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Assessment of nutritional status in paediatric outpatients using
bioelectrical impedance analysis and anthropometric z-scores
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Aim: To investigate paediatric outpatients’ nutritional status using bioelectrical impedance analysis and anthropometric z-scores.

Methods: A retrospective data analysis of tertiary paediatric hospital outpatients from 2017 to 2019 was conducted. Patients were categorised
into three groups (non-illiness, illness and simple obesity) according to clinical diagnoses. The nutritional status was evaluated using anthropomet-
ric and bioelectrical impedance analysis. In addition, body composition measurements of patients in three subgroups of the illness group and
age- and gender-matched healthy controls were compared.

Results: A total of 2015 paediatric outpatients were enrolled. According to body mass index z-scores, undernutrition prevalence among partici-
pants was 14.0% (non-illness group, 21.3%; iliness group, 11.4%). Body composition measurements indicated that 41.6% of participants had a low
fat-free mass index, and the proportions of participants with a low fat-free mass index in the non-illness, illness and simple obesity groups were
48.4, 47.0 and 10.7%, respectively. Compared with healthy controls, the haematology and oncology subgroup had a significantly lower fat-free
mass index and fat mass index; the nephrology and rheumatology subgroup had significantly lower height-for-age z-scores but higher fat mass
index; and the gastroenterology subgroups had lower fat mass index, fat-free mass index and body mass index z-scores.

Conclusions: The results suggested the low fat-free mass index prevalence was greater than the low body mass index z-score prevalence
among paediatric outpatients, and body composition parameters varied across different illnesses. Body composition analysis is recommended in

nutrition clinics for accurate paediatric outpatient nutritional assessment, thereby providing timely individualised nutritional interventions.
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What is already known on this topic

1 One of the main deficiencies of body mass index is that it does
not differentiate between fat mass and fat-free mass.

2 Body composition is increasingly considered as an important
aspect for the evaluation of nutritional status.

Malnutrition is defined as a state of nutritional imbalance resulting
from a deficiency or excess of energy, protein and other nutrients
that leads to altered body composition and body functions and
adverse effects on clinical outcome. Malnutrition can be dassified
into two types, nonillness-related malnutrition and illness-related
malnutrition, based on aetiology-related definitions." It is reported
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What this paper adds

1 This study showed significantly higher prevalence of low fat free
mass index than that of low body mass index z-score among
pediatric outpatients.

2 Assessment of body composition, not just anthropometry, is
vital to assess nutritional status in the pediatric outpatient
setting.

that the published malnutrition prevalence in children ranges from
6 to 40%.> In addition to impeding growth and development, mal-
nutrition may also undermine response to and tolerance of treat-
ment, increase susceptibility to infections, prolong hospital length of
stay and reduce survival rate.> In view of the relationship between
malnutrition and adverse clinical outcomes, early diagnosis and
timely intervention are of great significance. Body mass index (BMI)
is currently one of the most commonly used indicators in the assess-
ment of the nutritional status of children. However, BMI is inade-
quate for the proper determination of nutritional status in the
paediatric population and may overlook the more clinically signifi-
cant functional body components, including fat-free mass (FFM), fat
mass (FM) and body cell mass (BCM). Previous research has shown
that excess EM may conceal FEM deficits.* Moreover, recent studies
have shown that the loss of FFM and BCM as well as FM accretion
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were all associated with adverse dlinical outcomes.” Therefore, nutri-
tional status monitoring should involve not only BMI but also body
composition for accurate nutritional diagnoses and aids in early
individualised nutritional intervention, improving clinical outcomes
and long-term health. The non-invasive, safe and inexpensive char-
acteristics of bioelectrical impedance analysis (BIA) make this
method applicable in paediatric populations.®

The purpose of this study was to assess the nutritional status of
paediatric outpatients reflected by anthropometric and body com-
position parameters and to compare body composition measure-
ments of illness subgroups with that of healthy controls.

Methods
Study design

The subjects in this study included paediatric patients who went
to the nutrition outpatient clinic at Shanghai Children’s Medical
Center (SCMC), a national children’s medical centre in China.
The study comprised subjects who were 3 years of age or older
with complete clinical information and BIA measurements. Chil-
dren under 3 years old were excluded from the study due to the
lack of reference data on body composition from BIA for this age
group. From January 2017 to December 2019, a total of 10 101
patients went to the nutrition clinics of SCMC. Initially, 2421
subjects underwent body composition measurements. Among
them, 406 subjects under the age of three were excluded. The
remaining 2015 subjects were included in this study.

