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Abstract 

Background  Malnutrition is a significant concern in children with β-thalassemia, impacting their growth and overall 
health. This study aimed to establish optimal thresholds for predicting malnutrition risk in children with β-thalassemia 
using muscle mass indicators derived from Bioelectrical Impedance Analysis (BIA).

Methods  A cross-sectional study was conducted with 162 pediatric patients diagnosed with β-thalassemia. Nutri-
tional status of them was assessed using the World Health Organization (WHO) Child Growth Standards and refer-
ences. BIA was performed to obtain fat-free mass (FFM), skeletal muscle mass (SMM), and soft lean mass (SLM). Pro-
pensity score matching (PSM) was used to control for age and gender. Receiver Operating Characteristic (ROC) curves 
were constructed to evaluate the diagnostic performance.

Results  SLM-change < 6% demonstrated the highest sensitivity [0.82, 95% confidence interval (CI) 0.72–0.92] 
and a negative predictive value of 0.83 (95% CI 0.74–0.93), while FFM-change < 4% showed more balanced perfor-
mance with a sensitivity of 0.58 (95% CI 0.45–0.71) and a specificity of 0.65 (95% CI 0.56–0.74). Percentage change 
indicators (FFM-change, SLM-change, and SMM-change) exhibited remarkable stability before and after PSM, indicat-
ing minimal influence from age and gender.

Conclusions  This study established novel, age-adaptive thresholds (SLM-change < 6% and FFM-change < 4%) 
for predicting malnutrition risk in children with β-thalassemia. The findings suggest that these thresholds could serve 
as effective references to assess nutritional status across different age groups, providing new perspectives for person-
alized nutritional management strategies.
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Introduction
Malnutrition is a critical challenge in children with 
β-thalassemia, affecting 33.6–44.3% of children with 
underweight or low body mass index and 37.7–44.3% 
with short stature [1, 2]. Due to specific limitations, 
traditional nutritional assessment methods are unable 
to precisely identify nuanced shifts in nutritional sta-
tus or accurately detect changes in specific body tis-
sues, such as fat-free mass (FFM), soft lean mass (SLM), 
and skeletal muscle mass (SMM) [3]. The altered fluid 
status commonly observed impacts both standard 
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anthropometric measurements, such as weight, and 
more detailed assessments of body composition, 
including fat mass, FFM, and total body water [4]. 
The nutritional status of affected children is closely 
correlated with their muscle mass and function [5]. 
Importantly, research by Ooi et al. indicated that mus-
cle depletion is a crucial component of malnutrition, 
characterized by decreased SMM and impaired mus-
cle function [6]. Furthermore, reduced muscle mass 
has been established as a core diagnostic criterion for 
malnutrition in adults worldwide [7]. Despite exten-
sive research on malnutrition assessment, a significant 
gap remains in validated muscle mass thresholds for 
the pediatric population, particularly for children with 
chronic conditions, such as β-thalassemia. To address 
these limitations, the Global Leadership Initiative on 
Malnutrition (GLIM) working group [8] advocates for 
some quantitative techniques to assess muscle mass. 
These techniques include X-ray absorptiometry (DXA), 
computed tomography (CT), and bioelectrical imped-
ance analysis (BIA). However, the routine clinical use 
of DXA and CT is constrained by their high cost, inva-
sive nature, and radiation exposure [9]. In contrast, BIA 
serves as a non-invasive, rapid, and convenient method 
for evaluating body composition [10], demonstrating 
high accuracy and reliability in assessing the body com-
position of children [11].

BIA has gained widespread recognition for muscle 
mass evaluation and is now incorporated into diagnos-
tic criteria by authoritative organizations, such as the 
European Working Group on Sarcopenia in Older Peo-
ple (EWGSOP2) [12]. Notably, reduced muscle mass 
is associated with poor prognosis in pediatric popula-
tions [13]. While its clinical value in detecting muscle 
depletion and predicting outcomes is well-established, 
the GLIM experts emphasize the necessity of establish-
ing cutoff values for each measurement and method. 
They also stress the importance of adopting rigorously 
validated, ethnicity- and gender-specific muscle mass 
threshold criteria to improve the accuracy of malnu-
trition diagnosis [8]. The establishment of validated 
threshold values is clinically significant, as muscle 
mass and strength vary across populations due to eth-
nic differences. This allows for accurate identification 
of at-risk individuals and enables appropriate clinical 
intervention through population-specific criteria [14, 
15]. This study aims to establish optimal BIA-derived 
muscle indicator thresholds for predicting malnutri-
tion in children with β-thalassemia. These thresholds 
will provide clinicians with a rapid and reliable tool for 
assessing nutritional risk, facilitating early intervention 
when needed. Our findings may also provide valuable 

insights into the broader application of BIA in pediatric 
nutritional assessment for various chronic conditions.

