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Rationale: Asthma, obesity and physical activity (PA) are interrelated. However, long-
itudinal data with objective PA measures and direct assessment of body composition are 
still lacking.
Objective: To study the impact of symptom control on PA and body composition.
Methods: In a longitudinal cohort study of the German Center for Lung Research, we 
assessed the body composition of 233 asthma patients and 84 healthy controls using 
bioelectrical impedance analysis. PA (ie average daily steps and time of at least moderate 
activity, steps/min) was measured by accelerometry for one week. Asthma control was 
assessed by ACT score, ACQ-5 score and history of severe exacerbations. After two years 
of follow-up, we studied changes in physical activity and body composition in relation to 
asthma control.
Results: Patients with uncontrolled asthma had increased fat mass and decreased muscle 
mass compared to patients with controlled asthma or healthy controls. Both fat mass and 
muscle mass correlated better with asthma control than the body mass index (BMI). In 
multivariate regressions adjusted for age and sex, asthma control and physical activity were 
independent predictors of body composition (R2 = 0.61, p < 0.001). Persistent uncontrolled 
asthma patients (n=64) had lower physical activity at both baseline (6614 steps/118 min) and 
follow-up (6195/115). Despite having stable BMI, they also had significant muscle loss 
(−1.2%, −0.88 kg, p<0.01) and fat accumulation (+1%, +1.1 kg, p<0.01). By contrast, 
temporarily uncontrolled or controlled asthma patients had higher physical activity at base-
line (8670/156) and follow -up (9058/153) with almost unchanged body composition.
Conclusion: Persistent uncontrolled asthma is associated with sustained physical inactivity 
and adverse changes in body composition that might be overlooked by relying solely on 
BMI. Physical activity is an independent predictor of body composition and reliable long- 
term marker of symptom control.
Keywords: symptom control, physical activity, body composition, fat mass, muscle mass, 
BMI

Background
Asthma is a common worldwide health problem affecting patients from all age 
groups.1 In most patients, a proper therapy allows adequate symptom control. 
However, a subset of severe asthma patients remains persistently uncontrolled.2 

Uncontrolled asthma is often associated with obesity3 and physical inactivity4,5 in 
addition to corticosteroid induced comorbidities.6 While the relationship between 
asthma and obesity has been studied extensively, most of the studies have relied on 
the body mass index (BMI) as surrogate for body composition rather than the direct 
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measures of fat mass and muscle mass. Besides, the role of 
physical inactivity in this important association still 
remains uncertain, particularly, the long-term association 
of asthma control with physical activity and body compo-
sition. It has been suggested that functional impairments 
and physical inactivity in people with chronic lung dis-
eases might adversely affect their body composition.7 For 
instance, physical inactivity and the associated muscle 
depletion are well established disease features of severe 
COPD.8 However, corresponding data in severe uncon-
trolled asthma are still lacking. Understanding the long- 
term consequences of asthma on physical activity and 
body composition is important as both might affect the 
overall health outcomes and are relevant for patients’ 
quality of life.9,10

In this context, the aims of this study were: 1) to study 
the association of asthma control with body composition, 
2) to determine potential predictors of body composition in 
asthma, particularly, the role of physical activity and 3) to 
study the longitudinal changes in body composition and 
physical activity in patients with persistent uncontrolled 
asthma compared to asthma patients with better symptom 
control.

Methods
Study Design
The study subjects were adults with asthma and healthy 
controls who were recruited to the multicenter prospective 
longitudinal All Age Asthma Cohort (ALLIANCE), a 
cohort of pediatric and adult patients with asthma in 
Germany, initiated by the German Centre for Lung 
Research (DZL). The study was approved by the ethics 
committee at the university of Luebeck (Az.21–215) 
according with the Declaration of Helsinki and is regis-
tered at clinicaltrials.gov (adult arm: NCT02419274). 
Verbal and written informed consents were obtained from 
all subjects prior to enrollment.

The adult arm of the ALLIANCE cohort recruits 
patients with mild to severe asthma and healthy controls. 
Detailed information regarding recruitment, inclusion and 
exclusion criteria was described previously.11 Patients had 
to have stable disease without acute exacerbations or 
respiratory tract infections within four weeks prior to 
study visit. In this analysis, we studied data from baseline 
and follow-up visits that took place 2 years later. An 
overview of the selection process for this analysis is 
given in (Online Supplementary 1 and 2).

