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Abstract
Cystic �brosis (CF) patients experience a continuous acute phase of in�ammatory and catabolic
state. Longitudinal study to assess the impact of severe infectious pulmonary exacerbation on fat-free
mass (FFM) and on the fat-free mass index (FFMI) in adults with CF who required hospital admission.
Nutritional assessment using anthropometry and bioimpedance, Visual Appetite Scale (VAS), Kanga
Score, functional assessment by spirometry and a 6-minute walk test. In�ammatory biochemical markers
cortisol and C-Reactive Protein were also used. Results: The multivariate linear regression analysis
identi�ed only sex as an independent variable signi�cantly associated with improvement in the FFMI (B=
-1.81, 95% CI= -3.10; -0.51, p=0.008). As for the increase in FFM, two signi�cantly associated independent
variables were identi�ed: sex (B= -10.38, con�dence interval – 95% CI= -14.70; -6.06, p<0.001); and forced
vital capacity (FVC) % of predicted (B=0.13, 95% CI=0.04; 0.23, p=0.006). There was a signi�cant
improvement in FFM and FFMI between the start of hospitalization and the 14th day. Gender and FVC %
of predicted were responsible for predicting FFM improvement. For the FFMI, the predictive variable of
this improvement was gender only, with males having the greatest increase in FFM and FFMI. 

Introduction
Cystic �brosis (CF) is an autosomal recessive genetic disease that predominantly reaches Caucasians1.
Although it is a multisystemic pathology, the most frequent clinical manifestation is pulmonary, the main
determinant of prognosis2.

Despite the fact that nutritional management has improved over time, nutritional risk and malnutrition
still have a high prevalence in patients with CF. Barni et al.3 studied 73 patients with FC, showing that
24.7% were malnourished. Therefore, malnutrition remains an important issue to be observed in the
management of this disease4.

Malnutrition in CF is strongly related to high energy expenditure at rest during pulmonary
exacerbations3,5. In�ammatory conditions cause signi�cant pulmonary destruction, and may be
responsible for worsening the nutritional status and altering the body composition.The continuous
catabolic response affects the fat-free mass (FFM), wearing down inspiratory muscles6.

Many studies4,5,7,8,9−15 evaluated nutritional status in adult individuals with CF, using body composition
and FFM. Among these, only a few4,7,8,11,13 observed a signi�cant association between forced expiratory
volume in the �rst second (FEV1) and FFM. However, these researches had different objectives, and only
one7 addressed pulmonary exacerbation.

Therefore, the evaluation of body composition and nutritional status during a pulmonary exacerbation in
order to verify the effect of the severity of the exacerbation on FFM and fat-free mass index (FFMI) in
adult patients with CF has been little studied.
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Thus, the aim of this study was to evaluate the impact of severe acute infectious pulmonary exacerbation
on FFM and FFMI in adults with CF who required hospitalization.

Results
Fifty-three adult patients with CF were admitted. Among these patients, 51 met the inclusion criteria and
were invited to participate in the research. Four patients were excluded because they refused to
participate, 5 by early hospital discharge and 1 was transplanted before the 14th day. Thus, 41 patients
completed the study (Fig. 1).

[insert Fig. 1 near here]

Among these, 29 (71%) were female. The mean age was 26.0 ± 6.0 years, the median of FEV1 was 40.0%
(30.0; 53.0) of the predicted, the mean BMI was 19.8 ± 2.4 Kg/m2, the mean FFMI was 15.3 ± kg/m2, the
mean FFM was 41.8 ± 7.3 Kg and the mean of FM 12.0 ± 5.0 Kg. 46.3% were heterozygotes for the
F508del mutation, and 31.7% homozygotes. 68.3% of the individuals were colonized by Paeruginosa.
Eight of them (19.5%) were active on a lung transplant list at the time (Table 1).
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Table 1
– General characteristics of the sample.

Variables N = 41

Female, n (%) 71 (29,0)

Age, years 26,0 ± 6,0 (18–40)

FEV1 40,0 (30,0; 53,0)

FVC (%) 63,3 ± 21,0 (34–117)

F508del, % (N) 78,0 (32)

Homozygous F508del, % (N) 31,7 (13)

Heterozygous F508del, % (N) 46,3 (19)

P aeruginosa, % (N) 68,3 (21)

MSSA, % (N) 39,0 (16)

MRSA, % (N) 39,0 (16)

B cepacia, % (N) 34,1 (14)

On lung transplant list, % (N) 19,6 (8)

CFRD, % (N) 39,0 (16)

Exocrine Pancreatic insu�ciency, % (N) 87,8 (36)

Oral nutritional supplementation, % (N) 75,6 (31)

BMI (kg/m2), mean ± DT (min-max) 19,8 ± 2,4 (15,6–26,7)

