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ABSTRACT

Purpose: We examined the relationship between the amount of physical activity and level of fatigue in adults with cystic fibrosis (CF). Method: Participants

were recruited from the Toronto Adult Cystic Fibrosis Centre at St. Michael’s Hospital. Participants completed the Habitual Activity Estimation Scale, the

Multidimensional Fatigue Inventory, and the Depression subscale of the Hospital Anxiety and Depression Scale, in that order. Descriptive statistics and

linear and multiple regressions were computed. Results: Over a 6-month period, 51 individuals were approached, and 22 (10 men, 12 women) participated

in this study. The participants’ median age was 33, and forced expiratory volume in 1 second (FEV1) was 64% predicted. When holding both FEV1 and

depression constant, a significant negative correlation was found between total active hours per weekday and general fatigue (b ¼ –0.735, p ¼ 0.03);

there was a negative trend between total active hours per weekday and physical fatigue (b ¼ –0.579, p ¼ 0.09). Conclusions: This study is the first to

demonstrate that among adults with CF, a higher level of physical activity is associated with a lower level of general and physical fatigue when controlling

for lung function and level of depression. Physical activity may be used as a means of mitigating the levels of general and physical fatigue in people

with CF.
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RÉSUMÉ

Objectif : des chercheurs ont examiné la relation entre la quantité d’activité physique et le taux de fatigue chez des adultes atteints de fibrose kystique

(FK). Méthodologie : les chercheurs ont recruté les sujets au sein du centre de FK pour adultes du St. Michael’s Hôpital de Toronto. Ils leur ont fait remplir,

dans l’ordre, l’échelle d’évaluation de l’activité habituelle, l’inventaire de fatigue multidimensionnelle et la sous-échelle de dépression de l’échelle d’anxiété

et de dépression en milieu hospitalier. Ils ont calculé les statistiques descriptives et les régressions linéaires et multiples. Résultats : Sur une période de

six mois, les chercheurs ont sollicité 51 personnes, dont 22 (10 hommes) ont participé à l’étude. Ceux-ci avaient un âge médian de 33 ans, et leur volume

expiratoire maximal par seconde (VEMS) s’établissait à 64 % de celui prévu. Lorsque le VEMS et la dépression des participants étaient maintenus constants,

les chercheurs constataient une corrélation négative significative entre le total des heures d’activité par jour et l’état de fatigue général (b ¼ –0,735,

p ¼ 0,03). Ils remarquaient également une tendance négative entre le total des heures d’activité par jour et la fatigue physique (b ¼ –0,579,

p ¼ 0,09). Conclusion : la présente étude est la première à démontrer que, chez les adultes atteints de FK, un plus fort taux d’activité s’associe à une

diminution de la fatigue générale et physique lors des contrôles de la fonction pulmonaire et de la dépression. Ainsi, l’activité physique peut réduire le taux

de fatigue générale et physique chez les personnes atteintes de FK.

Cystic fibrosis (CF) is an autosomal, recessive genetic
disease affecting multiple organs of the body. People
with CF experience a variety of physical and psychologi-

cal symptoms; fatigue is one of the most common, caus-
ing significant distress in approximately one-third of this
patient population.1 Because the median age of survival
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for people with CF continues to increase, reaching 51.8
years in 2014 in Canada,2 fatigue is becoming an even
more important issue.

In this study, we defined fatigue as a subjective lack of
physical, mental, or emotional energy that an individual
perceives as interfering with his or her usual and desired
activities. This categorization is based on the Multi-
dimensional Fatigue Inventory (MFI).3 Physical fatigue
refers to one’s perception of the degree of deterioration
in one’s physical condition and the perceived reduction
in the amount of physical activity that one can perform
now. Reduced activity refers to the reduced amount of
physical activity compared with what one has performed
in the past (the behavioural consequence of fatigue).
Mental fatigue is one’s degree of inability to concentrate
during usual and desired activities. Emotional or mood-
related fatigue concerns one’s reduced intention to per-
form usual and desired activities (reduced motivation).
We also looked at general fatigue—that is, the level of
fatigue not pertaining to any specific aspect of fatigue.