Spirometry and Symptom Control
We measured forced expiratory volume in the first second 
(FEV1), forced vital capacity (FVC) and peak expiratory flow 
(PEF) from spirometry according to ERS standardizations.12

We defined asthma control based on European 
Respiratory Society/American Thoracic Society 
guidelines.2 Asthma control was assessed by the asthma 
control test (ACT), asthma control questionnaire (ACQ5) 
and the annualized number of severe exacerbations 12 
months prior to study visit, defined as a burst of systemic 
corticosteroids for ≥3 days. Uncontrolled asthma was 
defined as either ACQ ≥ 1.5 or ACT <20, or two or 
more severe exacerbations or one serious exacerbation 
with hospitalization, ICU stay or mechanical ventilation 
in the previous year.2

To study the long-term changes in body composition 
and its relation to asthma control, we compared the 
changes in body composition between patients with per-
sistent uncontrolled asthma and patients with controlled or 
temporarily uncontrolled asthma. Persistent uncontrolled 
defines patients who had uncontrolled symptoms at base-
line and at follow-up, while the rest of the patients had 
controlled asthma at both study visits or had uncontrolled 
symptoms at only one of the study visits.

Skeletal Muscle Mass and Body 
Composition
We performed whole body bioelectrical impedance analy-
sis (BIA) using Nutribox analyzer (Data Input, Pöcking, 
Germany). BIA has shown to be a feasible tool that 
enables simple assessment of body composition in many 
clinical conditions.13 An alternating current was used at 50 
kHz. We calculated the skeletal muscle mass (SM, [kg]) 
and its ratio to total body mass was expressed in percen-
tage according to Janssen and colleagues.14,15 To study the 
relationship between SM, asthma control and physical 
activity, we classified asthma patients based on the SM 
quartiles into four groups for each gender. Further body 
composition measures were the fat mass (FM, [kg]) also in 
percent of the total body mass and the body mass index 
(BMI; [kg/m2]).

Physical Activity
Physical activity was measured over a period of one week 
by a multisensory activity monitor (SenseWear Pro 
Armband; BodyMedia, Pittsburgh, PA, USA) as pre-
viously described.16,17 Accelerometer outputs were: 
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average daily steps and the average daily minutes of at 
least moderate activity (any energy expenditure above 3 
metabolic equivalents (METs)). A threshold of 94% of 
wearing time (22.5 h) for at least five days was set to 
identify valid analyses.17

Statistical Analysis
We used one-way analysis of variance ANOVA, or Fisher 
exact test to identify the significance of the differences of 
the measured clinical variables between asthma patients 
and healthy controls as well as between asthma patients in 
the different SM quartiles. For pairwise comparison, a post 
hoc analysis with Tukey’s test was done. We used 
Spearman correlation to evaluate the association between 
measures of body composition and asthma control scores. 
We conducted multivariate regression analyses to study the 
association of muscle mass and fat mass with their poten-
tial predictors ie: sex, age, asthma control, corticosteroid 
therapy and physical activity. The statistical significance of 
the longitudinal changes in clinical variables was deter-
mined using paired Wilcoxon signed-rank test.

Statistical analyses were performed using R (version 
3.6.2; R Foundation, Vienna, Austria). An alpha error of 
less than 5% was considered statistically significant.

Results
Body Composition in Asthma Patients 
versus Healthy Controls
For the cross-sectional analysis of baseline data, we 
included 106 patients with controlled asthma, 127 
patients with uncontrolled asthma and 84 healthy con-
trols. Detailed clinical characteristics and measures of 
physical activity and body composition are presented 
according to asthma control in Table 1. The post hoc 
analysis revealed that the age difference was only sig-
nificant between uncontrolled asthma and healthy con-
trols (p=0.012), but neither between controlled and 
uncontrolled asthma patients (p=0.75), nor between con-
trolled asthma and healthy controls (p=0.088). 
Expectedly, uncontrolled asthma patients had frequent 
daily symptoms, more severe exacerbations, worse 
lung function, higher demand for OCS and higher 
doses of ICS. Accordingly, uncontrolled asthma patients 
engaged in lower physical activity and were heavier, had 
increased fat mass and decreased muscle mass compared 
to controlled asthma patients or healthy controls. 
Although that both controlled asthma patients and 

