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ABSTRACT
Objectives:  Patients with asthma may feel limited in physical activity (PA). Reduced PA has 
been demonstrated in asthmatics versus healthy controls, and increasing PA associated with 
improved asthma outcomes. Obesity is commonly found with difficult-to-control asthma 
and worsens outcomes. We compared PA levels in participants with difficult-to-control asthma 
and elevated body mass index (BMI) (DOW group) and two mild-moderate asthma groups: 
one with BMI <25 kg/m2 (MHW) and one with BMI ≥25 (MOW).
Methods:  This cross-sectional study used 7-day recordings from wrist-worn accelerometers 
to compare PA between groups. Inactive time, light (LPA), moderate-vigorous PA (MVPA) 
were measured, along with two novel metrics: intensity gradient (IG) reflecting PA intensity, 
and average acceleration (AA) reflecting PA volume. PA parameters were compared using 
ANOVA or Kruskall-Wallis testing. Correlation and linear regression analyses explored 
associations between PA parameters and asthma outcomes. As AA was the PA parameter 
correlated most closely with asthma-related outcomes, an exploratory analysis compared 
outcomes in highest and lowest AA quartiles.
Results:  75 participants were recruited; 57 accelerometer readings were valid and included 
in analysis. Inactive time was significantly higher (p < 0.001), and LPA (p < 0.007), MVPA 
(p < 0.001), IG (p < 0.001) and AA (p < 0.001) all significantly lower in DOW versus MHW and 
MOW groups, even after adjusting for age and BMI. Quartiles based on AA had significantly 
different asthma profiles.
Conclusions:  Overweight/obese participants with difficult-to-control asthma performed less 
PA, and activity of reduced intensity and volume. Increased AA is associated with improvement 
in several asthma-related outcomes. Increased PA should be recommended to relevant 
patients.

Introduction

Asthma is a common, heterogeneous condition which 
varies from mild with minimal impact on quality of 
life to difficult-to-control asthma with persistent symp-
toms and/or frequent exacerbations despite significant 
treatment (1). Physical activity (PA) is associated with 
positive outcomes in adults including reduced risk of 
early mortality (2). The World Health Organisation’s 
PA recommendations suggest adults should achieve 
≥150 min of moderate intensity PA, or ≥75 min of 
vigorous PA each week (3). Many individuals with 
asthma find that symptoms limit their participation 
in PA, particularly exertional breathlessness (4,5). A 
2018 systematic review of 42 articles on asthma and 

PA demonstrated that participants with asthma per-
formed less PA than healthy controls, and higher levels 
of PA were associated with better asthma control (6). 
This review recommended looking more closely at 
links between inactive time and asthma control.

A recent cluster analysis of participants with clin-
ically stable moderate-severe asthma identified phe-
notypes where increased sedentary time was associated 
with poorly controlled asthma, and increased PA levels 
with improved asthma control (7). Other studies have 
demonstrated that individuals with severe asthma have 
reduced moderate-vigorous PA (MVPA) compared 
with healthy controls (8,9), but to our knowledge no 
previous studies have compared activity levels in 
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asthmatics grouped by asthma severity and body mass 
index (BMI). In some studies, when BMI was con-
sidered as a confounding variable, links between PA 
and asthma were less or no longer significant (10–12). 
This may suggest that obesity plays a bigger role than 
PA in asthma control, and should be considered along 
with PA and asthma. Obesity-associated asthma is a 
treatable trait, but treatment options are limited and 
management of obesity-associated asthma presents 
significant challenges. Identification of reduced PA in 
this group would allow development of an exercise 
intervention to target those most at need.

Most recent studies used accelerometers to record 
PA, but several (7–9) used cut-points created on a 
different accelerometer model to that studied, which 
may render some of this data invalid (13). The majority 
of studies recommended wearing devices during waking 
hours, which may lead to loss of data. In addition, 
comparison of PA studies is difficult because of differ-
ent accelerometer models and methods of data analysis.

In this study our objective was to compare PA levels 
between groups with different degrees of asthma sever-
ity and body mass index, in order to try and determine 
whether these differences impacted on physical activity. 
Building on deficiencies in previous literature, we used 
appropriate cut-points for the accelerometer model, and 
collected data for 24h per day for a week to accurately 
quantify all PA. We also include average acceleration 
(AA) which reflects volume of PA and intensity gradient 
(IG) which reflects PA intensity. These novel metrics 
enable direct comparison with other studies reporting 
them, as cutpoints are not involved and use of different 
accelerometers does not affect data analysis. A second-
ary aim was to explore whether PA correlated with 
selected markers of asthma control, and if so, which 
PA parameters were most closely linked. We also won-
dered whether any PA outcomes could be used to inde-
pendently predict asthma control.

We hypothesized that PA would be reduced in indi-
viduals with difficult-to-control asthma who were 
overweight when compared to those with milder 
asthma with healthy or elevated BMI and that this 
might identify a treatable trait for which specific tar-
geted interventions could be developed. We also 
hypothesized that PA would correlate with markers 
of asthma control and severity, and that they may 
predict asthma outcomes.