Research has shown that greater amounts of physical
activity of varying intensity are associated with decreased
levels of fatigue in chronic conditions such as chronic
obstructive pulmonary disease,4 rheumatoid arthritis,5

systemic lupus erythematosus,6 and multiple sclerosis.7

To our knowledge, no prior study has examined the rela-
tionship between level of fatigue and amount of physical
activity in the adult CF population. Understanding this
relationship may help clinicians to develop strategies
that use physical activity to mitigate the level of fatigue
in adults with CF. The purpose of this study was to eval-
uate the relationship between amount of physical activity
and level of fatigue in adults with CF.

METHODS

Participants

Individuals were eligible to participate in this study if
they were aged 18 years or older and had been diagnosed
with CF by sweat chloride testing, genotyping, or both.
Those who had received oral or intravenous antibiotics
because of pulmonary exacerbations for 1 month or
longer before recruitment began or who had a history of
lung transplant were excluded; the former group is con-
sidered atypical and may either be too sick to participate
in any physical activities, unrelated to the level of fatigue,
feel exceptionally fatigued because of the prolonged pul-
monary exacerbation, or both.

Measures

Habitual Activity Estimation Scale

We chose the Habitual Activity Estimation Scale (HAES)8

to quantify physical activity. The HAES estimates the
amount of time an individual spends performing activities
of varying intensity. To complete the scale, participants
identified the percentage of time in four time periods

during a typical weekday in which they were very active,
somewhat active, somewhat inactive, and inactive, as
classified by the HAES outcome measure. The four time
periods were the time between getting out of bed and
starting breakfast; between finishing breakfast and start-
ing lunch; between finishing lunch and starting supper;
and between finishing supper and bedtime. The HAES
classifies activities that result in sweating, dramatic in-
crease in heart rate, and heavy breathing as ‘‘very active’’;
lighter activities involving movement and increased heart
rate as ‘‘somewhat active’’; any activity performed sitting
down as ‘‘somewhat inactive’’ (i.e., during meals); and
any activity performed lying down as ‘‘inactive’’ (i.e., during
bedtime).

Participants then identified the time they got out of
bed in the morning; the time at which they had break-
fast, lunch, and supper; and the time they went to bed
in the evening on a typical weekday. Participants also
estimated the duration of their breakfast, lunch, and
dinner on a typical weekday. We tabulated the duration
of each of the four periods and computed the number
of hours participants spent on activities of different in-
tensity over a 24-hour period by multiplying the sum of
the percentage of time on activities of different intensity
during a 24-hour period by 24 hours. The HAES has been
shown to have good reliability and validity in adults with
CF.9

Multidimensional Fatigue Inventory–20

To measure the amount of fatigue in an individual, we
elected to use the Multidimensional Fatigue Inventory–
20 (MFI–20)10 because we were interested in the multidi-
mensional aspect of fatigue. The MFI–20 is a self-report
questionnaire that consists of 20 items scored on a scale
ranging from 1 to 5. These 20 items are organized into
five subscales that measure general fatigue and four
types of domain-specific fatigue: physical fatigue, reduced
activity, reduced motivation, and mental fatigue. The
questionnaire specifically asks participants to rate how
they have felt lately regarding their level of fatigue. Each
subscale total ranges from 4 to 20 points; higher scores
indicate greater fatigue. The MFI–20 has been shown to
have good internal consistency as well as construct and
convergent validity in different patient populations and
professional groups.3,10 To date, psychometric properties
of this questionnaire are not available for the CF patient
population.