healthy controls had similar physical activity levels, 
controlled asthma patients were heavier, had lower mus-
cle mass (p=0.039) and a tendency of fat mass accumu-
lation (p=0.061) compared to healthy controls. Further, 
an age-matched analysis that included subjects who 
aged 40–64 years only, confirmed that uncontrolled 
asthma patients had significant decreased physical activ-
ity, increased fat mass and decreased muscle mass com-
pared to controlled asthma patients or healthy control, 
(Online Supplementary 3).

Predictors of Body Composition in 
Asthma
The classification of asthma patients based on SM quar-
tiles and gender is demonstrated in Table 2. The first 
quartile represents the lowest SM values. Pairwise com-
parisons between all quartiles from both genders also 
revealed statistically significant differences in BMI and 
FM except for the BMI which was similar in the second 
and third male quartiles. Compared to other quartiles, the 
first quartiles in both males and females showed higher 
BMI, higher FM, higher ICS doses and higher proportion 
of female patients who were on regular OCS therapy 
(Table 2). We also found that the first quartiles are char-
acterized with poorer symptom control compared to the 
other quartiles (Table 2). Interestingly, we observed that 
the correlations of the fat mass with ACT score (R= 
−0.29) and ACQ score (R= 0.28), and between the mus-
cle mass with ACT score (R=0.26) and ACQ score (R= 
−0.28) were better than the correlation of BMI with ACT 
score (R=−0.19) and ACQ score (R=0.18), (all p-values 
<0.05). Further, we found no statistically significant dif-
ferences in lung function measures across all SM quar-
tiles. In addition, measures of physical activity were 
closely associated with the SM as demonstrated in 
Figure 1. First quartiles of both genders had a relatively 
low physical activity compared to the other quartiles. In 
female patients, the mean average daily steps and average 
daily time of at least moderate activity (steps/minutes) 
ranged from 6300/61 in the first quartile to 9653/226 in 
the fourth quartile (Figure 1). Likewise, in male patients 
the means of daily steps and time in at least moderate 
activity ranged from 5671/102 (steps/minutes) in the first 
quartile to 8349/186 (steps/minutes) in the fourth 
quartile.

Factors that correlated with body composition were 
integrated in multivariate regressions. The first 
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regression (R2=0.61, p< 0.0001) showed that main pre-
dictors of muscle mass were sex, followed by asthma 
control; age and physical activity, respectively (Table 3). 
The second regression showed that predictors of fat 
mass were sex, asthma control and physical activity 
(Table 3). In a further multivariate regression analysis, 
we did not included asthma control as predictor of body 
composition. This additional analysis revealed that the 
OCS use and ICS dose were also predictors of body 
composition that were exchangeable with asthma control 
and might be reflecting the demand of intensified 

corticosteroid therapy in uncontrolled asthma patients 
(Online Supplementary 4).

Longitudinal Change of Body Composition 
in Persistent Uncontrolled Asthma
From 161 patients who attended their follow-up visit after 
two years, we identified 64 patients who had persistent 
uncontrolled asthma. While age and gender distribution of 
patients with persistent uncontrolled asthma were compar-
able to the remaining patients (56 ±11 vs 54 ±13, years, 

Table 1 Baseline Clinical Characteristics of Patients with Asthma and Healthy Controls

