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Abstract
Background The bioelectrical impedance analysis–derived phase angle is a proposed indicator of sarcopenia in 
adults. This study assessed the body composition of pediatric outpatients without underlying medical conditions to 
evaluate the predictive value of the phase angle in identifying low muscle mass, a risk factor for pediatric sarcopenia.

Methods Analyses were performed separately for each sex among 480 pediatric outpatients aged 5–18 years. Body 
composition variables were compared between low and normal body mass index-for-age z-score (BMIz) groups, 
including correlation analysis between the phase angle and other variables. The receiver operating characteristic 
curves of the phase angle, body mass index, and fat-free mass index (FFMI) were compared to predict a severely low 
appendicular skeletal muscle mass index (ASMI), defined as an ASMI below − 1 or − 2 standard deviations based on 
sex- and ethnicity-specific reference curves derived from dual-energy X-ray absorptiometry.

Results The low BMIz group showed a greater prevalence of a low fat-mass percentage and severely low ASMI, 
accompanied by notable changes in fat mass, muscle mass, height-squared adjusted indices, body water, protein, 
visceral fat area, and the phase angle (P < 0.05) compared with the normal BMIz group. The phase angle exhibited 
moderate correlations (P < 0.001) with the FFMI and ASMI (positive) and the visceral fat area and the extracellular 
water/total body water (ECW/TBW) ratio (negative) but no or negligible correlation with fat mass, fat-mass 
percentage, the fat mass index, or minerals. The phase angle’ area under the curve for predicting a severely low ASMI 
was 0.743–0.785 (sensitivity: 62.3–80.4%; specificity: 67.0–75.0%). The area under the curve of the FFMI was 0.853–
0.931 (sensitivity: 78.4–92.9%; specificity: 79.6–87.1%).

Conclusions Body composition can identify fat and muscle wasting in children with a normal BMIz. The phase angle 
moderately correlated with the FFMI, ASMI, visceral fat area, and ECW/TBW ratio. The phase angle is a reasonable, 
although not a surrogate, indicator of the sarcopenia risk in pediatric outpatients.
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Background
Simple anthropometric measurements, such as body 
mass index (BMI), are insufficient for distinguishing 
between fat mass (FM) and fat-free mass (FFM). Con-
versely, a normal BMI does not guarantee adequate 
muscle mass and FM in children; some children with a 
BMI-for-age z score (BMIz) between − 1 and − 1.99 are 
healthy, meeting dietary needs, lacking medical condi-
tions, and showing no signs of malnutrition. This group 
represents approximately 13.59% of children with typi-
cal growth according to the Gaussian distribution pat-
tern [1]. A comprehensive nutritional assessment should 
include an analysis of body composition to detect hidden 
malnutrition not evident from BMI alone and also place 
the burden of proof on clinicians to prevent the overdiag-
nosis of malnutrition.

Sarcopenia is adult malnutrition characterized by 
reduced skeletal muscle mass (SMM) and impaired 
muscle function. It slows growth and affects clinical out-
comes, including increased hospitalization and ventila-
tor dependency after liver transplantation [2], mortality 
in liver transplantation candidates [3], postoperative 
complications and hospital readmission in children with 
colectomy for ulcerative colitis [4], inflammatory bowel 
disease (IBD) severity [5], invasive fungal infection in 
children with acute lymphoblastic leukemia [6], and risk 
of metabolic dysfunction [7]. Evidence of sarcopenia in 
apparently healthy children is scarce but was recently 
identified in teenagers, who exhibited two phenotypes: 
a low soft lean mass (SLM) index with a low BMI and a 
low SLM-to-FM ratio with a high BMI and fat mass index 
(FMI) [8].

Body composition data can be obtained using bio-
electrical impedance analysis (BIA), a quick, affordable, 
non-invasive, and radiation-free method that passes a 
harmless electrical current through the body. The body 
has two types of opposition to the current: capacitive 
reactance (Xc, ohms) from cell membranes and tissue 
interfaces corresponds to the cell membrane integrity 
and body cell mass (BCM); resistance (R, ohms) repre-
sents voltage decreases by extra and intracellular flu-
ids. The bioelectrical impedance (Z, ohms) comprises 
Xc and R [Z2 = R2 + Xc2] [9, 10]. Skeletal muscle, rich in 
water content, demonstrates high conductivity and cor-
respondingly low impedance. In contrast, adipose tissue 
and bone are poor conductors with high impedance. The 
multifrequency BIA technique applies various frequen-
cies (1–1000  kHz) of electric current to measure both 
extracellular water (ECW) and intracellular water (ICW); 
high-frequency electric current passes through both 
ECW and ICW, while low-frequency electric current 

only passes through ECW, thus differentiating ECW 
from total body water (TBW) [10].

Most of the estimates of body composition are based 
on impedance values and prediction equations cali-
brated against reference methods; the BIA-derived phase 
angle (PhA) is a less biased, assumption-free parameter 
describing the signal angle between Xc and R, calculated 
at a 50 kHz frequency through the formula: PhA (°) = Arc-
tangent [(Xc/R) × (180°/π)] [11]. The PhA has been sug-
gested to detect malnutrition in adults with cancer and 
Crohn’s disease and correlate with clinical outcomes such 
as survival rate and inflammation [12–14]. Although no 
direct correlations were established between PhA and 
muscle mass or malnutrition in pediatric populations 
with Type 1 diabetes and IBD, studies documented a 
lower PhA indicative of compromised nutritional sta-
tus, with distinct gender variations in BIA parameters 
observed within IBD subtypes [15, 16]. The PhA is 
decreased in adults with sarcopenia, and individuals with 
a lower PhA have an increased prevalence of sarcopenia 
[17–19]. However, only a few studies have investigated 
the role of the PhA in muscle mass (MM) in children.

