protein (mg/dL)

Figure 1-Linear prediction of handgrip strength and C-reac-
tive protein concentration adjusted for sex and sarcopenia
diagnosis. 95% CI: 95% confidence interval.

Mckirdy et al.”® who found an inverse correlation between CRP
and HGS in a sample of 236 sick children with different diagno-
ses. During systemic inflammatory responses, cytokines such
as interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF-«)
are released by the immune cells. These cytokines activate sig-
naling pathways that cause skeletal muscle breakdown result-
ing in wasting and/or loss of muscle mass and function.”*
Similar to this study, these authors did not observe a correla-
tion between HGS and length of hospital stay. %°

Males had higher sHGS values than females, which is con-
sistent with the results of a previous study that examined the
HGS and nutritional status of 89 hospitalized pediatric
patients with a mean age of 13 (+ 3.7) years. >’ However, in
the cited study, HGS measurements were expressed in kilo-
grams, whereas this study used z-scores, making direct com-
parison difficult.

The BMI/A z-score on admission did not identify worsen-
ing HGS, whereas sarcopenia on admission did. This finding
reinforces the concept that malnutrition and sarcopenia are
distinct diagnoses. Sarcopenia can be caused by several con-
ditions including malnutrition, lack of physical activity,
chronic diseases, systemic inflammation, and aging.
Although malnutrition can contribute to sarcopenia, it can
also occur in eutrophic individuals.?*>%

Almost one-third of patients were overweight or obese
upon hospital admission. Factors associated with oncological
treatment before HSCT may be related to weight gain in chil-
dren and adolescents. Steroids, which were frequently used
in the current sample, are commonly used in the treatment of
leukemia. Their use at high doses can lead to fluid retention,
increased appetite, and weight gain. Other factors that may
contribute to weight gain include physical inactivity during
treatment, consumption of high-calorie low-nutrient foods
and emotional factors.”®

This study has some limitations that should be consid-
ered. First, the possible effects of the overall diversity of the
samples and types of treatment could be better identified
with a larger sample of patients. Owing to the Covid-19 pan-
demic lockdown restrictions, anthropometric data (MAMC)
for the diagnosis of sarcopenia on Day +14 could not be
obtained. For the same reason, HGS measurements could not
be performed in 15 patients on Day +14. In addition, some
patients were weakened and could not remain in the
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recommended ideal position for HGS measurement; however,
this is a common characteristic of these patients.

To the best of our knowledge, the operational definition of
sarcopenia by the EWGSOP2’ consensus was adopted for the
first time in pediatric patients undergoing HSCT. Considering
that the sensitivity of muscle mass and strength diagnostic
criteria in pediatric populations may be influenced by age-
related developmental variations, the HGS measurements
were adjusted according to patient age and sex for a more
accurate evaluation. It is important to note that this assess-
ment method is inexpensive and can be easily implemented
in the routine hospital practice. Another strength of this
study was the prospective cohort design, which is more likely
to support causality.

Conclusion

Sarcopenia upon admission and the intensity of the systemic
inflammatory response are associated with decreased HGS
during hospitalization in children and adolescents undergo-
ing HSCT. Identifying factors related to strength loss could
help in early interventions to prevent complications and
improve prognosis.

Further studies using the same criteria for sarcopenia and
following patients over an extended period will provide more
detailed insights into the progression of sarcopenia during
the post-transplant course, and the potential effects of early
interventions on long-term outcomes.

Conflicts of interest

The authors declare no conflicts of interest.

Author contributions

All authors contributed to the study concept. All designed and
analyzed the study data. CGL performed data collection under
the supervision of HPL and AG. CGL wrote the manuscript,
which was critically reviewed by HPL.

This study was financed in part by the Coordenacao de
Aperfeicoamento de Pessoal de Nivel Superior — Brasil
(CAPES) — Finance Code 001

REFERENCES

1. Han-Markey T. Nutritional considerations in pediatric oncol-
ogy. Semin Oncol Nurs. 2000;16(2):146-51. https://doi.org/
10.1053/0ON.2000.5552.