Materials and methods

Study design

This was a cross-sectional study using accelerometers 
to compare activity levels across three groups: 

participants with mild-moderate asthma with BMI 
<25 kg/m2 (mild-moderate, healthy weight- MHW 
group), participants with mild-moderate asthma with 
elevated BMI (≥25) (mild-moderate, overweight- 
MOW group), and participants with difficult-to-con-
trol asthma with BMI ≥25 (difficult-to-control, 
overweight- DOW group). These groups were selected 
as we wished to explore the impact of both obesity 
and difficult-to-control asthma on activity levels.

The study was a substudy in a larger project regis-
tered at ClinicalTrials.gov (ID NCT03630432) and 
approved by the West of Scotland Regional Ethics 
Committee (REC reference 16/WS/0200). It took place 
between May 2017 and January 2020 in Glasgow Royal 
Infirmary. It was funded by a Chief Scientists Office/
Asthma UK Innovation Grant 2018 (AUK/CSO/18/01).

Study populations

Participants were aged 18–80 years. The MHW and 
MOW groups were recruited from general practice. 
They had an asthma diagnosis recorded in medical 
notes and prescription of asthma medication within 
12 months. They had an asthma control questionnaire-6 
(ACQ6) ≤1.5, <2 systemic corticosteroid boosts and 
no asthma-related hospital admissions in the previous 
year. Maximum permitted treatment was medium dose 
inhaled corticosteroids (ICS) with long acting 
β2-agonists (LABA). General Practitioners identified 
potential candidates to whom study information packs 
were posted. Those responding were screened to con-
firm eligibility before arranging a study visit.

The DOW group comprised individuals attending 
the baseline, pre-intervention visit for a study evalu-
ating the impact of pulmonary rehabilitation in adults 
with difficult-to-control asthma associated with obe-
sity. Inclusion criteria included BMI ≥25 kg/m2, asthma 
with characteristic symptoms (14) and either 200 mls 
and 12% improvement from baseline in forced expired 
volume in one second (FEV1) after either bronchodi-
lator, anti-inflammatory medication or between visits; 
or positive bronchial challenge (PC20 methacholine or 
histamine <8 mg/ml or PD15 mannitol <635mg). 
Individuals were on at least high dose ICS and LABA 
and had difficult-to-control asthma (1) defined as 
either ≥2 courses of prednisolone, or ≥1 hospital 
admission in the last 12 months, or ACQ6 of >1.5. 
Exclusion criteria included intensive care unit admis-
sion with asthma in previous 6 months, exacerbation 
requiring oral steroids and/or antibiotics within four 
weeks, significant co-morbidity or mobility problems, 
pregnancy/breastfeeding, or commencement of bio-
logic therapy within 6 months.
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Study measurements

Study participants had one single visit to the Clinical 
Research Facility. All participants gave written 
informed consent prior to commencement of the 
study. Data on demographics, medical history, medi-
cations and exacerbations was obtained through par-
ticipant interview and review of electronic records. 
Several questionnaires were completed including 
asthma quality of life questionnaire (AQLQ) (15) and 
asthma control questionnaire-6 (ACQ6) (16).

Height and weight were measured, and BMI cal-
culated. Participants performed fraction of exhaled 
nitric oxide (FeNO) using a NIOX VERO machine 
(Circassia Pharmaceuticals Inc, Morrisville, USA) 
and peak expiratory flow rate (PEFR). Spirometry 
was performed before and 15 min after 400 mcg of 
inhaled salbutamol using an electronic spirometer 
(Vitalograph, Maids Moreton, UK). A blood sample 
was taken for blood eosinophil count. Two 6-minute 
walk tests (6MWT) were performed as per American 
Thoracic Society guidelines (17), with the furthest 
distance used for analysis. Borg scale (18) for breath-
lessness on completion of the furthest walk was 
recorded.

Accelerometry

Each participant was asked to wear an ActiGraph 
wGTX3-BT (ActiGraph, Pensacola, FL, USA) acceler-
ometer on their non-dominant wrist continually for 
seven days (except when bathing or swimming). 
Participants verbally confirmed their non-dominant 
wrist and were then shown how to fit the accelerom-
eter. Prior to distribution, the accelerometers were 
initialized to capture data at 30 Hz and programmed 
to commence data collection immediately after 
distribution.

Devices were returned after one week, and data 
downloaded using ActiLife software (v.6.14.3; 
ActiGraph) and saved in raw format as .gt3x files. 
Files were then converted to time-stamp free .csv files, 
which were subsequently exported into R v3.6.3 (R 
Foundation for Statistical Computing, Vienna, Austria) 
for processing using the GGIR package (v2.1.0) (19). 
Processing the files in GGIR involves the detection 
of non-wear time, abnormally high values and 
auto-calibrates the raw triaxial accelerometer signals 
using local gravity as a reference (20). The GGIR 
package then calculated Euclidean Norm Minus One 
(ENMO) (1 g) averaged over 5-s epochs, expressed in 
milli-gravitational (mg) units as described else-
where (19).

