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Abstract 

Background: Cystic fibrosis(CF),despite much progress in therapy,  remains the disease which affects nutrition. 
Nutrition is an important prognostic factor of the outcome of the disease. We want to evaluate physical develop-
ment, nutrition and body composition in CF children. Material and methods: 75 children diagnosed with CF (9 
months to 18 years old) were included into the study. 33 healthy children (9 months to 18 years old) constituted 
the control group. The study consisted of 2 stages. In the first the differences between groups were investigated. 
The second, took place a year later. At each time point the following measurements were performed: height, 
body mass, skin fold, arm circumference; BMI, FFM%, FM% and Frisancho index. FFM (fat free mass), FM (fat 
mass), muscle mass, TBW (total body water) were evaluated by mans of BIA(bioimpedance). Results: CF children 
were shorter than healthy children. Stunting affected 18,67% of CF patients at first examination  and 21,6% a year 
later.  Underweight was diagnosed in 28% of patients at the beginning and in 41.2% a year after. Underweight was 
the result of both little FM and scarce muscle mass. Conclusions: Many children with cystic fibrosis suffers from 
short stature and underweight, which progresses within time. FFM decreases with the disease progress

Keywords:  nutritional status  ·  cystic fibrosis  ·  bioimpedance  ·  physical development  ·  fat free mass

Citation

Kaźmierska KN, Lemanowicz-Kustra A, Jankowska A, Szlagatys-Sidorkiewicz A, Sapiejka E. Anthropometric me-
asurements, nutritional status and body composition in children with cystic fibrosis – the prospective study. 
Eur J Transl Clin Med. 2020;3(1):34-42.
DOI: 10.31373/ejtcm/120582

www.ejtcm.gumed.edu.pl
https://creativecommons.org/licenses/by-sa/4.0/
https://orcid.org/0000-0002-8770-4857
https://orcid.org/0000-0003-1675-5566
https://orcid.org/0000-0002-0674-3388
https://orcid.org/0000-0002-5992-4414
https://orcid.org/0000-0003-0867-1717


35Anthropometric measurements nutritional status and body...

Introduction

Cystic fibrosis (CF) is caused by mutation of the chlo-
ride channel CFTR (Cystic fibrosis transmembrane con-
ductance regulator) gene. This mutation is responsible 
for morphological changes which result in the accumu-
lation of secretions in the external ducts and subsequ-
ent malfunction of exocrine organs of the digestive and 
respiratory system [1]. Patients with CF are prone to 
malnutrition due to malabsorption and increased ener-
gy expenditure.

Treatment of CF is complex and should be interdiscipli-
nary as it involves the pulmonary disease and its compli-
cations, pancreatic enzyme supplementation, nutritional 
treatment and physical therapy. Nutritional status is one 
of the prognostic factors of disease outcome [1]. It is well-

-known that during the course of cystic fibrosis unfavoura-
ble changes in body composition take place. One of them
is depletion of muscle mass, which results in impairment
of lung function, aggravated coughing and worse results
in spirometry. That is why we aimed to evaluate prospec-
tively assess anthropometric parameters and body com-
position in children suffering from cystic fibrosis.

Methods

Our study included 75 children with cystic fibrosis 
(33 girls and 42 boys) who were 9 months to 18 years of 
age (mean 8,7 years ± 5,3). Nine of them (4 girls, 5 boys) 
were < 2 years old, 14 patients (5 girls, 9 boys) were 2-5 
years old, 35 (15 girls, 20 boys) were 6-14 years old and 
17 patients (9 girls, 8 boys) were > 15years old. The 23 
patients (30,6%) were diagnosed via neonatal screening. 
The CF diagnosis was confirmed via molecular examina-
tion of the CFTR gene. based Pancreatic exocrine insuf-
ficiency was diagnosed via stool elastase-1 activity in 
65 patients (86,7%). None of the patients underwent 
nutritional intervention. All of the CF patients had oral 
nutrition in accordance with the applicable pediatric CF 
recommendations [2].

