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Abstract

Introduction: The aim of this study was to evaluate the nutritional status of children undergoing cancer treatment
and to assess changes in their nutritional status depending on selected clinical, demographic, and social factors.

Material and methods: This was a single-center prospective cohort study of children aged 2 to 18 years who were
diagnosed with cancer and received treatment between October 2019 and January 2022. The nutritional status
of patients was evaluated before and after cancer treatment based on measurements of weight, body mass index
(BMI), height, and arm anthropometry (MUAC, mid-upper arm circumference; TSFT, triceps skinfold thickness, and
SCFT, subscapular skinfold thickness). Body composition (UMA, upper arm muscle area), arm fat index (AFI), and the
sum of SCFT and TSFT (SFsum) were also assessed. Additionally, the nutritional status of patients at baseline was
compared to that of a control group consisting of 30 healthy children. The obtained results were analyzed depending
on selected demographic, clinical, and social factors.

Results: The study included 40 patients (median age 11.29 years [range 2.08-17.67]; male 67.5%). At baseline, mal-
nutrition was reported in 5% and 7.5% of children based on weight and BMI respectively, and in 7.5% of patients based
on MUAC. At follow-up, malnutrition increased by 17.5% based on body weight and BMI, and by 2.5% based on MUAC.
UMA allowed the diagnosis of protein-energy malnutrition in 27.5% of patients. Moreover, low UMA was significantly
more common in children with cancer than in controls. Overnutrition at follow-up was identified in a higher percentage
of patients based on AFl and SFsum measurements than based on BMI (27.5%, 35%, and 10%, respectively). There
were no differences in anthropometric measurements or body composition depending on the type of cancer, intensity
of treatment, or place of residence. However, weight, BMI, MUAC, UMA, and SFsum were higher in males, suggesting
the possible effect of sex. A higher prevalence of underweight determined by BMI was noted in patients whose parents
had university education or were between the ages of 18 and 35.

Conclusions: Children with cancer show changes in the nutritional status compared to healthy children. Body composi-
tion can be used to identify these changes with greater accuracy than anthropometric measurements such as weight,
height, BMI, and arm anthropometry. The risk of changes in nutritional status can be determined based on selected
clinical, demographic, and social factors.
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Introduction

Children with cancer may present with abnormalities in
nutritional status that can be found at the time of diagnosis,
or during and after cancer treatment [1-4]. Conditions that
constitute high-risk factors for malnutrition (both undernu-
trition and overnutrition) in children with cancer include
advanced solid tumors, central nervous system tumors,
high-risk acute lymphoblastic leukemia, high-risk lymphoma,
nasopharyngeal carcinoma, as well as multiple relapsed
and high-risk leukemias [5]. Malnutrition can complicate
cancer treatment and worsen the prognosis [6-7]. It also
increases the risk of metabolic disorders in survivors [8-9].

Identifying children with cancer who are at higher risk of
nutritional disorders such as undernutrition and overnutri-
tion may aid decision-making on appropriate management,
thus preventing complications. Therefore, it is important to
determine risk factors for malnutrition and to identify pe-
diatric patients with cancer who require close monitoring.

The aim of the present study was to evaluate the nutrition-
al status of children receiving cancer treatment. Moreover, we
aimed to assess changes in the nutritional status depending
on selected clinical, demographic, and social factors.

Material and methods

Study design

This observational, prospective, single-center study was
conducted in pediatric patients with newly diagnosed
cancer who were hospitalized between October 2019 and
January 2022 in the Pediatric Department of Hematology,
Oncology and Transplantology at the University Hospital in
Lublin, Poland. The study compared the nutritional status
of children with cancer at diagnosis to that of a group
of healthy children (the control group), and also showed
changes in the nutritional status of children with cancer
during treatment.The nutritional status of the patients
was assessed at the baseline examination (before cancer
treatment) and again at the follow-up examination (after
treatment). The treatment endpoint in patients with he-
matological malignancies was evaluated before starting
maintenance treatment, while in those with solid tumors it
was evaluated upon completion of the first-line treatment
protocol. Subsequently, changes in the nutritional status
were assessed according to clinical (type of cancer, inten-
sity of treatment), demographic (sex, age group), and social
(age of parents, education of parents, place of residence )
characteristics of the patients’ families.

