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A B S T R A C T

Background: Fat mass to fat-free mass ratio (FM/FFM) assesses the combined effect of the balance between fat
mass and fat-free mass. Aims: to evaluate the associations beetween FM/FFM and clinical outcomes in
asthma and to compare clinical characteristics between individuals with higher and lower FM/FFM.
Methods: 128 participants with asthma underwent anthropometric, spirometry and bioelectrical impedance
assessments. Physical activity in daily life (PADL) was assessed by the Actigraph for 7 days. Daily dose of
inhaled medication, steps of pharmacological treatment, Asthma Control Questionnaire, Asthma Quality of
Life Questionnaire and Hospital Anxiety and Depression Scale were also assessed. Participants were classified
into two groups according to the 50th percentile of reference values for FM/FFM.
Results: Individuals with higher FM/FFM (n=75) used higher daily doses of inhaled corticosteroids, had worse
lung function and fewer steps/day when compared to those with lower FM/FFM (n=53) (P�0.021). Associa-
tions were found between absolute values of FM/FFM with lung function (FEV1 and FVC [liters]): R2=0.207
and 0.364;P<0.0001), and between the categories of lower or higher FM/FFM with steps of medication treat-
ment (Cramer's V=0.218;P=0.016) and level of PADL (Cramer's V=0.236;P=0.009). The highest FM/FFM was a
determining factor of physical inactivity (OR: 3.21;95%CI:1.17�8.78) and highest steps of pharmacological
treatment (OR: 8.89;95%CI:1.23�64.08).
Conclusion: Higher FM/FFM is significantly associated with worse clinical characteristics in individuals with
asthma, such as higher doses of inhaled corticosteroids, worse lung function and fewer steps/day. Moreover,
higher FM/FFM is a determining factor of physical inactivity and the highest steps of pharmacological treat-
ment for asthma.

© 2022 Elsevier Inc. All rights reserved.
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Introduction

Asthma is a disease characterized by chronic inflammation of the air-
ways that is defined by a history of respiratory symptoms that vary over
time and in intensity, such as wheezing, dyspnea, chest tightness and
coughing, along with variable expiratory airflow limitation.1 Body com-
position is a factor that directly influences clinical outcomes in patients
with asthma. There is a clinical phenotype of asthma called asthma with
obesity,1 in which obese individuals with asthma have more symptoms
and exacerbations, worse disease control, greater consumption of medi-
cations for asthma and worse lung function.2

Most studies on asthma classify body composition using only the
body mass index (BMI). Despite being a simple and widely used

http://crossmark.crossref.org/dialog/?doi=10.1016/j.hrtlng.2022.07.006&domain=pdf
mailto:karinafurlanetto@uel.br
mailto:karina.couto@kroton.com.br
https://doi.org/10.1016/j.hrtlng.2022.07.006
https://doi.org/10.1016/j.hrtlng.2022.07.006
https://doi.org/10.1016/j.hrtlng.2022.07.006
http://www.ScienceDirect.com
http://www.heartandlung.com


D.F. Rugila et al. / Heart & Lung 56 (2022) 154�160 155
anthropometric variable, BMI has some limitations since it cannot
distinguish the fat mass (FM) from the fat-free mass (FFM). Its calcu-
lation only takes into account the individual's height and weight (and
not FM) and thus, in some cases, it may overestimate or underesti-
mate adiposity.3 Therefore, more specific measures may be required
for a better understanding of body composition, such as FM and FFM,
which can be obtained by bioelectrical impedance analysis.4

Fat mass to fat-free mass ratio (FM/FFM) is an integrated meta-
bolic index for assessing body composition, which assesses the com-
bined effect of the proportion between FM and FFM.5,6 This
relationship conceptualizes two contrasting characteristics for the
maintenance of homeostasis: the metabolic load, defined as the mag-
nitude of an insult in a system (corresponding to FM); and the meta-
bolic capacity, which refers to the system's ability to neutralize the
insult (corresponding to FFM).5,6 In other words, FM/FFM indicates
whether the amount of FM is adequate for the amount of FFM in an
individual. In theory, higher ratio values indicate a less favourable
balance between FM and FFM, and high FM/FFM has already been
identified as an independent predictor of cardiac events and all-cause
mortality in patients undergoing hemodialysis.7 Additionally, those
with high FM/FFM are more likely to have metabolic syndrome, pre-
diabetes, diabetes mellitus and arterial hypertension,8 and are more
likely to develop metabolic syndrome and insulin resistance.9

Despite these clinical associations found so far with FM/FFM in
other chronic diseases, this ratio has not been studied in individuals
with asthma.The clinical impact of higher versus lower FM/FFM in
these patients is unknown. Thus, the aims of this study were to verify
the associations between FM/FFM and clinical outcomes in individu-
als with asthma, as well as to compare the clinical characteristics of
these individuals between those with higher and lower FM/FFM val-
ues. Our hypothesis is that higher values of FM/FFM are associated
with worse clinical outcomes in these individuals.