FFMI (kg/m2), mean ± DT (min-max) 15,3 ± 1,9 (12,5–19,8)

FFM (kg), mean ± DT (min-max) 41,8 ± 7,3 (30,7–56,4)

FM (kg), mean ± DT (min-max) 12,0 ± 5,0 (1,3–19,6)

Source. Prepared by the authors. Caption N = Number of participants; FEV1 = forced expiratory volume
in the �rst second; FVC = forced vital capacity; P aeruginosa = Pseudomonas aeruginosa; MSSA = 
Methicillin-sensitive Staphylococcus aureus;MRSA = Methicillin-resistant Staphylococcus aureus; B
cepacia = Burkholderia cepacea; CFRD = cystic �brosis-related diabetes; BMI = body mass index; SD = 
Standard Deviation, FFMI = fat-free mass index; FFM = fat-free mass; FM = fat mass.

[insert Table 1 near here]

The comparative analysis of the variables at admission and on the 14th day showed a signi�cant
variation for all variables except for cortisol (Table 2). The variation of the mean FFMI was from 15.3 ± 
1.9 Kg/m2 to 15.7 ± 2.0 Kg/m2 (p < 0.001), and the FFM variation was 41.8 ± 7.3Kg for 43.0 ± 7.8Kg (p < 
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0.001). The variation of FEV1 percent of the predicted presented a median that went from 40.0 (30.0;
53.0) to 45.0 (35.0; 62.0) and p = 0.001.

 
Table 2

Comparison of clinical and nutritional parameters at the time of hospitalization and on the 14th day.

  Before treatment After treatment P Value

Weight (kg), mean ± SD 53,8 ± 7,2 55,5 ± 7,3 < 0,001

BMI (kg/m2), mean ± SD 19,8 ± 2,4 20,4 ± 2,3 < 0,001

FFM (kg), mean ± SD 41,8 ± 7,3 43,0 ± 7,8 < 0,001

FM (kg), mean ± SD 12,0 ± 5,0 12,5 ± 5,1 < 0,001

FFMI (kg/m2), mean ± SD 15,3 ± 1,9 15,7 ± 2,0 < 0,001

Calf circumference (cm), mean ± SD 30,7 ± 3,2 31,0 ± 3,4 < 0,001

Arm circumference (cm), median (IIQ) 25,0 (23,0; 26,0) 25,4 (24,0; 27,0) < 0,001

Total body water (ml), mean ± SD 30,9 ± 4,5 31,7 ± 4,9 < 0,001

Appetite scale, median (IIQ) 49,0 (27,5; 83,0) 78,0 (69,0; 95,0) < 0,001

FEV1 (L), median (IIQ) 1,3 (1,0: 1,9) 1,4 (1,1; 2,1) < 0,001

FEV1 (% of predicted), median (IIQ) 40,0 (30,0; 53,0) 45,0 (35,0; 62,0) 0,001

CVF (L), mean ± SD 2,6 ± 0,9 2,8 ± 0,9 < 0,001

CVF (% of predicted), mean ± SD 63,3 ± 21,0 69,5 ± 19,5 < 0,001

DT walk tst (m), mean ± SD 495,1 ± 88,1 522,3 ± 94,7 < 0,001

DT walk test (%of predicted), mean ± SD 66,6 ± 12,3 70,0 ± 13,9 < 0,001

Kanga score (points), mean ± SD 32,1 ± 5,1 19,5 ± 2,9 < 0,001

Cortisol (µg/dl), median (IIQ) 14,2 (11,0; 16,6) 13,2 (10,7; 17,9) 0,532

CRP (mg/dl), median (IIQ) 37,9 (14,7; 70,1) 3,9(1,8; 8,8) < 0,001

Source: Elaborated by the authors. BMI = body mass index; FFM = fat-free mass; FM = fat mass; FFMI 
= fat-free mass index; FEC1 L = forced expiratory volume in the �rst second; FVC = forced vital
capacity; DT = distance traveled; CRP = C-reactive protein; SD = Standard Deviation; IIQ = Interquartile
interval. T-test for paired samples or Wilcoxon test.