Participants were excluded from subsequent anal-
yses if their accelerometer files demonstrated a 
post-calibration error was >0.01 g, there were <4 days 
(defined as ≥16 h per day) of valid wear (25) including 
at least 1 weekend day, or wear data was not present 
for each 15-min period of the 24-h cycle. The 
non-wear accelerometer setting was used which meant 
that invalid data were imputed by the average at sim-
ilar time-points on different days of the week (8). 
This allowed for outcome variables to be calculated 
based on the entire 24-h cycle.

Once the included participant files were processed 
in GGIR, PA outcomes were provided. These included 
inactive time which was defined as time accumulated 
below an acceleration of 30 mg, with light (LPA) 
defined as time spent between 30–99 mg (21). MVPA 
was defined as time accumulated above an accelera-
tion of 99 mg (22). We also expressed PA as average 
acceleration (AA, ENMO, mg) which provides a mea-
sure of the volume of activity undertaken throughout 
the day, and through the intensity gradient (IG) which 
describes the intensity distribution of accelerations 
across the monitoring period (23). The IG reflects 
the negative curvilinear relationship between intensity 
and time accumulated in that intensity and is always 
negative. A lower IG reflects less time in increasing 
intensity (23,24). The IG was calculated and generated 
in GGIR (argument IG levels = TRUE) following the 
same procedures as described elsewhere (25). To facil-
itate replication of our methodology, the online 
supplement provides the config.csv files used as input 
to GGIR and contains all argument files used in pro-
cessing. Together, the IG and AA provide a measure 
of the volume and intensity of activity undertaken 
throughout the monitoring period and importantly 
use all the acceleration data collected. Including these 
two metrics (the IG and AA) allow for subsequent 
analysis to explore whether they were associated with 
ACQ6 and AQLQ, and whether these associations 
were independent of one another. In doing so, we 
may be able to identify which metric is more import-
ant for improving ACQ6 and AQLQ which could 
inform future interventions.

Statistical analysis

Results are expressed as mean ± SD, mean (95% CI), 
median (IQR) or numbers and proportions. 
D’Agostino-Pearson testing was used to determine nor-
mality. Comparisons between the three groups (MHW, 
MOW and DOW) were made using one-way ANOVA 
for normally distributed data, with Tukey’s multiple 
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comparisons test, or Kruskal-Wallis with Dunn’s mul-
tiple comparison test for skewed data. Chi-square test 
was used to compare proportions, with Kruskal-Wallis 
used where small values invalidated Chi-square.

Analysis of covariance was performed on all activity 
parameters, using age and BMI as covariates. 
Correlation analysis assessed associations between 
activity metrics and selected asthma measures, to try 
and determine whether PA reflected asthma control. 
Simple and multiple linear regression were performed 
using ACQ6 and AQLQ as dependent variables and 
each PA parameter in turn as independent variables. 
For multiple linear regression, age, gender and BMI 
were added to the models as potential confounders. 
Regression analyses aimed to assess whether PA 
parameters could predict asthma outcomes.

Participants were divided into quartiles based on 
AA recordings, and asthma measures were compared 
between highest and lowest quartiles using unpaired 
t and Mann-Whitney U tests depending on normality. 
A p values of <0.05 was considered to be statistically 
significant. Statistical tests were performed using 
GraphPad Prism v9 (GraphPad Software, San Diego 
California, USA) and Minitab Statistical Software 
(Minitab LLC, Pennsylvania, USA).

Results

A total of 75 participants were recruited, 25 per 
group. Baseline characteristics are shown in Table 1. 
Median age was higher in the overweight groups- 
median (IQR): 38(27–62) in MHW, 62(54–67) in 
MOW and 57(48–63) years in DOW, p < 0.001. Median 
(IQR) BMI was significantly different, in part due to 
study design: MHW group 23.2(21.7 − 24) kg/m2, 
MOW 29(27 − 32) and DOW 36.2(33 − 40.3), p < 0.001.

Co-morbidities were more prevalent in the DOW 
group as seen in table one, including: GORD (16% 
MHW, 52% MOW, 88% DOW, p < 0.001), psycholog-
ical illness (24% MHW, 24% MOW, 64% DOW, 
p = 0.003) and osteoporosis. As anticipated, asthma 
treatment burden was significantly higher in DOW 
group, with beclomethasone diproprionate (BDP)-
equivalent inhaled steroid dose mean (95% CI) MHW 
420 (280–560), MOW 536 (418–653), DOW 1904 
(1729–2079), p < 0.001. In addition other asthma treat-
ments were prescribed in the DOW group but not 
other groups: LAMA (92%), maintenance prednisolone 
(48%), omalizumab (24%), and mepolizumab (8%). 
Asthma exacerbations were more frequent in DOW 
group, whether measured by annualized prednisolone 
boosts (median (IQR) 0 (0–1) MHW, 0 (0–0) MOW 
and 3 (2–5) DOW, p < 0.001) or GP attendances 

(median (IQR) 0 (0–1) MHW, 0 (0–0) MOW and 1 
(0–3) DOW, p = 0.005).