Evidence indicates that PhA correlates with muscle 
mass and quality in male adolescents and with muscle 
mass in females [20], while another study reveals its asso-
ciation with physical performance in adolescent athletes 
without sex differentiation [21]. Despite this, many stud-
ies lack data on physical fitness or strength in children, 
reflecting the absence of consensus on pediatric sarco-
penia diagnosis. This study aimed to (1) investigate body 
composition in children from the nutrition outpatient 
clinic to include a broader age range, and (2) elucidate the 
correlation between the PhA and other body-composi-
tion parameters, and determine the PhA’s discriminative 
capacity for severely low muscle mass in these children 
and adolescents, particularly in the context of limited 
muscle strength assessment.

Methods
Participants
The study collected the electronic medical records of 
pediatric outpatients aged 5–18 years who had anthropo-
metric and BIA measurements completed between June 
2020 and December 2023 at the Department of Clini-
cal Nutrition, Children’s Hospital, Zhejiang University 
School of Medicine in Hangzhou, China. This study was 
approved by the Ethics Committee of Children’s Hospital, 
Zhejiang University School of Medicine (No. 2023-IRB-
0283-P-01). Informed consent was not required because 
of the study’s retrospective nature.
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Inclusion and exclusion criteria
The inclusion criteria were (1) Asian children, (2) without 
underlying medical conditions, and (3) for children with 
multiple body composition analysis results, only informa-
tion from the first measurement was used. The exclusion 
criteria were (1) being overweight (BMIz ≥ + 1 standard 
deviation [SD]), obese (BMIz ≥ + 2 SD), or stunted (a 
height-for-age z-score [HAZ] ≤ − 2 SD according to 
the 2007 World Health Organization [WHO] criteria), 
which avoids the effect of short stature on body compo-
sition analysis [22]; (2) a history of prematurity, growth 
hormone deficiency, or growth hormone treatment; (3) 
disease conditions, including a cardiac surgery postop-
erative period, cardiac insufficiency, complex congenital 
heart disease, presence of ascites/edema, severe liver fail-
ure, renal failure or on dialysis, tumor, anorexia nervosa, 
neuromuscular disorders, inherited metabolic disor-
ders, hypothyroidism, autoimmune disease, and chronic 
disease that affects height, weight, nutritional status, or 
disease that needs long-term treatment with glucocor-
ticoids or diuretics; (4) presence of cardiac pacemakers, 
orthopedic prosthesis, electronic insulin pumps, or other 
metallic implants; (5) presence of abnormal limbs or 
trunks, including amputation, scoliosis, and atrophy; (6) 
fever > 38 °C when BIA was performed; and (7) athletes.

Anthropometric measurements
The children were dressed in light clothes, with jew-
elry removed, and stood barefoot during the weight 
and height measurements. Weight was measured using 
a digital scale (Seca; Germany) accurate to 0.1  kg. The 
height was measured using a vertical stadiometer (Seca; 
Germany) accurate to 0.1  cm. All measurements were 
recorded using a unified evaluation procedure. The BMI 
was calculated as weight/height2 in kg/m2. The WHO’s 
AnthroPlus 1.0.4 software was used to calculate the BMIz 
and HAZ.

Body composition measurements
Body composition was measured in a unified procedure 
by rigorously trained dietitians using an InBody S10 Body 
Water Analyzer (InBody Co., Ltd., Seoul, Republic of 
Korea), which is a multifrequency (1, 5, 50, 250, 500, and 
1000 kHz) tetrapolar eight-point tactile electrode system 
with a body composition analysis function [23]. However, 
not all children in the outpatient clinic met the fasting 
requirements prior to the measurement. The necessity of 
fasting in children is uncertain despite the empirical rec-
ommendation of a minimum 4-hour fasting period [23]. 
The fasting state does not influence the PhA in adults 
[24]. To minimize interference, we asked the children 
to empty their bladders, remove jewelry, dress in light 
clothes, and stand quietly for 10  min before the assess-
ment. Tests were conducted between 8 a.m. and 5 p.m. 

at room temperature (22–27  °C). Information concern-
ing name, ID number, age, sex, weight, and height was 
entered into the device. The corresponding touch-type 
detector electrodes were clamped to the thumb, mid-
dle finger, and ankle. The children stood barefoot with 
abducted upper (15°) and lower (shoulder width) extrem-
ities. The measurements took approximately 2–3  min. 
The output variables included FM, FMI, FM percentage 
(FM%), visceral fat area (VFA), FFM, SMM, appendicu-
lar SMM (ASM), ASM index (ASMI), trunk MM, TBW, 
ICW, ECW, BCM, protein, minerals, and the 50-kHz 
whole-body PhA. Details of the proprietary algorithms 
are not available for publication because of commercial 
sensitivities. The output variables, including the fat-free 
mass index (FFMI), were calculated using the following 
formulas:

 FMI
(
kg/m2)

= FM/height2

 FFMI
(
kg/m2)

= FFM/height2

 ASMI
(
kg/m2)

= ASM/height2

 ICW = TBW − ECW

The physiological meaning of “BCM” measurements has 
no consensus. BCM could be interpreted as the protein-
rich compartment affecting catabolic status [9] and was 
calculated using the formula BCM = protein + ICW.

Grouping
When only a single data point was available, a BMIz of 
≤ − 1 SD indicated a diagnosis of malnutrition [25]. This 
study categorized children with a BMIz ≤ − 1 SD as having 
a low BMIz; children with a BMIz between − 1 SD and 1 
SD were categorized as having a normal BMIz.

Reference values for FM%, SMM, and ASM are lack-
ing for our study’s ethnicity, sex, and age composition 
for the InBody S10 device. Therefore, we used the FM% 
reference ranges for Asian children implemented for the 
InBody S10 using an undisclosed proprietary algorithm. 
The standard values were 16% for boys aged 4–5.5 years, 
15% for boys aged > 5.5 years, and 16% for girls aged 
4–8 years. For girls, starting from the age of 8 years, the 
value begins at 17% and increases by 1% each year until it 
reaches 23% when girls are > 14 years of age. The upper 
and lower limits were calculated by adding or subtracting 
5% of the standard values. An FM% below the lower limit 
or above the upper limit was categorized as a low or high 
FM%, respectively; an FM% within the limits was consid-
ered normal.