[insert Table 2 near here]

The analysis of the association between the independent variables of hospital admission and the
outcome (FFM and the FFMI on the 14th day) is presented in Table 3. The variables of hospitalization
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that were signi�cantly associated with FFM on the 14th day were DT in the 6-minute walk test (6MWT) in
% of predicted (r = 0.46, p = 0.003), CRP (r=-0.36, p = 0.020, and sex (p > 0.001). The variables that were
signi�cantly associated with FFMI on the 14th day were gender (p = 0.020), FEV1% of predicted (r = 0.36,
p = 0.025), FVC % of predicted (r = 0.46, p = 0.003), DT in 6MWT% of predicted (r = 0.46, p = 0.003), and
CRP (r= -0.36, p = 0.022).
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Table 3
Analysis of the association between the independent variables at hospital admission and the outcome

FFM and the FFMI on the 14th day of hospitalization)
Independent variables FFM (kg) FFMI (Kg/m2)

Pearson Correlation r (p value) r (p value)

Age in years 0,16 (0,472) -0,04 (0,786)

FEV1% of predictable 0,21 (0,218) 0,36 (0,025)

FVC % of predictable 0,31 (0,054) 0,46 (0,003)

Distance traveled in 6MWT % of predicted 0,46 (0,003) 0,46 (0,003)

Kanga score in points -0,21 (0,189) -0,19 (0,233)

Cortisol in µg/dl -0,18 (0,262) -0,26 (0,099)

CRP in mg/dl -0,36 (0,020) -0,36 (0,022)

Test 1 for independent samples Mean ± SD Mean ± SD

Sex p > 0,001 p = 0,020

Female 40,4 ± 6,7 15,3 ± 2,0

Male 49,4 ± 6,7 16,9 ± 1,6

P. aeruginosa p = 0,992 p = 0,341

Yes 43,0 ± 7,9 15,5 ± 1,7

No 43,0 ± 7,7 16,2 ± 2,5

MSSA p = 0,083 p = 0,057

Yes 45,6 ± 7,1 16,5 ± 2,1

No 41,3 ± 7,8 15,3 ± 1,9

MRSA p = 0,359 p = 0,972

Yes 41,6 ± 7,2 15,7 ± 1,9

No 43,9 ± 8,1 15,7 ± 2,1

B. cepacia p = 0,300 p = 0,248

Yes 41,2 ± 7,1 15,2 ± 2,1

Source: Elaborated by the authors. FFM = fat-free mass; FFMI = fat-free mass index; r = Pearson
correlation coe�cient; FEV1 = forced expiratory volume in the �rst second; FVC = forced vital capacity;
6MWT = 6-minute walk test; CRP = C-reactive protein; SD = Standard Deviation; P aeruginosa = 
Pseudomonas aeruginosa; MSSA = Methicillin-sensitive Staphylococcus aureus; MRSA = Methicillin-
resistant Staphylococcus aureus; B cepacia = Burkholderia cepacia.
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Independent variables FFM (kg) FFMI (Kg/m2)

No 43,9 ± 8,1 16,0 ± 1,1

Mutation p = 0,642 p = 0,631

Homozygous F508del 41,9 ± 6,1 15,3 ± 1,8

Heterozygous F508del 44,3 ± 9,3 15,8 ± 2,2

Source: Elaborated by the authors. FFM = fat-free mass; FFMI = fat-free mass index; r = Pearson
correlation coe�cient; FEV1 = forced expiratory volume in the �rst second; FVC = forced vital capacity;
6MWT = 6-minute walk test; CRP = C-reactive protein; SD = Standard Deviation; P aeruginosa = 
Pseudomonas aeruginosa; MSSA = Methicillin-sensitive Staphylococcus aureus; MRSA = Methicillin-
resistant Staphylococcus aureus; B cepacia = Burkholderia cepacia.

[insert Table 3 near here]

Table 4 presents the multivariate analysis between the independent variables of hospital admission and
the outcome (FFM and the FFMI on the 14th day).

 
Table 4

Multivariate linear regression analysis between the independent variables of hospital admission and
outcome (FFM and FFMI on the 14th day of hospitalization)

Variables B CI 95% p

FFM      

Male -10,38 -14,70; -6,06 < 0,001

FVC % of predicted 0,13 0,04; 0,23 0,006

CPR -0,04 -0,09; 0,00 0,051

MSSA -0,246 -4,23; 3,74 0,901

FFMI      

Male -1,81 -3,10; -0,51 0,008

FEV1 0,03 -0,00; 0,06 0,060

Cortisol -0,04 -0,16; 0,08 0,499

CPR -0,01 -0,03; 0,00 0,125

MSSA -0,12 -1,38; 1,13 0,842

Source: Elaborated by the authors. B = non-standard coe�cient, 95% CI = Con�dence interval; FEV1 = 
forced expiratory volume in the �rst second; FVC = forced vital capacity; CRP = C-reactive protein;
MSSA = Methicillin-sensitive Staphylococcus aureus; FFMI = fat-free mass index; FFM = fat-free mass.

[insert Table 4 near here]
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The variables selected with p < 0.1 for the FFM outcome were FVC % of predicted, DT in 6MWT, CRP, sex
and methicillin-sensitive Staphylococcus aureus infection (MSSA). However, the DT in 6MWT was
excluded from the multivariate model because it presented linearity with FVC. The multivariate regression
analysis identi�ed two independent variables signi�cantly associated with FFM: gender (B= -10.38,
con�dence interval (CI) 95%= -14.70; -6.06, p < 0.001); and FVC (B = 0.13, 95%CI = 0.04; 0.23, p = 0.006).