For MHW, MOW and DOW groups, respectively, 
median (IQR) for ACQ6 was 0.5 (0–0.8), 0.3 (0.2–0.7) 
and 2.8 (1.85–3.3), p < 0.001. Blood eosinophils and 
FeNO were not significantly different between groups 
but peak flow (p = 0.011), pre-bronchodilator FEV1% 
predicted (p < 0.001) and FEV1/FVC (forced vital 
capacity) ratio (p = 0.007) were all significantly lower 
in the DOW group.

Accelerometer results

The processing criteria left 57 valid recordings for anal-
ysis: 15 in MHW group, 17 in MOW and 25 in DOW. 
Results are displayed in Table 2 and Figures  1 and 2.

There were significant differences for time spent 
in each PA category. Inactive time was mean (95% 
CI) 1079 (1037–1122) minutes per day (min.d − 1) in 
MHW, 1128 (1094–1161) in MOW and 1202 (1170–
1234) in DOW, p < 0.001. LPA in MHW was mean 
(95% CI) 259 (228–289) min.d − 1, in MOW 237 
(212–263) and 196 (171–222) in DOW, p = 0.007. For 
MVPA mean (95% CI) was 103 (80–127) min.d − 1 
in MHW, 79 (58–99) in MOW and 42 (33–52) in 
DOW, p < 0.001. When multiple comparisons testing 
was performed, there was no significant difference 
between MHW and MOW groups (inactive time 
p < 0.212, LPA p < 0.653 and MVPA p < 0.128) but there 
was between MHW and DOW (inactive time 
p < 0.001), LPA p < 0.003 and MVPA p < 0.001) and 
MOW and DOW (inactive time p < 0.008, LPA 
p < 0.033 and MVPA p < 0.027).

Median (IQR) for MHW, MOW and DOW, respec-
tively were: intensity gradient −2.63 (-2.97 to −2.33), 
−2.62 (-2.74 to −2.55), and −2.85 (-2.96 to −2.73), 
p < 0.001; and average acceleration 27.8 (21.7–31.0) mg.d, 
24.4 (20.4–27.5) and 17.1 (13.7–20.5), p < 0.001. Again, 
when multiple comparisons testing was performed, there 
was no significant difference between MHW and MOW 
groups (IG p > 0.999, AA p < 0.486), but there was 
between MHW and DOW (IG p < 0.001, AA p < 0.001), 
and MOW and DOW (IG p < 0.005, AA p < 0.004).

At baseline, there were significant differences in 
age and BMI between groups, but results remained 
significant after correcting for age and BMI in analysis 
of covariance.

Correlation analysis

Correlation analyses investigated possible associations 
between PA parameters and selected asthma measures 
(Table 3). The asthma outcome measures selected 
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Table 1.  Baseline characteristics of groups.
MHW Mild-moderate, asthma 