Characteristics Healthy Controls Controlled Asthma Uncontrolled Asthma P-value

n 84 106 127 –

Age, years 46.2 ±18.6 51.2 ±13.5 52.6 ±14.5 0.015*

Sex (% male) 53 45 41 0.20

BMI (kg/m2) 24.9 ±4.0 26.7 ± 4.4 28.5 ±5.5 <0.0001

Smoking history, % 19 21 25 0.54

ICS (%) – 12 8 0.08

ICS/LABA (%) – 76 92 0.09

ICS dose (µg) – 408 ±309 748 ±535 <0.0001

LAMA (%) – 13 42 <0.0001

OCS (%) – 14 32 <0.0001

Biological therapy (%) – 8 16 <0.001

FEV1% 103 ±11 88 ±18 72 ±20 <0.0001

FEV1/FVC (%) 76 ±7 68 ± 11 60 ±13 <0.0001

PEF (l/s) 9.0 ±2.0 7.6 ±2.2 6.1 ± 2.0 <0.0001

ACT score – 23.0 ±1.7 13.5 ±4.0 <0.0001

ACQ5 score – 0.56 ±0.49 2.33 ±1.1 <0.0001

Severe exacerbations in the previous 12 months – 0 (0.0–1.0) 2 (0.0–5.0) <0.0001

Average daily steps 7839 (6577–9430) 7806 (6337–10,004) 6641 (4886–9280) <0.001

Average daily time of at least moderate activity, min 132 (72–175) 133 (93–192) 108 (54–183) 0.012

SM (%) 36±7.0 34 ±6.0 32 ±6.0 <0.0001

FM (%) 30 ±7.0 32 ±7.0 35 ±7.0 <0.0001

Notes: Values are presented in mean and standard deviation or median and interquartile range. *Post hoc analysis: controlled asthma vs uncontrolled p=0.75, controlled 
asthma vs healthy controls p=0.088, uncontrolled asthma vs healthy controls p=0.012. Physical activity was similar between controlled asthma and healthy controls. 
Abbreviations: BMI, body mass index (kg/m2); smoking history, current or former smoker >10 pack years; ICS dose, inhaled corticosteroids fluticasone equivalent (µg); 
LABA, long-acting β2-adrenoceptor agonists; LAMA, long-acting muscarinic receptor antagonists; OCS, regular daily oral corticosteroid therapy; biological therapy, 
omalizumab or mepolizumab; FEV1, predicted forced expiratory volume in the 1 second; FVC, forced vital capacity; PEF, peak expiratory flow (l); ACT, asthma control 
test; ACQ, asthma control questionnaire; SM, skeletal muscle mass; FM, fat mass.
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p=0.16) and (45% vs 49, %male, p=0.63), the proportion of 
patients with regular OCS intake (20% vs 7%, p=0.02) and 
the ICS doses (795 µg vs 530 µg, p<0.01), were significantly 
higher in persistent uncontrolled asthma at follow-up.

Despite having unchanged BMI, patients with persis-
tent uncontrolled asthma had a statistically significant loss 
of muscle mass with a mean loss of 1.2% (0.88 kg) over 
two years. In contrast, patients with controlled or 

temporarily uncontrolled asthma had almost unchanged 
muscle mass with a reduction of only 0.3% (0.1 kg), 
(Table 4 and Figure 2A). In addition to the decrease in 
muscle mass, there was a significant increase in fat mass in 
persistent uncontrolled asthma whereas patients with con-
trolled or temporarily uncontrolled asthma showed no 
statistically significant changes in body composition 
(Table 4).

Figure 1 Physical activity in asthma patients in relation to skeletal muscle mass quartiles and gender: (A) the distribution of average daily steps in muscle mass quartiles. (B) 
the distribution of at least daily time in moderate activity according to muscle mass quartiles. In females, the post hoc analysis showed statistically significant differences in 
means of average daily steps between the first and fourth quartiles (p<0.0001), first and third quartiles (p=0.005), and second and fourth quartiles (p=0.01), (A, upper panel). 
The average daily time of at least moderate activity was significantly different between all quartile (p<0.001) except between the second and third quartiles (p=0.08) (B, 
upper panel). In males, average daily steps were only significantly different between the first and fourth quartiles (p=0.031), and between the second and fourth quartiles 
(p=0.002) (A, lower panel). Likewise, the average daily time of at least moderate activity was also significantly different between the first and fourth (p=0.031), and between 
the second and fourth quartiles (p=0.026) (B, lower panel).
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At follow-up, levels of physical activity of both asthma 
groups remained relatively unchanged. However, we 
observed a constantly reduced physical activity in persis-
tent uncontrolled asthma patients (Figure 2B and C). They 
also had a numeric reduction in the average daily steps by 
−445/day compared to a slight numeric increase of step 
counts (+195 steps/day) in the rest of patients at follow-up. 
Minutes of physical activity did not differ between base-
line and follow-up in either asthma group.