Differing cutoff points have been reported for the SMM 
and ASM [26]. Definitions of a low ASMI used either one 
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or two SDs below the mean value or the 5th percentile 
of the reference distribution in adults [27]. The InBody 
S10 uses a nontraditional and suboptimal method to 
define the SMM normal range as 90–110% of the stan-
dard values [28]. Therefore, lacking a more suitable alter-
native, we categorized ASMI based on the dual-energy 
X-ray absorptiometry (DXA)-measured (Hologic Inc.) 
reference values for Chinese children established by Liu 
et al. [29], which was supported by the strong agreement 
observed between InBody 720 BIA- and DXA-measured 
ASM in Chinese children [30]. We categorized an ASMI 
above the mean value as sufficient; an ASMI within the 
range of the mean to − 1 SD was considered insufficient. 
ASMIs below − 1 SD and − 2 SD were used to diagnose 
severely low ASMIs and for further analysis, respectively.

Statistical analysis
Two clinical medical staff members collected the data 
from patients’ electronic medical records and BIA 
reports. Categorical variables are presented as frequen-
cies and percentages and analyzed using the chi-squared 
test or Fisher’s exact test. The integrated Bonferroni cor-
rection within IBM SPSS Statistics for Windows (version 
25.0; IBM Corp., Armonk, NY, USA) was used for mul-
tiple comparisons of categorical variables, enabling the 
consideration of a P < 0.05 as statistically significant with-
out requiring further correction. For continuous data, 
the distribution normality was assessed using the Shap-
iro–Wilk test. Normally distributed data are presented 
as the mean (SD) and were compared using Student’s t 
test. Non-normally distributed data are presented as the 
median (25th percentile, 75th percentile; P25, P75) and 
were compared using the Mann–Whitney U test.

A standardized mean difference (SMD) < 0.1 was con-
sidered a good balance for baseline clinical characteristics 
between the low and normal BMIz groups. Propensity 
score matching (PSM) was performed to identify a sub-
group of children with similar characteristics using the R 
package MatchIt (version 4.2.3; R Foundation for Statisti-
cal Computing; Vienna, Austria) with the nearest neigh-
bor matching algorithm. The matching succeeded when 
the propensity score’s logit difference between nearest 
neighbors was within a caliper width equal to 0.2 times 
its SD. The data distribution assessment and body com-
position comparison analyses were performed using the 
Storm Statistical Platform (www.medsta.cn/software) 
based on R version 4.3.0 (2023-04-21).

Correlation analysis was performed to evaluate the 
relationship between the PhA and other body parameters 
for each sex using the R package ppcor (version 4.2.3). 
Pearson correlation analysis was applied to normally dis-
tributed data; Spearman correlation analysis was applied 
to non-normally distributed data. As needed, partial cor-
relation analysis was performed with age as a control 

variable. The correlation coefficients were categorized as 
“negligible” (0.00–0.29), “low” (0.30–0.49), “moderate” 
(0.50–0.69), “high” (0.70–0.89), and “very high” (0.90–
1.0) [31].

Receiver operating characteristic (ROC) curves and the 
area under the curve (AUC) were used to assess the pre-
dictive capability of the PhA, FFMI, and BMI for severely 
low ASMI (based on ASMI − 1 SD or ASMI − 2 SD) using 
the R package pROC (version 4.2.3). The AUCs for diag-
nostic accuracy were 0.6–0.7 (acceptable), 0.7–0.8 (fair), 
0.8–0.9 (good), and > 0.9 (excellent) [32]. The optimal 
cutoff values were determined mainly by the Youden 
index (the maximum value of [sensitivity + specific-
ity − 1]). The product index (the maximum value of sen-
sitivity × specificity) and Euclidean index (the minimum 
value of [(1 − sensitivity)2 + (1 − specificity)2]) were selec-
tively used to determine optimal cutoff values using IBM 
SPSS Statistics for Windows (version 25.0; IBM Corp., 
Armonk, NY, USA) and Microsoft Office Excel (2019) 
[33]. Comparison of the two ROC curves was based on 
the DeLong test using the R package pROC (version 
4.2.3). A two-sided P < 0.05 was considered statistically 
significant.

Results
Patient characteristics and distribution of the BMIz, FM%, 
and ASMI
The study included 480 children aged 5–18 years, includ-
ing 312 boys and 168 girls. The distribution of age is pre-
sented in Supplementary Table S1. Out of the 312 boys, 
304 (97.4%) were aged 5–13 years, with a median age 
of 7.8 years (6.6, 10.1). Out of the 168 girls, 163 (97.0%) 
were aged 5–13 years, with a median age of 7.8 years 
(6.5, 10.3). The children’s main complaints were reduced 
appetite, picky eating, and slow weight gain, as reported 
by the caregivers. Among the participants, 211 boys and 
138 girls were categorized into the low BMIz group, and 
101 boys and 30 girls were categorized into the normal 
BMIz group. Supplementary Table S2 shows the distri-
bution of FM% and ASMI between the low and normal 
BMIz groups. The prevalence of a low BMIz was 67.6% 
in boys and 82.1% in girls. The low BMIz group displayed 
a significantly greater prevalence of low FM% (64.5% for 
boys and 73.2% for girls), severely low ASMI ( ≤ − 1 SD; 
79.6% for boys, 76.8% for girls), and concurrent presence 
of both low indicators (47.4% for boys and 51.4% for girls) 
than the normal BMIz group (P < 0.001). One boy (1/211, 
0.5%) in the low BMIz group exhibited normal FM% and 
sufficient ASMI. In addition, one girl (1/138, 0.7%) in the 
low BMIz group exhibited a high FM%. In the normal 
BMIz group, the proportion of individuals with adequate 
FM% and ASMI was 15.8% for boys and 13.3% for girls.