Subjects and methods
Study population
A total of 162 children with β-thalassemia, admitted for 
regular blood transfusion therapy, were enrolled from 
the Department of Hematology and Oncology, Shenz-
hen Children’s Hospital from November 2023 to August 
2024. The inclusion criteria were as follows: (1) those 
with a definite diagnosis of β-thalassemia requiring 
regular blood transfusion therapy; (2) those aged from 
2 to 18  years; (3) those without severe pleural or peri-
toneal effusion; (4) those who can comply with height, 
weight, and InBody measurements; and (5) those with 
available informed consent signed by both the patients 
and their legal guardians. Exclusion criteria were as fol-
lows: (1) those receiving surgical intervention within 
24 h prior to assessment and (2) those with cardiac pace-
makers. The patient recruitment process is depicted in 
Fig.  1. This study was approved by the Ethics Commit-
tee of Shenzhen Children’s Hospital (Approval Number: 
2023–13302).

Study design and data collection
This study adopts a cross-sectional design to evaluate the 
efficacy of BIA-derived muscle indicators in predicting 
malnutrition risk and while controlling for potential con-
founding variables. Within 24 h after admission, relevant 
data were collected from children. Baseline demographic 
information, including age, gender, and disease-related 
data, was extracted from medical records. Height and 
weight were measured on-site, and BMI was subse-
quently calculated. Nutritional status was assessed using 
the Screening Tool for the Assessment of Malnutrition in 
Paediatric (STAMP) [16], selected for its validated use in 
pediatric populations and high reliability (sensitivity 70%, 
specificity 91%). STAMP evaluates three domains: clini-
cal nutritional implications, current nutritional intake, 
and differences in weight/height centile chart. Each 
domain is scored from 0 to 3, yielding a total score range 
of 0–9 points. Concurrently, body composition was ana-
lyzed using BIA to obtain specific values of FFM, SMM, 
SLM [9, 17, 18]. For each of these indicators, we calcu-
lated their respective ‘-change’ indicators (FFM-change, 
SMM-change, and SLM-change). These indicators repre-
sent the percentage change relative to the lower limit of 
the InBody S10 standard range. The percentage change is 
calculated as follows: (actual measured value–lower limit 
of standard range)/lower limit of standard range * 100%. 
Continuous variables (FFM, SLM, SMM, FFM-change, 
SLM-change, and SMM-change) were utilized to predict 
the binary outcome (presence or absence of malnutrition 
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risk). Given the age-dependent increase in muscle mass 
among children, this study aimed to identify age-inde-
pendent indicators. This was achieved through compari-
sons between normal/overweight and wasting/stunting 
groups in both unmatched and age–gender matched 
cohorts. Indicators that remained stable across these 
analyses were considered reliable predictors of malnutri-
tion risk across pediatric age groups.

Bioelectrical impedance analysis
BIA was performed using the InBody S10 Body Com-
position Analyzer (InBody Co., Ltd., Seoul, Korea) with 
multi-frequency bioelectrical impedance technology at 
six different frequencies (1, 5, 50, 250 and 500  kHz as 
well as 1  MHz). After the BIA measurement, the refer-
ence ranges for FFM, SMM, and SLM were obtained 
directly from the built-in database of the InBody S10 
system. However, these reference ranges were not spe-
cifically designed for children with β-thalassemia. The 
InBody BIA device underwent daily automatic calibra-
tion before the first measurement and also received regu-
lar maintenance by certified technicians. Measurements 
were conducted in the morning before transfusion, and 
the protocol is specified as follows. First, children were 
instructed fast for 4 h, void their bladders, and remain 
in the supine position for 15  min prior to assessment. 
During the measurement, they stayed supine with 
upper limbs slightly abducted and lower limbs modestly 

separated, ensuring no contact among extremities and 
torso while maintaining muscular relaxation. Contact 
electrodes were sanitized with alcohol wipes before 
being fixed to the thumbs and middle finger electrodes 
bilaterally. In and Out electrodes were then secured to 
the ankles of both lower extremities. In this manner, the 
FFM, SMM, and SLM of the children were assessed.

