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ABSTRACT
Introduction: Cystic fibrosis (CF) is an autosomal recessive genetic disorder caused by 
different mutations in the cystic fibrosis transmembrane conductance regulator (CFTR) 
gene, responsible for chloride ion transport across apical membranes of epithelial 
cells in tissues and bicarbonate secretion. Objective: To investigate the correlation of 
anthropometric parameters of nutritional status, lung function, peripheral strength, and 
functional capacity in children and adolescents diagnosed with CF. Methods: A cross-
sectional study was carried out with 18 children, adolescents with CF aged between 6 
and 15 years old. Anthropometric, body composition, bioimpedance, lung function, and 
peripheral muscle strength and functional capacity data were collected. Results:  The 
pulmonary function assessment indexes FEV1 and FVC presented a statistically 
significant correlation with the nutritional status parameters - corrected lean mass (CLM), 
mid-upper arm circumference (MUAC), mid-arm muscle circumference (MAMC), with 
manual dynamometry. Concerning the parameters of the peripheral muscle strength 
and functional capacity, both the six-minute walk test and manual dynamometry 
showed a positive correlation with the height/age, CLM, MUAC, and MAMC index. 
Conclusion:  Given the correlation between nutritional parameters that reflect muscle 
mass with lung function, peripheral muscle strength, and functional capacity, the 
incorporation of these anthropometric measures in the clinical routine could allow a 
better assessment of the muscular component and the health status of these patients.

Keywords: Cystic fibrosis; body mass index; respiratory function tests; Forced Expiratory 
Volume; Biomarkers.
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INTRODUCTION
Cystic Fibrosis (CF) is a genetic, autosomal-recessive disease caused by dysfunction in 

the cystic fibrosis transmembrane conductance regulator (CFTR). This protein is found, 
among other places, in the apical membrane of epithelial cells of the respiratory tract, 
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exocrine pancreas, sweat ducts, and reproductive system. In these 
locations, its main function is to act as a chlorine transport chan-
nel and, when dysfunctional, it leads to a greater flow of sodium 
and water into the cells, causing dehydration and increased vis-
cosity of mucous secretions1,2.

CF is more common in Caucasian populations with an estimated 
incidence of 1:2,500-3,500 live births, showing regional differences3. 
The Brazilian Cystic Fibrosis Registry (REBRAFC) identified 6,112 
patients with CF in Brazil in 2020, and the number of records has 
been growing annually4. In addition to the thickening of mucous 
secretions causing obstruction of the airways and predisposing to 
recurrent lung infections and decline in lung function, it is already 
well established that malnutrition is directly related to this decline 
and survival as it affects the respiratory muscles, decreases exercise 
tolerance, and harms the immune system5,6.

Individuals with CF are in a chronic state of catabolic stress and 
malnutrition, this being one of the main challenges in managing 
this disease. The nutritional deficit in CF has a multifactorial ori-
gin. Malabsorption of nutrients related to pancreatic insufficiency 
and recurrent infectious and inflammatory processes is involved, 
leading to a greater energy need, and, when associated with insuf-
ficient food intake, it results in energy imbalance7,8. It then be-
comes a vicious cycle as poor nutritional status impairs lung func-
tion, and this impairment also interferes with individuals’ ability 
to achieve nutritional adequacy9.

Considering the relevance of recovering and/or maintaining 
an adequate nutritional status in patients with CF, the Brazilian 
guidelines for the diagnosis and treatment of cystic fibrosis state 
the indispensability of nutritional monitoring, including periodic 
anthropometric and body composition assessments10. This moni-
toring provides an early nutritional diagnosis, enabling individu-
alized and effective interventions in the nutritional management 
of these individuals.

Therefore, a comprehensive and detailed assessment of body 
composition and functional capacity was carried out, identify-
ing potential predictive tools for this population, expanding and 
deepening the existing literature.

This way, considering the high importance of nutritional status in 
the quality of life and survival of individuals with CF and its close 
relationship with the lung function of these patients, the objective 
of this study is to analyze the correlation of anthropometric and 
body composition parameters with lung function, peripheral mus-
cle strength and functional capacity of patients diagnosed with CF.