Study population

The study included consecutive pediatric patients aged 2
to 18 years with newly diagnosed cancer. Exclusion criteria
were age under 2 years at diagnosis, relapsed or secondary
malignancy, and hematopoietic stem cell transplantation.

Patients received standard treatment according to the type
and stage of cancer.

The control group included children who were not under
specialized care for chronic diseases, were not taking any
chronic medications, and who did not present with signs
of active infection upon enrollment to the study. Controls
were recruited from among the children of the investiga-
tors and those of their relatives and friends.

Demographic and clinical data including age, sex, type
of cancer, and intensity of treatment were obtained from
the hospital registry. Information on the social status (the
age of the parent when the child was diagnosed with can-
cer, parents’ educational status, place of residence) was
obtained from parents using a dedicated questionnaire.

Nutritional assessment

The nutritional status of participants was assessed based
on anthropometric measurements including body weight,
height, body mass index (BMI), mid-upper arm circumfer-
ence (MUAC), triceps skinfold thickness (TSFT), subscapular
skinfold thickness (SCFT) and body composition including
sum of SCFT and TSFT (SFsum), upper arm muscle area
(UMA), and arm fat index (AFl). Anthropometric measure-
ments were assessed both as raw values and were also
interpreted according to age- and sex-adjusted growth
charts to obtain percentile rankings. Local reference values
were used for weight, height, BMI, and MUAC indices of
healthy children and adolescents in Poland [10-13]. UMA,
AFl, and SFsum were calculated according to the age- and
sex-matched norms of Frisancho [14].

All measurements were taken by the same physician
twice: at baseline and then at follow-up. Nutritional status
assessment is described in detail in the Supplementary
Material (S1).

Statistical analysis

Statistical analyses were performed at baseline and after
treatment in participants for whom complete data was
available at both timepoints (n = 40). Data was analyzed
using descriptive statistics (mean [SD]; median, Q1-Q3,
min-mayx, frequency and rate. Mann-Whitney, Kruskal-
Wallis, Wilcoxon, and Fisher tests were used. A p-value of
<0.05 was considered significant. All statistical analyses
were performed using R version 4.1.1.

Results

Characteristics of study population

A total of 49 patients met the inclusion criteria for this
study. During the study, one patient was excluded due to
recurrence, one patient withdrew from the study, one pa-
tient moved to another treatment center, and six patients
required longer treatment. Therefore, the final study sample
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Table |. Baseline characteristics of study and control groups

Variable

and social factors

Sex
n (%)

Age, years

Age group, years
n (%)

Place of residence
n (%)

Education of parents
n (%)

Age of parents, years
n (%)

Female

Male

Mean (SD)
Median (Q1-Q3)
Range
Pre-school (2-5)
School (6-12)
Adolescent (13-18)
Rural

Urban — city
Urban — town
Elementary
Secondary
University
18-35

36-45

>46

Study group Control group p-value
n =40 n=30

13 (32.5) 14 (46.7) 0.3386°
27 (67.5) 16 (53.3)

9.8 (4.93) 7.74 (4.3) 0.1228°
11.29 6.5

(5.25-13.27) 2.08-17.67  (4.65-9.96) 2.17-17.58

12 (30.0) 11 (36.7) 0.3387°
16 (40.0) 14 (46.7)

12 (30.0) 5 (16.7)

21 (52.5) 7(23.3) <0.001°
8(20.0) 22 (73.3)

11 (27.5) 1(3.3)

6 (15.0) 1(3.3) <0.001°
11 (27.5) 0(0.0)

23 (57.5) 29 (96.7)

10 (25.0) 28 (93.3) 0.0015°
19 (47.5) 2(6.7)

11 (27.5) 0(0.0)