Discussion
Our main study findings were: first, uncontrolled asthma 
patients have a reduced skeletal muscle mass and 
increased fat mass compared to controlled asthma patients 
or healthy controls. Second, asthma control and physical 
activity were independent predictors of body composition 
irrespective of age and gender. Third, persistent 

uncontrolled asthma results in sustained physical inactivity 
which might lead to further unfavorable changes in body 
composition on the long-term.

So far, studying the relationship between asthma and 
obesity has mainly relied upon the BMI. Several studies 
have shown a modest overall increase in asthma incidence 
and prevalence in obese individuals,18 in addition to the 
negative impact of obesity on asthma outcomes.19 

Interestingly, our data revealed that significant changes in 
body composition including the increase in fat mass can be 
observed in patients with persistent uncontrolled asthma 
despite having stable BMI. Our findings indicate that the 
measurement of body composition by BIA provides addi-
tional information on the relation between asthma control 
and body composition that cannot be obtained by the crude 
measure of BMI.

Unlike in asthma, the impact of COPD on physical 
activity and body composition has been studied extensively, 
particularly the progressive loss of muscle mass as impor-
tant marker of morbidity and mortality.20,21 Furthermore, 
these studies also demonstrated an association between 
sustained physical inactivity and the accelerated loss of 
muscle mass.22 Here, we report for the first-time longitudi-
nal changes in body composition in asthma patients con-
sidering the long-term status of symptom control and the 
objectively measured physical activity. Persistent uncon-
trolled asthma was associated with sustained physical inac-
tivity which appears to be an important contributor to the 
long-term adverse changes in body composition including 
the loss of muscle mass.

Furthermore, our data indicate that physical activity is 
a reliable long-term marker of asthma control. We found 
that persistent uncontrolled asthma patients had mean 
daily steps of (6614 and 6195) versus (8670 and 9058) 
in controlled asthma patients at baseline and follow-up, 
respectively. Interestingly, we observed a numeric decline 
of only 445 daily steps over two years in persistent uncon-
trolled asthma, however, with a sustained difference of at 
least 2000 daily steps between both groups. In line with 
the difference in step counts, the time in at least moderate 
activity remained constantly lower in patients with persis-
tent uncontrolled asthma with a difference of 38 minutes at 
both baseline and follow-up. Therefore, our findings also 
indicate that the long-term changes of physical activity in 
persistent uncontrolled asthma are modest compared to the 
significant decline of physical activity in severe progres-
sive COPD where we showed a decline of nearly 400 steps 
per year.22 Accordingly, in contrast to severe COPD, 

Table 3 Predictors of Body Composition in Asthma

Predictors of Skeletal Muscle Mass

Factor Estimator Standard Error P-value

Male sex 2.748 e−02 4.774e−03 <0.001

ACT score 1.186 e−03 5.139 e−04 0.021

Age −6.497 e−04 1.646 e−04 <0.001

Physical activity 2.913 e−04 2.738 e−05 <0.001

OCS use −9.242 e−03 6.142 e−03 0.16

ICS dose −5.031 e−06 5.073e−06 0.40

Intercept 2.748 e−01 1.031e−02 <0.001

Predictors of Fat Mass

Male sex −7.77 e−02 5.994 e−03 <0.001

ACT score −1.452 e−03 6.237 e−04 0.021

Age 3.355 e−04 2.089 e−04 0.15

Physical activity −3.993 e−04 3.419 e−05 <0.001

OCS use 1.369 e−02 9.083 e−03 0.080

ICS dose 6.385 e−05 8.533 e−06 0.38

Intercept 4.292 e−01 1.451 e−02 <0.001

Notes: Multivariate regressions including predictors of SM: multiple R2=0.61, p< 
0.0001, and predictors of fat mass: multiple R2=0.61, p< 0.0001. Age in years, sex: 
being male. In alternative regressions that did not include the ACT score as 
predictors, OCS use and ICS dose were significant predictors of muscle mass and 
fat mass (Online Supplementary 3). 
Abbreviations: ACT, asthma control test; OCS, regular oral corticosteroid use 
(categorical variable); physical activity, average daily time in moderate activity in 
minutes; ICS dose, fluticasone equivalent in µg.
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persistent uncontrolled asthma is characterized by sus-
tained low rather than continuous declining physical activ-
ity. Furthermore, our findings regarding the longitudinal 
association between asthma control and physical activity 
confirm previous comparable findings of cross-sectional 
studies from Holland, Australia and Brazil.4,5