Hospital Anxiety and Depression Scale–Depression Subscale

Because levels of both fatigue and physical activity
can be hampered by depression11–13 and people with CF
have been reported to have higher incidences of depres-
sion,14 we used the Depression subscale of the Hospital
Anxiety and Depression Scale (HADS) to identify the
presence and severity of depression.15 The HADS Depres-
sion subscale (HADS–D) is a self-report questionnaire
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consisting of seven items, each measuring depression on
a 4-point Likert scale (ranging from 0 to 3). A total score
of 0–7 is categorized as a ‘‘non-case,’’ 8–10 as a ‘‘doubt-
ful case,’’ and 11–21 as a ‘‘definite case’’ of depression.
Somatic symptoms of depression, such as insomnia and
weight loss, are not included in the questionnaire, thus
making the measure suitable for use with the chronically
ill population. Good internal consistency and construct
validity have been reported for the HADS in general hos-
pital patients,16 and it has been used in previous studies
with adults with CF.17,18

Demographic data

Demographic and clinical data were extracted from
the participants’ medical charts and the Toronto Cystic
Fibrosis Registry, housed at the Hospital for Sick Chil-
dren in Toronto. This registry prospectively collects data
from every clinic visit of patients followed at St. Michael’s
Hospital who have provided informed consent. The data
extracted included each participant’s age, sex, genotype,
most recent forced expiratory volume in 1 second (FEV1),
and forced vital capacity (FVC)—both the actual value
(in litres) and the percentage predicted, as calculated by
the Hankinson reference equation19—BMI, and whether
the participant had any record of growing Pseudomonas
aeruginosa or Burkholderia cepacia complex (BCC). Pseu-
domonas aeruginosa is one of the most common bacteria
grown in adults with CF,2 and BCC can cause life-threat-
ening pulmonary infections in patients with CF.20 Studies
of patients with CF who are infected with BCC have found
that they have worse clinical outcomes than those with
no BCC infection.21–24 These microbiological data were
collected to help determine the representativeness of
our sample.

Study design

For this cross-sectional study, patients were recruited
while they were attending the outpatient CF clinic in the
Toronto Adult Cystic Fibrosis Centre at St. Michael’s
Hospital over a 6-month period. Self- and investigator-
administered paper questionnaires were completed at
participants’ chosen location—either in their home or
in a place close to their home. After patients had pro-
vided informed consent for this study, the investigators
guided them to complete the HAES. Participants then in-
dependently filled out the MFI–20 and then the HADS–
D. Approval for this study was obtained from the St.
Michael’s Hospital and University of Toronto research
ethics boards (REB nos. 12–317 and 28591, respectively).

Statistics

Descriptive statistics were computed on the demo-
graphic and clinical data, the scores on the different
fatigue subdomains, the total number of hours that par-
ticipants spent in different levels of physical activity, and
depression score. Continuous variables were summarized
by reporting the median and range. Categorical variables
were summarized as frequency and proportion.

Simple linear regression models were used to quantify
the relationship between the total number of hours
spent being somewhat active and very active25 and each
of the five fatigue scores. To ensure that the effects of
possible confounders were taken into consideration, the
best multivariate linear regression model was chosen by
using a purposeful selection technique.26 The normality
assumption was assessed for all variables by examining
the histograms.

All analyses were performed using R, version 3.1.1 (R
Foundation for Statistical Computing, Vienna, Austria).27

All p values were two-sided and deemed significant if
they were less than 0.05. No corrections for multiplicity
were made.

RESULTS
A total of 51 adults with CF were approached for the

study, and 22 agreed to participate (10 men, 45.5%; 12
women, 54.5%). The median age of participants was
33 (range 18–67) years, and their median BMI was 22.2
(range 17.6–28.3) kg/m2. Their median FEV1 and FVC
were 64% (range 27%–100%) and 86% (range 42%–
106%) predicted, respectively. Two participants (9%)
grew BCC, and 12 (55%) grew Pseudomonas aeruginosa.
In our clinic, the prevalence of BCC and Pseudomonas
aeruginosa in 2014 was 8.6% and 50.7%, respectively. Of
the 22 participants, 32% had homozygous delta F508,
and 46% had heterozygous delta F508. The median score
for depression was 2.5 (range 0–8). Clinical and demo-
graphic data are shown in Table 1.