N — number; Q — quartile; SD — standard deviation

included 40 patients: 30 patients with hematological malig-
nancies (15 with acute lymphoblastic leukemia, eight with
Hodgkin’s lymphoma, five with non-Hodgkin’s lymphoma,
and two with acute myeloid leukemia) and 10 patients
with solid tumors (two with central nervous system tumor,
two with Wilms tumor, three with soft tissue sarcoma, two
with Ewing sarcoma, and one with germ cell tumor). Most
patients with hematological malignancies received low
and intermediate intensity treatment due to their low risk
group classification (SR — standard risk; IR — intermedi-
ate risk), while most patients with solid tumours received
high intensity treatment due to their high stage of disease
(Illand IV) (p = 0.246). The mean follow-up of patients with
hematological malignancies was 38.89 + 14.61 weeks, and
of those with solid tumors was 45.44 + 19.02 weeks. The
baseline characteristics of the study and control groups
are set out in Table I. Detailed clinical, demographic, and
social characteristics of the study group are presented in
the Supplementary Material (Tab. S1, S2, S3).

Differences in anthropometric parameters were calcu-
lated using Fisher test (*) or Mann-Whitney test (°). A p-val-
ue <0.05 was considered significant.

Anthropometric measurements and body
composition in study vs. control group

At baseline, there were no differences in anthropometric
parameters or body composition between the study and
control groups (see Table Il). However, a comparison of the

percentile values of these parameters revealed that low
UMA was more common in patients with cancer compared to
controls (27.5% vs. 3.3% respectively, p = 0.0137; see Fig. 1).

Anthropometric measurements and body
composition in whole study group at baseli-
ne vs. follow-up

Analysis of the whole study group revealed no signifi-
cant differences in anthropometric measurements and
body composition at follow-up vs. baseline (see Table Il).
However, a comparison of the percentile values of these
parameters at follow-up revealed that more children had
undernutrition identified based on weight (p = 0.0514), BMI
(p=0.0690) and MUAC (p =1.000), while overnutrition was
more common based on AFI (p = 0.4218) and SFsum (p =
0.6295) (see Fig. 1).

Anthropometric measurements and body
composition in study group at baseline
vs. during follow-up depending on
demographic, clinical, and social factors

Demographic factors

Anincrease in weight (p = 0.0027), BMI (p = 0.0082), MUAC
(p =0.0107), UMA (p = 0.0248), and SFsum (p = 0.002)
was observed at follow-up vs. baseline only in boys (see
Table ll1). On the other hand, analysis of percentile values
indicated that girls had a higher prevalence of underweight
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Table Il. Anthropometric measurements and body composition in study group at baseline and follow-up vs. control group

Parameter Study group p-value® Control group p-value®

n=40 (study group: | n=30 (study group
baseline vs. at baseline vs.

Baseline Follow-up follow-up control group)
37.84 (19.56) 38.43 (19.71) 29.76 (16.39)

Weight, kg 32.2 (21.42-54.50) 34.95 (21.38-51.75) 0.2117 24.75 (17.85-32.75) 0.1287
13.3-77 13.7-82.5 11-68
140.31 (29.16) 143.69 (26.94) 128.35 (27.41)

Height, cm 145 (117.25-166) 150 (120-167) <0.001 123 (109.25-138) 0.1014
89-183 97-183 89-194
17.71 (3.42) 17.24 (3.65) 16.71 (2.4)

BMI, kg/m’ 16.64 (15.43-19.6) 16.16 (14.8-18.72) 0.3681 16.36 (14.82-18.51) 0.2991
13.55-27.94 12.22-28.89 12.89-22.32
21.41 (4.97) 22.02 (4.88) 20.25 (3.97)

MUAC, cm 19.75 (17.38-25.5) 20.75 (18.38-25.12) 0.1134 19.75 (17-22.75) 0.4612
14.5-32 i15.35=-82.5 14.5-29
27.46 (13.33) 28.66 (14) 23.92(9.91)

UMA, cm? 23.29 (17.65-35.08) 23.88(19.42 - 34.95) 0.1231 22.52 (16.61-28.17) 0.3454
10.26-65.4 12.15 - 62.82 12.4-49.44
28.54 (7.26) 29.78 (6.95) 29.12 (6.33)