Methods

Participants and study design

This is a cross-sectional study performed at two research centers
both located in Brazil: (1) Pit�agoras-Unopar University (Londrina)
(data collection from 2018 to 2020) and (2) University of Sao Paulo
(Sao-Paulo) (data collection from 2016 to 2018). The participants
were recruited from the pneumology outpatients services of the Uni-
versity Hospital of Londrina and the Clinics Hospital of the University
of Sao Paulo Medical School. The study was approved by the Research
Ethics Committee of both institutions (number 3060,314 and
2043,975, respectively). Inclusion criteria were: 18 years old or older,
diagnosis of asthma according to the Global Initiative for Asthma
(GINA),1 pharmacological treatment for at least 6 months and clinical
stability (i.e., without hospitalizations and emergency care for at least
30 days). Were excluded those who did not perform the body compo-
sition assessment. All participants signed a written informed consent.
All the assessments (detailed description below) in each research
center were performed by the same experienced investigators in
charge of data collection based on standardized protocols. Prelimi-
nary results of this study have been previously reported in the form
of abstract in the European Respiratory Society congress 2021.10

Assessments

General and anthropometric data
For the anthropometric evaluation, weight and height were mea-

sured with a scale and a stadiometer. The calculation of BMI was per-
formed through the formula: weight(kg)/height2(m).3 In order to
characterize the sample, self-reported data such as comorbidities and
the daily dose of medication (inhaled corticosteroids and long-acting
bronchodilator) were also collected. Participants were also classified
according to the steps of pharmacological treatment for asthma
(steps 1 to 5) following international asthma guideline.1 Higher steps
of pharmacological treatment indicate worse asthma severity.1

Lung function
Lung function assessment was performed using pre-bronchodila-

tor spirometry performed via a simple spirometer (Spirometer Micro-
Lab 3500, Care Fusion�, Ireland and Spirometer KoKo, nSpire Health,
Inc.�, UK). The technique was performed according to international
guidelines in both centers,11 determining the forced expiratory vol-
ume in the first second (FEV1), forced vital capacity (FVC) and the
FEV1/FVC ratio. In addition to the absolute values (in liters), reference
values for the Brazilian population were used as a frame for the calcu-
lation of FEV1 and CVF in % of the predicted values.12

Body composition

Body compositionwas assessed using bioelectrical impedance analy-
sis (tetrapolar at Pit�agoras-Unopar University - Biodynamics 310TM,
Biodynamics Corp, USA; and octopolar at University of S~ao Paulo
InBody720, Biospace, South Korea) according to the manufacturers' rec-
ommendations and according to the protocols described by Lukaski et
al13 and Gibson et al,14 respectively. Participants were instructed to fast-
ing for 8 hours and to empty their bladder at least 30 minutes before
the test, as well as not to exercise, ingest coffee, tea, chocolate or alco-
holic beverages for at least 12 hours before the test.15 The test was per-
formed without shoes or socks and metallic objects on the body were
removed15 (when not possible, the patient was not assessed). From the
total values of FM and FFM obtained by bioelectrical impedance analy-
sis, the ratio between them was calculated.5,6 Bioelectrical impedance
analysis has shown to be a valid and reliable tool that enables simple
assessment of body composition in many clinical conditions.15 The
reproducibility of body composition measurements by bioelectrical
impedance analysis in patients with chronic obstructive pulmonary dis-
ease was found to be excellent.16,17

Asthma control
Asthma control was assessed using the Asthma Control Question-

naire (ACQ). In this questionnaire, participants were asked to recall
their symptoms during the previous week and to answer the first 6
questions (waking up at night, symptoms on waking, activity limita-
tion, dyspnea, wheezing and use of short-term rescue medication).
The seventh question concerns the FEV1 in percentage of predicted
pre-bronchodilator.18 The items are equally weighted, with scores
between 0 (fully controlled) and 6 (totally uncontrolled). There are
two versions of this questionnaire: ACQ-7, in which the final score
refers to the average score of the seven questions,18 and ACQ-6, in
which the final score concerns only the average of the first six ques-
tions and it does not take into account the last question about lung
function.19 This valid and reliable questionnaire is recommended by
GINA.1 A score � 0.75 characterizes controlled asthma; between 0.76
and 1.49 partially controlled; and � 1.50 uncontrolled.18

Quality of life
Quality of life was assessed by the Asthma Quality of Life Ques-

tionnaire (AQLQ), composed by 32 questions divided into 4 domains:
activity limitations, symptoms, emotional function and exposure to
environmental stimuli in the last two weeks.20 The total score is the
average of the 32 questions and varies between 1 (minimum score)
and 7 (maximum score). The validation study shows the higher the
score, the better the quality of life.20

Anxiety and depression
The levels of anxiety and depression were assessed by the Hospi-

tal Anxiety and Depression Scale (HADS), which is a scale composed
by 14 questions, so that half of them refers to anxiety and the other
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half to depression. Each question has a score ranging from 0 to 3
points. The total score for each subscale can reach up to 21 points.
The validation study shows the higher the score, the higher the levels
of anxiety or depression.21

Physical activity in daily life (PADL)
The assessment of the level of PADL was performed using the vali-

daded and largely used physical activity monitor Actigraph model
wGT3X-BT.22,23 The monitor was worn on the waist (by means of an
elastic band) for the entire awake time during 7 consecutive days.
Based on the average of valid days (i.e. �4 days with �8 hours of
recording per day),24 the main variables were the number of steps/
day and the time spent/day in sedentary time, light activities, and
moderate-to-vigorous activities, all in minutes and in percentage of
the assessment time.22,23 Individuals who performed � 7000 steps/-
day were classified as physically active and those who performed
<7000 steps/day as physically inactive.25,26

Group classification

After the assessments, participants were classified into two
groups according to higher or lower FM/FFM values. In the absence of
specific reference values for the local population, reference values by
Xiao et al. were used, specific for sex and age (from 18 to 90 years),
which were developed from an international sample composed of
6342 white and non-Hispanic North-American individuals.6 Partici-
pants were classified according to the 50th percentile from these ref-
erence values in two groups: 1) group with lower FM/FFM (�50th
percentile); and 2) group with higher FM/FFM (>50thpercentile).6