General demographics and clinical information, such as age,
gender, clinical diagnosis and nutritional diagnosis, were

Table 1 Demographic and clinical characteristics of the study population

Nutritional assessment in outpatients

collected. According to the clinical diagnosis, the enrolled subjects
were divided into non-illness, illness and simple obesity groups.
The criteria of the illness group refer to the subjects with a clear
history of specific disease or trauma, and the criteria of the nonil-
Iness group refer to those without a history of underlying patho-
logical or physical disorders. Among the non-illness group, the
criteria of healthy children refer to those whose nutritional
assessment results (including anthropometric and body composi-
tion data) were within the normal range. Subjects in our simple
obesity group were children suffering from overnutrition, who
had simple obesity caused by poor lifestyles (such as excessive
energy intake and decreased activity levels). Subgroup analysis
was performed on three subgroups: the haematology and oncol-
ogy (HO); nephrology and rheumatology (NR); and gastroenter-
ology (GI) subgroups. Age- and gender-matched healthy subjects
were selected from the non-illness group as controls. The body
composition measurements of patients in the three subgroups
and their controls were compared.

This research was approved by the SCMC ethics committee
(SCMCIRB-K2017015); the requirement of informed consent
was waived due to retrospective use of electronic record data.

Anthropometric and body composition
measurements

All measurements, including standing height, weight and BIA data
were retrospectively obtained from electronic medical records and
databases. Weight and body composition were measured by BIA
using an Inbody 720 (Inbody Co. Ltd., Seoul, South Korea). The
BIA data included weight, FM, FFM and BCM. BMI was calculated

Variables Total (n = 2015) Non-illness (n = 929) lliness (n = 760) Simple obesity (n = 326)
Age, years 7.2 (5.6-10.4) 6.3 (5.2-9.2) 7.4 (53-11.2) 9.3 (7.3-11.4)
Age category

3.0-5.9 589 (29.2) 320 (34.4) 235 (30.9) 34 (10.4)

6.0-8.9 694 (34.4) 361 (38.9) 225 (29.6) 108 (33.1)

9.0-11.9 453 (22.5) 167 (18.0) 157 (20.7) 129 (39.6)

12.0-18.0 279 (13.8) 81 (8.7) 143 (18.8) 55 (16.9)
Gender

Boys 1217 (60.4) 539 (58.0) 440 (57.9) 238 (73.0)

Girls 798 (39.6) 390 (42.0) 320 (42.1) 88 (27.0)
BMIZ -0.3(-1.3,1.4) -1.0(-1.7,-0.2) -0.1(-1.3,0.9) 3.0 (2.5-3.6)
BMIZ category

—2<7<2 1347 (66.5) 733 (78.7) 614 (80.8) NA

Z< -2 283 (14.0) 196 (21.3) 87 (11.4) NA

Z>2 385 (19.5) NA 59 (7.8) 326 (100.0)

FM, kg 3.8 (2.3-9.3) 2.8 (1.8-4.1) 43 (2.7-8.2) 17.2 (12.2-24.5)
FMI, kg/m? 2.6 (1.6-5.3) 1.9 (1.3-2.7) 3.0 (1.9-4.8) 9.1 (6.9-11.5)
FFM, kg 19.6 (15.2-27.0) 17.9 (14.5-22.1) 19.8 (14.4-26.4) 29.2 (23.2-37.5)
FFMI, kg/m2 12.7 (11.9-13.9) 12.4 (11.8-13.1) 12.6 (11.7-13.7) 14.8 (13.9-16.5)
FFMI category

Normal 1176 (58.4) 482 (51.9) 403 (53.0) 291 (89.3)

Low 839 (41.6) 447 (48.4) 357 (47.0) 35 (10.7)