2. August DA, Huhmann MB. A.S.P.EN. Clinical guidelines: nutri-
tion support therapy during adult anticancer treatment and in
hematopoietic cell transplantation. ] Parent Enteral Nutr. 2009.
https://doi.org/10.1177/0148607109341804. Published online.

3. Ooi PH, Thompson-Hodgetts S, Pritchard-Wiart L, Gilmour SM,
Mager DR. Pediatric sarcopenia: a paradigm in the overall defi-
nition of malnutrition in children? ] Parent Enteral Nutr.
2020;44(3):407-18. https://doi.org/10.1002/jpen.1681.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

. Cruz-Jentoft AJ, Baeyens JP, Bauer JM, et al. Sarcopenia: Euro-

pean consensus on definition and diagnosis. Age Ageing.
2010;39(4):412-23. https://doi.org/10.1093/ageing/afq034.

. Visser M, Schaap LA. Consequences of sarcopenia. Clin Geriatr

Med. 2011;27(3):387-99. https://doi.org/10.1016/].CGER.2011.03.006.

. Cruz-Jentoft AJ, Sayer AA. Sarcopenia. The Lancet. 2019;393

(10191):2636—46. https://doi.org/10.1016/S0140-6736(19)31138-9.

. Cruz-Jentoft AJ, Bahat G, Bauer J, et al. Sarcopenia: revised

European consensus on definition and diagnosis. Age Ageing.
2019;48(1):16-31. https://doi.org/10.1093/ageing/afy169.

. Resolugdo No. 466. Diretrizes e Normas Regulamentadoras de Pes-

quisas Envolvendo Seres Humanos.; 2012.

. Ferreira AC de C, Shimano AC, Mazzer N, Barbieri CH, Elui

VMC, Fonseca M de CR. Grip and pinch strength in healthy
children and adolescents. Acta Ortop Bras. 2011;19(2):92-7.
https://doi.org/10.1590/51413-78522011000200006.

Frisancho AR. New norms of upper limb fat and muscle areas
for assessment of nutritional status. Am J Clin Nutr. 1981;34
(11):2540-5. https://doi.org/10.1093/AJCN/34.11.2540.

World Health Organization. Growth reference data for 5-19 years.
The WHO child growth standards. Published 2007. Accessed Jan-
uary 5, 2023. https://www.who.int/tools/child-growth-standards
Schofield WN. Predicting basal metabolic rate, new standards
and review of previous work. Hum Nutr Clin Nutr. 1995;39
(Suppl 1):5-41. - Pesquisa Google. Accessed June 4, 2023
https://www.google.com/search?q=Schofield+WN.+Predict-
ing+basal+metabolic+rate%2C+new+standards+and+review
+of+previous+work.+Hum+Nutr+Clin+Nutr+1995%3B39
+(Suppl+1)%3A5-41.&rlz=1C1PASC_pt-BRBRO74BR974&0q=-
Schofield+WN.+Predicting+basal+metabolic+rate%2C+new
+standards+and+review+of+previous+work.+Hum+Nutr
+Clin+Nutr+1995%3B39+(Suppl+1)%3A5-41.&aqgs=chro-
me..69i57.1031j0j7 &sourceid=chrome&ie=UTF-8.

Medicine I of. dietary reference intakes: the essential guide to
nutrient requirements. Published online August 29, 2006.
https://doi.org/10.17226/11537

Otsuji S, Shibata H, Umeda M. Turbidimetric immunoassay of
serum C-reactive protein. Clin Chem. 1982. Published online.
Goldstein B, Giroir B, Randolph A. International pediatric sep-
sis consensus conference: definitions for sepsis and organ
dysfunction in pediatrics. Pediatric Critical Care Medicine.
2005. https://doi.org/10.1097/01.PCC.0000149131.72248.E6.
Weiss SL, Peters MJ, Alhazzani W, et al. Surviving sepsis cam-
paign international guidelines for the management of septic
shock and sepsis-associated organ dysfunction in children.
Intensive Care Med. 2020;46(1):10-67. https://doi.org/10.1007/
S00134-019-05878-6.

Rezende IFB, Concei¢cao-Machado MEP, Souza VS, Santos EM
dos, Silva LR. Sarcopenia in children and adolescents with
chronic liver disease. ] Pediatr (Rio J). 2020;96(4):439-46.
https://doi.org/10.1016/].JPED.2019.02.005.