The variables selected with p < 0.1 for the FFMI outcome were FEV1% of predicted, FVC % of predicted,
distance traveled in the 6MWT, cortisol, CRP, sex and MSSA infection. However, the distance traveled in
the 6MWT and the FVC were excluded from the multivariate model because they presented collinearity
with the FEV1. The multivariate linear regression analysis identi�ed only gender (B= -1.81, 95% CI= -3.10;
-0.51, p = 0.008) as an independent variable signi�cantly associated with the FFM.

Discussion
In this prospective study, it was found that the outcomes FFM and FFMI had a signi�cant improvement
between the beginning of hospitalization and the 14th day. The predictors of this improvement for FFM
were sex and FVC. For the FFMI, the predictive variable of this improvement was sex only. The analysis
showed that the male individuals obtained a higher increase in FFM and a higher improvement in FFMI
than the female individuals.

The signi�cant increase in FFM between the beginning and the end of a hospital stay was also evidenced
by Bell et al.24, which revealed an average FFM of 42.9Kg on the 1st day, and 43.7Kg (p < 0.001) at the
end of hospitalization. These values were very similar to the �ndings in our study: 41.8 kg at the
beginning of hospitalization, and 43.0 kg at the end.

The in�uence of gender on body composition was evident in the study. Gender was identi�ed as one of
the independent variables that were signi�cantly associated with FFM and was the only independent
variable signi�cantly associated with FFMI. Our results are in accordance with the �ndings of Alvarez et
al.10 who studied 32 clinically stable individuals with CF and a control group without CF, and found better
nutritional status in males. Sheikh et al.25 concluded that FFMI is more strongly associated with
pulmonary function compared to BMI, especially in men. Still, Alicandro et al.5 studied 85 young adults
with CF retrospectively. Body composition data were compared between two groups, exacerbators and
infrequent exacerbators. Male patients classi�ed as frequent exacerbators had lower FFMI (mean of 18.0
kg/m2) compared to infrequent exacerbators (mean of 19.3 kg/m2, p = 0.024). Among the frequent
exacerbators, male patients had lower FFM compared to patients who had a lower exacerbation rate.

Signi�cant pulmonary functional improvement was also demonstrated after the treatment of infectious
pulmonary exacerbation: FEV1 at hospital admission of 40.0% of the predicted, and 45.0% (p < 0.001) on
the 14th day of hospitalization. In the study by Bell et al.24, the functionality was more severely
compromised than in our study, but a signi�cant increase in FEV1 was also identi�ed, from 28.5% of
predicted to 34.7% of predicted (p < 0.001), between hospital admission and the 15th day after antibiotic
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treatment. Another study19 also veri�ed the variation in FEV1 values from 47.7% of predicted at
admission to 54.2% of predicted (p < 0.0001) at the end of treatment.

The dimension of pulmonary functional improvement in our study also involved FVC (from 63.3–69.5%
of predicted, p < 0.001). These �ndings were similar to those identi�ed in the study by Bell et al.24

(improvement of 38.8–46.9%, p < 0.001) in the 15th day after antibiotic treatment.

Although cortisol is a stress response hormone, our values did not get a signi�cant improvement when
we compared it at the beginning and on the 14th day. In contrast, the study by Ionescu et al.7 showed a
decrease in its values from 453 to 347, p < 0.05.

In our research, FVC was one of the independent variables signi�cantly associated with FFM. Charatsi et
al.8 also observed in their sample that patients with FFM depletion had a lower FVC, median of 57%,
interquartile interval (IQ) (51;61), versus those with normal FFM, with median FVC of 93%, IQ (82;101.5)
and p = 0.001. The study by Sheikh et al.25 observed that only in women, after adjusting for age, the FFM -
Z score was positively associated with FVC % of predicted β = 5.5, p = 0.004. In another study26, the FVC
% of the predicted was reduced both in the group of normal BMI and low FFMI, group of hidden depletion
of FFM, p < 0.05 and in the group of low BMI and low FFMI p < 0,01.

Although studies show a positive relationship between FEV, FFM and FFMI7,8,9,11,26−28, in our sample,
FEV1 was not identi�ed as an independent variable signi�cantly associated with FFM, after multivariate
linear regression analysis, as well as in King et al.12 during the evaluation of 58 adult patients with CF
within 4 years. Nutritional status, including FFM, was generally preserved, despite the increased severity
of lung disease. Two factors were associated with loss of FFM: the highest serum levels of interleukin 6,
and the presence of the F508del mutation for CF. In this study, the correlation between the change in FFM
and the change in FEV1% of the predicted did not reach statistical signi�cance. Alicandro et al.4 after
including FEV1 in the multiple linear regression model, observed that no signi�cant association with full-
body FFMI β= −0.03, p = 0.80 in men remained.