Lung function (FEV1, FVC and FEF25-75) was assessed 
using a MES Lungtest 1000 spirometer (Kraków, Poland), 
calibrated according to the manufacturer's instructions. 
All of the study participants were in stable condition 
without respiratory exacerbation within the last 4 weeks 
and without signs of oedema or dehydration. 

We conducted a two-step prospective study. Measu-
rements were performed on the day of enrolment into 
the study and 12 months later. The number of patients 
in both stages of the study varied due to resignation 
from participation (several patients), absence on the 
follow-up visit and death (1 patient). At both time po-
ints, the patients were assessed using anthropometric 

measurements (body weight, height, BMI, arm circu-
mference, triceps and subscapular skinfold) and bioim-
pedance analysis (BIA) of body composition (FFM, FM, 
Muscle Mass, TBW).

Height and length were measured with a Seca an-
thropometer (Hamburg, Germany) (> 18 months) and 
infantometer Seca (Hamburg, Germany) (< 18 mon-
ths), with accuracy 0,5 cm. Body weight was assessed 
using a Radwag WPT 60/500W medical scale (Radom, 
Poland), with accuracy 100g (> 18 months) and 10g 
(< 18 months). Measurements were performed accor-
ding to technique described by Martin and Seller [3]. 
The results were adjusted to body mass and height 
percentile charts designated for the Polish population 
[4]. Underweight was diagnosed when body mass was 
below 10th percentile and severe underweight was de-
fined as below 3rd percentile. Height and length below 
3rd percentile classified as short stature. Skinfold was 
measured with calliper with accuracy of 1 mm. The 
arm circumference was taken with a medical tape (ac-
curacy of 0,1 cm). Nutritional status was estimated on 
the basis of BMI percentile charts published by the 
WHO for children and adolescents (birth-19 years of 
age) [5-6]. Underweight was diagnosed for BMI below 
the 15th percentile whereas severe underweight when 
it was below 3rd percentile. Fat mass was calculated via 
the Slaughter equation, using skinfold value [7]. Musc-
le mass was estimated by means of Frisancho index [8]: 

arm circumference without fat mass 
= [arm circumference - ( π x arm skinfold )]

Electric bioimpedance analysis (Maltron BIO SCAN 
920-2, Rayleigh, U.K.) was used to assess fat free mas
(FFM), total body water (TBW), intracellular water
(ICW), extra cellular water (ECW), muscle mass (MM)
and bone mass (BM). The measurement was accurate
to 0,1 kg for muscle mass, fat mass and fat free mass
and 1% of their percentage content. All BIA measu-
rements were obtained using tetra polar system, i.e.
four self-adhesive electrodes. The data were obtained
during a pediatric examination, with patients wearing
only underwear. To minimize testing errors, the pa-
tients were in a supine position for 5-10 minutes before
the test, with limb loose at an angle of 30°-45° in the
long axis to the torso [9].

The reference group consisted of 33 healthy chil-
dren (14 girls and 19 boys) age 9 months-18 years 
(mean age 116 ± 65 months, median 137 months). 
The children in this group had no chronic or acute di-
seases and were hospitalized due foreign body in the 
digestive tract or planned corrective orthopaedic pla-
stic surgery. The study protocol was approved by the 
local Bioethics Committee.



Sex
Children 
with CF
n = 75

Reference 
group
n = 33

Significante 
of 

differences

Arm 
circum

-ference
[cm]

Both 19,10 ± 3,30 22,0 ± 5,00 p = 0,019

Girls 19,16 ± 3,51 20,59 ± 5,17 p = 0,0051

Boys 19,1 ± 3,16 22,92 ± 5,53 p = 0,000

BMI 
[kg/m2]

Both 16,80 ± 2,2 19,0 ± 4,0 p = 0,015

Girls 16,76 ± 2,32 18,02 ± 3,17 p = 0,0143

Boys 16,79 ± 2,12 19,2 ± 5,25 p = 0,0179

Triceps 
skinfold Both 13,6 ± 4,5 20 ± 7 p = 0,000

Subsca
-pular

skinfold
Both 11,6 ± 5,2 18 ± 8 p = 0,000
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Graph 1. Percentage distribution of body weight values in children with CF and the reference group. Palczewska, Niedźwiedzka (IMiDz) 1999
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Results