Variables for diagnostic performance analysis
To assess the diagnostic performance of BIA measure-
ments, we analyzed several key variables. The predictor 
variables included BIA-derived muscle indicators: FFM, 
SLM, and SMM, along with their respective percent-
age changes relative to the lower limit of standard range 
(FFM-change, SLM-change, and SMM-change). These 
percentage changes were calculated using the formula 
described earlier.

The Z-scores provided by the WHO growth stand-
ards (2006) [19] and growth references (2007) [20] were 
applied to the pediatric cohort. These assessment met-
rics represent the WHO-recommended standard system 
for analyzing anthropometric data in children, enabling 
age- and gender-standardized measurements and direct 
comparison with international reference populations. 
The criteria were stratified by age. For children under 
5  years, weight-for-height Z-scores (WHZ) were used. 
For children aged 5 years and older, BMI Z-scores (BMI-
Z) were applied. The children were classified based on 

Fig. 1  Patient recruitment process
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the following conditions: wasting (WHZ or BMI-Z < −2 
standard deviations (SD)), overweight or obesity (WHZ 
or BMI-Z > 2 SD), or stunting (height-for-age Z-score 
(HAZ) < −2 SD) [21, 22].

Statistical analysis
This cross-sectional study used sample size estimation 
based on the anticipated prevalence of the primary out-
come variables and the desired precision. The sample size 
was calculated using the ’precise’ package in R software 
(version 4.2.2). It was assumed that the prevalence of 
malnutrition among children with β-thalassemia is 30% 
[1] and the width of the 95% confidence interval (CI) is 
approximately 15% (i.e., ± 7.5%). The calculations indi-
cated that at least 155 children were required to achieve 
the desired precision, and the target sample size was set 
at 173 based on a potential attrition rate of 10%.

The data were statistically analyzed using R software 
(version 4.2.2). Categorical variables were described 
by frequencies or percentages and compared using the 
chi-square test. The Shapiro–Wilk test was employed to 
assess normality of continuous variables. Normally dis-
tributed data were expressed as mean ± SD, while non-
normally distributed data were presented as median 
(interquartile range, IQR). Between-group comparisons 
were conducted using Student’s t test or the Mann–
Whitney U test, as appropriate. Spearman’s correlation 
analysis was performed to examine relationships among 
variables. Propensity score matching (PSM) was per-
formed using the MatchIt package, with a 1:1 ratio and 
a calliper of 0.2 [23], to match the wasting/stunting and 
normal/overweight groups. Receiver Operating Charac-
teristic (ROC) curves were constructed before and after 
matching, and the area under the curve (AUC) was cal-
culated. The optimal cutoff values were determined using 
Youden Index. In addition, sensitivity, specificity, posi-
tive predictive value (PPV), and negative predictive value 
(NPV) were computed. No imputation methods were 
applied for missing data. Statistical significance was set at 
a two-sided α = 0.05.

Results
Patient characteristics
A total of 162 children were enrolled, including 93 
boys (57.4%) and 69 girls (42.6%), with a mean age of 
8.93 ± 3.61. In the unmatched cohort [normal/over-
weight: n = 105/2 (64.8%/1.2%); wasting/stunting: 55 
(34%)], children in the wasting group were signifi-
cantly older than those in the normal nutrition group 
(11.29 ± 3.29  years vs 7.71 ± 3.13  years, p < 0.001). Based 
on the PSM results, 43 children were included in each 
group (10.4 ± 3.05  years vs 10.16 ± 2.88  years, p = 0.706), 
achieving good balance in baseline age and gender, as 

detailed in Table  1. Nutritional risk assessment using 
the STAMP revealed that all children were at moderate 
(n = 136, 84%) or high (n = 26, 16%) risk of malnutrition.

Correlation analysis
Spearsan’s correlation analysis was conducted to exam-
ine the relationships of muscle mass indicators (FFM, 
SLM, and SMM) and their changes (FFM-change, SLM-
change, SMM-change) to WHZ/BMI-Z and HAZ. Nota-
bly, changes in muscle mass indicators showed positive 
correlations with WHZ/BMI-Z (P < 0.001). A positive 
trend was also observed between changes in muscle mass 
and HAZ. The detailed correlation plots are presented in 
Figs. 2, 3.