healthy weight, n = 25
MOW Mild-moderate, 

asthma overweight, n = 25
DOW Difficult asthma, 

overweight, n = 25 P value

Age, years 38 (27-62) 62 (54-67) 57 (48-63) <0.001
Age at diagnosis 23 (±20) 34 (±22) 31 (±19) 0.135
Disease  duration, years 18 (8-28) 29 (8-42) 24 (15-37) 0.160
Gender: Female 17 (68) 12 (48) 13 (52) 0.321
Smoking Status: Never smoker 20 (80) 16 (64) 12 (48) 0.622
Current smoker 2 (8) 0 (0) 3 (12)
Ex-smoker 3 (12) 9 (36) 10 (40)
Pack years 5 (3 − 24) 15 (2 − 23) 22 (9 − 28) 0.186
Atopy 4 (16) 3 (12) 16 (64) <0.001
Allergic rhinitis 18 (72) 14 (56) 22 (88) 0.042
Perennial rhinitis 10 (40) 5 (20) 15 (60) 0.016
Nasal polyps* 1 (4) 4 (16) 5 (20) 0.228
Eczema 9 (36) 5 (20) 7 (28) 0.452
GORD 4 (16) 13 (52) 22 (88) <0.001
DFB/VCD* 0 (0) 1 (4) 8 (32) 0.001
Anxiety or depression 6 (24) 6 (24) 16 (64) 0.003
Emphysema* 0 (0) 0 (0) 1 (4) 0.368
Bronchiectasis* 0 (0) 4 (4) 3 (12) 0.161
SAFS/ABPA* 0 (0) 0 (0) 8 (32) <0.001
Diabetes  mellitus* 0 (0) 1 (4) 6 (24) 0.008
Hypertension* 0 (0) 7 (28) 3 (12) 0.015
Cardiac disease* 1 (4) 0 (0) 7 (28) 0.003
Osteopenia/osteoporosis* 1 (4) 1 (4) 13 (52) <0.001
SABA inhaled* 24 (96) 24 (96) 25 (100) 0.602
SABA nebs* 0 (0) 0 (0) 14 (56) <0.001
LAMA* 0 (0) 0 (0) 23 (92) <0.001
ICS alone 10 (40) 12 (48) 0 (0) <0.001
ICS/LABA 10 (40) 13 (52) 25 (100) <0.001
BDP equivalent, mcg, mean (95% CI) 420 (280-560) 536 (418-653) 1904 (1729-2079) <0.001
Prednisolone  maintenance* 0 (0) 0 (0) 12 (48) <0.001
Prednisolone  maintenance dose, mg 0 0 6 (4 to 8) <0.001
Montelukast 2 (8) 0 (0) 18 (72) <0.001
Theophylline* 0 (0) 1 (4) 12 (48) <0.001
Azithromycin* 0 (0) 0 (0) 4 (16) 0.016
Omalizumab* 0 (0) 0 (0) 6 (24) 0.002
Mepolizumab* 0 (0) 0 (0) 2 (8) 0.130
Nasal steroid 4 (16) 4 (16) 12 (48) 0.013
PPI/H2A 3 (12) 7 (28) 20 (80) <0.001
In 1 year: Prednisolone  boosts 0 (0 − 1) 0 (0 − 0) 3 (2 − 5) <0.001
In 1 year: GP  attendances 0 (0 − 1) 0 (0 − 0) 1 (0 − 3) 0.005
In 1 year: A & E attendances 0 (0 − 0) 0 (0 − 0) 0 (0 − 1) 0.007
In 1 year: Hospital  admissions 0 (0 − 0) 0 (0 − 0) 0 (0 − 1) <0.001
In 1 year: ICU  admissions 0 (0 − 0) 0 (0 − 0) 0 (0 − 0) 0.132
BMI, kg/m2 23.2 (21.7 − 24) 29 (27 − 32) 36.2 (33 − 40.3) <0.001
MRC dyspnea scale 1 (1 − 1) 1 (1 − 1) 2 (2 − 3.5) <0.001
ACQ6 0.5 (0 − 0.8) 0.3 (0.2 − 0.7) 2.8 (1.85 − 3.3) <0.001
AQLQ: Overall 6.2 (5.7 − 6.7) 6.5 (5.6 − 6.8) 4 (3.1 − 5.1) <0.001
AQLQ: Symptom domain 6.2 (5.8 − 6.7) 6.4 (6.1 − 6.8) 4.1 (3.2 − 5) <0.001
AQLQ: Activity domain 6.3 (5.8 − 6.9) 6.3 (5.2 − 6.8) 3.8 (3.2 − 4.6) <0.001
AQLQ: Emotional domain 6.6 (5.9 − 7) 6.6 (5.9 − 7) 4.6 (3.2 − 5.6) <0.001
AQLQ: Environmental domain 5.8 (5.3 − 6.7) 6.5 (5.5 − 7) 4.5 (2.3 − 5.4) <0.001
HAD: Anxiety score 3 (1.5 − 7) 5 (2.5 − 7.5) 7 (4 − 13) 0.021
HAD: Depression score 1 (0 − 2) 2 (1 − 3.5) 8 (6 − 11) <0.001
Eosinophils (x10^9/L) 0.2 (0.1 − 0.3) 0.1 (0.1 − 0.2) 0.3 (0.1 − 0.4) 0.203
FeNO, ppb 22 (15 − 29) 20 (18 − 25) 39 (16 − 71) 0.185
PEF, L/min 487 (436 − 543) 478 (402 − 576) 398 (314 − 485) 0.011
pre-BD FEV1, % pred.- mean (95% CI) 95.1 (90 − 100) 93.8 (88 − 100) 66.4 (59 − 74) <0.001
pre-BD FEV1/FVC % - mean (95% CI) 73.7 (69-78) 71.4 (68-75) 65.4 (62-69) 0.007
% change in FEV1  post-BD 3.5 (0.5 to 5.5) 4.8 (-0.4 to 5.9) 3.3 (-1.0 to 13) 0.744
Best 6MWD, m 574 (528- 619) 517 (483- 550) 322 (268-376) <0.001
Borg  score post 6MWT 0 (0 to 1) 0 (0 to 1) 3 (1 to 3) <0.001
Data expressed as mean ± SD, median (IQR) or number and proportion unless otherwise specified.
*p values calculated using Kruskall-Wallis, remaining proportions p values calculated using Chi-square test.
Abbreviations used in table: GORD gastro-oesophageal reflux disease, DFB dysfunctional breathing, VCD vocal cord dysfunction, SAFS- severe asthma 