Non-normally distributed data are expressed as medians (IQRs), and categorical data are presented as numbers and percentages, n (%). BMIZ, body

mass index z-score; FFM, fat-free mass; FFMI, fat-free mass index; FM, fat mass; FMI, fat mass index; IQR, interquartile range.
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as weight (kg) divided by height squared (m?). Anthropometric
z-scores were calculated using WHO Anthro (version 3.2.2) soft-
ware (Geneva, Switzerland) for subjects younger than 5 years old
and WHO AnthroPlus (version 1.0.4) software (Geneva, Switzer-
land) for subjects 5 years of age or older. The subjects were cat-
egorised according to their BMI z-score (BMIZ) as follows:
undernutriton (BMIZ <-2), normal nutritional status
(=2 < BMIZ<2) and obesity (BMIZ >2).”® Similar to the BMI, FM
and FFM were adjusted for height by calculating the FM index
(EMI) and FFM index (FFMI), respectively. According to the refer-
ence values given in the study by Nakao et al.’ for children over
3 years of age, a low FEMI for boys was defined as less than
12.7 kg/m? and for girls was less than 12.0 kg/m?>.

Statistics

All data analyses were conducted using SPSS version 26 (IBM,
SPSS Inc., Armonk, NY, USA). The continuous variables are
shown as the median interquartile range, and the classification
variables are shown as frequencies and percentages. Categorical
data were analysed by the %? test. Mann-Whitney U-tests were
applied to compare continuous variables between illness sub-
groups with those of controls after data had been tested for nor-
mal distribution, based on the Shapiro-Wilk’s test. P value
<0.05 were considered statistically significant.

Table 2 Diagnosis information of the illness group (n = 760)

Diagnosis n (%)
Gastroenterology 32
Crohn’s disease 12 (37.5)
Hirschsprung’s disease 3(9.4)
Necrotising enterocolitis 3(9.4)
Short-bowel syndrome 3(9.4)
Intestinal obstruction 2 (6.3)
Pancreatitis 7 (21.9)
Gastrointestinal fistula 2 (6.3)
Haematology and oncology 209
Leukaemia 52 (24.9)
Lymphoma 10 (4.8)
Solid tumour 59 (28.2)
Brain tumour 6 (2.9)
Aplastic anaemia 57 (27.3)
Thalassaemia 6 (2.9)
Myelodysplastic syndrome 14 (6.7)
Others 5(2.4)
Nephropathology and rheumatology 84
Systemic lupus erythematosus 36 (42.9)
Juvenile idiopathic arthritis 11 (13.1)
Nephritis/Nephrotic syndrome 20 (23.9)
Chronic kidney disease 5 (6.0)
Others 12 (14.3)
Congenital heart disease 185
Allergy 61
Asthma 134
Others 55
1276
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Results
Patients characteristics

Demographic, anthropometric and body composition data for
each group were reported in Table 1. The detailed diagnosis
information of illness group patients was presented in Table 2.
A total of 2015 paediatric outpatients were enrolled. Their
median age was 7.2 years (5.6, 10.4), and 60.4% of them were
boys. As defined by BMIZ, 283 subjects (14.0%) fell in the cate-
gory of BMIZ<—-2, 385 subjects (19.5%) fell in the category of
BMIZ>2 and 1347 subjects (66.5%) fell in the category of
—2<BMIZ<2. Among all the study subjects, 839 (41.6%) had
low FFMI values. The percentages of individuals with low FFMI
in the non-illness group, illness group and simple obesity group
were 48.4, 47.0 and 10.7%, respectively.

Distributions of categories of BMIZ and FFMI of
the non-illness group, iliness group and three
iliness subgroups (HO, Gl and NR)

Whether in the non-illness group or illness group, the proportion
of patients with low FFMI was greater than that of patients with

(a)
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70% -
60%
50%
40%
30%
20%
10%

0%

Non-illness Illness GI HO NR

(b)

100% ~
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50% -
40% -
30% -
20%
10%

0%

Non-illness Illness GI HO NR

Fig 1 Distributions of categories of body mass index z-score (BMIZ) and
fat-free mass index (FFMI) of the non-iliness group, illness group, and
three illness subgroups (HO, Gl, and NR). (a) Distributions of BMIZ;
(b) Distributions of FFMI. Gl, gastroenterology; HO, haematology and
oncology; NR, nephrology and rheumatology. In each group and sub-
group, the prevalence of low FFMI was higher than the prevalence of
BMIZ<—2. (a) (=), BMIZ>2; (m), —2<BMIZ<2; (), BMIZ<—2. (b) (m), Normal
FFMI; (m), low FFMI.
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low BMIZ. The subgroup distributions of FFMI and BMIZ by ill-
ness category are shown in Figure 1. In the GI, HO and NR sub-
groups, the proportions of patients with BMIZ<-2 were 21.9,
14.8 and 8.3%, respectively, and the proportions of patients with
low FEMI were 50.0, 33.0 and 25.0%, respectively.