Diagnostic performance of nutritional status assessment 
indicators
Among the evaluated indicators, SLM-change < 6 exhib-
ited the best performance, demonstrating the highest 
sensitivity of 0.82 (95% CI 0.72–0.92) and the highest 
NPV of 0.83 (95% CI 0.74–0.93), but a relatively low 
specificity of 0.47 (95% CI 0.37–0.56). FFM-change < 4 
showed a more balanced performance, with sensitivity of 
0.58 (95% CI 0.45–0.71) and specificity of 0.65 (95% CI 
0.56–0.74). SLM < 18 had the lowest specificity of 0.38 
(95% CI 0.29–0.48), while FFM < 17 showed the least 
favourable overall performance with sensitivity of merely 
0.22 (95% CI 0.11–0.33. Notably, SLM-change < 6 and 
FFM-change < 4 presented relatively high PPVs of 0.44 
and 0.46, respectively. The comprehensive performance 
metrics for each nutritional status assessment indicator 
at their optimal cutoff values are provided in Table 2. The 
confusion matrix for diagnostic performance is presented 
in Additional files 1–6.

Comparison of AUC values (before and after matching) 
and indicator stability analysis
Comparative analysis of AUC values before and after 
matching revealed substantial stability in the percentage 
change relative to the lower limit of the standard range 
(e.g., FFM-change, SLM-change, and SMM-change). Spe-
cifically, the AUC for FFM-change exhibited only a slight 
shift from 0.62 (95% CI 0.53–0.72) before matching to 
0.61 (95% CI 0.49–0.73) after matching. Similarly, SLM-
change demonstrated a minimal change from 0.68 (95% 
CI 0.59–0.77) to 0.65 (95% CI 0.54–0.77) before and after 
matching. In contrast, the measured values (e.g., FFM, 
SLM, and SMM) generally displayed more pronounced 
fluctuations in AUC values after matching, as illustrated 
in Fig. 4.
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Optimal cutoff values for nutritional status assessment 
indicators
The optimal cutoff values for BIA-derived muscle indi-
cators in predicting malnutrition risk were determined 
using the Youden index, as shown in Additional files 
7–12. The optimal cutoff values for predicting malnutri-
tion risk in children with β-thalassemia were determined 
as follows: FFM_change < 4%, SLM_change < 6%, and 
SMM_change < 3%, as depicted in Fig. 5.

Discussion
Patients with transfusion-dependent β-thalassemia 
(TDT) require lifelong blood transfusions and iron chela-
tion therapy. These treatments, along with the disease 
itself, can lead to multiple complications that increase 
the risk of malnutrition [24, 25]. Previous research has 
demonstrated that children with TDT tend to experience 
worsening stunting, wasting, and muscle loss as they 
age [26]. This progressive deterioration in nutritional 

status underscores the critical need for early and accu-
rate identification of malnutrition risk. To the best of our 
knowledge, this study is the first to systematically inves-
tigate the optimal thresholds for BIA-derived muscle 
indicators to predict malnutrition risk in children with 
β-thalassemia, using wasting or stunting as indicators. 
Our findings revealed that SLM-change < 6% exhibits the 
highest sensitivity (0.82, 95% CI 0.72–0.92) and robust 
NPV (0.83, 95% CI 0.74–0.93), suggesting its potential 
as an effective initial screening tool. However, it is note-
worthy that SLM-change < 6% exhibits a relatively low 
specificity (0.47, 95% CI 0.37–0.56), which may result in 
some false-positive results. Therefore, a thorough nutri-
tional assessment is crucial to confirm the diagnosis 
in clinical practice based on these findings. In contrast, 
FFM-change < 4% shows a balanced performance, with 
sensitivity of 0.58 (95% CI 0.45–0.71) and specificity of 
0.65 (95% CI 0.56–0.74), suggesting it may be a more 
suitable tool for predicting malnutrition risk.