There were significant differences in anthropo-
metric measurements between children with CF and 
healthy ones. In accordance with the Polish percenti-
le charts, underweight was diagnosed in 28% of the 
study group and severe underweight (< 3pc) affected 
17.33% of these children [4] [see Graph1]. Short sta-
ture (< 3pc) was diagnosed in 18.7% of the patients 
[see Graph 2]. 

Children with CF had significantly smaller arm circu-
mference than healthy children, for both girls and boys 
(p = 0.019) [Table 1]. Triceps skinfold in the CF group 
was in the range between 4.0 mm and 25 mm (mean 
13,6 mm ± 4,5) and the mean value was significantly 
lower than in the reference group (p = 0.000). The sub 
scapular skinfold in the study group was 12.55-29 cm 
(mean 11.6 ± 5.2 cm) and was also smaller than in the 
control group [Table 1].

Graph 2. Percentage distribution of body weight values in children with CF and the reference group. Palczewska, Niedźwiedzka (IMiDz) 1999

Table 1. Mean BMI and anthropometric features in the CF and reference groups
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Based on the WHO standards, 20% (15) of patients 
with CF had BMI < 15th percentile and 8% (8 patients) 
were severely underweight (< 3 percentile) [Graph 3].

The results analysis showed that mean content of 
fat tissue in children with CF was lower than in healthy 
ones. Fat free mass was estimated indirectly (FFM = 
100% - FM). Mean percentage of fat mass (FM%) was 
higher in the study group compared to the control 
group (p = 0.000). Fat free mass was also evaluated 

35

30

25

20

15

10

05

0

CF group

Control group

N
um

be
r o

f s
ub

je
ct

s (
%

)

         < 3                3-15 15-50 50-85 85-97            < 97

Graph 3. Percentage distribution of body weight values in children with CF and the reference group. WHO BMI Percentile Charts

on the basis of arm circumference by means of Frisan-
cho equation [8]. There was difference between the 
two groups (p = 0.0222). Neither the mean FFM% nor 
mean FM% in the study group was different from the 
control group. Girls with CF had higher mean fat con-
tent than boys with CF (p = 0.006). There was tendency 
to lower TBW in children with CF in comparison with 
healthy children (p = 0.008) together with lower ICW 
(p = 0.049) [Table 2].

Body
composition
parameters

Children with CFn = 75
(n = 75)

Reference group 
(n = 33)

p

Mean ± SD MIN MAX Median Mean ± SD MIN MAX Median

FFM [kg] 19,16 ± 3,51 5,6 60,0 23,5 32,0 ± 18,0 8,3 63,0 27,8 0,108

FFM [%] 19,1 ± 3,16 2,6 91,0 83,6 81,0 ± 8,0 65,5 96,0 81,6 0,424

FM [kg] 19,16 ± 3,51 0,9 18,0 5,2 9,0 ± 7,0 0,5 27,0 7,2 0,090

FM [%] 16,76 ± 2,32 7,1 35,0 16,3 19,0 ± 8,0 3,8 35,0 18,4 0,311

TBW [L] 16,79 ± 2,12 4,0 41,0 17,2 24,0 ± 12,0 6,8 46,0 21,0 0,080

TBW [%] 19,16 ± 3,51 46,6 87,0 61,6 62,0 ± 8,0 51,1 84,0 59,8 0,243

ECW [L] 19,1 ± 3,16 1,5 18,0 6,5 9,0 ± 4,0 2,9 18,0 7,0 0,175

ECW [%] 19,16 ± 3,51 30,5 50,0 37,6 37,0 ± 5,0 29,3 48,0 36,0 0,182

ICW [L] 16,76 ± 2,32 2,5 23,0 10,9 15,0 ± 8,0 3,9 32,0 13,9 0,049

ICW [%] 16,79 ± 2,12 49,8 70,0 62,4 63,0 ± 5,0 51,8 71,0 64,0 0,182

ECW/ICW 16,76 ± 2,32 0,4 1,0 0,6 1,0 ± 0,0 0,1 1,0 0,6 0,184

Muscle mass 
[kg] 16,79 ± 2,12 1,8 29,0 9,0 14,0 ± 9,0 2,5 30,0 11,9 0,133

Table 2. Comparison of body composition parameters obtained using electrical bioimpedance in the CF and reference groups