Several blood biomarkers have been studied against the background of acute infectious pulmonary
exacerbation of CF, although none of them are exclusively related to in�ammation. CRP is a non-speci�c
acute phase protein that can be easily measured in laboratory. Several studies have shown that CRP is
elevated at the onset of pulmonary infectious exacerbation of CF, and decreases signi�cantly until the
end of treatment, in proportion to the clinical and functional pulmonary improvement. Despite this
response to treatment of exacerbation, no study has shown that CRP is useful in predicting the clinical
course of exacerbation29. In the present study, CRP decreased from admission until the 14th day with
treatment. However, it was not associated with FFM and FFMI on the 14th day after treatment. Sharma et
al.29, as well as our research, compared CRP values at the beginning and at the end of treatment, and a
reduction in CRP values was found at the beginning of treatment with an average CRP of 125 (± 69) for
an average CRP of 56 (± 51) p < 0.0001 at the end of treatment.
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Severe pulmonary infectious exacerbation in CF has a negative impact on the prognosis of the disease.
Partly due to the effect of the in�ammatory process of exacerbation on muscle catabolism, leading to the
depletion of FFM. Thus, the evaluation of the FFMI at the end of hospitalization and the analysis of
possible factors associated with this process, could contribute to a better understanding and
management of this clinical situation12. Body composition and FFB in the context of severe pulmonary
exacerbation of CF have scarce data in the literature, and a knowledge gap on this topic remains. A better
understanding about this process would be of paramount importance for the development of new
strategies of nutritional interventions in this population8. Nutritional interventions to treat malnutrition
should probably be early and not postponed until nutritional de�cits are severe enough to be detected
using weight-only criteria27.

One of the main limitations of this study was the small sample size and the performance in a single
center, restricting the generalization of the data. Secondly, food intake and physical activity were
disregarded, in�uenced by the improvement of muscle mass. Thirdly, tetrapolar electrical bioimpedance
was used to evaluate FFM, and not dual-energy x-ray absorptiometry (DXA), which is a method with
greater precision. The evaluation of body composition by bioimpedance is usually responsible for
overestimating FFM when compared with the gold standard – DXA30. Although our population was
compared with itself, avoiding overestimating FFM.

In conclusion, this study found that FFM and FFMI had signi�cant improvement after the treatment of
exacerbation. The predictor parameters of this improvement for FFM were gender and FVC percent of
predicted. For the FFMI, the predictive variable of this improvement was only gender. Males obtained a
higher increase in FFM and a superior improvement in FFMI.

Methods

Study design
A prospective cohort study that included CF patients, assessed within the �rst 48 hours of hospital
admission for acute pulmonary infectious exacerbation, and reassessed on the 14th day of
hospitalization.

Population
The sample consisted of 41 individuals hospitalized at the Hospital de Clínicas de Porto Alegre (HCPA) in
the clinical units and in the emergency room.

Patients included in the study were adults hospitalized for severe infectious exacerbation who agreed to
participate in the study voluntarily, and with diagnosis based on the presence of at least one clinical
feature of the disease and a positive sweat test (chloride > 60 mEq/l). Cases in which the result of this
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sweat test was borderline, with the presence of two mutations recognized as causing the disease in the
CFTR gene16 were also included.

Patients admitted to the hospital for another cause, those who did not accept to participate and pregnant
women were excluded. Loss of segment and impossibility of applying bioimpedance were also reasons
for exclusion.

Ethical Aspects
This project was submitted to the Research Ethics Committee of HCPA and approved with protocol
number 18–0468 2018, and to Plataforma Brasil with the protocol number 97777518.2.0000.5327. The
volunteers were previously informed about the study and signed the consent form. All experiments were
performed in accordance with relevant guidelines and regulations. This study was performed in
accordance with the Declaration of Helsinki and the privacy of all participants was respected, and any
identi�ed information was shared.

Nutritional Assessment

Anthropometry and body composition
Weight and height were veri�ed on the LD1050 scale (Líder®, São Paulo, Brazil) with accuracy of 50g and
with a built-in stationometer to determine BMI (weight in kg, divided by height squared, in meters).

Body composition (fat mass - FM, FFM and water) was analyzed by tetrapolar bioimpedance
(Biodynamics 450®). The test was performed in the early hours, according to the manufacturer's
instructions; The patients avoided physical exercise in the previous 12 hours, as well as the ingestion of
caffeine, teas, black tea and chocolates, and fasted between 4 and 5 hours. Thus, the FFM (FFM in Kg,
divided by height squared, in meters) was determined. Arm and calf circumference were also used.