AFI1, % 28.39 (24.38-33.17) 28.95 (25.53-31.97) 0.5862 29.25 (25.65-33.37) 0.6139
11.72-46.65 16.58-51.24 11.5-41.57
19.97 (9.31) 21.26 (7.58) 18.52 (6.16)

SFsum, mm 16.06 (14-23) 19 (16.79-24) 0.2122 15.25 (14-23) 0.7301
11.46-49.3 12-45 11-36

Data presented as mean (SD), median (Q1-Q3), and min-max values. Differences in anthropometric parameters were calculated using Wilcoxon test (°) or Mann-Whitney test (°). A p-value <0.05 was consi-
dered significant.; AFI — arm fat index; BMI — body mass index; MUAC — mid-upper arm circumference; SCFT — subscapular skinfold thickness; SFsum — sum of subscapular and triceps skinfold thickness;
TSFT — triceps skinfold thickness; UMA — upper arm muscle area

than boys as determined by weight (p = 0.022) and BMI (p
=0.0322) (see Table IV).

Analysis by age showed significant differences in height,
with the highest growth rate noted in the group of pre-
school children, and the lowest in adolescents (p <0.001)
(see Table IlI).

Clinical factors

There were no significant differences in anthropometric
measurements or body composition at follow-up vs.
baseline depending either on the type of the tumor or the
intensity of treatment (see Tables Il and V).

Social factors

The place of residence had no impact on changes in an-
thropometric measurements. However, the level of parental
education was associated with percentile BMI values: chil-
dren whose parents had a higher level of education more

often had underweight during treatment than children of
parents with a lower level of education (p = 0.0462) (see
Table V). Finally, the age of parents was associated with
changes in percentile BMI values: children of younger
parents (18-35 years) more often were underweight dur-
ing treatment than were children of older parents (>35)
(p = 0.0108) (see Table V).

Discussion

In our study, we investigated clinical, demographic, and
social factors that might affect changes in the nutritional
status of children with cancer. Participants were char-
acterized according to cancer type (75% of patients had
hematological malignancies, of whom 50% were diagnosed
with acute lymphoblastic leukemia), intensity of treatment
(55% of patients received low/intermediate-intensity treat-
ment), sex (the male-to-female ratio was 2.07:1), age (40%
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Figure 1. Nutritional status of patients determined by percentile distributions (%): A — undernutrition; B — overnutrition; BMI — body mass
index; MUAC — mid-upper arm circumference; SFsum — sum of subscapular and triceps skinfold thickness; UMA — upper arm muscle area

of school children vs. 30% of pre-school children and ado-
lescents), place of residence (52.5% of children from rural
areas), educational level of parents (57.2% of parents with
higher education), and age of parents (47.5% of parents
aged 36-45). The clinical and demographic characteristics
of the study population are similar to the epidemiology of
childhood cancer. The most common types of childhood
cancer are hematological malignancies (leukemias and
lymphomas), with higher incidence rates in boys (male-to-
female ratio has been reported to range from 1:1to 1:4 in
the age group of 0-19 years) [15].

Current recommendations indicate that the proper as-
sessment of the nutrition status in patients with cancer
solely on the basis of weight and BMI may not be sufficient,
because these parameters can be influenced by tumor
mass, hydration status, as well as ascites and edema that
are often present in cancer patients [5, 16-17]. Therefore,
in our study, apart from the standard parameters for the an-
thropometric assessment of the nutritional status (such as

www.journals.viamedica.pl/acta_haematologica_polonica

weight, height, BMI), we used the recommended methods
based on arm anthropometry as well as lean body mass
(MUAC, UMA) and body fat mass assessment (AFI, SFsum).

A comparison of anthropometric and body composi-
tion measurements revealed that the mean weight of pa-
tients with cancer was higher than that in healthy children
(37.84 kg vs. 29.76 kg). In clinical practice, nutritional
status is assessed using age- and sex-specific percentile
rankings [10, 11]. This method was also used in our study.
In patients with cancer, weight and BMI percentile ranking
indicated malnutrition in 5% and 7.5% of cases, respective-
ly, while MUAC indicated malnutrition in 7.5% of cases. The
additional assessment of UMA reflecting lean body mass
allowed us to identify protein-energy malnutrition in 27.5%
of cases. Moreover, UMA deficiency was significantly more
common in patients with cancer than in controls.