with fungal sensitization, ABPA allergic bronchopulmonary aspergillosis, SABA short acting beta-2 agonist, LAMA- long acting muscarinic antagonist, 
ICS inhaled corticosteroid, LABA long acting beta-2 agonist, BDP beclometasone diproprionate dose equivalent, mcg micrograms, mg milligrams, PPI 
proton pump inhibitor, H2A H2 receptor antagonist, OOH out of hours, A&E accident and emergency department, GP General Practitioner, ICU intensive 
care unit, BMI body mass index, MRC Medical Research Council dyspnea score, ACQ6 Asthma Control Questionnaire 6, AQLQ Asthma Quality of Life 
Questionnaire, HAD Hospital Anxiety and Depression scale, FeNO fraction of exhaled nitric oxide, PEFR peak expiratory flow rate, pre-BD pre-bronchodilator, 
FEV1 forced expiratory volume in 1 s, pred.- predicted, FVC forced vital capacity, post-BD post bronchodilator, 6MWT 6 min walk test.
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covered asthma control/quality of life scores, use of 
healthcare, biomarkers, treatment burden and asthma 
severity. AQLQ and ACQ6 both correlated with all 
activity parameters. 6MWD was most closely cor-
related with markers of activity: inactive time r=-0.569, 
p < 0.001, LPA r = 0.394, p < 0.002, MVPA r = 0.680, 
p < 0.001, IG r = 0.690 p < 0.001 and AA r = 0.719, 
p < 0.001. For the majority of the correlation analyses 
with significant p values, the correlation co-efficients 
did not suggest strong correlation.

Of the five activity parameters, AA was most 
closely correlated with asthma measures. We therefore 
compared the highest and lowest AA quartiles 
(Table  4). The highest quartile comprised nine par-
ticipants from MHW group and five from MOW. The 
lowest quartile comprised two from MOW and twelve 
from DOW group. In highest and lowest AA quartiles, 
respectively: BMI mean (SD) was 24.3 (2.3) kg/m2 vs. 
37.5 (7.3), p < 0.001; BDP dose was 479 (345) mcg vs. 
1179 (569), p < 0.001; annual prednisolone boosts were 
0 (0–0.3) vs. 2 (0.8–5.5), p < 0.001. ACQ6 was 0.5 
(0.4) vs. 2.4 (1.3), p < 0.001 and AQLQ was 6.3 (0.6) 
vs. 4.2 (1.6), p = 0.001.

Regression analysis

Regression analysis assessed whether PA parameters 
could be used to predict ACQ6 or AQLQ, i.e. whether 
PA predicted asthma control or quality of life. In 
univariate linear regression (Table 5), all PA param-
eters were significantly predictive of ACQ6 and AQLQ 
to a small degree.

In multiple linear regression models incorporat-
ing age, gender and BMI as additional independent 
variables; inactive time, MVPA, IG and AA remained Ta
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Figure 1. T ime spent in activity thresholds. Bar chart showing 
mean and 95% confidence intervals for inactive time, light 
and moderate-vigorous physical activity across the three 
groups. Annotations display p values between groups when 
Tukey’s multiple comparisons tests are performed.
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significantly predictive of ACQ and AQLQ to a 
small degree but there was no significant association 
with LPA (Table 6). There was no evidence of 
multicollinearity.

Discussion

This cross-sectional study was designed to compare 
PA levels of individuals with difficult-to-control 
asthma associated with elevated BMI (DOW group) 
to two control groups of individuals with mild- 
moderate asthma and either healthy (MHW) or ele-
vated (MOW) BMI. We demonstrated the DOW 
group had significantly more inactive time and less 
time engaged in PA than the control groups, even 
when corrected for both age and BMI. Correspondingly, 
both intensity and volume of PA were lower in DOW 
group. To our knowledge this is the first time IG 
and AA have been recorded in these populations. 
AA correlated quite closely with asthma control and 
quality of life.

Other studies have measured PA in asthmatics 
using accelerometry, but not in phenotypes distin-
guished by both BMI and asthma severity. Neither 
have AA nor IG been measured previously. As such, 
previous studies are not directly comparable to ours. 
One cross-sectional study used hip-worn accelerom-
eters and measured PA in participants with severe 
asthma along with age and gender-matched healthy 
controls (8). After adjusting for smoking status and 
BMI, the severe asthma group completed almost 20 
fewer minutes MVPA per day than controls (p < 0.001) 
but mean (95% CI) 22(2–41) minutes more LPA per 
day than the control group, p = 0.029. They did not 

find differences in sedentary time between groups, 
thus results are quite different from ours.

Another cross-sectional study looked at groups with 
mild-moderate (n = 83) and severe (n = 63) asthma and 
healthy controls (n = 29) and measured PA with 
arm-worn accelerometers (26). Moderate activity was 
lowest in the severe asthma group with median of 
125 (68–172) minutes per day, compared to 151 (99–
197) in mild-moderate asthma and 163 in healthy 
controls, p < 0.05, all a lot higher than our MVPA 
results.