Appetite assessment
Visual Appetite Scale (VAS) was used, with a line from zero to 100 mm. At each end of the scale the
following opposites were set: "I had no appetite" and "my appetite was very good", concerning the week
preceding the evaluation. The patients were instructed to place a vertical line on the scale, corresponding
to their hunger. When measuring the distance between the mark and the left end of the line, a
quanti�cation of the patient's hunger was estimated. A score of ≤ 70mm was considered lack of appetite
and a > 70mm score was considered normal appetite17,18.

Assessment Of Pulmonary Exacerbation
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The Kanga et al score to assess the severity of exacerbation was used19, which grades the aggravation of
the disease and estimates the improvement or worsening of respiratory function.

Functional Assessment At Admission
Spirometry was performed in the �rst 2 days of hospitalization and on the 14th day20 with forced vital
capacity (FVC) and FEV1 (respectively in liters and percentage of predicted). The variables were
expressed as percentage of predicted for gender and age, according to nomograms21.

The 6-minute walk test (distance traveled - DT in meters and percentage of predicted) was performed in
the �rst 2 days and on the 14th day22.

Biochemical Analysis
Laboratory tests of cortisol and C-reactive protein (CRP) were performed in the �rst 2 days and on the
14th day. Cortisol samples were collected between 8 and 10 a.m. and analyzed using the
electrochemiluminescence technique. CRP tests were performed using turbidimetric immunoassay
technique.

Calculation Of Sample Size
The work of Pichard et al. was used23. Since the variable FFMI was one of the main outcomes of the
study, the power of 80%, the signi�cance level of 0.05, the standard deviation of 1.9 at the beginning of
hospitalization, and the 2.1 at the end of hospitalization were considered. As a result, it was found that an
"n" of 41 patients would be su�cient to detect a signi�cant minimum difference in FFMI values of 0.9
Kg/m², between the beginning and the end of hospitalization.

Statistical analysis
The statistical procedures were processed in the Statistical Package for the Social Sciences program
(SPSS 18.0, Chicago, USA).

For the descriptive analysis frequencies and absolute numbers for categorical variables were used, as
well as mean and standard deviation for continuous variables with normal and median distribution, and
interquartile interval for continuous variables without normal distribution or ordinal variables.

The Shapiro-Wilks test was performed to assess the normality of the variables. To compare the variables
at the time of hospital admission and on the 14th day of hospitalization, Student's t test was used for
paired samples (variables with normal distribution), and Wilcoxon test (ordinal variables or without
normal distribution).
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To assess which variables of hospital admission were associated with the outcome (FFM and FFMI on
the 14th day), bivariate analysis was performed using Pearson correlation test (two variables with normal
distribution) or Student's t-test for paired samples (one variable with normal distribution and another
categorical variable).

After de�ning which variables were signi�cantly associated with the FFM and FFMI outcomes, the
variables with p < 0.10 were selected, which were introduced in the multivariate linear regression model by
the enter method. In this model, the variables were examined for multilinearity and, in case of signi�cant
identi�cation, the stated variable was excluded from the model.

All statistical tests used were two-tailed. The signi�cance level adopted was p < 0.05.

Declarations
Author contributions statement 

M. N. S.  Funding acquisition, Investigation, Methodology, Project administration, Writing - original draft;
L. B. J. Resources, Software, Supervision. F. S. F. Formal analysis, Validation, Visualization. B. Z.
Investigation, Methodology. P. de T. R. D. Writing, review & editing. All authors reviewed the manuscript. 

Data availability

The data sets generated during and/or analysed during the current study are not publicly available for
privacy reasons, but are available from the corresponding author on reasonable request.

References
1. Dalcin, P. de T.R., Ziegler, B., Viana, V.P., Agostin,i G.L., Pinhatti MM, Belloli LFS, et al. Cystic �brosis:

ten-year analysis of a cohort of an adult program. Rev HCPA. 31,151–9 (2011)

2. Elborn, J.S. Cystic �brosis - J Stewart Efborn. Lancet. 16, 2519–31, DOI:
http://doi.org/10.1016/S0140-6736(16)00576-6 (2016)

3. Barni, G.C., Forte, G.C., Forgiarini, L.F., Abrahão, C.L. de O., Dalcin, P. de T.R. Factors associated with
malnutrition in adolescent and adult patients with cystic �brosis. J Bras Pneumol. 5,337–43. DOI:
http://doi.org/10.1590/S1806-37562016000000319 (2017)