There is very little literature on the nutritional status
in children with cancer compared to a control group. In
a Korean study, Yang et al. [18] assessed the nutritional
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status of children with cancer based on weight, height, and
BMI. Similarly to our study, no significant differences were
noted between patients with cancer and healthy controls.

In our study, the incidence of malnutrition before treat-
ment was lower in patients with hematological malignan-
cies than in patients with solid tumors. Our results are in
line with the available literature that reports an incidence
of malnutrition of 5-10% for leukemias and 0-30% for
solid tumors [19].

In our population, the incidence of malnutrition after
treatment increased based on weight and BMI, while no
significant changes were noted for MUAC and UMA. On the

Adolescent age
2
(16.7)
3
(25.0)
2
(16.7)
2
(16.7)

3
(25.0)
1
(8.3)
1
(8.3)
1
(8.3)

0
(0.0)
5
(31.2)
0
(0.0)
6
(37.6)

<
[}
o)
©
©
o
=
(%]
(7]

1
(6.2)
4
(25.0)
0
(0.0)
6
(37.6)

7
E
w
£
£
z
|
—_ — o
2 ) =) ) S 3 o :
?_-? = o ® 0 o © = other hand, overnutrition after treatment was diagnosed
3 - Tz more often based on fat assessment (SFsum and AFI) than
L . . .
§ @ = o8 o o) based on BMI. In patients with solid tumors, we noted a low-
< 1 N © : (39} s . . . .
a x = < © 8 er increase in UMA and a higher percentage of patients
2 with low muscle and fat mass (AF) after treatment, while
— [ = [ 15 . . . . . .
N il = = = = 3 patients with hematological malignancies showed an in-
I = = 2 o i crease in the incidence of overnutrition (based on AFl and
[ = . . . . . .
o = = = = 2 SFsum assessment). Our findings are in line with the litera-
© £ . . . . i . .
= ™ o \o_o; = ST 2 ture reporting a higher incidence of malnutrition in patients
- = - I with solid tumors as well as overweight and obesity in he-
) = 5 F 0~ 3 matological malignancies with concomitant protein-ener-
-l . £ . . .
I Y9y °s Yy S’ B getic undernutrition [5, 8, 19-24]. In a Scottish study on
= = 2 - . : : .
; s the nutritional status in patients with cancer, Iniesta et al.
g N ff N ff; a8 o« i z concluded that arm anthropometry is a better reflection of
- & & — & 8 malnutrution than BMI, because it indicates abnormalities
_ _ _ 2 suggesting a worsening nutritional status (especially in the
~i 0 ~ (e} ® ) iy
% = N o o N 0 = first three months of treatment) and then overnutrition [25].
c c L B Sas = T ® . . . . .
z 22 £ Our results are in line with these findings, while no or only
g _éb g & & s = s é’ small changes in UMA or MUAC during treatment are like-
28 [=h= Y8 Y8 Ts 7g ¢ ° ly due to the fact that the time from baseline to follow-up
35 N g %‘ was too short to reveal any quantitative changes in lean
/! —_ oyl —_ ~ £
g2 ezd -0 62 9 52 EE body mass assessed by these parameters.
=} < o s> . . o
g &5¢€ = & = £ g3 Available studies indicate that the greatest changes
£ c £ . . . .
N % é _ = _ = ég in the nutritional status occur in the first months of treat-
g 3 <2 8§ © S S £3 ment [18, 25-27]. Yoruk et al. [27] assessed changes in
= ©Q — o = o c < . . . .
= 28 the nutritional status during the treatment of children with
c ) ) S S 8¢ cancer. They observed a significant improvement in the
0 ~ N o ~ ~ = " . .
5 =) < = € S5g  nutritional status during a 6-month treatment, despite an
E § U initial deterioration irrespective of the type of cancer and
g % o o S - ~S B3 the risk of malnutrition. In our study, there were no signifi-
g ” S e 2 S E3  cantchanges in the nutritional status during the mean fol-
S . . 52 low-up of 9.32 months. Moreover, no significant changes
2 T €< = = m oS €2 . . .
g < 8 NG °g < o5 — ER in anthropometric or body composition parameters were
] - — - = a= . . ..
55 g E noted depending on the clinical characteristics of cancer.
= c 2 = .
g2 S =) 5 ) £3 However, our study showed that the demographic and
© ™ ~ o o o Eg . . . . .
ZE =) & Sl 8 22 social characteristics of patients and their families affect-
;%Dé ed the direction of changes in individual anthropometric
I} ) I} ) »n S . .
o ¢ 58 v o8 L7 parameters. According to the literature, factors that can
S 959 S2 g&@ <5 sh itional behaviors of child d thus thei
_ Sz, 258 Sz 258 co shape nutritional behaviors of children, and thus their nu-
=) o =} <) © & . . . .
é § R 2 & % § R 2 & % g‘% tritional status, mcluQe sex, age of the .patlent and their
G g5 parents, place of residence, and educational level of par-
g |4V LIS £ 5 ents [28]. In our study, sex was shown to influence the