METHODS

Study design
This is a cross-sectional observational study with patients 

treated at the multidisciplinary outpatient clinic of the Cystic 

Fibrosis Reference Center of the University Hospital of the 
Federal University of Juiz de Fora, Minas Gerais, Brazil (HU-
UFJF/EBSERH). Data were collected from assessments routinely 
performed on patients during consultations between June 2019 
and February 2020. The target audience for the research consisted 
of patients diagnosed with CF according to the diagnostic cri-
teria of the Brazilian guidelines for the diagnosis and treatment 
of cystic fibrosis (sweat chloride level > 60 mmol/l, in two sam-
ples) and with genetic testing for a mutation in the CFTR gene10. 
Children  and adolescents under 18 years old with CF were in-
cluded, and those who did not present the spirometry test were 
excluded. The sample, therefore, is composed of 18 individuals of 
both sexes, aged between 6 and 15 years.

Respecting the eligibility criteria, the following variables were 
collected: age, sex, bacterial colonization, CFTR gene mutation 
(ΔF508 homozygotes, ΔF508 heterozygotes, and other mutations), 
anthropometric data, body composition, assessment of lung func-
tion, and functional capacity. All data collected is part of the clinical 
routine at the service and was obtained through physical records.

The Human Research Ethics Committee of HU-UFJF/EBSERH 
approved the present study under number 3.411.575.

Anthropometric and body  
composition measurements

As anthropometric measurements, data on body weight, 
height, mid-upper arm circumference (MUAC), tricipital skin-
fold thickness (TSF), and mid-arm muscle circumference 
(MAMC) were obtained, following the standardized techniques 
established by The International Society for the Advancement of 
Kinanthropometry (ISAK)11. Using body weight and height mea-
surements, the nutritional status of children and adolescents was 
assessed with the help of the AnthroPlus software of the World 
Health Organization12 in z-scores for the indices weight for age 
(W/A), height for age (H/A), and body mass index (BMI) for age 
(BMI/A). The MAMC was calculated from the MUAC and TSF 
measurements by a standard calculation: MAMC (cm) = MUAC 
(cm) – π x [TSF (mm)/1013,14.

Weight and height were measured on a digital scale with an 
attached stadiometer (Welmy-W200A). Triceps fold measure-
ments and body perimeters were obtained using an adipometer 
(Cescorf-INNOVARE) and a metal measuring tape (Cescorf).

Body composition was also measured using electrical bio-
impedance (Biodynamics Model 450), which estimates, through 
resistance, reactance, and phase angle, body composition param-
eters such as fat mass, lean mass, intra- and extracellular mass, 
total body water, intra- and extracellular and basal energy me-
tabolism. Those evaluated were previously instructed to avoid the 
consumption of alcohol and caffeine in the 24 hours before the 
test, not to perform intense physical activity, and to avoid heavy 
meals 4 hours before and to suspend diuretic medication 1 day 
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before the test, except in the case of individuals with systemic ar-
terial hypertension. Corrected lean mass (CLM) was evaluated ac-
cording to the equation generated and validated for patients with 
CF represented below15.

CLM = −2.844 - (0.184 × Weight) + (1.202 × CLMBIA). 
Therefore,  CLMBIA is the fat-free mass generated by 
bioelectrical impedance.

Lung function
Lung function was assessed using the KoKo Sx 1000 spirom-

eter (nSpire Health Inc., Longmont, CO, USA), performed by a 
properly trained physiotherapist. The exam measures the volume 
of exhaled air and flows by providing the forced vital capacity 
(FVC), forced expiratory volume in one second (FEV1), and their 
ratio (FEV1/FVC). FEV1 allows us to quantify the obstructive 
ventilation disorder characteristics of CF. The examination tech-
nique followed the recommendations of the American Thoracic 
Society16. The values ​​obtained were calculated according to the 
equations proposed by Mallozi17.

6-minute walk test
The 6-minute walk test (6MWT) was performed by evaluating 

the maximum distance covered in six minutes, in which the indi-
vidual could dictate the speed of the steps and the need to inter-
rupt the process, in the presence of limiting symptoms. This test 
makes it possible to measure the patient’s functional capacity18.

Dynamometry
Dynamometry was performed using a manual dynamom-

eter (Saehan, SH5001), which analyzed handgrip strength (HGS) 
through three measurements on each side, with an interval of 
30 seconds between them. The highest value achieved was used 
as a reference in the study. To carry it out, the standards of the 
American Society of Hand Therapists19 were followed, and the dy-
namometry values of the dominant arm were considered.

