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Introduction: Malnutrition is present in a high percentage in children with cancer. It can be evaluated by anthropometric measure-
ments and laboratory data.
Aims: 1. To determine the prevalence and severity of malnutrition at diagnosis in children with cancer. 2. To define the best modalities 
to assess nutritional status.
Material and methods: A prospective study was performed on 27 children hospitalized and diagnosed with various type of cancer 
in the Pediatric Clinic No.I Targu-Mures, between November 2009–January 2011. We evaluated anthropometric and biochemical 
parameters: weight, height, body mass index (BMI), middle-upper arm circumference (MUAC), triceps skin fold thickness (TSF), total 
protein, albumin, Insulin-like growth factor-1 (IGF-1). We divided patients into three categories depending on nutritional parameters: 
severely malnourished, risk of malnourished and adequately nourished. We correlated anthropometric parameters with biochemical 
parameters.
Results: Our group consisted of 20 males (74.04%) and 7 females (25.96%). Of the 27 children with cancer, 14 children were severely 
malnourished, 8 children were with risk of malnourished and only 5 children with normal nutritional status.
At the onset of malignant disease, 16 patients (59.25%) had low serum protein values and 10 patients (37.03%) had low levels of 
serum albumin. IGF-1 was decreased in 18 children (66.66%). We found a good correlation, statistically significant between TSF and 
serum proteins (r = 0.41; p = 0.02), between TSF and IGF-1 (r = 0.44; p = 0.02), and between MUAC and IGF-1 (r = 0.39; p = 0.04).
Conclusions: 1. The prevalence of malnutrition in children with cancer is high. 2. Arm anthropometry in conjunction with serum pro-
tein and IGF-1 most accurately characterizing the nutritional status.
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Introduction
Malnutrition at diagnosis in pediatric cancer patients is re-
lated to the type of tumor and the extent of disease [1]. 
Malnutrition may be a poor prognostic factor because it ad-
versely affects the evolution of malignant disease and survival 
prospects [2,3]. Assessment of nutritional status is difficult 
because there is not a "gold standard" [1]. Anthropometric 
measurements correlated with biochemical parameters, can 
define nutritional status in patients with cancer [4].

Aim
Our study aims to determine the prevalence and severity 
of malnutrition at diagnosis in children with cancer and to 
define the best modalities to assess nutritional status.

Material and Methods
We have done a prospective study by a lot of 27 children 
hospitalized and diagnosed with various type of cancer in 
the Pediatric Clinic No. I Targu-Mures Hematooncology 
Department, between November 2009–January 2011. At 
admission we documented age, sex, birth date, date of diag-
nosis and oncology diagnosis. Anthropometric parameters 
evaluated were: weight, height, body mass index, middle-
uper arm circumference (MUAC), triceps skin fold thick-
ness (TSF). The values of these parameters were converted 
to Z score for age and sex using growth curves Switzerland 
Growth Chart 1989 and were considered normal values be-
tween -2.5 and +2.5 SD. 

Biochemical parameters evaluated were: total serum pro-
tein, serum albumin and insulin-like growth factor-1 
(IGF-1). Serum proteins were considered normal values 
above 6.4 g/dl and serum albumin values above 3.5 g/dl. 
Concentration of Insulin-like growth factor I (IGF-I) was 
determined by immunochemical method with detection 
by chemi luminescence. Plasma levels of IGF-1 is barely 
detectable at birth, increases gradually during childhood, 
reaching a peak during puberty. The value is expressed in 
ng/Ml [5].

Results
Our group consisted of 20 males (74.04%) and 7 females 
(25.96%). The age of children was between 1-18 years, 
with an average age of 7.65 years. The lot consisting of 27 
patients were represented by patients newly diagnosed with 

Table I.  Classification of Childhood Cancer According to the 
ICCC [6]

Diagnosis N %

Leukemias 14 51.85

Acute lymphoblastic leukemia 10

Acute myeloblastic leukemia 3

Chronic myeloblastic leukemia 1

Lymphomas 6 22.22

Hodgkin lymphoma 2

Non-Hodgkin lymphoma 4

Solid tumors 7 25.93

Total 27
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malignant disease. They were classified according to ICCC 
[6], and then divided into the following groups: leukemia, 
lymphomas and solid tumors (Table I).