Suzuki D, Kobayashi R, Sano H, Hori D, Kobayashi K. Sarcope-
nia after induction therapy in childhood acute lymphoblastic
leukemia: its clinical significance. Int ] Hematol. 2018. https://
doi.org/10.1007/s12185-017-2388-9. Published online.

Suzuki D, Kobayashi R, Yamamoto M, et al. Impact of muscle
loss in children with hematologic malignancies undergoing allo-
geneic hematopoietic cell transplantation. Int ] Hematol
2023;117(1):128-33. https://doi.org/10.1007/512185-022-03462-1.
Mckirdy S, Nichols B, Williamson S, Gerasimidis K. Handgrip
strength as a surrogate marker of lean mass and risk of mal-
nutrition in paediatric patients. Clin Nutr. 2021;40(9):5189-95.
https://doi.org/10.1016/].CLNU.2021.08.005.

Vainshtein A., Sandri M. Molecular sciences signaling path-
ways that control muscle mass. https://doi.org/10.3390/
ijms21134759

. Silva C, Amaral TF, Silva D, Oliveira BMPM, Guerra A. Handgrip

strength and nutrition status in hospitalized pediatric


https://doi.org/10.1053/ON.2000.5552
https://doi.org/10.1177/0148607109341804
https://doi.org/10.1002/jpen.1681
https://doi.org/10.1093/ageing/afq034
https://doi.org/10.1016/J.CGER.2011.03.006
https://doi.org/10.1016/S0140-6736(19)31138-9
https://doi.org/10.1093/ageing/afy169
https://doi.org/10.1590/S1413-78522011000200006
https://doi.org/10.1093/AJCN/34.11.2540
https://www.who.int/tools/child-growth-standards
https://www.google.com/search?q=Schofield+WN.+Predicting+basal+metabolic+rate%2C+new+standards+and+review+of+previous+work.+Hum+Nutr+Clin+Nutr+1995%3B39+(Suppl+1)%3A5-41.&rlz=1C1PASC_pt-BRBR974BR974&oq=Schofield+WN.+Predicting+basal+metabolic+rate%2C+new+standards+and+review+of+previous+work.+Hum+Nutr+Clin+Nutr+1995%3B39+(Suppl+1)%3A5-41.&aqs=chrome..69i57.1031j0j7&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=Schofield+WN.+Predicting+basal+metabolic+rate%2C+new+standards+and+review+of+previous+work.+Hum+Nutr+Clin+Nutr+1995%3B39+(Suppl+1)%3A5-41.&rlz=1C1PASC_pt-BRBR974BR974&oq=Schofield+WN.+Predicting+basal+metabolic+rate%2C+new+standards+and+review+of+previous+work.+Hum+Nutr+Clin+Nutr+1995%3B39+(Suppl+1)%3A5-41.&aqs=chrome..69i57.1031j0j7&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=Schofield+WN.+Predicting+basal+metabolic+rate%2C+new+standards+and+review+of+previous+work.+Hum+Nutr+Clin+Nutr+1995%3B39+(Suppl+1)%3A5-41.&rlz=1C1PASC_pt-BRBR974BR974&oq=Schofield+WN.+Predicting+basal+metabolic+rate%2C+new+standards+and+review+of+previous+work.+Hum+Nutr+Clin+Nutr+1995%3B39+(Suppl+1)%3A5-41.&aqs=chrome..69i57.1031j0j7&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=Schofield+WN.+Predicting+basal+metabolic+rate%2C+new+standards+and+review+of+previous+work.+Hum+Nutr+Clin+Nutr+1995%3B39+(Suppl+1)%3A5-41.&rlz=1C1PASC_pt-BRBR974BR974&oq=Schofield+WN.+Predicting+basal+metabolic+rate%2C+new+standards+and+review+of+previous+work.+Hum+Nutr+Clin+Nutr+1995%3B39+(Suppl+1)%3A5-41.&aqs=chrome..69i57.1031j0j7&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=Schofield+WN.+Predicting+basal+metabolic+rate%2C+new+standards+and+review+of+previous+work.+Hum+Nutr+Clin+Nutr+1995%3B39+(Suppl+1)%3A5-41.&rlz=1C1PASC_pt-BRBR974BR974&oq=Schofield+WN.+Predicting+basal+metabolic+rate%2C+new+standards+and+review+of+previous+work.+Hum+Nutr+Clin+Nutr+1995%3B39+(Suppl+1)%3A5-41.&aqs=chrome..69i57.1031j0j7&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=Schofield+WN.+Predicting+basal+metabolic+rate%2C+new+standards+and+review+of+previous+work.+Hum+Nutr+Clin+Nutr+1995%3B39+(Suppl+1)%3A5-41.&rlz=1C1PASC_pt-BRBR974BR974&oq=Schofield+WN.+Predicting+basal+metabolic+rate%2C+new+standards+and+review+of+previous+work.+Hum+Nutr+Clin+Nutr+1995%3B39+(Suppl+1)%3A5-41.