ECW – extra cellular water, FFM – fat free mass, FM – fat mass, ICW – intra cellular water, TBW – total body water
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There was a positive relationship between anthro-
pometric and bioimpedance values of FM% (p = 0,12; 
R = 0,288) and FFM% (p = 0,59; R = 0,219), whereas the 
Frisancho index was significantly correlated to muscle 
mass (compatibility 82%) (p = 0,00; R 0,817).

After a year of follow-up, the mean body mass in 
the study group increased to 34.8 ± 13.7 kg. Underwe-
ight was diagnosed in 41.2% children and 10 children 
(19.2%) were severely underweight (< 3rd percentile) 
[Table 3]. Thus, there were more underweight children 
than 12 months earlier, an increase by 11% (3rd-10th 

percentile). At the same time, the number of children 
with body mass > 50 percentile decreased.

There was significant difference in height as well. 
After a year, the mean height was 140.5 ± 24.5cm and 
there were 3% more stunted children (height < 3rd

percentile) than 12 months earlier [Table 3]. However, 
there were more children whose height ranged be-
tween 25th and 50th percentile.

The mean subscapular and triceps skinfolds were 
thicker after a year: 15.2 ± 4.8 mm and 13.2 ± 4.2 mm 

Somatic 
features 

Children with CF 
– initial examination

(n = 75)

Children with CF 
– 12 months later

(n = 51) P

mean SD mean SD

Body mass [kg] 30,0 15,7 34,8 13,7 0,000

Body height [cm] 128,5 30,5 140,5 24,5 0,000

BMI [kg/m2] 16,8 2,2 16,8 2,2 0,722

Arm circumference [cm] 19,1 3,3 19,5 2,8 0,847

Triceps skinfold  [mm] 13,6 4,5 15,2 4,8 0,006

Subscapular skinfold [mm] 11,6 5,2 13,2 4,2 0,006

Anthropometric FFM [%] 77,5 6,5 75,2 5,5 0,003

Anthropometric FM [%] 22,5 6,5 24,8 5,5 0,003

Frisancho index 14,9 2,7 14,7 2,3 0,018

BIA – FFM [kg] 25,2 12,5 29,6 13,3 0,000

BIA – FFM [%] 81,2 10,9 82,7 6,4 0,771

BIA – FM [kg] 5,8 3,8 6,7 4,9 0,399

BIA – FM [%] 17,6 6,0 17,3 6,4 0,896

BIA – TBW [L] 18,6 8,6 21,1 7,6 0,000

BIA – TBW [%] 62,2 6,7 61,8 6,2 0,201

Table 3. Comparison of mean body components and somatic features in CF children obtained on the day of the initial examination and after one year

respectively [Table 3]. According to the WHO stan-
dards, underweight affected 33.3% children suffering 
from CF, 13.7% were severely underweight. Anthro-
pometric measurements revealed that children form 
study group had significantly more fat mass content (p 
= 0.003) and less fat free mass after a year of follow-up. 
Similarly, in the BIA there was also more FM (kg) and 
less FFM (kg). The differences in the Frisancho index 
revealed statistically significant reduction of muscle 
mass after a year (p = 0,018) [Table 3].

It was observed that children with a lower body 
mass percentile have worse spirometry results (FEV1, 
FVC, FEF25-75) [Table 4]. In addition, no relationship was 
observed between the remaining somatic features 
and lung function.