The scores for fatigue and physical activity are shown
in Table 2. Participants rated their general fatigue (median)
as 11.5, which is higher than all domain-specific fatigue.
The median scores for the remaining four domains were,
from highest to lowest, 10.0 for physical fatigue, 9.0 for
reduced activity, 8.5 for mental fatigue, and 7.0 for reduced
motivation.

On a weekday, participants spent a median of 8.0 (range
5.8–9.5) hours being inactive and 9.9 (range 4.1–14.0)
hours being somewhat inactive. They spent a median of
0.4 (range 0–1.6) hours (i.e., 24 [range 0–96] min]) being
very active and 5.8 (range 1.5–9.4) hours being some-
what active. Their total median active hours on a week-
day (being both somewhat active and very active) was 6.1
(range 2.8–10.5).

Table 3 shows the univariate and multivariable regres-
sion analyses between different fatigue domains and total
active hours over the weekday. The univariate regression
analysis demonstrated no significant relationship between
total active hours and the scores from the five different
fatigue domains.

Using purposeful selection,26 FEV1 and depression were
the most commonly chosen confounders. All models were
thus adjusted for FEV1 and depression to allow for consis-
tency among them. When holding both FEV1 and depres-
sion constant, there was a significant negative correlation
between general fatigue and total active hours (b ¼ –0.735,
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p ¼ 0.03). Also, after adjusting for both FEV1 and depres-
sion, we found a negative trend between the number of
total active hours and score on physical fatigue, although
it was only borderline significant (b ¼ –0.579, p ¼ 0.09).
For reduced activity, mental fatigue, and reduced motiva-
tion, adjusting for lung function and depression did not
change the overall interpretation of the results.

DISCUSSION
The results show that this cohort of adults with CF

had a higher level of general fatigue than did the general
population, and they had a larger range in each type
of domain-specific fatigue than did the general popula-
tion.28 These results are generally consistent with those
of a previous study with the CF patient population.13

While being awake for 16 hours on a weekday, our co-
hort spent about 6 hours being physically active, ranging
from slightly less than 3 hours to 10.5 hours being both
somewhat active and very active. This result is similar
to what was reported in a previous study that used the
HAES in school-aged patients (8–20 y) with CF.10 When
our participants spent less than 3 hours on a typical
weekday being physically active, it meant that they spent

more than 21 hours being somewhat inactive or in-
active—that is, they were either in a sitting position or
lying down or sleeping, respectively. Physical inactivity
has been found to be associated with poor bone health,29,30

and it contributes to exercise intolerance and skeletal
muscle weakness in adults with CF.31 Considering that
our cohort was living in the community, some people
with CF were living a very sedentary lifestyle.

On a weekday, our cohort spent a median of 24 minutes
(or 0.4 h) being very active, ranging from 0 minutes to 96
minutes (1.6 h). The majority of total hours being physi-
cally active were spent being somewhat active—a median
of almost 6 hours, ranging from 1.5 to 9.4 hours. Again,
some participants were quite physically active and exer-
cised for more than 1.5 hours, and some did not exercise
at all or spent only 1.5 hours being somewhat active, in-
dicating that in this study, participants with CF had a
wide range of physical activity levels.

When controlling for lung function and level of depres-
sion, we detected a significant negative correlation be-
tween the total number of hours spent being physically
active and general fatigue. Also, when holding lung func-
tion and level of depression constant, a negative trend
was found between the number of hours being physi-
cally active and physical fatigue, although it did not

Table 3 Linear and Multiple Regression Analyses of Total Active Hours on a Weekday and Scores from the Domains of Fatigue

Univariate Multivariable*

Domain of fatigue Estimated b coefficient (SE) p-value Estimated b coefficient (SE) p-value

General fatigue �0.486 (0.332) 0.16 �0.735 (0.302) 0.03
Physical fatigue �0.260 (0.384) 0.51 �0.579 (0.320) 0.09
Reduced activity 0.106 (0.290) 0.72 0.077 (0.318) 0.81
Mental fatigue 0.026 (0.335) 0.94 �0.015 (0.367) 0.97
Reduced motivation 0.209 (0.304) 0.50 �0.027 (0.269) 0.92

*Models adjusted for Hospital Anxiety and Depression Scale�Depression Subscale and forced expiratory volume in 1 second.