http://www.medsta.cn/software
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Comparison of BIA parameters between the normal and 
the low BMIz groups
In the PSM analysis, we explicitly included age as a con-
founding variable to calculate the propensity scores (see 
Table 1). Before PSM, the SMDs for age were 0.282 for 
boys and 0.284 for girls, respectively. After applying 
PSM to control for age, the SMDs decreased to 0.012 
for boys and 0.015 for girls, respectively. The boys in the 
low BMIz group showed significant decreases in FM, 
FM%, FMI, FFM, FFMI, total SMM, trunk MM, upper 
limb skeletal muscle mass (ULSM), lower limb skeletal 
muscle mass (LLSM), ASMI, TBW, ICW, ECW, pro-
tein, BCM, and the PhA compared to the normal BMIz 
group (P < 0.001). No significant difference was found 
in the mineral content (P > 0.05) between these groups. 
The VFA and ECW/TBW ratio were significantly greater 
in the low BMIz group (P < 0.001). The girls in the low 
BMIz group showed significant decreases in FM, FM%, 
FMI, FFMI, total SMM, trunk MM, ULSM, LLSM, ASMI, 
TBW, ICW, protein, BCM, and the PhA compared with 
the normal BMIz group (P < 0.05). Although decreases 
in total FFM and ECW were observed in the low BMIz 
group, the differences were not statistically significant 
(P = 0.058 and P = 0.051, respectively). No significant dif-
ference was found in the mineral content or ECW/TBW 
ratio (P > 0.05). The VFA was significantly higher in the 
low BMIz group (P = 0.048).

Correlation coefficients between the PhA and body 
parameters
In the correlation analysis, age was treated as a control 
variable when it correlated with the PhA and certain body 
composition indicators, as shown in Table  2. For boys, 
partial correlation analysis was performed with age as a 
control variable after identifying age as a shared factor in 
the correlation between PhA and some of the BIA indi-
ces through bivariate analysis, and the PhA had moderate 
positive correlations with the FFMI (r = 0.586, P < 0.001) 
and ASMI (r = 0.669, P < 0.001), low positive correlations 
with FFM, SLM, SMM, TBW, ICW, protein, and BMI 
(r = 0.3–0.49, P < 0.001), moderate negative correlations 
with the VFA (r = − 0.650, P < 0.001) and the ECW/TBW 
ratio (r = − 0.687, P < 0.001), negligible correlations with 
age, height, FM%, and ECW (r = 0.00–0.29, P < 0.001), but 
no evidence of correlation with FM, trunk FM, FMI, or 
minerals (P > 0.05). In girls, the PhA exhibited moderate 
positive correlations with the FFMI (r = 0.532, P < 0.001) 
and ASMI (r = 0.545, P < 0.001), a low positive correlation 
with BMI (r = 0.427, P < 0.001), and negligible positive 
correlations with FFM, SLM, SMM, TBW, ICW, ECW, 
and protein (r = 0.00–0.29, P < 0.05). Furthermore, the 
PhA in girls showed moderate negative correlations with 
the VFA (r = − 0.525, P < 0.001) and the ECW/TBW ratio 
(r = − 0.692, P < 0.001) but no evidence of correlations 

with age, height, FM, FM%, trunk FM, FMI, or minerals 
(P > 0.05). In addition, the FFMI showed a strong positive 
correlation with ASMI (r = 0.867 for boys and r = 0.837 
for girls, both were adjusted for age; P < 0.001; data not 
shown in the table).

Predictive abilities of the PhA and nutritional indices for 
severely low ASMI
Defining severely low ASMI as an ASMI ≤ − 1 SD 
achieved good predictive accuracy for the FFMI 
(AUC = 0.853 for boys and 0.889 for girls) and fair accu-
racy for the BMI (AUC = 0.798 for boys and 0.779 for 
girls) and PhA (AUC = 0.758 for boys and 0.767 for girls) 
(P < 0.001) (see Table 3). The optimal cutoff values for the 
FFMI, BMI, and PhA were 12.8  kg/m2, 14.4  kg/m2, and 
4.6° for boys and 12.0  kg/m2, 13.4  kg/m2, and 4.4° for 
girls, respectively. The sensitivities of these parameters 
for identifying severely low ASMI were 78.4%, 65.5%, and 
66.4% for boys and 92.9%, 80.4%, and 80.4% for girls, with 
specificity rates of 79.6%, 81.6%, and 75.0% for boys and 
75.9%, 67.9%, and 67.0% for girls, respectively. The FFMI 
had significantly greater AUC values than the BMI and 
PhA in both sexes (P < 0.05).

In comparison, defining severely low ASMI as an 
ASMI ≤ − 2 SD achieved excellent predictive accuracy 
for the FFMI (AUC = 0.926 for boys and 0.931 for girls), 
good predictive accuracy for the BMI (AUC = 0.860 for 
boys and 0.833 for girls), and fair accuracy for the PhA 
(AUC = 0.785 for boys and 0.743 for girls) (P < 0.001). 
The optimal cutoff values for the FFMI, BMI, and PhA 
were 12.4  kg/m2, 13.7  kg/m2, and 4.4° (Euclidean index 
method) for boys and 11.8 kg/m2, 13.5 kg/m2, and 4.4° (by 
both the product index and Euclidean index methods) for 
girls, respectively. The sensitivities of these parameters 
for detecting severely low ASMI were 86.9%, 83.9%, and 
70.4% for boys and 87.7%, 64.2%, and 62.3% for girls, 
respectively, with specificity rates of 83.2%, 77.9%, and 
69.0% for boys and 87.1%, 88.7%, and 74.2% for girls, 
respectively. The FFMI had significantly greater AUC val-
ues than the BMI and PhA in both sexes (P < 0.05).