&aqs=chrome..69i57.1031j0j7&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=Schofield+WN.+Predicting+basal+metabolic+rate%2C+new+standards+and+review+of+previous+work.+Hum+Nutr+Clin+Nutr+1995%3B39+(Suppl+1)%3A5-41.&rlz=1C1PASC_pt-BRBR974BR974&oq=Schofield+WN.+Predicting+basal+metabolic+rate%2C+new+standards+and+review+of+previous+work.+Hum+Nutr+Clin+Nutr+1995%3B39+(Suppl+1)%3A5-41.&aqs=chrome..69i57.1031j0j7&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=Schofield+WN.+Predicting+basal+metabolic+rate%2C+new+standards+and+review+of+previous+work.+Hum+Nutr+Clin+Nutr+1995%3B39+(Suppl+1)%3A5-41.&rlz=1C1PASC_pt-BRBR974BR974&oq=Schofield+WN.+Predicting+basal+metabolic+rate%2C+new+standards+and+review+of+previous+work.+Hum+Nutr+Clin+Nutr+1995%3B39+(Suppl+1)%3A5-41.&aqs=chrome..69i57.1031j0j7&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=Schofield+WN.+Predicting+basal+metabolic+rate%2C+new+standards+and+review+of+previous+work.+Hum+Nutr+Clin+Nutr+1995%3B39+(Suppl+1)%3A5-41.&rlz=1C1PASC_pt-BRBR974BR974&oq=Schofield+WN.+Predicting+basal+metabolic+rate%2C+new+standards+and+review+of+previous+work.+Hum+Nutr+Clin+Nutr+1995%3B39+(Suppl+1)%3A5-41.&aqs=chrome..69i57.1031j0j7&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=Schofield+WN.+Predicting+basal+metabolic+rate%2C+new+standards+and+review+of+previous+work.+Hum+Nutr+Clin+Nutr+1995%3B39+(Suppl+1)%3A5-41.&rlz=1C1PASC_pt-BRBR974BR974&oq=Schofield+WN.+Predicting+basal+metabolic+rate%2C+new+standards+and+review+of+previous+work.+Hum+Nutr+Clin+Nutr+1995%3B39+(Suppl+1)%3A5-41.&aqs=chrome..69i57.1031j0j7&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=Schofield+WN.+Predicting+basal+metabolic+rate%2C+new+standards+and+review+of+previous+work.+Hum+Nutr+Clin+Nutr+1995%3B39+(Suppl+1)%3A5-41.&rlz=1C1PASC_pt-BRBR974BR974&oq=Schofield+WN.+Predicting+basal+metabolic+rate%2C+new+standards+and+review+of+previous+work.+Hum+Nutr+Clin+Nutr+1995%3B39+(Suppl+1)%3A5-41.&aqs=chrome..69i57.1031j0j7&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=Schofield+WN.+Predicting+basal+metabolic+rate%2C+new+standards+and+review+of+previous+work.+Hum+Nutr+Clin+Nutr+1995%3B39+(Suppl+1)%3A5-41.&rlz=1C1PASC_pt-BRBR974BR974&oq=Schofield+WN.+Predicting+basal+metabolic+rate%2C+new+standards+and+review+of+previous+work.+Hum+Nutr+Clin+Nutr+1995%3B39+(Suppl+1)%3A5-41.&aqs=chrome..69i57.1031j0j7&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=Schofield+WN.+Predicting+basal+metabolic+rate%2C+new+standards+and+review+of+previous+work.+Hum+Nutr+Clin+Nutr+1995%3B39+(Suppl+1)%3A5-41.&rlz=1C1PASC_pt-BRBR974BR974&oq=Schofield+WN.+Predicting+basal+metabolic+rate%2C+new+standards+and+review+of+previous+work.+Hum+Nutr+Clin+Nutr+1995%3B39+(Suppl+1)%3A5-41.&aqs=chrome..69i57.1031j0j7&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=Schofield+WN.+Predicting+basal+metabolic+rate%2C+new+standards+and+review+of+previous+work.+Hum+Nutr+Clin+Nutr+1995%3B39+(Suppl+1)%3A5-41.&rlz=1C1PASC_pt-BRBR974BR974&oq=Schofield+WN.+Predicting+basal+metabolic+rate%2C+new+standards+and+review+of+previous+work.+Hum+Nutr+Clin+Nutr+1995%3B39+(Suppl+1)%3A5-41.&aqs=chrome..69i57.1031j0j7&sourceid=chrome&ie=UTF-8
http://doi.org/10.17226/11537
http://refhub.elsevier.com/S2531-1379(24)00037-3/sbref0014
http://refhub.elsevier.com/S2531-1379(24)00037-3/sbref0014
https://doi.org/10.1097/01.PCC.0000149131.72248.E6
https://doi.org/10.1007/S00134-019-05878-6
https://doi.org/10.1007/S00134-019-05878-6
https://doi.org/10.1016/J.JPED.2019.02.005
https://doi.org/10.1007/s12185-017-2388-9
https://doi.org/10.1007/S12185-022-03462-1
https://doi.org/10.1016/J.CLNU.2021.08.005
http://doi.org/10.3390/ijms21134759
http://doi.org/10.3390/ijms21134759