Table 1 Clinical and Demographic Characteristics of Participants

Characteristic No. (%) of participants*

Sex
Male 10 (45.5)
Female 12 (54.5)

Age; median (range) 33 (18–67)
<40 y 15 (68.2)
b40 y 7 (31.8)

BMI, kg/m2; median (range) 22.2 (17.6–28.3)
FEV1 (% predicted) 64 (27–100)
FVC (% predicted) 86 (42–106)
Burkholderia cepacia complex 2 (9)
Pseudomonas aeruginosa 12 (55)
Genotype

Homozygous delta F508; % 32
Heterozygous delta F508; % 46

Depression score on HADS-D 2.5 (0–8)

*Unless otherwise indicated.

FEV1 ¼ forced expiratory volume in 1 second; FVC ¼ forced vital capacity;

HADS-D ¼ Hospital Anxiety and Depression Scale – Depression Subscale.

Table 2 Results from the MFI–20 and HAES

Measure
Score or hours,
median (range)

MFI–20: fatigue domain
General fatigue 11.5 (6–18)
Physical fatigue 10.0 (4–18)
Reduced activity 9.0 (4–14)
Mental fatigue 8.5 (4–14)
Reduced motivation 7.0 (4–14)

HAES: weekday level of activity
Inactive (e.g., sleeping) 8.0 (5.8–9.5)
Somewhat inactive 9.9 (4.1–14.0)
Total active* 6.1 (2.8–10.5)

Somewhat active 5.8 (1.5–9.4)
Very active 0.4 (0.0–1.6)

*The number of hours participants were both somewhat active and very active.

MFI–20 ¼ Multidimensional Fatigue Index–20; HAES ¼ Habitual Activity

Estimation Scale.
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reach statistical significance. Those associations were
not significant if lung function and level of depression
were not controlled for statistically. These results indi-
cate that both lung function and level of depression are
main confounders for the relationship between amount
of physical activity and level of fatigue. No evidence of
an association was found between the number of hours
spent on physical activity and reduced activity, mental
fatigue, or reduced motivation, whether lung function
and level of depression were controlled for or not.

The time spent being inactive may potentially be a
confounder. This is because some studies have reported
a negative association between amount of sleep and
level of fatigue,32 and some have shown that the number
of hours spent sleeping is associated with the amount of
exercise performed by adults with CF.33 We carried out a
sensitivity analysis by also adjusting for the number of
hours being inactive; these results indicated that number
of hours of sleep was not a confounder in our study.

On the basis of our analysis, it appears that level of
physical activity is associated only with the perception
of fatigue (i.e., physical fatigue), not the behavioural con-
sequences of it (i.e., reduced activity). This result is likely
because our participants were relatively young, with rela-
tively good lung function, and they need to maintain their
activities of daily living, whether they feel tired or not.
Hence, the behavioural aspect of fatigue has little associa-
tion with level of physical activity. Besides, the range of
scores in our cohort for the reduced activity subscale of
fatigue was relatively small, which may have limited our
ability to detect any relationship between physical activity
and this domain of fatigue.

We were also unable to find any association between
level of physical activity and the emotional and psycho-
logical aspects of fatigue. In our cohort, the highest de-
pression score on the HADS–D was still relatively low;
only one participant fell into the ‘‘doubtful cases’’ category
of depression.15 This small range of emotional and psycho-
logical aspects of fatigue may, again, limit our ability
to detect any relationship between physical activity and
the mental fatigue and reduced motivation domains.