Discussion
Prevalence of abnormal FM% and severe low ASMI
This study included children with reduced appetite, picky 
eating, or slow weight gain, revealed that in the normal 
BMIz group, a significant proportion (26.7–27.7%) had a 
low FM%, and 20.0–27.7% had a severely low ASMI ( ≤ − 1 
SD). DXA-derived ASMI ≤ − 1 SD was defined as pre-
sarcopenia [34]. Reduced muscle mass and strength in 
youth may predispose individuals to metabolic disorders, 
cardiovascular diseases, and potentially compromised 
bone health [35]. In the recent literature on the emerging 
issue of sarcopenia risk screening in seemingly healthy 
children and adolescents, we could not find directly 
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Variable:
mean (SD) or 
median (P25, 
P75)

Boys

Before Propensity Score Matching Statistic P After Propensity Score Matching Statistic P

Normal BMIz
(n = 101)

Low BMIz
(n = 211)

Normal BMIz
(n = 99)

Low BMIz
(n = 99)

Age (years) 7.4 (6.2, 9.3) 8.3 (6.8, 10.3) Z = − 2.775 0.006 7.3 (6.2, 9.2) 7.3 (6.3, 9.2) Z = − 0.170 0.865
SMD = 0.282 SMD = 0.012

Height (cm) 124.2 (116.6, 136.2) 128.0 (119.8, 
139.4)

Z = − 1.819 0.069 123.0 (116.6, 135.8) 124.3 (116.0, 
134.7)

Z = − 0.594 0.552

Weight (kg) 23.7 (20.2, 29.0) 21.8 (19.2, 27.0) Z = − 2.365 0.018 23.6 (20.2, 29.0) 20.2 (18.2, 24.1) Z = − 4.184 < 0.001
BMI (kg/m2) 15.16 (14.65, 15.91) 13.59 (13.04, 

14.07)
Z = − 12.526 < 0.001 15.15 (14.65, 15.86) 13.53 (13.02, 

14.02)
Z = − 11.435 < 0.001

FM (kg) 2.80 (2.30, 3.90) 2.10 (1.50, 2.70) Z = − 6.425 < 0.001 2.70 (2.30, 3.85) 1.90 (1.40, 2.55) Z = − 6.605 < 0.001
FM% 12.18 (3.66) 9.22 (2.96) t = 7.643 < 0.001 12.30 (9.74, 14.23) 8.98 (7.49, 10.78) Z = − 6.254 < 0.001
FMI (kg/m2) 1.83 (1.50, 2.25) 1.23 (0.98, 1.50) Z = − 8.669 < 0.001 1.83 (1.50, 2.26) 1.19 (1.00, 1.50) Z = − 7.782 < 0.001
VFA (cm2) 15.40 (11.40, 17.70) 17.90 (15.70, 

19.95)
Z = 5.756 < 0.001 15.40 (11.45, 17.70) 17.60 (15.35, 

19.85)
Z = 4.976 < 0.001

FFM (kg) 20.50 (17.70, 25.00) 20.00 (17.45, 
24.15)

Z = − 1.247 0.212 20.50 (17.65, 24.70) 18.40 (16.50, 
22.00)

Z = − 3.216 0.001

FFMI (kg/m2) 13.35 (12.94, 13.89) 12.25 (11.91, 
12.76)

Z = − 10.424 < 0.001 13.34 (12.93, 13.85) 12.24 (11.93, 
12.60)

Z = − 9.656 < 0.001

SMM (kg) 10.10 (8.50, 12.70) 9.70 (8.30, 12.20) Z = − 1.519 0.129 10.10 (8.45, 12.50) 8.70 (7.70, 10.95) Z = − 3.439 < 0.001
ULSM (kg) 1.44 (1.29, 1.73) 1.15 (1.02, 1.48) Z=-6.559 < 0.001 1.43 (1.29, 1.71) 1.11 (1.00, 1.29) Z=-7.379 < 0.001
Trunk MM (kg) 8.40 (7.30, 9.80) 7.70 (6.65, 9.45) Z = − 2.548 0.011 8.20 (7.25, 9.75) 7.20 (6.40, 8.45) Z = − 4.282 < 0.001
LLSM (kg) 5.22 (4.33, 6.83) 4.91 (3.96, 6.43) Z=-1.840 0.066 5.11 (4.31, 6.61) 4.31 (3.80, 5.49) Z=-3.853 < 0.001
ASMI (kg/m2) 4.30 (4.00, 4.80) 3.80 (3.40, 4.25) Z = − 7.174 < 0.001 4.30 (4.00, 4.75) 3.60 (3.40, 4.00) Z = − 7.701 < 0.001
TBW (L) 14.90 (13.00, 18.20) 14.60 (12.75, 

17.60)
Z = − 1.388 0.165 14.90 (12.95, 18.05) 13.40 (12.05, 

16.10)
Z = − 3.371 < 0.001

ICW (L) 9.30 (8.10, 11.20) 9.00 (7.90, 10.90) Z = − 1.521 0.128 9.30 (8.05, 11.15) 8.20 (7.45, 9.90) Z = − 3.452 < 0.001
ECW (L) 5.80 (5.00, 7.00) 5.60 (4.90, 6.80) Z = − 1.177 0.239 5.70 (5.00, 6.90) 5.10 (4.65, 6.10) Z = − 3.220 0.001
ECW/TBW ratio 0.382 (0.005) 0.385 (0.005) t = 4.721 < 0.001 0.382 (0.005) 0.384 (0.005) t = 3.277 0.001
Protein (kg) 4.10 (3.50, 4.90) 3.90 (3.40, 4.70) Z = − 1.565 0.118 4.00 (3.50, 4.80) 3.60 (3.25, 4.20) Z = − 3.445 < 0.001
Minerals (kg) 1.54 (1.22, 1.89) 1.56 (1.32, 1.87) Z = − 0.374 0.709 1.54 (1.21, 1.88) 1.44 (1.20, 1.74) Z = − 1.488 0.137
BCM (kg) 13.30 (11.50, 16.10) 12.80 (11.30, 

15.60)
Z = − 1.537 0.124 13.30 (11.45, 15.95) 11.70 (10.70, 

14.20)
Z = − 3.461 < 0.001

PhA (°) 4.8 (0.5) 4.4 (0.4) t = − 6.656 < 0.001 4.8 (0.5) 4.4 (0.4) t = − 5.375 < 0.001
Variable:
mean (SD) or 
median (P25, 
P75)

Girls

Before Propensity Score Matching Statistic P After Propensity Score Matching Statistic P

Normal BMIz
(n = 30)

Low BMIz
(n = 168)