www.journals.viamedica.pl/acta_haematologica_polonica /



Acta Haematologica Polonica 2024, vol. 55, no. 5

(Te) (g92) (97€) (0°0T) (0o (72 (L'8)

g © © g € S )9
(Te) (g9z) (g¢92) (002) (00 (1) (o€
T S g c 0 1 ©
(Te) (e9) (gor) (00z) (000 (28  (EV)
T T c (4 0 4 T
(Te) (gs1) (0T2) (0°0T) (00 (0€T) (€
T € ¥ T 0 © T

4 4 T g 0 9 T
(zer) (TT2) (9°78) (0o (oor) (27T2) (T92)
4 17 9 0 T g 9
(00) (00) (00) (0o (00 (00 (00
0 0 0 0 0 0 0
(Te) (rT2) (TT2) (000 (00 (0er)  (2'8)
T 17 17 0 0 € 4

d

€c=u
GE-8T Ausiaaun

sjuaied jo a8y

(Te) (zg1) (L91) (0°09)

S 1% T T
(€2L2) (T6) (00 (vee)
€ T 0 [
(Te) (T6) (z91) (297)
T T T T
(Te) (z81) (000 (€€€)
T [4 0 [

TT=U
Aiepuodas Aejuswa|g

sjuased jo uoneonp3y

(Te) (z81) (52CT)

(z8r) (g12) (g2€)

[4 © €
(ce1) (z'81) (gCT)
[ [ T
(¢81) (T6) (00
(4 T 0
(T6) (Te) (gzT)
T T T

(€22) (Te) (gzT)

(e12) (e12) (g2T)

€ € T
(0co) (00 (00
0 0 0
(Te) (T6) (gzT)
T T T

(¢81) (00) (0g2)
[ 0 [4

TT=u

(0's2)

(0'g2)

g=u

umo) - ueqin Ayo - ueqin

S1030B} [E100S 0} UIPJ0IJE SaN|eA d|iuadJad Jo uonNqLAsIq °A 3jgeL

(8ez) (€T

TZ=U
|einy

9ouapIsal Jo aoe|d

n

alosnw
usiy pue
agelone

aA0QY

VIA

agdel

-9 MO[3(|
pue ajos
-NW MO

$S90X9
pue a3el
-9AR 9A0QY

OVNIN

MO| pue

Moy Aiap
Alsaqo pue
1Y318MIaN0

INg

UL
-loMJIapun

usiy
pue wiou
3y} anoqy

MO| pue
Kousioneq

WSIeH

Ausago pue
1SismIanQ

JUSIoM

1Siemiap
-un 1o} %su
1e pue y3
-lamiapun

Jojoweled

www.journals.viamedica.pl/acta_haematologica_polonica



Anna Milaniuk, Katarzyna Drabko, Changes in nutritional status of children with cancer depending on clinical, demographic
and social factors