A third study compared activity levels of severe 
asthmatics (n = 48) with healthy controls (n = 48) 
using arm-worn accelerometers (9). BMI was signifi-
cantly higher in the asthma group (33 ± 6.7 kg/m2) 
compared to control (26.4 ± 4.4), p < 0.001. Mean FEV1 
was 71.2 ± 20.1% predicted in the severe asthma group 
compared to median (IQR) 66.4(59–74)% in our cor-
responding group. Wear time was significantly lower 
in the severe asthma group and once this and dif-
ferences in BMI between groups were accounted for, 
the severe asthma group did fewer steps per day 
(p = 0.009) but there was no significant difference in 
total MVPA or stationary time. Total time spent in 
MVPA in the asthma group was similar to time our 
study at 44 (±46) minutes per day, with 91 (±80) 
minutes in the control group, although as previously 
mentioned, the number of minutes are not directly 
comparable due to different monitors and methods 
of data analysis.

We found time spent in MVPA was markedly 
reduced in DOW group with median (IQR) of 42 
(33–52) minutes compared to almost double in MOW 
group 79 (58–99) minutes and almost 2.5 times in 

Figure 2. A verage acceleration and intensity gradient results. Bar charts showing a) average acceleration and b) intensity gradient 
across the three groups. Annotations display p values between groups when multiple comparisons testing is performed using 
Dunn’s multiple comparison tests.
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MHW group 103 (80–127) minutes, p < 0.001. 
Differences in other parameters were less dramatic, 
but across all PA parameters the DOW group were 
significantly less active. These findings fit with pre-
vious studies, but we have extended observations by 
comparing groups based on BMI and asthma severity. 
When individual groups were compared, differences 
between MHW and MOW groups were not significant 
(inactive time p0.064, LPA p = 0.251 and MVPA 
p = 0.097), but differences between MHW/DOW and 
MOW/DOW groups were significant. This may sug-
gest that degree of asthma severity is more important 
in determination of PA. We cannot infer from our 
data whether difficult-to-control asthma is a cause or 
an effect of this. However, since age and BMI cor-
rected results were significantly different between the 
difficult-to-control asthma group and the two mild 
asthma groups, asthma severity may be more closely 
linked to activity.

In correlation analysis, asthma control (ACQ6) and 
quality of life (AQLQ) were both significantly asso-
ciated with all PA parameters with both improving 
with increasing activity. Other markers of asthma 
control including number of exacerbations requiring 
prednisolone were similarly correlated, as was exercise 
tolerance (measured by 6MWT) and perception of 

Table 4.  Comparison of highest and lowest quartiles based 
on average acceleration.

Parameter
Highest AA 

quartile
Lowest AA 

quartile P value

Age (years) 47.4 (15.7) 58.4 (10.7) 0.041
BDP equivalent dose (mcg) 479 (345) 1179 (569) <0.001
Annual prednisolone boosts 0 (0-0.3) 2 (0.8-5.5) <0.001
Annual GP visits 0 (0-0.25) 0 (0-3) 0.133
Annual A&E Visits 0 (0) 0 (0-1) 0.115
BMI (kg/m2) 24.3 (2.3) 37.5 (7.3) <0.001
MRC Dyspnea score 1 (1-1) 3 (2-3.25) <0.001
ACQ6 0.5 (0.4) 2.4 (1.3) <0.001
AQLQ overall 6.3 (0.6) 4.2 (1.6) <0.001
AQLQ symptoms 6.5 (6.1-6.8) 4.0 (2.9-5.9) 0.001
AQLQ activity 6.6 (5.9-6.9) 3.5 (2.7-5.1) <0.001
AQLQ emotional 6.8 (6.6-7) 4.1 (2.9-5.7) <0.001
AQLQ environmental 6.4 (5.7-7.0) 5 (2.2-6.5) 0.084
HADS anxiety 5.9 (3.0) 8.3 (4.7) 0.116
HADS depression 2 (0-6) 8.5 (3.8-10.5) <0.001
Eosinophils (x109/L) 0.2 (0.1-0.2) 0.3 (0.1-0.4) 0.328
FeNO (parts per billion) 23 (16-44) 42 (19-64) 0.346
Pre-BD FEV1 % predicted 94.9 (12.4) 64 (19.0) <0.001
Pre-BD FEV1/FVC ratio 70.6 (9.4) 65.0 (9.7) 0.138
6MWD (metres) 556 (66) 289 (127) <0.001
Borg Score 0 (0-1) 3 (1-3) 0.003
Results are expressed as mean (SD) and median (IQR). Significant p values 

are highlighted in bold.
Abbreviations used in table: BDP- beclometasone diproprionate equivalent 