Statistical analysis

Normality in data distribution was evaluated using the Shapir-
o�Wilk test. In case of normal distribution, results were described as
mean § standard deviation; otherwise, as median [interquartile range
25�75%]. Categorical variables were described in absolute and relative
frequency. The unpaired Student's t-test or the Mann-Whitney test
were performed for comparisons of numeric variables between the
groups and Chi-Square test for comparisons of categorical variables.
Regarding correlations, Pearson or Spearman correlation coefficients
were used according to normality in data distribution. Statistically sig-
nificant correlations were classified as weak (<0.40), moderate (�0.40
to <0.70) or strong (�0.70).27 Associations between BMI, absolute val-
ues of FM/FFM and clinical characteristics (numerical variables) were
verified using Univariate Linear Regressions. Associations between cate-
gories of lower or higher FM/FFM with categorical variables were veri-
fied using the Chi-square and Cramer's V tests. Multinomial Logistic
Regressions were performed to verify whether the FM/FFMwas a deter-
mining factor for the variation of steps of pharmacological treatment
and of the categories of PADL. The softwares used were SPSS 21.0 and
GraphPad Prism 6.0. The level of statistical significance was P<0.05.
Table 1
Clinical and Demographic Characteristics of the Sample.

Total sample (n=128) Group with Lower FM

Sex F/M, n (%) 97(76) / 31(24) 41(77) / 12(23)
Age, years 45 [38 � 55] 46 [37 � 55]
Weight, kg 74 [63 � 83] 63 [59 � 71]
Height, m 1.60 [1.53 � 1.68] 1.61 [1.53 � 1.69]
BMI, kg/m2 29.10 § 5.40 24.90 § 3.53
Fat mass, kg 26 [19 � 31] 18 [13 � 21]
Fat mass, % 34 [29 � 38] 29 [21 � 34]
Fat-free mass, kg 48 [44 � 56] 45 [43 � 51]
Fat-free mass, % 66 [62 � 71] 71 [66 � 78]
FM/FFM 0.51 [0.40 � 0.62] 0.41 [0.27 � 0.50]

F: female; M: male; BMI: body mass index; FM/FFM: fat mass to fat-fre
Results

Two hundred and forty-five adults with asthma complied to inclu-
sion criteria (77 recruited from the Pit�agoras-UNOPAR University and
168 from the University of S~ao Paulo), but 117 were excluded
because they did not perform the body composition assessment.
Thus, 128 adults with asthma were analyzed (61 from the Pit�agoras-
UNOPAR University and 67 from the University of S~ao Paulo). From
the total sample included in the study, 11 (9%) presented FM/FFM
below or equal to the 5th percentile, 113 (88%) between the 5th and
95th percentile, and 4 (3%) above or equal to the 95th compared to
the reference values. Fifty-three individuals were classified with
lower FM/FFM and seventy-five with higher FM/FFM according to
50th percentile.

There was no difference between the two centers in the propor-
tion of individuals classified in the groups (lower FM/FFM: 29 vs. 24;
higher FM/FFM: 32 vs. 43, respectively; P=0.183). There was no differ-
ence between the two centers regarding sex, age, weight, height, BMI
and lung function (P�0.082 for all).

Table 1 shows the general characteristics of the individuals. There
were no differences between the groups higher and lower FM/FFM in
the proportion of men and women, age and height (P�0.726 for all).
The group with higher FM/FFM had higher weight, BMI, FM in kilo-
grams and percentage, FFM in kilograms but lower FFM in percentage
when compared to the group with lower FM/FFM (P�0.001 for all).

Table 2 shows the comparisons between groups with lower or
higher FM/FFM concerning their clinical characteristics. Those classi-
fied as having higher FM/FFM used higher daily doses of inhaled cor-
ticosteroids, had worse lung function (lower FEV1 and FVC in liters
and % predicted) and fewer steps/day when compared to those with
lower FM/FFM (P�0.021 for all).

Weak but significant linear correlations were found between FM/
FFM with the number of comorbidities (r=0.206; P=0.020), daily dose
of inhaled corticosteroids (r=0.295; P=0.001), FEV1 in % predicted (r=-
0.221; P=0.012), FVC in % predicted (r=-0.346; P<0.0001), ACQ7
(r=0.197; P=0.026), HADS anxiety (r=0.228; P=0.010), HADS depres-
sion (r=0.203; P=0.023) and steps/day (r=-0.203; P=0.026). The FM/
FFM correlated moderately with FEV1 in absolute values (r=-0.461;
P<0.0001) and with FVC in absolute values (r=-0.597; P<0.0001).
This ratio is strongly correlated with BMI (r=0.702; P<0.0001).

Associations of FM/FFMwith FEV1 in absolute values and with FVC
in absolute values and % predicted were found (R2 from 0.113 to
0.364; P<0.0001 for all) (Fig. 1), as well as with BMI (R2=0.488;
P<0.0001). BMI was also associated with FVC in absolute values and
% predicted, however, with lower explanatory power (R2 from 0.036
to 0.045; P<0.033 for all). There was no significant association
between BMI and FEV1 in absolute values.

Fig. 2 shows the associations between the categories of lower and
higher FM/FFM with the categories of steps of pharmacological treat-
ment for asthma and with level of PADL. Significant associations
between higher FM/FFM with more severe steps of pharmacological
/FFM (n=53) Group with Higher FM/FFM (n=75) P

56(75) / 19(25) 0.726
45 [38 � 55] 0.917
80 [74 � 91] <0.0001
1.60 [1.53 � 1.68] 0.784
32.07 § 4.45 <0.0001
30 [26 � 34] <0.0001
37 [33 � 41] <0.0001
50 [46 � 59] 0.001
62 [59 � 67] <0.0001
0.60 [0.49 � 0.69] <0.0001

e mass ratio.