4. Alicandro, G., Bisogno, A., Battezzati, A., Bianchi, M.L., Corti, F., Colombo, C. Recurrent pulmonary
exacerbations are associated with low fat free mass and low bone mineral density in young adults
with cystic �brosis. J Cyst Fibros. 3,328–34. DOI:http://dx.doi.org/10.1016/j.jcf.2013.11.001 (2014)

5. Alicandro, G., Battezzati, A., Bianchi, M.L., Loi, S., Speziali, C., Bisogno, A., et al. Estimating body
composition from skinfold thicknesses and bioelectrical impedance analysis in cystic �brosis
patients. J Cyst Fibros. 6,784–91. DOI:http://dx.doi.org/10.1016/j.jcf.2015.07.011 (2015)



Page 15/17

�. Ventura, J.C., Hauschild, D.B., Moreira, E.A.M., Pereira, L.C.R., Rosa, A.F., Barbosa, E., et al. C-reactive
protein / albumin ratio is associated with lung function among children / adolescents with cystic
�brosis: a three-year longitudinal study. Sao Paulo Med J. 1,29–36. DOI:
https://doi.org/10.1590/1516-3180.2017.0109100917 (2018)

7. Ionescu, A.A., Nixon, L.S., Evans, W.D., Stone, M.D., Lewis-Jenkins, V., Chatham, K., et al. Bone density,
body composition, and in�ammatory status in cystic �brosis. Am J Respir Crit Care Med. 3,789–94.
DOI: http://doi.org/10.1164/ajrccm.162.3.9910118 (2000)

�. Charatsi, A.M., Dusser, P., Freund, R., Maruani, G., Rossin, H., Boulier, A., et al. Bioelectrical impedance
in young patients with cystic �brosis: validation of a speci�c equation and clinical relevance. J Cyst
Fibros. 6,825–33. DOI: http://dx.doi.org/10.1016/j.jcf.2016.05.004 (2016)

9. Alvarez, J.A., Ziegler, T.R., Millson, E.C., Stecenko, A.A. Body composition and lung function in cystic
�brosis and their association with adiposity and normal-weight obesity. Nutrition. 4,447–52. DOI:
http://dx.doi.org/10.1016/j.nut.2015.10.012 (2016)

10. Hollande,r F.M., De Roos, N.M., De Vries, J.H.M., Van Berkhout, F.T. Assessment of nutritional status in
adult patients with cystic �brosis: whole-body bioimpedance vs body mass index, skinfolds, and leg-
to-leg bioimpedance. J Am Diet Assoc. 4,549–55. DOI: https://doi.org/10.1016/j.jada.2005.01.030
(2005)

11. Olveira, G., Olveira, C., Gaspar, I., Porras, N., Martín-Núñez, G., Rubio, E., et al. Fat-Free Mass Depletion
and In�ammation in Patients with Bronchiectasis. J Acad Nutr Diet. 12,1999–2006. DOI:
http://dx.doi.org/10.1016/j.jand.2012.08.013. (2012)

12. King, S.J., Nyulasi, I.B., Bailey, M., Kotsimbos, T., Wilson, J.W. Loss of fat-free mass over four years in
adult cystic �brosis is associated with high serum interleukin-6 levels but not tumour necrosis factor-
alpha. Clin Nutr. 1,150–5. DOI: http://dx.doi.org/10.1016/j.clnu.2013.04.012 (2014)

13. Moriconi, N., Kraenzlin, M., Müller, B., Keller, U., Nusbaumer, C.P.G., Stöhr, S., et al. Body Composition
and Adiponectin Serum Concentrations in Adult Patients with Cystic Fibrosis. J Clin Endocrinol
Metab. 4,1586–90.DOI: https://doi.org/10.1210/jc.2005-213 (2006)

14. Baker, J.F., Putman, M.S., Herlyn, K., Tillotson, A.P., Finkelstein, J.S., Merkel, P.A. Body composition,
lung function, and prevalent and progressive bone de�cits among adults with cystic �brosis. Jt Bone
Spine. 83,207–11. DOI: http://dx.doi.org/10.1016/j.jbspin.2015.04.021 (2016)

15. Ziai, S., Coriati, A., Chabot, K., Mailhot, M., Richter, M.V., Rabasa-Lhoret, R. Agreement of bioelectric
impedance analysis and dual-energy X-ray absorptiometry for body composition evaluation in adults
with cystic �brosis. J Cyst Fibros. 13,585–8. DOI: http://dx.doi.org/10.1016/j.jcf.2014.01.006 (2014)

1�. Athanazio, R.A., Vicente, L., Ferreira, R., Vergara, A.A., Ribeiro, A.F., Riedi, C.A., et al. Brazilian
guidelines for the diagnosis and treatment of cystic �brosis. J Bras Pneumol. 43,219–45. DOI:
https://doi.org/10.1590/S1806-37562017000000065 (2017)