The association of physical activity with asthma out-
comes, ie symptom control and body composition, sup-
ports the potential role of physical activity in asthma 
management. In COPD, the benefits of physical activity 
on disease outcomes have been addressed adequately.23,24 

In asthma however, corresponding data are scarce. Dogra 
and co-workers demonstrated improvements in symptom 
control and quality of life of 21 asthma patients who were 
enrolled in a 12-week supervised exercise intervention.25 

Indeed, further prospective studies with larger samples are 
needed to establish the role of physical activity in asthma 
outcome.

Interestingly, we also found that both high dose ICS 
and long-term OCS therapy are predictors of increased fat 
mass and low muscle mass in asthma. However, the 
impact of corticosteroid therapy as predictor of body com-
position was exchangeable with asthma control in multi-
variate regressions. Therefore, based on our multivariate 
regression analysis, it is hard to determine whether the 
impact of corticosteroid therapy on body composition is 
to explain by the effect of corticosteroid only or whether it 
is attributable to other factors associated with uncontrolled 
asthma. While systemic corticosteroids are known to cause 
muscle mass depletion and fat accumulation,26,27 less is 
known about the impact of higher doses of ICS on body 
composition. Nevertheless, it is unlikely that the longitu-
dinal changes in body composition are caused by systemic 
corticosteroid therapy only, as we observed an overall 
decline in the proportion of patients who were on OCS 
from baseline (46%) to follow-up (27%).

Figure 2 Longitudinal differences in muscle mass (A) average daily steps (B) and time of at least moderate activity (C) between persistent uncontrolled and controlled 
asthma patients at baseline and follow-up. Patients with persistent uncontrolled asthma had lower muscle mass (A), lower average daily steps (B) and time in at least 
moderate activity (C) at baseline and at follow-up p<0.01 compared to the rest of patients. 
Note: Controlled*: patients with controlled asthma at both study visits or uncontrolled symptoms at only one of the study visits.
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Our study has limitations. First, we have no follow-up 
data from healthy controls which might have helped 
demonstrating the longitudinal changes in body composi-
tion in comparison to asthma patients. However, we were 
able to demonstrate long-term differences of body compo-
sition among asthma patients based on asthma severity and 
symptom control. Second, we used BIA to study muscle 
mass. BIA-measured muscle mass is dependent on the 
relations between body composition, body water and 
BMI. Despite of that, BIA is a simple, feasible tool that 
was found to be reasonably valid compared to other stan-
dardized methods used in the assessment of body compo-
sition such like the dual X-ray absorptiometry.28 Finally, 
we did not asses the muscle function, which might have 
emphasized the impact of severe uncontrolled asthma on 
muscle dysfunction that known to be associated with mus-
cle depletion in COPD.26 However, we used the objec-
tively measured physical activity to correlate skeletal 
muscle mass with the physical performance. Further, for 
all we know, this is the first study to demonstrate the 
longitudinal association between symptom control, physi-
cal activity and body composition.

In summary, persistent uncontrolled asthma is asso-
ciated with adverse changes in the body composition. 
Direct measures of body composition appear to be more 
appropriate for studying the relationship between asthma 
and body composition rather than the crude BMI measure. 
Moreover, persistent uncontrolled asthma is closely asso-
ciated with sustained physical inactivity. Physical activity 
appears to be an independent predictor of body composi-
tion and reliable long-term marker of symptom control.

Abbreviations
ACT, asthma control test; ACQ, asthma control question-
naire; BIA, bioelectrical impedance analysis; BMI, body 
mass index; SM, skeletal muscle mass; FM, fat mass.
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