Table 2
Comparisons of the clinical characteristics between groups with lower and higher
FM/FFM.

Group withLower
FM/FFM(n=53)

Group withHigher
FM/FFM(n=75)

P

Comorbidities,
number

3 [2 - 4] 3 [2 � 4] 0.829

PHARMACOLOGICAL
TREATMENT

Daily dose of
inhaled cortico-
steroids, mcg

660 § 430 842 § 370 0.021

Daily dose of long-
term BD, mcg

24 [12 � 24] 24 [21 � 25] 0.133

LUNG FUNCTION
FEV1, l 2.27 § 0.74 1.91 § 0.63 0.004
FEV1, %predicted 71 § 18 66 § 17 0.002
FVC, l 3.20 § 0.92 2.82 § 0.77 0.012
FVC, %predicted 89 § 15 79 § 17 <0.0001
FEV1/FVC, % 72 [64 � 78] 70 [61 � 75] 0.181
CLINICAL CONTROL
ACQ-6, points 1.50 [0.67 � 2.16] 1.66 [0.91 � 2.33] 0.471
ACQ-7, points 1.71 [0.85 � 2.14] 1.86 [1.42 � 2.57] 0.084
PSYCHOSOCIAL
DISTRESS

AQLQ total, points 4.56 [3.60 � 5.35] 4.37 [3.48 � 5.20] 0.640
HADS anxiety,
points

8 [5 � 11] 9 [6 � 12] 0.444

HADS depression,
points

6 [3 � 9] 7 [4 � 10] 0.354

PHYSICAL ACTIVITY
IN DAILY LIFE

Steps/day, number 7818 [5226 �
10,437]

5825 [4863 � 8082] 0.012

Moderate to vigor-
ous activities,
min/day

24 [13 � 21] 19 [11 � 33] 0.132

Moderate to vigor-
ous activities, %

3 [1 � 5] 2 [1 � 4] 0.182

Light activities, min/
day

336 § 98 320 § 83 0.351

Light activities, % 38 § 9 38 § 9 0.970
Sedentary time,
min/day

520 § 97 502 § 98 0.327

Sedentary time, % 59 § 10 59 § 10 0.770

FM/FFM: fat mass to fat-free mass ratio; BD: bronchodilator; FEV1: forced expira-
tory volume in the first second; FVC: forced vital capacity; FEV1/FVC: forced expi-
ratory volume in the first second to forced vital capacity ratio; ACQ: Asthma
Control Questionnaire; AQLQ: Asthma Quality of Life Questionnaire; HADS: Hospital
Anxiety and Depression Scale.
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treatment and physical inactivity profile were found (Cramer’s V=0.218
and 0.236, respectively, P�0.016 for both). Eighty percent of the individ-
uals classified as having lower FM/FFM and 94% of the individuals classi-
fied as having higher FM/FFM were in stages 4 and 5 of the steps of
pharmacological treatment for asthma (P=0.016) (Fig. 2A).

In the logistic regression models (tables 3 and 4), those with the
higher FM/FFM were 3.21 times more likely to be physically inactive,
Fig. 1. Associations between the fat mass to fat-free mass ratio (FM/FFM) and forced expirat
and in percentage of predicted (C).
as well as 8.89 times more likely to be classified in the highest steps
of pharmalogical treatment for the disease (i.e. more severe, steps 4
and 5) than those with lower FM/FFM.
Discussion

This is the first study to use FM/FFM as a method of classifying
body composition in individuals with asthma, as well as to verify the
associations of this ratio with different clinical outcomes of the dis-
ease. The present study found that individuals with asthma who have
higher FM/FFM use higher daily doses of inhaled corticosteroids,
worse lung function and fewer steps/day when compared to those
with lower FM/FFM. In addition, associations of this ratio were found
with lung function, steps of pharmacological treatment for asthma
and level of PADL in these individuals. Additionally, individuals with
higher FM/FFM are more likely to be physically inactive and to be
classified in stages 4 and 5 (i.e. more severe) of pharmacological
treatment steps of the disease.

Body composition has been directly related to lung function in
individuals with asthma. Jensen et al., found positive moderate corre-
lations of total FFM with FEV1 and FVC in male asthmatic children,
but no correlations were found between FM and lung function in this
population.28 In contrast, Wang et al., found that the increase in the
percentage of FM is associated with a reduction in FEV1 and FVC also
in boys with asthma.29 Similarly, higher percentage of FM is associ-
ated with a reduction in FEV1 and FVC in young adults.30 Likewise,
women with asthma presenting higher FM percentage are 1.75 times
more likely to have limitations in lung function.31 In addition to find-
ing a moderate correlation between FM/FFM and lung function, our
study confirms the impact of body composition on lung function in
patients with asthma by showing that the use of the 50th percentile
of the reference values for FM/FFM allows the discrimination of
groups of patients with significant differences in lung function. This
might have occured due to the increase in FM (which leads to higher
values in FM/FFM), in which the increase of FM around the rib cage
can lead to changes in the elastic properties of the chest wall, making
these individuals to breathe with lower lung volumes.32

Lau et al., found that the percentage of FM is higher among female
patients with airflow obstruction (including patients with asthma)
using inhaled corticosteroids than in controls.33 Individuals with
asthma who have less skeletal muscle mass also use higher doses of
inhaled corticosteroids.34 In the present study, it was found that
those with higher FM/FFM use higher daily doses of inhaled cortico-
steroids. A positive correlation between these variables was also
found. One hypothesis for our findings is that the increased adiposity
can lead to greater systemic inflammation, which can cause inflam-
mation in asthma and, consequently, greater use of corticosteroids.32