Normal BMIz
(n = 30)

Low BMIz
(n = 105)

Age (years) 7.8 (6.2, 9.1) 7.8 (6.6, 10.3) Z = − 1.031 0.302 7.8 (6.2, 9.1) 7.5 (6.3, 9.2) Z = − 0.045 0.964
SMD = 0.284 SMD = 0.015

Height (cm) 124.0 (116.3, 135.4) 125.5 (117.0, 
139.1)

Z = − 0.569 0.569 124.0 (116.3, 135.4) 124.1 (116.4, 
133.4)

Z = − 0.259 0.795

Weight (kg) 22.4 (19.3, 26.8) 20.5 (17.7, 25.6) Z = − 1.779 0.075 22.4 (19.3, 26.8) 20.0 (17.2, 23.8) Z = − 2.676 0.007
BMI (kg/m2) 14.61 (14.35, 15.47) 13.16 (12.72, 

13.68)
Z = − 7.276 < 0.001 14.61 (14.35, 15.47) 13.02 (12.59, 

13.55)
Z = − 7.732 < 0.001

FM (kg) 3.10 (2.62, 4.42) 2.20 (1.60, 2.88) Z = − 4.227 < 0.001 3.10 (2.62, 4.42) 2.10 (1.40, 2.80) Z = − 4.673 < 0.001
FM% 13.90 (12.50, 16.53) 10.60 (7.82, 12.75) Z = − 5.080 < 0.001 14.33 (3.14) 10.22 (3.36) t = 5.996 < 0.001
FMI (kg/m2) 2.05 (1.81, 2.46) 1.38 (0.98, 1.76) Z = − 5.862 < 0.001 2.16 (0.58) 1.35 (0.49) t = 7.663 < 0.001
VFA (cm2) 16.20 (13.22, 20.48) 18.40 (15.53, 

21.25)
Z = 2.102 0.036 16.20 (13.22, 20.48) 18.60 (16.00, 

21.10)
Z = 1.974 0.048

FFM (kg) 19.55 (16.78, 23.50) 18.35 (16.33, 
22.85)

Z = − 0.990 0.322 19.55 (16.78, 23.50) 17.80 (15.60, 
20.80)

Z = − 1.892 0.058

FFMI (kg/m2) 12.72 (12.50, 13.11) 11.81 (11.41, 
12.19)

Z = − 6.436 < 0.001 12.78 (0.50) 11.72 (0.61) t = 8.747 < 0.001

SMM (kg) 9.55 (7.77, 11.80) 8.75 (7.45, 11.35) Z = − 1.112 0.266 9.55 (7.77, 11.80) 8.40 (7.10, 10.20) Z = − 2.025 0.043

Table 1 Comparison of anthropometric and BIA parameters between the normal and low BMIz groups
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comparable data on the prevalence of low muscle mass 
among those with normal BMI [8, 34, 36]. This study 
underscores the necessity to extend the diagnostic focus 
beyond BMI to include assessments of muscle mass in 

children. It advocates for the implementation of routine 
screening for sarcopenic risk in both clinical and educa-
tional settings. The study also identified individuals with 
a low BMIz but sufficient FM% and ASMI or with a low 

Table 2 The correlation coefficients between the PhA and body parameters
Variable Boys (n = 312) Girls (n = 168)

Before adjustment Adjustment for age No adjustment

r P value r P value r P value
Basic information
 Age 0.192 0.001 / / 0.138 0.074
 Height 0.194 0.001 / / 0.090 0.244
 BMI 0.477 < 0.001 0.457 < 0.001 0.427 < 0.001
Fat parameters
 FM 0.101 0.074 / / 0.132 0.088
 FM% -0.165 0.003a / / 0.024 0.760
 FMI -0.028 0.623 / / 0.112 0.150
 Trunk FM 0.136 0.017 0.048 0.397 0.103 0.182
 VFA -0.650 < 0.001 / / -0.525 < 0.001
Muscle and fat-free mass parameters
 FFM 0.323 < 0.001 0.337 < 0.001 0.219 0.004
 FFMI 0.601 < 0.001 0.586 < 0.001 0.532 < 0.001
 SMM 0.355 < 0.001 0.398 < 0.001 0.256 0.001
 ASMI 0.678 < 0.001 0.669 < 0.001 0.545 < 0.001
Hydration parameters
 TBW 0.334 < 0.001 0.357 < 0.001 0.235 0.002
 ICW 0.356 < 0.001 0.400 < 0.001 0.258 0.001
 ECW 0.298 < 0.001 0.281 < 0.001 0.199 0.010
 ECW/TBW ratio -0.687 < 0.001a / / -0.692 < 0.001
Nutritional parameters
 Protein 0.357 < 0.001 0.400 < 0.001 0.254 0.001
 Minerals 0.180 0.001 0.016 0.775 0.027 0.733
Table legends: As needed, partial correlation analysis was performed with age as a control variable for boys; a Pearson correlation analysis for normally distributed 
data; /, not adjusted

Variable:
mean (SD) or 
median (P25, 
P75)

Girls

Before Propensity Score Matching Statistic P After Propensity Score Matching Statistic P

Normal BMIz
(n = 30)

Low BMIz
(n = 168)

Normal BMIz
(n = 30)

Low BMIz
(n = 105)

ULSM (kg) 1.26 (1.15, 1.46) 1.02 (0.87, 1.29) Z=-3.875 < 0.001 1.26 (1.15, 1.46) 0.98 (0.86, 1.17) Z=-4.753 < 0.001
Trunk MM (kg) 7.95 (6.50, 9.30) 7.15 (6.20, 8.90) Z = − 1.415 0.157 7.95 (6.50, 9.30) 6.70 (5.90, 8.20) Z = − 2.430 0.015
LLSM (kg) 4.70 (3.88, 6.26) 4.24 (3.53, 5.93) Z=-1.501 0.133 4.70 (3.88, 6.26) 4.19 (3.31, 5.19) Z=-2.456 0.014
ASMI (kg/m2) 4.05 (3.73, 4.40) 3.50 (3.10, 3.90) Z = − 4.282 < 0.001 4.12 (0.55) 3.44 (0.62) t = 5.521 < 0.001
TBW (L) 14.25 (12.20, 17.22) 13.25 (11.85, 