The association we found between general and physi-
cal fatigue and level of physical activity generates three
possible interpretations. First, more physical activity may
lead to less general and physical fatigue, and vice versa. If
this hypothesis is valid, this study provides support for yet
another benefit of physical activity, that is, it is a means
of mitigating the level of general and physical fatigue in
people with CF. As one engages in more physical activity,
muscles become stronger, and daily activities are thus
less exhausting.

A second interpretation is that it is logical to assume
that the more general and physical fatigue one expe-
riences, the less likely one is to engage in any physical
activity and vice versa. Third, the relationship between

general and physical fatigue and physical activity may
be a cyclical negative relationship, implying that both
our first and second interpretations are true. However, a
study such as this one, which looks at only the asso-
ciation, will not be able to tease out the relationship be-
tween physical activity and fatigue. The only way to truly
unravel this relationship would be to conduct a random-
ized controlled trial to determine whether level of physi-
cal activity affects level of fatigue in people with CF.

This study had several limitations. First, the sample
size was relatively small. Because the HAES had never
been administered by telephone, the participants needed
to fill out the questionnaire with the guidance of the in-
vestigator in person. Because personnel were unavailable
when the participants came into the clinic, the partici-
pants had to schedule a separate research visit to fill
out their questionnaire. This limited the pool of partici-
pants to those who lived close to the hospital. The small
sample size limited our ability to detect certain relation-
ships and the robustness of the results.

Second, because the main goal of this study was to
generate hypotheses for any correlations found between
physical activity and the different fatigue domains, the p
values were not corrected for multiplicity. This increased
the probability of detecting a spurious result. Future
studies are required to validate the associations found in
this study.

A third limitation was that this study used the HAES
as the only outcome measure for physical activity and
did not consider other physical activity measurements.
The HAES was chosen because its validity has been
demonstrated in the CF patient population. The HAES
is, however, a relatively rigid tool in that it only considers
habitual activities that are performed at least three times
per week on Tuesday, Wednesday, Thursday, and Satur-
day. It excludes habitual activities that are done on
Monday, Friday, and Sunday. During the data collection
period, anecdotal reports from several participants in-
dicated that they were quite active on days that the
HAES did not consider; they may have performed high-
intensity physical activities twice per week, but these
activities could not be included because they did not
meet the criteria for being habitual.

Future studies need to recruit a larger sample—for
example, by using a multi-centre trial. This would better
represent the patient population and better detect the
associations between level of physical activity and fatigue.
Also, we recommend that studies use multiple outcome
measures for each variable and thereby overcome the
weaknesses of each one. For example, using an acce-
lerometer to measure habitual physical activity might
provide more objective data. Future studies should also
consider using a prospective cohort study design to
examine the change in level of fatigue using physical
activity, exercise, or both as an intervention.
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CONCLUSION
High levels of fatigue were seen in adults with CF with

moderate impairments of lung function. They maintained
considerably different levels of physical activity, ranging
from a very sedentary lifestyle to exercising for 1.6 hours
on a weekday. This study is to our knowledge the first to
demonstrate that, in adults with CF, a higher level of
physical activity is associated with a lower level of gen-
eral and physical fatigue when controlling for lung func-
tion and level of depression. Physical activity may be used
as a means of mitigating the level of general and physical
fatigue in people with CF. Future studies are needed to
examine the change in level of fatigue when using physi-
cal activity, exercise, or both as an intervention.

KEY MESSAGES

What is already known on this topic

Fatigue is one of the most common symptoms re-
ported by people with cystic fibrosis (CF), and it causes
significant distress in approximately one-third of this
patient population.1 Greater amounts of physical activity
of varying intensity have been shown to be associated
with decreased levels of fatigue in people with various
chronic conditions.4–7

What this study adds

This study is the first to demonstrate that, in adults
with CF, a higher level of physical activity is associated
with a lower level of general and physical fatigue when
controlling for lung function and level of depression.
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