The increase in FM/FFM can also occur due to a decrease in FFM.5

It is known that patients with severe refractory asthma have a
decrease in the FFM index35 and that, the severity of asthma is related
to the steps of pharmacological treatment for the disease, in which
ory volume in the first second (FEV1) in liters (A), forced vital capacity (FVC) in liters (B)



Fig. 2. Associations between the categories of lower and higher fat mass to fat-free mass ratio (FM/FFM) and categories of the steps of pharmacological treatment (A) and categories
of physical activity in daily life (B).
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individuals classified as having severe asthma are those in the steps 4
and 5 of pharmacological treatment.1 Our study confirmed that indi-
viduals with severe asthma present worse body composition, since a
higher FM/FFM was more pronounced in patients with worse disease
severity.

Bruno et al., found a negative weak correlation between FM with
total time of physical activity and a positive moderate correlation
between FFM also with total time of physical activity in asthmatics
with mild to moderate severity.36 Correa-Rodríguez et al., found that
FFM is also positively associated with total physical activity and mod-
erate-to-vigorous activity in healthy young adults, but they did not
find associations between FM and physical activity.37 An association
between body adiposity and the number of steps/day was also
observed in healthy adults, so that those who perform �7500 steps
per day have a lower occurrence of obesity classified by body fat (i.e.
fat mass percentage � 75th percentile in the sample).38 The present
study also found an association between body composition and
PADL, in which those with higher FM/FFM performed fewer steps/
day and were 3.21 times more likely to be physically inactive. Simi-
larly, Abdo et al., found that a higher level of PADL is a predictor of
lower fat mass and higher muscle mass in individuals with asthma.34

This association is clinically relevant, because PADL is an important
treatable trait in asthma, wherein higher levels of sedentary time are
significantly associated with increased odds of exacerbation, hospi-
talization and with greater systemic corticosteroids bursts, while
being more active is a protective factor for hospitalization.39

The results of this study can be translated into new implications
for clinical practice. Healthcare professionals involved in the treat-
ment of patients with asthma should be aware of the negative conse-
quences of excess fat accumulation in relation to FFM in this
population. In addition, our data suggest that screening for body
composition abnormalities should be included in the routine initial
assessment of patients with asthma. The interpretation of body com-
position variables should be done in light of reference values rather
than relying solely on BMI and preventive strategies such as patient
education should be considered to clarify the clinical relevance of the
maintenance of adequate levels of FM, FFM and physical activity.

Future studies should investigate the frequency of low muscle
mass and obesity in a larger sample of patients with asthma taking
into account the relationship between the amount of muscle mass
and body fat (or body weight) and considering the current available
Table 3
Determining factors of physical inactivity in individuals

b P

Inactive (n=63) Age, years 0.023 0.1
Weight, kg -0.002 0.9
FEV1, %predicted 0.014 0.2
Higher FM/FFM 1.168 0.0
Sex - Female 0.310 0.5

Reference category: Active.
FM/FFM: fat mass to fat-free mass ratio.
standardized definitions of sarcopenic-obesity.40 In addition, studies
should focus on the associations and functional consequences of
these body composition abnormalities in this population. Longitudi-
nal studies are suggested to verify whether FM/FFM can predict
exacerbation, hospitalization and mortality in asthma. In addition,
studies using multidisciplinary comprehensive pulmonary rehabilita-
tion programs should be carried out in order to verify whether
through exercise training, education, medication management and
nutrition it is possible to reduce FM/FFM with respective positive
clinical impact on the disease, such as the requirement of a lower
daily dose of inhaled corticosteroids and an increase in levels of phys-
ical activity of daily life.

This study has some limitations: 1) cross-sectional design, in
which it is not possible to infer causality and effect; 2) the reference
values for FM/FFM used are from an international sample,6 as specific
reference values for the Brazilian population have not been devel-
oped; 3) the use of bioelectrical impedance analysis to assess body
composition has some limitations, as it only estimates FM and FFM
from the impedance (resistance and reactance), thus allowing the
exact determination of FM and FFM only in individuals without sig-
nificant hydroelectrolytic abnormalities41; 4) the use of different bio-
electrical impedance equipments in the two centers (tetrapolar and
octopolar); however, both devices present very strong correlations
with the percentage of fat mass assessed by dual-energy x-ray
absorptiometry (tetrapolar: r=0.91 and octopolar: r=0.94)42 and par-
ticipants from both centers were similarly distributed between the
groups of higher and lower FM/FFM. Noteworthy, high quality multi-
centre studies have used the same tools of the present study to assess
people with chronic pulmonary stable disease, this fact ease the com-
parison of our findings with previous and future
studies.34,39,43,44Despite these limitations, this is the first study to
classify the body composition of individuals with asthma from two
different centers using FM/FFM and to verify their associations with
clinical outcomes of the disease.

It can be concluded that FM/FFM is associated with clinical charac-
teristics in individuals with asthma. Those with higher FM/FFM use
higher daily doses of inhaled corticosteroids, have worse lung func-
tion and fewer steps/day when compared to those with lower FM/
FFM. Additionally, there are associations between FM/FFM with lung
function, steps of pharmacological treatment of the disease and level
of physical activity in daily life, so that the higher FM/FFM value is a
with asthma.