Discussion

Cystic fibrosis is one of the most prevalent auto-
somal recessive genetic disorders in the Caucasian 
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population [10]. The screening program performed in 
Poland during 2006-2010 helped to diagnose CF in 221 
newborns (out of 1 212 487) and the incidence was 
estimated 1/4394 in Polish population [11]. Despite 
significant improvement in diagnosis and treatment of 
CF, several issues concerning both the disease and its 
complications need to be solved. For example, there 
is no gold standard for the assessment of nutritional 
status in children with CF, despite the fact that it is an 
important prognostic factor, particularly regarding the 
condition of the respiratory system. Walkowiak et al. 
emphasized the necessity of holistic evaluation of phy-
sical development [12]. On the other hand Sharma et 
al. proved that malnutrition was an important progno-
stic factor for the lifespan [13].

There are only few studies on nutrition in Polish 
patients with CF. Tutak-Słupska et al. found that 40% 
of children with CF in Bydgoszcz were undernourished 
(< 10th percentile) and 24% of them were severely un-
dernourished (< 3rd percentile) [14]. Moreover, 28% 
were stunned and 16% had height < 3rd percentile. 
A prospective study performed at the Institute of 
Mother and Child in Warsaw demonstrated that child-
ren suffering from CF had lower BMI, lower arm circu-
mference, lower Frisancho index and scarce fat tissue 
compared to healthy children [8, 15]. The same study 
group was examined 4 years later and boys had less 
dynamic physical development (growth and body mass 
gain) whereas girls slower body mass gain in compari-
son with reference group [15]. A study from a different 
part of Poland revealed that stunting and even more 
frequent wasting are still observed despite nutritional 

treatment [16]. In our study we found that despite of 
the increase in mean values of body mass and height, 
the percentage of children who were underweight 
(from 28% to 40.6%) and severely undernourished 
(from 13% to 21,6%) has increased. Short stature af-
fected 21.6% (18.6% preliminary). Our results show 
that anthropometric measurements (particularly body 
mass) worsen over time and one may conclude that so 
does malnourishment. 

We know that body composition measurement me-
thods and techniques should not be used interchange-
ably [17]. Similarly, King et al. compared 76 adults with 
CF in Australia using anthropometry, BIA and dual ener-
gy x-ray absorptiometry (DXA) [18]. Their results indica-
ted a correlation between the findings obtained from 
various methods, but the there was a significant diffe-
rence between the values. They observed false results 
due to CF-specific conditions (e.g. hypernatremia inter-
fering with BIA), as well as improper patient prepara-
tion. These authors postulated that BIA should not be 
the reference method for assessing body composition 
in adults with CF. Our results also show that there are 
significant differences in the FM percentage and FFM 
measurements obtained via anthropometry and BIA 
and they coincided in only 29% and 22% of the patients 
respectively. However, when assessing the amount of 
muscle mass the results were strongly correlated.

There are many cross-sectional studies about the 
body content of children with CF, however few of them 
are prospective. Such, it is difficult to compare the re-
sults and make conclusions adjustable for whole popu-
lation of children with CF. These studies used various 

Table 4. Comparison of lung function with somatic features and body composition parameters obtained by the method of anthropome-

try and electrical bioimpedance in children with CF 

FEV1%
(n = 55)

FVC%
(n = 55)

%FEF25-75

(n = 55)

R p R p R p

BMI [kg/m2] 0,120 0,383 0,199 0,144 -0,058 0,674

Body mass  [percentile] 0,360 0,007 0,361 0,007 0,420 0,001

Body height [percentile] 0,252 0,064 0,250 0,066 0,408 0,002

FFM [%] anthropometry -0,161 0,239 -0,193 0,159 -0,003 0,985

FFM [%] bioimpedance -0,003 0,985 0,000 0,998 0,028 0,837

BMI – body mass index, FEV  – forced expiratory volume in 1 second, FFM - fat free mass, FEF  –1 25-75  forced expiratory flow at 25-75%

of vital capacity, FVC – Forced vital capacity 
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