Statistical analyzes
Statistical analyses were performed using SPSS® 20.0 software 

(SPSS Inc., Chicago, IL, USA). Data normality was assessed us-
ing the Shapiro-Wilk test. To characterize the sample, mean val-
ues (Standard Deviation, SD) or relative frequency were used. 
Correlations between variables were verified using the Pearson 
(normal distribution) or Spearman (non-normal distribution) 
tests. The results were considered significant when p<0.05.

RESULTS
A total of 18 patients were included in this study, with a mean age 

of 11 years (range 6-15 years old), 72% were male, and 28% were 
female. The most frequently found mutation was heterozygotes 

for ΔF508 (44.5%). The descriptive characteristics of the sample 
in the present study are represented in Table 1.

The clinical lung profile of the patients, considering the spiro-
metric parameters of FVC and FEV1 as a percentage of predicted 
(≥80%) and FEV1/FVC ratio, considering 75% of predicted as 
the cut-off point, demonstrated that half of the population had 
preserved pulmonary function values (Table 2). Ninety-five per-
cent of the sample tested positive for bacterial colonization, with 
the majority being Staphylococcus aureus. Regarding nutritional 
status, it is observed that the larger part of the sample studied 
presents a BMI/A and H/A classification within the cut-off points 
for eutrophy, demonstrating the good nutritional status of the 
individuals studied concerning these indicators. However, when 
evaluating body composition parameters, we observed that 72% 
of the sample (n=13) was below the 50th percentile in terms of 
TSF and MAMC, showing depletion of adipose tissue and lean 
mass (Table 2).

To better understand the relationship between nutritional 
status and lung function, we conducted a correlation analysis. 
Regarding  the pulmonary function assessment indexes FEV1 
(L/s) and FVC (L/s), both showed a statistically significant posi-
tive correlation (p<0.05) with the nutritional status assessment 
parameters CLM, MUAC, and MAMC and with HGS (Table 3).

Concerning the HGS and 6MWT, peripheral muscle strength 
and functional capacity indicators, both showed a moderate to 
strong positive correlation with the nutritional status assessment 
measures H/A, CLM, MUAC, and MAMC (Table 4).

DISCUSSION
In this study, we found a correlation between respiratory, body 

composition, and muscular parameters, making it a useful tool 
for nutritional and functional assessment in CF patients. In chil-
dren and adolescents with CF, nutritional status parameters that 
reflect lean mass (MAMC and CLM) were positively correlated 
with markers of peripheral muscle strength, functional capacity 

Table 1: Age, sex, mutation, and bacterial colonization of patients 
with cystic fibrosis at the University Hospital of the Federal 
University of Juiz de Fora.

Age (years) a 11(3.15)

Sex
Femaleb 5 (28%)

Maleb 13 (72%)

Mutation

ΔF508 homozygousb 2 (11%)

ΔF508 heterozygotesb 8 (44.5%)

Othersb 8 (44.5%)

Bacterial colonization
Yesb 17 (95%)

Nob 1 (5%)

Values expressed as mean (SD)a or n (%)b.
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(HGS and 6MWT), and pulmonary function (FEV1 and FVC in 
liters). Thus, muscle mass (an important component of lean mass) 
appears to be the nutritional status component determining lung 
function in children and adolescents with CF.

The nutritional assessment of the individuals studied showed 
that the majority were classified in the eutrophic range accord-
ing to BMI/A. Although it is an important predictor of nutritional 
status in children, when considering only body weight and height, 
it does not differentiate individuals as to their body composition20. 
Body composition, in turn, showed a depletion of lean mass and 
adipose tissue in the larger part of the sample, demonstrating that, 
despite the eutrophic profile found, there is an already established 
nutritional deficit.

It is already well established that the imbalance between nu-
trient intake, absorption, and requirement in patients with CF is 
an important determinant of protein-energy malnutrition, which, 
associated with recurrent infections and inflammatory processes, 
contributes to the increase in muscle protein catabolism, which 
reflects in greater depletion of body muscle mass in these indi-
viduals21. However, we have not observed a correlation between 
BMI/A, lung function, peripheral muscle strength, and functional 
capacity parameters. Other authors have also shown a higher per-
centage of malnutrition when evaluating parameters that reflect 
muscle mass, such as MAMC, compared to the use of BMI/A in 
patients with CF22,23.