Odds ratio 95% Confidence Interval
Lower Limit Upper Limit

55 1.023 0.991 1.055
24 0.998 0.968 1.030
16 1.014 0.992 1.037
23 3.215 1.176 8.787
24 1.364 0.526 3.538



Table 4
Determining factors of the steps of pharmacological treatment for individuals with asthma.

b P Odds ratio 95% Confidence Interval
Lower Limit Upper Limit

Steps 4 e 5 (n=109) Age. years 0.032 0.213 1.032 0.982 1.086
Weight, kg -0.038 0.160 0.962 0.912 1.015
FEV1, %predicted -0.019 0.309 0.981 0.946 1.018
Higher FM/FFM 2.186 0.030 8.899 1.236 64.088
Sex - Female 0.774 0.265 2.168 0.555 8.461

Reference category: Steps 1, 2 and 3.
FEV1: forced expiratory volume in the first second; FM/FFM: fat mass to fat-free mass ratio.
Sugiro colocar na legenda que o step 4 e 5 s~ao mais graves
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determining factor of physical inactivity and of the highest steps of
pharmacological treatment for asthma.

Conflict of Interest

All authors have no conflict of interest to disclose.

Acknowledgments

We are grateful to the Coordination for the Improvement of
Higher Education Personnel (CAPES/PROSUP), the National Council
for Scientific and Technological Development (CNPq) and the
National Foundation for the Development of Private Higher Educa-
tion (FUNADESP) for their financial support, the Pit�agoras-Unopar
University and the University of S~ao Paulo for their physical struc-
ture and support for research and the patients who participated as
volunteers.

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

References

1. Global Initiative for Asthma (GINA). Global strategy for asthma management and
prevention. 2022 doi:10.1016/S0335-7457(96)80056-6.

2. Klepaker G, Svendsen MV, Hertel JK, et al. Influence of obesity on work ability,
respiratory symptoms, and lung function in adults with asthma. Respiration.
2019;98(6):473–481. https://doi.org/10.1159/000502154.

3. Body mass index - BMI. World Health Organization (WHO). 2022.
4. Kyle UG, Schutz Y, Dupertuis YM, Pichard C. Body composition interpretation: con-

tributions of the fat-free mass index and the body fat mass index. Nutrition.
2003;19(7-8):597–604. https://doi.org/10.1016/S0899-9007(03)00061-3.

5. Prado CMM, Wells JCK, Smith SR, Stephan BCM, Siervo M. Sarcopenic obesity: a
critical appraisal of the current evidence. Clin. Nutr.. 2012;31(5):583–601. https://
doi.org/10.1016/j.clnu.2012.06.010.

6. Xiao J, Purcell SA, Prado CM, Gonzalez MC. Fat mass to fat-free mass ratio reference
values from NHANES III using bioelectrical impedance analysis. Clin. Nutr.. 2017;37
(6):2284–2287. https://doi.org/10.1016/j.clnu.2017.09.021.

7. Lee HS, Kim SG, Kim JK, et al. Fat-to-lean mass ratio can predict cardiac events and
all-cause mortality in patients undergoing hemodialysis. Ann. Nutr. Metab..
2018;73(3):241–249. https://doi.org/10.1159/000492939.

8. Chen YY, Fang WH, Wang CC, et al. Fat-to-muscle ratio is a useful index for cardio-
metabolic risks: a population-based observational study. PLoS One. 2019;14(4):1–
13. https://doi.org/10.1371/journal.pone.0214994.

9. Seo YG, Song HJ, Song YR. Fat-to-muscle ratio as a predictor of insulin resistance
and metabolic syndrome in Korean adults. J. Cachexia, Sarcopenia Muscle. 2020;11
(3):710–725. https://doi.org/10.1002/jcsm.12548.

10. Eur. Respir. J.. 2021;58(Suppl. 65):PA789.
11. Miller MR, Hankinson J, Brusasco V, et al. Standardisation of spirometry. Eur. Respir.

J.. 2005;26(2):319–338. https://doi.org/10.1183/09031936.05.00034805.
12. Pereira CA de C, Sato T, Rodrigues SC. New reference values for forced spirometry

in white adults in Brazil. Jornal brasileiro de pneumologia. 2007;33(4):397–406.
https://doi.org/10.1590/s1806-37132007000400008.

13. Lukaski HC, BolonchukWW, Hall CB, Siders WA. Validation of tetrapolar bioelectri-
cal impedance method to assess human body composition. J. Appl. Physiol..
1986;60(4):1327–1332. https://doi.org/10.1152/jappl.1986.60.4.1327.

14. Gibson AL, Holmes JC, Desautels RL, Edmonds LB, Nuudi L. Ability of new octapolar
bioimpedance spectroscopy analyzers to predict 4-component-model percentage
body fat in Hispanic, black, and white adults. Am. J. Clin. Nutr.. 2008;87(2):332–
338. https://doi.org/10.1093/ajcn/87.2.332.

15. Kyle UG, Bosaeus I, De Lorenzo AD, et al. Bioelectrical impedance analysis - Part II:
utilization in clinical practice. Clin. Nutr.. 2004;23(6):1430–1453. https://doi.org/
10.1016/j.clnu.2004.09.012.
16. Steiner MC, Barton RL, Singh SJ, Morgan MDL. Bedside methods vesrus dual energy
X -ray absorptiometry for body composition measurement in COPD. Eur. Respir. J..
2002;19(4):626–631. https://doi.org/10.1183/09031936.02.00279602.

17. Cruz Rivera PN, Goldstein RL, Polak M, et al. Performance of bioelectrical
impedance analysis compared to dual X-ray absorptiometry (DXA) in Veterans
with COPD. Sci. Rep.. 2022;12(1):1946. https://doi.org/10.1038/s41598-022-
05887-4.