We evaluated the anthropometric parameters and found 
that two children had Z-score Weight < -2.5 and Z-score 
Height < -2.5. Eleven children had Z-score MUAC < -2.5 
and 9 children Z-score TSF < -2.5 (Table II). 

Analyzing the biochemical parameters, we found that at 
the onset of malignant disease, 16 patients (59.25%) had 
low serum protein values and 10 patients (37.03%) had 
low values of serum albumin. IGF-1 was decreased in 18 
children (66.66%).

Based on anthropometric and biochemical parameters 
we have divided the patients into three categories: severely 
malnourished, risk of malnourished and adequately nour-
ished.

Adequately nourished (A) (all these criteria must be ful-
filled):
1.	Weight: 0-2.5 SD; 
2.	MUAC and TSF: 0 -2.5 SD;
3.	Serum proteins: > 6.4 g/dl; 
4.	Serum albumin: > 3.5 g/dl.

Risk of malnourished (D) (at least one of these criteria 
must be fulfilled) :
1.	Weight: -2.5 – 0 SD; 
2.	2. MUAC and TSF: -2.5 – 0 SD;
3.	Serum proteins: 6.4–6.0 g/dl; 
4.	Serum albumin: 3.2–3.5 g/dl.

Severely malnourished (S) (at least one of these criteria 
must be fulfilled):
1.	Weight: < -2.5 SD; 
2.	MUAC and TSF < -2.5 SD;
3.	Serum proteins:< 6 g/dl;
4.	Serum albumin: < 3.2 g/dl.

On the 27 children with cancer, 14 children were severely 
malnourished, 8 children were with risk of malnourished 
and only 5 children with normal nutritional status (Table 
III).

We correlated anthropometric parameters with bio-
chemical parameters. We found a good correlation, statisti-
cally significant between TSF and serum proteins (r = 0.41; 
p = 0.02). Both MUAC and TSF positively correlated with 
IGF-1 (r = 0.39; p = 0.04 , respectively r = 0.44; p = 0.02). 
We didn't find a correlation between other anthropomet-

ric parameters (weight, height and BMI) and biochemical 
parameters.

In our study, we can say that the arms anthropometry 
in conjunction with total serum proteins and IGF-1 well 
characterized nutritional status.

Discussions
Our study showed that over half of children with cancer 
(51.85%) showed severe malnutrition at diagnosis and 
only 18.53% had normal nutritional status.

Our results confirmed similar studies that in children 
with cancer arm anthropometry is a more sensitive mea-
surement of malnutrition [7, 8]. If we measure weight and 
height , the proportion of malnourished children is low 
(7.4%), but if we measure MUAC and TSF, the percent-
age is higher. Therefore, we can say that these parameters 
reflect more accurately the nutritional status of cancer than 
just measuring weight and height. Furthermore, these an-
thropometric parameters are correlated with biochemical 
parameters; in our study total serum proteins and IGF-1 
reflects very good nutritional status.

Insulin-like growth factor I (IGF-I) (Somatomedin C) is 
a polypeptide hormone; it is predominantly synthesized in 
liver ,but also in other tissues under the influence of growth 
hormone (hGH). Protein-energy malnutrition cause low 
levels of IGF-1, in the presence of normal concentrations 
of circulating growth hormone [9]. In our study, children 
had decreased IGF-1 in 66.66% of cases and it was posi-
tively correlated with both MUAC and TSF. Brennan et 
al. assessed in 38 children with malignant disease the se-
rum levels of IGF-1 and found a low concentration of mal-
nourished children and more than that IGF-1 correlated 
with arm anthropometry but didn’t correlate with weight, 
height or BMI [10].

Conclusions
1.	The prevalence of malnutrition in children with cancer 

is high; 51.85% of patients were severely malnourished 
at diagnosis and 29.62% had risk of malnourished.

2.	In our study, arm anthropometry in conjunction with 
serum protein levels and IGF-1 most accurately charac-
terizing the nutritional status.
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Table II.  Z-score of anthropometric parameters 

Z-score < -2.5 (number) % of total

Weight 2 7.4

Height 2 7.4

Body Mass Index 3 11.1

MUAC 11 40.74

TSF 9 30.36

Table III.  Nutritional status at diagnosis 

Diagnosis A D S Total

Leukemia 0 5 9 14

Lymphoma 2 1 3 6

Solid tumor 3 2 2 7

Total 5 8 14 27

A: Adequately Nourished; D: Depleted; S: Severely Depleted
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