Table 1  Demographic and clinical characteristics of children with β-thalassemia in the matched and unmatched groups

P values < 0.001 indicated strong statistical significance. Normal: height-for-age, weight-for-height or BMI Z-scores ≥ −2SD; overweight: weight-for-height or BMI 
Z-scores > 2 SD; wasting: weight-for-height or BMI Z-scores < −2SD; stunting: height-for-age Z-score < −2SD

PSM propensity score matching, IQR interquartile range, STAMP screening tool for the assessment of malnutrition in paediatric, BMI body mass index, FFM fat-free 
mass, SLM soft lean mass, SMM skeletal muscle mass; change = (actual measured value–lower limit of standard range)/lower limit of standard range * 100%

Matched (PSM) Unmatched (before PSM)

Normal/
overweight 
(n = 43)

Wasting/stunting 
(n = 43)

P Missing (%) Normal/
overweight 
(n = 107)

Wasting/stunting 
(n = 55)

P Missing (%)

Age [year, median 
(IQR)]

10.30 [7.85, 11.55] 10.80 [7.75, 12.75] 0.675 0 7.00 [5.20, 9.90] 11.10 [8.30, 13.90]  < 0.001 0

Gender (%) 0 0

F 15 (34.9) 16 (37.2) 1 49 ( 45.8) 20 (36.4) 0.326

M 28 (65.1) 27 (62.8) 58 ( 54.2) 35 (63.6)

Height [cm, 
median (IQR)]

129.00 [118.50, 
138.00]

128.50 [115.75, 
133.50]

0.422 0 117.00 [106.00, 
129.00]

130.00 [118.50, 
140.55]

 < 0.001 0

Weight [kg, 
median (IQR)]

26.00 [20.05, 33.45] 23.00 [18.60, 
28.50]

0.054 0 20.00 [17.45, 25.70] 24.60 [19.75, 31.00] 0.002 0

BMI [kg/m2, 
median (IQR)]

15.26 [14.64, 16.84] 14.47 [13.80, 
15.84]

0.004 0 15.14 [14.43, 15.98] 14.72 [13.94, 16.22] 0.231 0

STAMP [pts, 
median (IQR)]

3.00 [3.00, 3.00] 3.00 [3.00, 5.00]  < 0.001 0 3.00 [3.00, 3.00] 3.00 [3.00, 5.00]  < 0.001 0

PA [°, median (IQR)] 4.70 [4.30, 4.90] 4.50 [4.00, 4.80] 0.039 4.50 [4.10, 4.90] 4.40 [4.00, 4.80] 0.621

FFM [kg, median 
(IQR)]

21.10 [18.30, 25.25] 19.50 [16.40, 
22.00]

0.051 0 17.20 [14.25, 21.35] 20.60 [17.00, 24.30] 0.001 0

SLM [kg, median 
(IQR)]

19.80 [16.45, 23.55] 18.20 [14.80, 
22.20]

0.107 0 16.20 [13.45, 19.80] 19.00 [15.50, 22.95] 0.003 0

SMM [kg, median 
(IQR)]

10.50 [8.70, 12.85] 9.50 [7.60, 10.75] 0.041 0 8.10 [6.35, 10.55] 9.90 [7.95, 11.95] 0.001 0

FFM_change [%, 
median (IQR)]

5.02 [1.04, 9.90] 3.12 [− 7.16, 7.01] 0.07 0 6.01 [1.50, 10.56] 3.28 [− 4.87, 7.01] 0.009 0

SLM_change [%, 
median (IQR)]

3.83 [0.21, 7.23] 1.08 [− 8.51, 4.61] 0.014 0 4.88 [0.48, 9.66] 1.23 [− 6.54, 4.83]  < 0.001 0

SMM_change [%, 
median (IQR)]

3.12 [− 2.18, 7.07] − 0.92 [− 11.91, 
3.31]

0.031 0 1.77 [− 3.09, 6.37] 0.00 [− 10.04, 4.17] 0.057 0
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Our innovative methodological approach tackles the 
challenge of continuous muscle mass growth during 
childhood. Since muscle mass in children is predomi-
nantly influenced by age rather than gender [27], our 
proposed cutoff values are expressed as percentages of 
the lower limits of normal ranges for BIA-derived mus-
cle indicators. This approach accounts for expected 
muscle mass variations across different ages, eliminat-
ing the necessity for multiple age-specific thresholds 
and enabling clinicians to identify children at poten-
tial risk of malnutrition when their indicators fall below 
these percentage thresholds, thereby prompting further 
evaluation.