18. Juniper EF, Bousquet J, Abetz L, Bateman ED. Identifying “well-controlled” and “not
well-controlled” asthma using the asthma control questionnaire. Respir. Med..
2006;100(4):616–621. https://doi.org/10.1016/j.rmed.2005.08.012.

19. Juniper EF, Svensson K, M€ork AC, Sta�hl E. Measurement properties and interpreta-
tion of three shortened versions of the asthma control questionnaire. Respir. Med..
2005;99(5):553–558. https://doi.org/10.1016/j.rmed.2004.10.008.

20. Grammatopoulou E, Skordilis E, Koutsouki D, Baltopoulos G. An 18-item standard-
ized asthma quality of life questionnaire-AQLQ(S). Qual. Life Res.. 2008;17(2):323–
332. https://doi.org/10.1007/s11136-007-9297-y.

21. Herrmann C. International experiences with the hospital anxiety and depression
scale - a review of validation data and clinical results. J. Psychosom. Res.. 1997;42
(1):17–41. https://doi.org/10.1016/S0022-3999(96)00216-4.

22. Van Remoortel H, Giavedoni S, Raste Y, et al. Validity of activity monitors in health
and chronic disease: a systematic review. Int. J. Behav. Nutrit. Phys. Activity. 2012;9
(84):1–23. https://doi.org/10.1186/1479-5868-9-84.

23. Trost SG, Mciver KL, Pate RR. Conducting accelerometer-based activity assess-
ments in field-based research. Med. Sci. Sports Exerc.. 2005;37(11 SUPPL):531–543.
https://doi.org/10.1249/01.mss.0000185657.86065.98. ..

24. Demeyer H, Burtin C, Van Remoortel H, et al. Standardizing the analysis of physical
activity in patients with COPD following a pulmonary rehabilitation program.
Chest. 2014;146(2):318–327. https://doi.org/10.1378/chest.13-1968.

25. Tudor-Locke C, Burkett L, Reis JP, Ainsworth BE, Macera CA, Wilson DK. How many
days of pedometer monitoring predict weekly physical activity in adults? Prev.
Med.. 2004;40(3):293–298. https://doi.org/10.1016/j.ypmed.2004.06.003.

26. Tudor-Locke C, Craig CL, Brown WJ, et al. How many steps/day are Enough? For
adults catrine. Int. J. Behav. Nutrit. Phys. Activity. 2011;8(79). https://doi.org/
10.2165/00007256-200232120-00004.

27. Schober P, Boer C, Schwarte LA. Correlation coefficients: appropriate use and inter-
pretation. Anesth. Analg.. 2018;126(5):1763–1768. https://doi.org/10.1213/
ANE.0000000000002864.

28. Jensen ME, Gibson PG, Collins CE, Wood LG. Lean mass, not fat mass, is associated
with lung function in male and female children with asthma. Pediatr. Res.. 2014;75
(1):93–98. https://doi.org/10.1038/pr.2013.181.

29. Wang R, Custovic A, Simpson A, Belgrave DC, Lowe LA, Murray CS. Differing associ-
ations of BMI and body fat with asthma and lung function in children. Pediatr. Pul-
monol.. 2014;1057(April 2013):1049–1057. https://doi.org/10.1002/ppul.22927.

30. Sutherland TJT, McLachlan CR, Sears MR, Poulton R, Hancox RJ. The relationship
between body fat and respiratory function in young adults. Eur. Respir. J.. 2016;48
(3):734–747. https://doi.org/10.1183/13993003.02216-2015.

31. Myung J, Lee H, Kim TH, Han E. Relationships between self-reported asthma and
pulmonary function and various measures of obesity. J. Asthma. 2018;55(7):741–
749. https://doi.org/10.1080/02770903.2017.1362701.

32. Boulet LP. Asthma and obesity. Clin. Exp. Allergy. 2013;43(1):8–21. https://doi.org/
10.1111/j.1365-2222.2012.04040.x.

33. Lau EMC, Li M, Woo J, Lai C. Bone mineral density and body composition in patients
with airflow obstruction - the role of inhaled steroid therapy, disease and lifestyle. Clin.
Exp. Allergy. 1998;28(9):1066–1071. https://doi.org/10.1046/j.1365-2222.1998.00358.
x.

34. Abdo M, Waschki B, Kirsten AM, et al. Persistent uncontrolled asthma: long-term
impact on physical activity and body composition. J. Asthma Allergy. 2021;14:229–
240. https://doi.org/10.2147/JAA.S299756.

35. Minas M, Papaioannou AI, Tsaroucha A, et al. Body composition in severe refrac-
tory asthma: comparison with COPD patients and healthy smokers. PLoS One.
2010;5(10):3–8. https://doi.org/10.1371/journal.pone.0013233.

36. Bruno A, Uasuf CG, Insalaco G, et al. Nutritional status and physical inactivity in
moderated asthmatics: a pilot study. Medicine. 2016;95(31):1–7. https://doi.org/
10.1097/MD.0000000000004485.

37. Correa-Rodríguez M, Rueda-Medina B, Gonz�alez-Jim�enez E, Schmidt-RioValle J.
Associations between body composition, nutrition, and physical activity in young
adults. Am J. Hum. Biol.. 2016;29(1):1–7. https://doi.org/10.1002/ajhb.22903.