dose of inhaled corticosteroid, GP- general practitioner, A&E- accident 
and emergency, BMI- body mass index, MRC Medical Research Council, 
ACQ6 6-point asthma control questionnaire, AQLQ- asthma quality of 
life questionnaire, HAD- hospital anxiety and depression score, FeNO- 
fraction of exhaled nitric oxide, pre-BD- pre-bronchodilator, FEV1- forced 
expiratory volume in 1 s, FEV1/FVC ratio forced expiratory volume in 
1 s/forced vital capacity, 6MWD- six-minute walk distance.
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exertional breathlessness (measured by Borg score 
post-6MWT). This suggest that participants with 
lower BMI, better asthma control, less frequent exac-
erbations, and less severe asthma (higher pre-BD 
FEV1) are more physically active. We should therefore 
encourage increased PA as part of routine asthma 
management, particularly in difficult-to-control obese 
asthmatics.

Group selection criteria led to many significant 
differences between groups at baseline, including treat-
ments, co-morbidity and age. We corrected results 
using age and BMI as covariates, but differences 
between groups remained. A number of baseline dif-
ferences are directly due to recruitment criteria (BMI) 
and several others are features of difficult-to-control 
asthma e.g. co-morbidities and increasing treatment 
burden. As such the differences between groups were 
mostly anticipated and may help explain reasons 
behind differing activity levels.

Once accelerometer readings were processed, a 
number were excluded based on pre-determined cri-
teria to allow accurate comparison. This unfortu-
nately meant we lost more readings from the MHW/
MOW groups. It is possible that this may have led 

to less robust findings. However, our strict inclusion 
criteria mean our data is reflective of complete 24-h 
cycles, whereas in other studies using shorter wear 
times large amounts of data could be missing. 
Compliance in our study was good, with only 8 
recordings excluded due to insufficient wear time, 
comparable to similar studies of healthy adults. 
Overall therefore, we can be confident in the robust-
ness of our data.

Another possible limitation was wrist placement 
of devices, which reduced the comparability of our 
data with other studies. It is important that readers 
are aware that the values reported in this paper are 
wear location specific and should not be compared 
to values provided from different wear locations. 
However, inclusion of IG and AA mean our data 
can be compared to future studies reporting them. 
In addition, wrist placement meant we were unable 
to obtain reliable step counts or separate moderate 
from vigorous PA, but we felt wrist placement would 
improve compliance which was high.

Conclusions

This cross-sectional study demonstrated that time, 
intensity and volume of PA were all significantly 
lower in overweight participants with difficult-to-con-
trol asthma compared with healthy weight and over-
weight participants with mild-moderate asthma, and 
these differences persisted when age and BMI were 
considered as confounding variables. Average accel-
eration is a novel accelerometry-based biomarker 
reflecting volume of PA and correlates with asthma 
control and quality of life. Measurement of AA and 
increasing volume of PA may have a role in targeting 
exercise/activity programmes to individuals with obe-
sity and difficult-to-control asthma who are most 
likely to benefit from this intervention.
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Table 5. S imple linear regression results.
Dependent 
variable

Independent 
variable p value

β 
coefficient R2

ACQ6 Inactive time <0.001 0.007 0.227
LPA <0.001 −0.010 0.194
MVPA 0.003 −0.01 0.150
IG 0.008 −1.63 0.121
AA 0.001 −0.061 0.175

AQLQ Inactive time <0.001 −0.008 0.239
LPA <0.001 0.010 0.197
MVPA 0.002 0.013 0.162
IG 0.002 1.998 0.168
AA <0.001 0.068 0.199

Significant p values are highlighted in bold. Abbreviations used in table: 
ACQ6- 6-point asthma control questionnaire, LPA- light physical activity, 
MVPA- moderate-vigorous physical activity, IG- intensity gradient, AA- 
average acceleration, AQLQ- asthma quality of life questionnaire.

Table 6. M ultiple linear regression results. ACQ and AQLQ as 
dependent variables with PA parameter plus BMI, age and 
gender as independent variables.
Dependent 
variable

Model p 
value

Independent 
PA parameter

β 
co-efficient

β co-efficient 
p value R2

ACQ <0.001 Inactive time 0.004 0.038 0.445
<0.001 LPA −0.004 0.159 0.419
<0.001 MVPA −0.010 0.011 0.469
<0.001 IG −1.383 0.019 0.458
<0.001 AA −0.043 0.026 0.452

AQLQ <0.001 Inactive time −0.005 0.016 0.464
<0.001 LPA 0.005 0.095 0.431
<0.001 MVPA 0.012 0.005 0.486
<0.001 IG 1.885 0.002 0.505
<0.001 AA 0.054 0.007 0.480

Significant p values are highlighted in bold. Abbreviations used in table: 
ACQ6- 6 point asthma control questionnaire, LPA- light physical activity, 
MVPA- moderate-vigorous physical activity, IG- intensity gradient, AA- 
average acceleration, AQLQ- asthma quality of life questionnaire.
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