In this sense, a greater association between lean body mass than 
BMI on lung function was demonstrated24. Other authors evi-
denced that FEV1% was positively associated with fat-free mass 
and inversely associated with adipose tissue25. In our study, in ad-
dition to the positive correlation between FEV1 and FVC with 
fat-free mass measured by bioimpedance and MAMC, a positive 
correlation with HGS was also observed, a parameter that can be 
used to characterize skeletal muscle strength26. These findings 
support the hypothesis that the effect of good nutritional status 
on CF is mediated by both body muscle mass, peripheral muscle 
strength, and functional capacity.

In addition, regarding the assessment of the peripheral muscle 
strength and functional capacity of the participants, although the 

Table 2: Anthropometry, body composition, lung function, 
peripheral muscle strength, and functional capacity of patients with 
cystic fibrosis at the University Hospital of the Federal University of 
Juiz de Fora.

Anthropometry and body composition

Weight (kg) a 33.62 (12.39)

Height (cm)a 142.3 (18.52)

BMI/Age z scorea -0.46 (1.37)

Severe thinness 2 (11%)

Thinnessb 1 (5.6%)

Normalb 12 (66.7%)

Overweightb 3 (16.7%)

H/A z scorea -0.56 (0.86)

Wastedb 1 (5%)

Normalb 17 (95%)

Triceps skinfold (mm) a 8.15 (3.44)

≥ P50b 5 (28%)

< P50b 13 (72%)

Mid-upper arm circumference measurements (cm)a 19.04 (3.38)

Mid-arm muscle circumference (cm)a 16.8 (2.91)

≥ P50b 5 (28%)

< P50b 13 (72%)

Adjusted lean mass (kg)a 23.44 (9.8)

Lung Function

FEV1 (%)a 77.38 (24.89)

≥80%b 9 (50%)

< 80%b 9 (50%)

FVC (%)a 90.72  
(22.97)

≥80%b 13(72%)

<80%b 5 (18%)

FEV1/FVC (%)a 84.77 (11.98)

≥75%b 14 (78%)

<75%b 4 (22%)

FEV1 (L/s) a 1.62 (0.65)

FVC (L/s) a 2.12 (1.01)

Peripheral muscle strength and functional capacity

Dominant handgrip strength (kgf) a 17.05 (8.62)

6MWT (m) a 498.31 (76.58)
a Mean (SD); bn(%); H/A, Height-for-age; BMI, Body mass index; FEV1, Forced 
expiratory volume in the first second; FVC, Forced vital capacity; 6MWT, six-
minute walk test.

Table 3: Correlation between lung function parameters, nutritional 
status, peripheral muscle strength, and functional capacity.

  FEV1 (l) FVC (l)

H/Ab 0.419 (p=0.084) 0.405 (p=0.096)

BMI/Ab 0.432 (p=0.073) 0.362 (p=0.140)

CLMa 0.797 (p=0.001)* 0.919 (p=0.001)*

MUACb 0.718 (p=0.001)* 0.764 (p=0.001)*

MAMCb 0.758 (p=0.001)* 0.831 (p=0.001)*

TSFa 0.356 (p=0.147) 0.313 (p=0.207)

HGSb 0.688 (p=0.002)* 0.844 (p=0.000)*

6MWTb 0.464 (p=0.052) 0.392 (p=0.108)
aSpearman correlation; bPearson correlation; *p<0.05; HGS, Handgrip strength; 
TSF, triceps skinfold thickness; H/A, Height-for-age; BMI/A, Body mass index-
for-age; CLM, Corrected lean mass; FEV1, Forced expiratory volume in the first 
second; FVC, Forced vital capacity; 6MWT, six-minute walk test; MUAC, mid-arm 
measurements; MAMC, mid-arm muscle circumference.

Table 4: Correlation between peripheral muscle strength, functional 
capacity parameters, and nutritional status assessment.

  HGS 6MWT

H/Ab 0.496 (p=0.036)* 0.486 (p=0.041)*

BMI/Ab 0.132 (p=0.602) 0.203 (p=0.418)

CLMa 0.821 (p=0.001)* 0.595 (p=0.009)*

MUACb 0.675 (p=0.002)* 0.632 (p=0.005)*

MAMCb 0.745 (p=0.001)* 0.682 (p=0.002)*

TSFa 0.233 (p=0.351) 0.325 (p=0.188)
aSpearman correlation; bPearson correlation; *p<0.05; HGS, Handgrip strength; 
TSF, triceps skinfold thickness; H/A, Height-for-age; BMI/A, Body mass index-
for-age; CLM, Corrected lean mass; 6MWT, six-minute walk test; MUAC, mid-arm 
measurements; MAMC, mid-arm muscle circumference.
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