Distribution of BMIZ and FFMI of the study
population stratified by gender

Table 3 and Figure 2 show the overall distribution of BMIZ and
FFMI by gender. Among patients with BMIZ between —2 and
2, the proportions of boys and girls with low FFMI were 28.1
and 13.1%, respectively. Among patients with BMIZ, over
2, 2.6% of the girls and 9.7% of the boys had low FFMI. In addi-
tion, among patients with BMIZ was less than -2, 6.4% of boys
and 9.2% of girls had normal FEML. In general, compared to girls,
a higher proportion of boys had low FFMI.

Comparison of the nutrition status of three illness
subgroups with that of healthy controls

The statistical details of the body composition comparisons
between the three main subgroups and age- and gender-matched
healthy controls are given in Table 4. Compared with healthy
controls, HO subgroup showed significantly lower FFMI
(P <0.001) and EMI (P = 0.003). The NR subgroup had signifi-
cantly lower height-for-age z-scores (HAZ) but higher BMIZ and
FMI (all P values <0.001). The GI subgroup had significantly
lower BMIZ (P < 0.001), FMI (P < 0.001) and FEMI (P = 0.002).

Discussion

In recent years, accurate evaluation of the nutritional status of
children and adolescents has drawn much attention.”> Based on
the 2016 Paediatric Malnutrition Diagnosis guidelines, in addition
to anthropometric parameters, underlying diseases were also
incorporated into the diagnosis of malnutrition to determine the
aetiology of malnutrition and to provide aetiology-related
individualised nutritional interventions.! At present, body com-
position parameters are considered as a more appropriate anthro-
pometric measurement to understand children’s nutritional
status. In comparison with conventional anthropometric mea-
surements such as body weight and BMI, body composition
reflects changes in FM and FFM, which improves the accuracy of
nutritional assessment.'® The Global Leadership Initiative on
Malnutrition Criteria for the Diagnosis of Malnutrition included
the FEMI as a diagnostic parameter for adult malnutrition.''
However, to date, there is no well-recognised age-and gender-
specific reference standard for the FFMI in paediatric populations.
Therefore, the FFMI has not yet been recognised as an indicator
for the diagnosis of malnutrition in paediatric populations, but it
is advantageous in optimising catch-up growth, predicting prog-
nosis and promoting individualised nutritional intervention.'?
Previous studies have also shown the importance of the body
composition parameters of FM and FFM in nutritional assessment
and prediction of clinical outcome and prognosis. To the best of
our knowledge, the USA, the UK and Europe have previously
reported the FEMI reference standard retrieved from the refer-
ence method in their paediatric populations.'*>™!* So far, in the
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Asian population, only one study published by Nakao et al.’ has
used the BIA method to calculate the reference standard of FFMI
for children aged three or above. Both Japanese children and our
study populations belonged to the East Asian population, where
their growth and nutritional status were relatively close com-
pared to those of children of other ethnic groups. We, therefore,
chose the reference data by Nakao et al.” in this study.

Body composition analysis has become a useful tool in clinical
practice in paediatric populations. Commonly used methods
include isotope dilution, air displacement plethysmography, dual-
energy X-ray absorptiometry, computerised tomography, mag-
netic resonance imaging and BIA. Although techniques such as
air displacement plethysmography, dual-energy X-ray absorpti-
ometry, computerised tomography and magnetic resonance
imaging have high precision and accuracy, they are not practical
and perfect for routinely use in the clinical setting because of the
need for costly equipment, well-trained technicians and has
potential radiation exposure. Recently, BIA has become a valid
alternative for body composition evaluation and has been vali-
dated against existing reference methods, and it is a more practi-
cal, inexpensive, nonradioactive and well-tolerated method that
can be finished in a short operating time. However, the lack of
reference standards, the low applicability to children with altered
hydration, and the need for population-specific equations are the
three main limitations of this method.'® Despite these limitations,
in contrast to other methods, BIA is suitable and convenient for
nutritional status monitoring and follow-up in paediatric clinical
practice, especially in outpatient clinics.