17. Peny, V., Månsson, F., Resman, F., Ahl, J., Tham, J. The usefulness of appetite and energy intake-
based algorithms to assess treatment effect of a bacterial infection: An observational prospective



Page 16/17

study. Kou YR, editor. PLoS One. 12, e0186514.DOI: https://doi.org/10.1371/journal.pone.0186514
(2017)

1�. Blauwhoff-Buskermolen, S., Ruijgrok, C., Ostelo, R.W., de Vet, H.C.W., Verheul, H.M.W., de van der
Schueren, M.A.E., et al. The assessment of anorexia in patients with cancer: cut-off values for the
FAACT–A/CS and the VAS for appetite. Support Care Cancer. 24,661–6. DOI:
https://doi.org/10.1007/s00520-015-2826-2 (2016)

19. Kanga, J., Kuhn, R., Craigmyle, L., Haverstock, D., Church, D. Cystic �brosis clinical score: A new
scoring system to evaluate acute pulmonary exacerbation. Clin Ther. 21,1343–56. DOI:
https://doi.org/10.1016/s0149-2918(99)80035-6 (1999)

20. Pereira, C.A.D.C. Spirometry. Brazilian J Pulmonol. 28,1–82 (2002)

21. Knudson, R.J., Slatin, R.C., Lebowitz, M.D., Burrows, B. The maximal expiratory �ow-volume curve.
Normal standards, variability, and effects of age. Am Rev Respir Dis. 113,587–600. DOI:
https://doi.org/10.1164/arrd.1976.113.5.587 (1976)

22. Morales-Blanhir, J.E., Vidal, C.D.P., Romero, M.J.R., Castro, M.M.G., Villegas, A.L., Zamboni, M. Six-
minute walk test: a valuable tool for assessing pulmonary impairment. J Bras Pneumol. 37,110–7.
DOI: https://doi.org/10.1590/s1806-37132011000100016 (2011)

23. Pichard, C., Kyle, U.G., Morabia, A., Perrier, A., Vermeulen, B., Unger, P. Nutritional assessment: lean
body mass depletion at hospital admission is associated with an increased length of stay. Am J Clin
Nutr. 79,613–8. DOI: https://doi.org/10.1093/ajcn/79.4.613 (2004)

24. Bell, S.C, Bowerman, A.M., Nixon, L.E., Macdonald, I.A., Elborn, J.S., Shale, D.J. Metabolic and
in�ammatory responses to pulmonary exacerbation in adults with cystic �brosis. Eur J Clin Invest.
30,553–9. DOI: https://doi.org/10.1046/j.1365-2362.2000.00667.x (2000)

25. Sheikh, S., Zemel, B.S., Stallings, V.A., Rubenstein, R.C., Kelly, A. Body composition and pulmonary
function in cystic �brosis. Front Pediatr. 2,1–7. DOI: https://doi.org/10.1046/j.1365-
2362.2000.00667.x (2014)

2�. Engelen, M.P.K.J., Schroder, R., Van der Hoorn, K., Deutz, N.E.P., Com, G. Use of body mass index
percentile to identify fat-free mass depletion in children with cystic �brosis. Clin Nutr. 31,927–33.
DOI: http://dx.doi.org/10.1016/j.clnu.2012.04.012 (2012)

27. King, S.J., Nyulasi, I.B., Strauss, B.J.G., Kotsimbos, T., Bailey, M., Wilson, J.W. Fat-free mass depletion
in cystic �brosis: Associated with lung disease severity but poorly detected by body mass index.
Nutrition. 26,753–9. DOI: https://doi.org/10.1016/j.nut.2009.06.026 (2010)

2�. Owen, E., Williams, J.E., Davies, G., Wallis, C., Grant, R.L., Fewtrell, M.S. Growth, body composition,
and lung function in prepubertal children with cystic �brosis diagnosed by newborn screening. Nutr
Clin Pract. DOI: https://doi.org/10.1002/ncp.10604 (2020)

29. Sharma, A., Kirkpatrick, G., Chen, V., Skolnik, K., Hollander, Z., Wilcox, P., et al. Clinical utility of C-
reactive protein to predict treatment response during cystic �brosis pulmonary exacerbations. PLoS
One. 8,1–15. DOI: https://doi.org/10.1371/journal.pone.0171229 (2017)



Page 17/17

30. Beaumesnil, M., Chaillou, E., Wagner, A.C., Rouquette, A., Audran, M., Giniès, J.L. Composition
corporelle des patients mucoviscidosiques - comparaison de 3 techniques de mesure:
anthropométrie, absorptiométrie biphotonique et impédancemétrie. Arch Pediatr. 4,370–5. DOI:
https://doi.org/10.1016/j.arcped.2011.01.008 (2011)

Figures

Figure 1

Study selection �owchart.