38. Mantovani AM, Duncan S, Codogno JS, Lima MCS, Fernandes RA. Different amounts
of physical activity measured by pedometer and the associations with health

https://doi.org/10.1159/000502154
https://doi.org/10.1016/S0899-9007(03)00061-3
https://doi.org/10.1016/j.clnu.2012.06.010
https://doi.org/10.1016/j.clnu.2012.06.010
https://doi.org/10.1016/j.clnu.2017.09.021
https://doi.org/10.1159/000492939
https://doi.org/10.1371/journal.pone.0214994
https://doi.org/10.1002/jcsm.12548
http://refhub.elsevier.com/S0147-9563(22)00167-4/sbref0010
https://doi.org/10.1183/09031936.05.00034805
https://doi.org/10.1590/s1806-37132007000400008
https://doi.org/10.1152/jappl.1986.60.4.1327
https://doi.org/10.1093/ajcn/87.2.332
https://doi.org/10.1016/j.clnu.2004.09.012
https://doi.org/10.1016/j.clnu.2004.09.012
https://doi.org/10.1183/09031936.02.00279602
https://doi.org/10.1038/s41598-022-05887-4
https://doi.org/10.1038/s41598-022-05887-4
https://doi.org/10.1016/j.rmed.2005.08.012
https://doi.org/10.1016/j.rmed.2004.10.008
https://doi.org/10.1007/s11136-007-9297-y
https://doi.org/10.1016/S0022-3999(96)00216-4
https://doi.org/10.1186/1479-5868-9-84
https://doi.org/10.1249/01.mss.0000185657.86065.98
https://doi.org/10.1378/chest.13-1968
https://doi.org/10.1016/j.ypmed.2004.06.003
https://doi.org/10.2165/00007256-200232120-00004
https://doi.org/10.2165/00007256-200232120-00004
https://doi.org/10.1213/ANE.0000000000002864
https://doi.org/10.1213/ANE.0000000000002864
https://doi.org/10.1038/pr.2013.181
https://doi.org/10.1002/ppul.22927
https://doi.org/10.1183/13993003.02216-2015
https://doi.org/10.1080/02770903.2017.1362701
https://doi.org/10.1111/j.1365-2222.2012.04040.x
https://doi.org/10.1111/j.1365-2222.2012.04040.x
https://doi.org/10.1046/j.1365-2222.1998.00358.x
https://doi.org/10.1046/j.1365-2222.1998.00358.x
https://doi.org/10.2147/JAA.S299756
https://doi.org/10.1371/journal.pone.0013233
https://doi.org/10.1097/MD.0000000000004485
https://doi.org/10.1097/MD.0000000000004485
https://doi.org/10.1002/ajhb.22903


160 D.F. Rugila et al. / Heart & Lung 56 (2022) 154�160
outcomes in adults. J. Phys. Activity Health. 2016;13(11):1183–1191. https://doi.
org/10.1123/jpah.2015-0730.

39. Freitas PD, Xavier RF, McDonald VM, et al. Identification of asthma phenotypes
based on extrapulmonary treatable traits. Eur. Respir. J.. 2021;30: 2000240. https://
doi.org/10.1183/13993003.00240-2020.

40. Donini LM, Busetto L, Bischoff SC, Cederholm T, Ballesteros-Pomar MD, Batsis JA,
et al. Definition and diagnostic criteria for sarcopenic obesity: espen and easo con-
sensus statement. Obes. Facts. 2022:1–15.

41. Kyle UG, Bosaeus I, De Lorenzo AD, et al. Bioelectrical impedance analysis - Part I:
review of principles and methods. Clin. Nutr.. 2004;23(5):1226–1243. https://doi.
org/10.1016/j.clnu.2004.06.004.
42. Demura S, Sato S, Kitabayashi T. Percentage of total body fat as estimated by three
automatic bioelectrical impedance analyzers. J. Physiolog. Anthropol.. 2004;23
(3):93–99. https://doi.org/10.2114/jpa2.26.533.

43. Demeyer H, Louvaris Z, Frei A, et al. Physical activity is increased by a 12-week
semiautomated telecoaching programme in patients with COPD: a multicentre
randomised controlled trial. Thorax. 2017;72(5):415–423. https://doi.org/10.1136/
thoraxjnl-2016-209026.

44. Machado FVC, Schneider LP, Fonseca J, et al. Clinical impact of body compo-
sition phenotypes in patients with COPD: a retrospective analysis. Eur. J.
Clin. Nutr.. 2019;73(11):1512–1519. https://doi.org/10.1038/s41430-019-
0390-4.

https://doi.org/10.1123/jpah.2015-0730
https://doi.org/10.1123/jpah.2015-0730
https://doi.org/10.1183/13993003.00240-2020
https://doi.org/10.1183/13993003.00240-2020
http://refhub.elsevier.com/S0147-9563(22)00167-4/sbref0040
http://refhub.elsevier.com/S0147-9563(22)00167-4/sbref0040
http://refhub.elsevier.com/S0147-9563(22)00167-4/sbref0040
https://doi.org/10.1016/j.clnu.2004.06.004
https://doi.org/10.1016/j.clnu.2004.06.004
https://doi.org/10.2114/jpa2.26.533
https://doi.org/10.1136/thoraxjnl-2016-209026
https://doi.org/10.1136/thoraxjnl-2016-209026
https://doi.org/10.1038/s41430-019-0390-4
https://doi.org/10.1038/s41430-019-0390-4

	Fat mass to fat-free mass ratio and its associations with clinical characteristics in asthma
	Introduction
	Methods
	Participants and study design
	Assessments
	General and anthropometric data
	Lung function

	Body composition
	Asthma control
	Quality of life
	Anxiety and depression
	Physical activity in daily life (PADL)

	Group classification
	Statistical analysis

	Results
	Discussion
	Conflict of Interest
	Acknowledgments
	References