16.55)
Z = − 1.071 0.284 14.25 (12.20, 17.22) 13.10 (11.30, 

15.20)
Z = − 1.974 0.048

ICW (L) 8.80 (7.53, 10.55) 8.25 (7.25, 10.28) Z = − 1.108 0.268 8.80 (7.53, 10.55) 8.00 (7.00, 9.40) Z = − 2.020 0.043
ECW (L) 5.45 (4.65, 6.68) 5.10 (4.53, 6.38) Z = − 1.057 0.291 5.45 (4.65, 6.68) 5.00 (4.40, 5.80) Z = − 1.949 0.051
ECW/TBW ratio 0.384 (0.381, 0.387) 0.384 (0.381, 

0.387)
Z = 0.666 0.505 0.384 (0.005) 0.385 (0.005) t = 0.827 0.410

Protein (kg) 3.85 (3.25, 4.55) 3.60 (3.12, 4.40) Z = − 1.177 0.239 3.85 (3.25, 4.55) 3.40 (3.00, 4.10) Z = − 2.061 0.039
Minerals (kg) 1.44 (1.23, 1.75) 1.42 (1.21, 1.81) Z = − 0.056 0.955 1.44 (1.23, 1.75) 1.41 (1.19, 1.64) Z = − 0.868 0.385
BCM (kg) 12.65 (10.72, 15.10) 11.80 (10.35, 

14.65)
Z = − 1.143 0.253 12.65 (10.72, 15.10) 11.50 (10.00, 

13.40)
Z = − 2.049 0.040

PhA (°) 4.7 (4.5, 4.8) 4.4 (4.1, 4.6) Z = − 3.314 < 0.001 4.7 (4.5, 4.8) 4.3 (4.0, 4.5) Z = − 3.679 < 0.001
Table legends: In the propensity score matching analysis, only age was considered as a confounding variable

Table 1 (continued) 
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BMIz but high FM%, which emphasized the importance 
of avoiding the misdiagnosis of malnutrition in children 
who may appear thin but are otherwise healthy.

This section’s limitations included selection bias of 
participants and a lack of quantified appetite data, lon-
gitudinal tracking of anthropometrics, and blood tests 
for nutritional markers. Future prospective studies with 
expanded sample sizes, adopting more comprehensive 
diagnostic tools for malnutrition, such as the Subjective 
Global Nutritional Assessment, are warranted to address 
these limitations.

Comparison of BIA parameters between the normal and 
low BMIz groups
After matching for age, the low BMIz group showed sig-
nificantly lower FM, SMM, TBW, protein, and nutritional 
indicators (FM%, FMI, FFMI, ASMI, BCM, and the PhA) 
than the normal BMIz group across both sexes, consis-
tent with our understanding that reduced energy intake 
depletes fat and muscle. The ECW/TBW ratio increased 
in the low BMIz group but only in boys. An increased 
ECW/TBW ratio may be explained by edema related to 
low protein levels or malnutrition [9, 37], which can lead 
to a significant loss of BCM [38]. The ECW/TBW ratio 
is a risk factor for malnutrition in adults with advanced 
cancer [39]; it is also linked to a greater risk of all-cause 
mortality in patients undergoing hemodialysis [40].

Regarding sex differences in body water distribution, a 
shift from ICW to ECW has been observed in men with 
cachexia but not in women, compared with age- and sex-
matched healthy controls [41]. In that study, a decreased 
ECW/ICW ratio correlated with an increase in BMI only 
in men [41]. Because research is limited, sex-specific 
changes in water distribution remain unexplained in 
undernourished children.

The VFA values were slightly but significantly greater 
in the low BMIz group. The VFA is reduced in malnour-
ished adults among pre-intestinal transplant recipients 
[42] and patients with ulcerative colitis [43]. However, 
variability in the VFA levels has been reported in differ-
ent diseases. A greater VFA was found in patients with 
IBD with impaired nutrition, with or without sarcopenia 
[44], and in lean patients with type 2 diabetes compared 
with healthy lean controls [45]. Furthermore, pediatric 
patients with sarcopenia and autoimmune liver disease 
exhibited a greater VFA than patients without sarcopenia 
[46]. Compared to controls, children with end-stage liver 
disease or intestinal failure show reduced MM and more 
visceral fat [37]. Although treatment-oriented supple-
mental nutrition might lead to storing calories as fat after 
malnutrition is recognized, this situation was unlikely in 
the present study. Epigenetics has garnered attention over 
the past few decades; theories suggest that early-life mal-
nutrition affects the etiology of metabolic diseases later 
in life. Visceral adipose tissue has been recognized in the 

Table 3 Predictive abilities of the PhA and nutritional indices for severely low ASMI
AUC 95% CI P value Cutoff Sensitivity (%) Specificity (%) Comparison Z 95% CI P value

ASMI ≤ − 1 SD ASMI ≤ − 1 SD
Boys (n = 312) Boys (n = 312)
FFMI (kg/m2) 0.853 0.810 to 0.896 < 0.001 12.8 78.4 79.6 FFMI vs. BMI 3.497 0.024 to 0.086 < 0.001
BMI (kg/m2) 0.798 0.748 to 0.848 < 0.001 14.4 65.5 81.6 FFMI vs. PhA 3.260 0.038 to 0.153 0.001
PhA (°) 0.758 0.701 to 0.814 < 0.001 4.6 66.4 75.0 BMI vs. PhA 1.216 −0.025 to 0.107 0.224
Girls (n = 168) Girls (n = 168)
FFMI (kg/m2) 0.889 0.837 to 0.941 < 0.001 12.0 92.9 75.9 FFMI vs. BMI 4.632 0.064 to 0.157 < 0.001
BMI (kg/m2) 0.779 0.705 to 0.852 < 0.001 13.4 80.4 67.9 FFMI vs. PhA 3.114 0.045 to 0.199 0.002
PhA (°) 0.767 0.692 to 0.841 < 0.001 4.4 80.4 67.0 BMI vs. PhA 0.255 −0.080 to 0.104 0.798