To validate the stability of our percentage-based indi-
cators across different age groups, PSM was employed 
to controlled potential confounding factors, such as 
age and gender. The results demonstrated remark-
able stability in our indicators (e.g., FFM-change, SLM-
change, and SMM-change) before and after matching. 
Notably, the AUC values for FFM-change and SLM-
change showed minimal variation, changing from 0.62 
(95% CI 0.53–0.72) and 0.68 (95% CI 0.59–0.77) before 
matching to 0.61 (95% CI 0.49–0.73) and 0.65 (95% 

CI 0.54–0.77) after matching, confirming their inde-
pendence from demographic characteristics. This con-
sistent performance validates the reliability of these 
indicators as robust candidates for predicting malnu-
trition risk across various age ranges in children with 
β-thalassemia.

A standardized BIA measurement protocol was imple-
mented in this study. DXA is recognized as the reference 
method for body composition assessment, but its rou-
tine use in pediatric populations is limited due to con-
cerns about radiation exposure and practical constraints, 
such as cost and accessibility. BIA offers a more practical 
alternative, particularly for pediatric populations requir-
ing frequent follow-up. The built-in prediction equations 
of InBody S10, though subject to certain limitations, 
demonstrate stability in relative change values, making 
them suitable for monitoring dynamic nutritional status. 
Our approach aligns with the recommendations of the 
GLIM working group, emphasizing the use of rigorously 
validated, race- and sex-specific muscle mass thresh-
olds [8]. By focusing specifically on Asian children, this 
study effectively controls for racial factors, enhancing 
the applicability of our findings to this demographic. We 

Fig. 2  Correlation analysis between muscle mass indicators and their changes to WHZ/BMI-Z
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acknowledge that these may vary across different ethnic 
groups due to genetic and environmental factors [28].

This study exhibits both similarities and significant 
differences compared to previous literature on mus-
cle mass assessment in children and adolescents. Web-
ber and Barr developed age- and sex-specific reference 
curves for SMM in healthy children, providing a valuable 
tool for evaluating muscle development across various 
age groups [29]. In contrast, this study aimed to estab-
lish cutoff values for predicting malnutrition in children 

with β-thalassemia using BIA-derived muscle indicators. 
Nonetheless, both studies highlight the importance of 
considering age and gender for muscle mass assessment.

While studies on using BIA-derived muscle indica-
tors for predicting malnutrition risk in children with 
β-thalassemia are limited, this study demonstrates 
significant consistency with several previous studies 
that focused on establishing optimal diagnostic cut-
off points for specific populations. For instance, one 
study employed CT stratification analysis to ascertain 

Fig. 3  Correlation analysis between muscle mass indicators and their changes to HAZ

Table 2  Evaluation of diagnostic performance at the optimal cutoff value

FFM fat-free mass, SLM soft lean mass, SMM skeletal muscle mass, PPV positive predictive value, NPV negative predictive value, SEN sensitivity, SPE specificity; 
change = (actual measured value–lower limit of standard range)/lower limit of standard range * 100%

Marker (%) PPV (95% CI) NPV (95% CI) SEN (95% CI) SPE (95% CI)

FFM < 17 0.19 (0.09–0.28) 0.56 (0.46–0.66) 0.22 (0.11–0.33) 0.51 (0.42–0.61)

SLM < 18 0.23 (0.14–0.32) 0.54 (0.43–0.65) 0.36 (0.24–0.49) 0.38 (0.29–0.48)

SMM < 9 0.22 (0.13–0.31) 0.54 (0.43–0.65) 0.33 (0.2–0.45) 0.4 (0.31–0.5)

FFM-change < 4 0.46 (0.35–0.58) 0.75 (0.66–0.84) 0.58 (0.45–0.71) 0.65 (0.56–0.74)

SLM-change < 6 0.44 (0.34–0.54) 0.83 (0.74–0.93) 0.82 (0.72–0.92) 0.47 (0.37–0.56)

SMM-change < 3 0.4 (0.3–0.49) 0.75 (0.65–0.86) 0.73 (0.61–0.84) 0.43 (0.34–0.52)
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Fig. 4  Comparison of AUC values for muscle mass indicators before and after matching