nutritional status of children with cancer. In children, dif-

o f fj ,’f % ferences in body composition can be seen during puberty.
NZ o8 o & é Boys acquire more muscle mass, especially in the upper
_ S _ S § body, while girls show an increase in fat tissue [29-30]. In
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-‘g - . . é The age of children was significantly associated with
% X ;'\.; g CZE g g the growth rate, with the highest rates in pre-school
S = N= = = e g children and the lowest in teenagers (>13 years). We
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- g - 5 - g < 8 g the least height gain, and children of younger parents
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2 & - -2 oz Sic <+ 2 g (145 cm vs. 123 c¢m) and was significantly higher after
g . N é treatment than at baseline (150 cm vs. 145 cm). Few pro-
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2 42 o 42 <2 &3 growth rate was lower than the average. These studies
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? g% Growth abnormalities are one of the late complica-
s ) ) 5 ) g g tions of cancer treatment. The results of a study assessing
= a9 o8 oS 8 S the health of Polish children and adolescents after can-
& _ . § é cer treatment showed high rates of short stature. Of the
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_ 8§ o&g &% oG9 =1 literature on growth in childhood cancer, but they are not
= § 2 §° § "};" g § = ﬁzﬂ é ﬁﬂ S §§n sufficient to determine whether the absence of growth ab-
5 —es =Ef aes =20 % normalities would be maintained in a longer-term follow-up
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Although in our study the place of residence did not
have a significant effect on the nutritional status, we noted
that an increase in muscle mass after treatment was the
highest in children from rural areas. These patients most
often showed UMA measurements indicating muscle mass
that was above the norm and high.

Higher educational level of the parents was significantly
associated with low BMI. However, these patients showed
improvement in muscle mass and fat tissue mass after
treatment; therefore, this observation should be treated
with caution.

Younger age of the parents influenced low BMI, as
confirmed by a smaller increase in body mass, MUAC, and
UMA, and an increase in the percentage of children with
low values of these parameters.

This was a prospective study involving pediatric pa-
tients with cancer. Few such studies have been conduct-
ed, although this is an important issue in the context of
improving the nutritional status of children with cancer. In
addition to the most common clinical factors, we assessed
the demographic and social factors of patients’ families
that can lead to poor nutritional status (malnutrition, ex-
cess weight and obesity). Assessment of body composi-
tion was performed using low-cost and simple methods,
but Frisancho centiles were required for interpretation,
as more recent methods are not available. It is therefore
necessary to update the norms for arm anthropometry
measurements.

There were some other limitations to this study. One
was the small sample size, which may have affected the
statistical significance of the results. Another limitation was
the problem of selecting a control group that reflected all
the demographic and social factors of the study group. As
a result, it was not possible to observe changes in the nu-
tritional status of healthy children over the course of the
study. In addition, the study group included patients with
hematological malignancies who were at low risk of mal-
nutrition but at high risk of overnutrition, and patients with
solid tumors who were at high risk of malnutrition. A more
narrowly selected group of patients would facilitate a more
reliable determination of the impact of the analyzed fac-
tors, especially clinical factors such as the treatment used,
and the occurrence of malnutrition and overnutrition in pa-
tients. Due to time constraints, the number of patients in
our study was not sufficient to analyze the data on a larg-
er scale. However, we believe that our study will inspire
other researchers.

Conclusions

Our study highlights the importance of supportive care for
children with cancer. Children with cancer have changes
in nutritional status compared to healthy children. Body
composition can be used to identify these changes with

greater accuracy than anthropometric measurements,
such as weight, height, BMI, and arm anthropometry. The
monitoring of protein-energy and fat nutrition helps identify
cancer patients with undernutrition and overnutrition. The
risk of changes in nutritional status can be determined
based on selected clinical, demographic, and social factors.
Female patients have a higher risk of malnutrition, and
therefore should receive special nutritional support. Edu-
cation on nutrition in cancer should be provided to parents,
particularly in the 18 to 35 age group. Further studies are
needed to identify patients at risk of undernutrition, which
will help improve the management of these patients during
and after treatment.
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