S92

HEMATOL TRANSFUS CELL THER. 2024;46(S6):5S86—592

23.

24.

patients. Nutr Clin Practice. 2014;29(3):380-5. https://doi.org/
10.1177/0884533614528985.

Morley JE, Anker SD, von Haehling S. Prevalence, incidence,
and clinical impact of sarcopenia: facts, numbers, and epide-
miology—Update 2014. ] Cachexia Sarcopenia Muscle. 2014;5
(4):253-9. https://doi.org/10.1007/s13539-014-0161-y.

Dent E, Wright ORL, Woo J, Hoogendijk EO. Malnutrition in
older adults. Lancet. 2023. https://doi.org/10.1016/S0140-6736
(22)02612-5. Published online January 27.

25.

26.

Schuetz P, Seres D, Lobo DN, Gomes F, Kaegi-Braun N, Stanga
Z. Management of disease-related malnutrition for patients
being treated in hospital. The Lancet. 2021;398(10314):1927-38.
https://doi.org/10.1016/S0140-6736(21)01451-3.

Van Dongen-Melman JEWM, Hokken-Koelega ACS, Hahlen K,
De Groot A, Tromp CG, Egeler RM. Obesity after successful
treatment of acute lymphoblastic leukemia in childhood.
Pediatr Res. 1995;38(1):86-90. https://doi.org/10.1203/00006450-
199507000-00015.


https://doi.org/10.1177/0884533614528985
https://doi.org/10.1007/s13539-014-0161-y
https://doi.org/10.1016/S0140-6736(22)02612-5
https://doi.org/10.1016/S0140-6736(22)02612-5
https://doi.org/10.1016/S0140-6736(21)01451-3
https://doi.org/10.1203/00006450-199507000-00015
https://doi.org/10.1203/00006450-199507000-00015

	Sarcopenia in children and adolescents submitted to hematopoietic stem cell transplantation
	Introduction
	Materials and methods
	Study variables
	Anthropometric and muscle strength assessment
	Dietary assessment
	Laboratory assessment
	Infection
	Statistical analysis

	Results
	Descriptive analysis of data
	Sarcopenia
	Systemic inflammatory response
	Handgrip strength

	Discussion
	Conclusion
	Conflicts of interest
	Author contributions
	References