Fig. 5  Optimal cutoff values for nutritional status indicators in children with β-thalassemia
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gender-specific cutoffs for low muscle mass, which was 
associated with mortality in patients with solid tumours 
[30]. Another study defined gender- and age-specific 
handgrip strength cutoff values for undernutrition 
screening in hospitalized patients [31]. Notably, as early 
as 1981, Frisancho published new norms for upper limb 
fat and muscle area [32]. These norms refined the use of 
arm circumference and other anthropometric measure-
ments to calculate muscle indicators to assess nutrition 
status. Recent studies (e.g., those investigating critical 
calf circumference values in the elderly [33] and Tran 
et al.’s research [34] on optimal mid-upper arm circum-
ference (MUAC) cutoffs for screening severe acute mal-
nutrition in Vietnamese children) aimed to determine 
specific thresholds for assessing nutritional status or 
muscle condition in specific populations. In a similar 
vein to our approach of establishing specific thresholds 
for children with β-thalassemia, Morelli et al. (2023) [35] 
demonstrated that tailored cutoff values, particularly 
those that are gender-specific, provide better prognostic 
value compared to untailored thresholds in patients with 
head and neck squamous cell carcinoma. This further 
emphasizes the importance of establishing population-
specific thresholds for different clinical conditions.

The BIA employed in this study, particularly the FFM-
change and SLM-change indicators, demonstrates unique 
advantages in predicting malnutrition risk in children 
with β-thalassemia. Compared to widely used anthro-
pometric methods in previous studies (e.g., MUAC and 
triceps skinfold thickness) [33, 34], BIA-derived indica-
tors can more precisely quantify the changes in muscle. 
Traditional arm circumference measurements, while 
simple to perform, struggle to differentiate between 
changes in muscle and those in fat tissue. In contrast, the 
FFM-change and SLM-change indicators adopted in this 
study directly reflect the alterations in muscle mass. This 
is particularly crucial for detecting sarcopenic obesity, a 
condition characterized by normal or high-fat mass but 
low skeletal muscle mass [36] which may go undetected 
when relying solely on body weight, arm circumference, 
or BMI. By utilizing BIA, our method addresses this limi-
tation, providing a more sensitive method to identifying 
decreased muscle mass, even when traditional anthropo-
metric measurements exhibit normal values.

An 8.2  year-old patient with specific normal SLM 
range of 18.7–22.9  kg was considered to illustrate the 
clinical application of our threshold. A potential mal-
nutrition risk will be considered if SLM measurement 
of this patient shows 17.5  kg, which is more than 6% 
below the normal range lower limit of 18.7  kg ((17.5–
18.7)/18.7 × 100% = −6.4%). This would prompt clinicians 
to further assess the nutritional status. This approach 
aligns with the trends in personalized medicine and may 

offer valuable insights for nutritional assessment in other 
chronic diseases. The unified threshold we proposed 
could significantly streamline nutritional assessment pro-
cesses in clinical settings.

Limitations
The cross-sectional design of this study is not conduc-
tive to assessing the long-term predictive performance of 
these thresholds. While our focus was on children with 
β-thalassemia, the disease itself may influence body com-
position. Specially, the BIA methodology assumes a con-
stant hydration of fat-free mass (73.2%), which may not 
fully applicable to patients with altered fluid status and 
muscle mass, potentially affecting the generalizability of 
our results to other conditions. Furthermore, the find-
ings of this single-center study with a relatively homoge-
neous patient population may be influenced by disease, 
geographic and ethnic factors, highlighting the need for 
population-specific validation studies. While our method 
provides a unified threshold for predicting malnutrition 
risk, it does not differentiate between acute and chronic 
malnutrition. Future research with larger sample sizes, 
multi-center designs, and detailed subgroup analyses 
will be crucial in enhancing the clinical utility of these 
indicators.

Conclusion
This study established optimal thresholds for predicting 
malnutrition risk in children with β-thalassemia, using 
wasting or stunting as indicators based on muscle indi-
cators measured by BIA. The thresholds identified are 
FFM-change < 4% and SLM change < 6%. By developing 
these single, age-adaptive thresholds, we address a cur-
rent research gap and provide valuable reference stand-
ards for clinical practice. These thresholds facilitate 
early detection of malnutrition risk, allowing for timely 
interventions before significant nutritional deterioration 
occurs. Overall, these findings offer new perspectives and 
practical tools for assessing the nutritional status of chil-
dren with β-thalassemia in clinical settings, potentially 
improving their nutritional outcomes through early pre-
ventive measures.
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