AUC 95% CI P value Cutoff Sensitivity (%) Specificity (%) Comparison Z 95% CI P value
ASMI ≤ − 2 SD ASMI ≤ − 2 SD
Boys (n = 312) Boys (n = 312)
FFMI (kg/m2) 0.926 0.898 to 0.954 < 0.001 12.4 86.9 83.2 FFMI vs. BMI 4.047 0.034 to 0.098 < 0.001
BMI (kg/m2) 0.860 0.818 to 0.902 < 0.001 13.7 83.9 77.9 FFMI vs. PhA 5.554 0.091 to 0.191 < 0.001
PhA (°) 0.785 0.734 to 0.835 < 0.001 4.5 55.3 85.8 BMI vs. PhA 2.601 0.018 to 0.132 0.009

4.5a 62.8 77.9
4.4b 70.4 69.0

Girls (n = 168) Girls (n = 168)
FFMI (kg/m2) 0.931 0.893 to 0.968 < 0.001 11.8 87.7 87.1 FFMI vs. BMI 4.156 0.051 to 0.143 < 0.001
BMI (kg/m2) 0.833 0.772 to 0.894 < 0.001 13.5 64.2 88.7 FFMI vs. PhA 5.012 0.114 to 0.261 < 0.001
PhA (°) 0.743 0.666 to 0.819 < 0.001 4.5 51.9 87.1 BMI vs. PhA 1.998 0.002 to 0.179 0.046

4.4a, b 62.3 74.2
Table legends: The majority of the optimal cutoff values were determined by the Youden index method. a optimal cutoff value derived from the product index 
method; b optimal cutoff value derived from Euclidean index method
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excessive release of free fatty acids and inflammatory 
adipokines [47]. Exposure to famine in utero or during 
childhood (0–9 years) is associated with a higher visceral 
adiposity index in women [47]. However, whether adults 
with a greater visceral adiposity index exhibit visceral fat 
accumulation during childhood is unknown. In addition, 
whether a slightly greater VFA poses a risk of metabolic 
dysfunction or provides protection remains unexplored.

One limitation of this section is the lack of real healthy 
controls, restricting its generalizability. The BMI, FM, 
FMI, FM%, BCM, and PhA values were lower in the nor-
mal BMIz group than in apparently healthy children in 
Chongqing, China [48] or the Motorik–Module (MoMo) 
study [38]. Moreover, the VFA values were lower than the 
published norms from the Czech Republic, which range 
from 30.3 to 44.9 cm2 [49]. In addition, the sample size 
was too small to allow further stratification based on a 
narrower age range.

Correlation between the PhA and other body parameters
The PhA showed a negligible positive correlation with 
age and height in boys but not girls. This finding is con-
sistent with the findings of the MoMo study, which indi-
cated an elevation in boys’ PhAs at the end of puberty, 
in contrast to the stabilization or slight reduction evi-
dent in girls at the onset of puberty [38]. We also iden-
tified a negligible negative correlation between the PhA 
and FM% in boys but not in girls, differing from a study 
that found an inverse correlation in females [50]. For the 
correlation between the PhA and minerals and trunk FM, 
age adjustment was essential for boys because of the dif-
ferences in significance before and after partial Spear-
man correlation analysis. No evidence of correlation was 
observed between the PhA and total FM, trunk FM, or 
FMI in either sex, consistent with the literature [20]. The 
current evidence is insufficient to conclusively define the 
directionality of correlations concerning the PhA, FM, or 
FM-related indices; disparate results have been reported 
[51]. Our analysis found a negative correlation between 
the PhA and the VFA, and the ECW/TBW ratio for both 
sexes, consistent with existing data [51, 52]. The posi-
tive correlations between the PhA and FFM, SMM, BMI, 
FFMI, and ASMI identified in our study are widely sup-
ported [17, 50]. The evidence suggests that the PhA is an 
indicator of nutritional status, particularly for lean body 
mass rather than FM metrics, necessitating further analy-
sis of its predictive capacity for sarcopenia.

Predictive abilities of the PhA and nutritional indices for 
severely low ASMI
We found the PhA has a fair performance for predict-
ing severely low ASMI. Although judging sensitivity and 
specificity has no agreed-upon criteria, the PhA cutoffs 
were not ideal because the participants were considerably 

misclassified. The FFMI outperformed the BMI and PhA 
in predicting severely low ASMI. This result is not sur-
prising since MM is the primary component of FFM; the 
FFMI showed a strong positive correlation with ASMI. 
Pediatric outpatients show a greater prevalence of a low 
FFMI than a low BMI [53]. The FFMI was recommended 
for diagnosing malnutrition at < 17  kg/m2 for men and 
< 15  kg/m2 for women, along with unintentional weight 
loss [54]. Furthermore, the BIA-measured FFMI showed 
strong positive correlations with both BIA- and DXA-
measured ASMIs, suggesting it is a straightforward sur-
rogate marker for low MM in adults [55]. Regarding the 
study’s initial purpose, our analysis indicated that the 
PhA may be a reasonable, although not a surrogate, mea-
sure for assessing the sarcopenia risk in children.

The limitations of this section include the absence of 
muscle function assessments such as handgrip strength 
tests and 6-minute walk tests for children [26] since 
increases in MM do not always correspond to improved 
muscle strength [35, 56]. Another limitation concerns the 
accuracy of BIA; it might overestimate FFM at the indi-
vidual level [30, 57]. Equations derived from BIA using 
advanced diagnostic tools, such as DXA, need to be vali-
dated for specific populations.

Conclusions
Our study found that underweight children frequently 
exhibit muscle wasting with or without fat wasting. The 
PhA moderately correlated with the FFMI and ASMI and 
exhibited a fair ability to predict severely low ASMI. BIA 
is a rapid and convenient approach for evaluating body 
composition in children at risk of sarcopenia.
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