In this retrospective study, we noticed a higher prevalence of
low FFMI than that of low BMIZ in both the non-illness group
and the illness group. In addition, nearly 10% of subjects in the
simple obesity group had a low FFMI. A study carried out to
assess the nutritional status of Crohn’s disease outpatients and
healthy control pairs reported a higher prevalence of low FFMI
than that of low BMI in patients with Crohn’s disease.!” Similar
results have also been reported in other studies.'®

Among the subjects with normal BMIZ values, 13.1% of girls
and 28.1% of boys had low FFMI, indicating that these children
may have a potential risk of malnutrition. A study found that the
BMIZ of patients with ulcerative colitis were normal, and the
metabolically active component of FEM decreased significantly.
In addition, among subjects with a BMIZ greater than 2, 2.6% of
girls and 9.7% of boys had low FFMI, known as sarcopenic obe-
sity. In a recent review, Buch et al.'® suggested that a higher risk
of metabolic complications may be associated with sarcopenic
obesity. According to a previous report of long-term survivors of
childhood allogeneic haematopoietic stem-cell transplantation,
sarcopenic obesity is prevalent and adversely affects the overall
quality of life.?®

As we described in the study, the changes of body composition
in different illness subgroups have different characteristics. FM,
FMI and FFMI in the HO subgroups were significantly lower than
those in healthy controls. The findings of this study are consistent
with those of other studies, which found lower FFM in patients
with leukaemia or solid tumours.>"*> Our previous study also
indicated that children with acute graft-versus-host disease expe-
rienced FFM reduction in the early stage of the post-
transplantation period.?*> Similar studies have also found that
cancer patients have persistently low FFM and high FM during
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and after intensive treatment, which might be associated with
multimodal cancer therapy. Based on previous findings, alter-
ations in body composition, such as the loss of FEM in paediatric
patients with oncology conditions, may lead to a deterioration of
the quality of life, physical dysfunction and shortened survival
time.> Our study found that the FM was higher in NR subgroup
than in the healthy controls; in contrast, the HAZ was signifi-
cantly lower. Similar findings were also documented in systemic
lupus erythematosus patients by Mok et al.* and in juvenile idio-
pathic arthritis patients by Wiech ef al.>* These changes might be
related to the accumulation of adipose tissue induced by treat-
ment with glucocorticoids such as prednisone, which may hinder
growth and interfere with endogenous growth hormone and
osteogenesis. In the present study, FMI, FEMI and BMIZ were
significantly lower in the GI subgroup than in healthy controls.
The findings were consistent with Selbuz’s research.?® According
to these limited study results, it is recommended to carry out a
comprehensive nutritional assessment by integrating body com-
position analysis with anthropometry for malnutrition manage-
ment, early detection and timely treatment.

To the best of our knowledge, this is the first study focused on
the application of body composition analysis among paediatric
nutrition outpatients in China. There are some limitations to the
study as well. First, despite our large sample size, data regarding
grades of severity of illness, and clinical outcome of the subjects
have not been collected completely, owing to the nature of the
retrospective design of the present study. We did not stratify the
illness according to grades of severity, and the associations
between body composition parameters and clinical outcome were
not analysed. Second, due to the lack of reference norm of FFMI
using the BIA method applied to 3-18 years children in China,
we used the data of Nakao et al.’ as our reference value.

Conclusions

The prevalence of low FEMI is much higher than that of BMIZ<
—2 in paediatric outpatients and the changes in body composition
may vary across the illness. Given the relationship between
abnormal body composition changes and adverse clinical out-
comes, we strongly recommend body composition analysis as part
of the routine nutritional assessment in paediatric outpatient
nutrition clinic, as it is helpful in early detection of the adverse
changes in body composition and may also provide a guideline
for clinicians to adjust appropriate nutrition regimens for
individualised treatment in paediatric outpatients and conse-
quently improve nutritional status and long-term health. To date,
there is no age-and gender-specific reference norm of FEMI using
the BIA method in the Chinese paediatric population; therefore,
future studies to develop the appropriate reference norm of FFMI
is needed, which could aid in accurate nutrition diagnosis and
early nutritional intervention.
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