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Abstract
Background Long-term pathological breathlessness is a life-limiting symptom that risks taking control of
the individual’s life. We aimed to evaluate how locus of control (LOC), an individual’s perceived control
of present and past life events, relates to breathlessness in a middle-aged general population.
Methods A population-based, cross-sectional analysis of people aged 50–64 years was conducted in the
Swedish CArdioPulmonary bioImage Study (SCAPIS). Breathlessness was measured using the modified
Medical Research Council (mMRC) breathlessness scale. LOC was assessed using five-point scales related
to work, life events, perceived future, treated by other people, past changes and life improvements. The
LOC factors were dichotomised as having an external or internal LOC. Logistic regression was used to
examine the association between external LOC and presence of moderate/severe breathlessness (mMRC
⩾2). Associations between external LOC and higher breathlessness severity score (mMRC 0–4) were
analysed using ordinal regression. The models were adjusted for age, sex, education level, pack-years of
smoking, body mass index, lung function, depression and cardiorespiratory diseases.
Results Of 28 730 participants (52% women), 4% experienced breathlessness. Breathlessness was related
to external LOC in relation to life events (odds ratio (OR) 1.47, 95% confidence interval (CI) 1.26–1.71),
future (OR 1.89, 95% CI 1.53–2.34), treated unfairly (OR 1.73, 95% CI 1.42–2.09), past changes (OR
1.50, 95% CI 1.30–1.74) and life improvements (OR 2.91, 95% CI 2.35–3.59). External LOC was
associated with increased breathlessness severity.
Conclusion External LOC is associated with experiencing worse breathlessness, and the identified LOC
factors can be considered in future intervention studies aiming to reduce the suffering from breathlessness.

Introduction
Breathlessness limiting exertion (hereafter denoted “breathlessness”), defined as the feeling of breathing
discomfort, [1] involves physical and emotional experiences as well as a level of overall unpleasantness [2].
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The presence of breathlessness is associated with lower self-perceived health [3], severe limitations in daily
life [4] and an overall impaired quality of life [5]. Available symptomatic treatment of breathlessness is
limited [6, 7]. Reducing the suffering from breathlessness necessitates help-seeking, engaged coping and
focus on breathlessness from clinicians [8]. However, many patients choose not to initiate a discussion
about their breathlessness with their health professionals [9], probably because they feel the symptom’s
diverse effects cannot be improved or that the symptom is an expected consequence of their health
condition or even “deserved” if the cause is perceived to be self-inflicted [10, 11]. Interview studies with
individuals experiencing long-term breathlessness highlight that people may feel helpless and that they are
losing control of their life to the symptom [6].

Locus of control (LOC) refers to an individual’s perceived control of present and past life events [12, 13].
LOC also includes the expectations on outcomes of future events, as well as individual efforts to improve
his/her life situation [13]. An individual can experience a strong internal LOC, believing that he or she has
control of their own life and life events. This is in contrast to a strong external LOC, believing that life and
life events are controlled mainly by external factors outside the individual’s own reach, such as fate or
being unlucky. LOC is often measured by a questionnaire comprising different statements that relate to
experiences of control together with a degree of agreement [13]. A strong external LOC has previously
been suggested to be related to worse coping with pain [14] and increased healthcare use [15], worse
asthma control [16] and increased anxiety among COPD patients [17].

It is unknown if LOC is associated with the person’s perception of the presence and severity of
breathlessness. In a small sample of people with asthma, strong internal LOC was shown to be protective
against breathlessness’ influence on mental health, but the evidence was weak in this study [18]. In
contrast to many other physiological processes, breathing includes a degree of conscious control, and a
strong internal LOC could be important in how people cope with their breathlessness. Avoidable lung
harm, diagnostic delay, inadequate care, low socioeconomic status and lack of support have been identified
as domains that cause injustice among people with COPD [19], and LOC could be a concept to unify
several of these domains. As such, interventions targeting coping and promoting internal LOC could
potentially be beneficial for improving the experience of breathlessness. However, given the lack of data
about any potential association between LOC and breathlessness, the first step is to explore how different
aspects of LOC relate to the prevalence and severity of breathlessness in the population.

We aimed to evaluate how LOC relates to the presence and severity of breathlessness in a middle-aged
general population.

Methods
Study design and population
We conducted a population-based, cross-sectional analysis of people aged 50 to 64 years in the Swedish
CArdioPulmonary bioImage Study (SCAPIS). The design and data collection of the SCAPIS study are
detailed elsewhere [20]. Briefly, the SCAPIS study collected data between 2013 and 2018 from six study
sites: Malmö/Lund, Gothenburg, Linköping, Uppsala, Umeå and Stockholm. The participants completed a
questionnaire (baseline characteristics, lifestyle, symptoms and health conditions) when visiting one of the
study sites and went through physiological measurements including weight, height and spirometry.
SCAPIS had a participation rate of 50% and except for a higher alcohol intake among the participants, the
cohort is overall representative of the Swedish general population [21].

Exclusion criteria in the SCAPIS study were the inability to understand written and spoken Swedish.
Exclusion criteria of the present analysis were inability to walk due to reasons other than breathlessness or
missing modified Medical Research Council (mMRC) breathlessness scale data.

Ethical considerations
The SCAPIS study was approved by the ethics committee at Umeå University (Dnr 2010–228-31M). The
present analysis was approved by the Swedish Ethical Review Authority (reference number: 2021-00288).
All participants gave written informed consent.

Assessments
Breathlessness
Breathlessness was measured using the mMRC ordinal scale (0–4) [22]. The grades of the mMRC are
presented in supplementary table S1. Breathlessness severity was measured by the mMRC grades 0–4, and
presence of breathlessness was defined as an mMRC score of ⩾2 (“Breathlessness while walking on level
ground with someone your own age or have to stop because of breathlessness while walking at own pace”
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or worse) which is established as a threshold that is stronger associated with diverse outcomes compared to
an mMRC score of 1 (“Breathless when hurrying or walking up a slight hill”) [23, 24].

Locus of control
LOC measurement was adapted from previous studies [13, 25] and comprised six statements describing six
different factors of LOC (table 1). The LOC factors were coded with a numerical score in which an
increased score corresponds to an increased perception of an external LOC (i.e. the individual experiencing
that life and life events are externally controlled by other aspects than the individual himself/herself ). The
work and future factors were coded as: “Strongly disagreeing”=4, “Disagreeing”=3, “Neutral”=2,
“Agreeing”=1 or “Strongly agreeing”=0. The life events, treated, past changes and life improvements
factors were coded as: “Strongly disagreeing”=0, “Disagreeing”=1, “Neutral”=2, “Agreeing”=3 or
“Strongly agreeing”=4. A total external LOC score was calculated as the summarised value (0–20) of the
future, life events, treated, past changes and life improvements factors, which means that an increased score
corresponds to an overall increased perception of an external LOC. The LOC total score was confirmed as
having an acceptable internal consistency with a Cronbach’s α of 0.7. Work was not added to the total
external LOC because the work factor had a high number of missing values (17%) due to only being
answered by individuals currently employed. By looking at the centiles of the LOC statement scores, ∼10–
20% of participants deviated from the rest by scoring 3–4 on the statements. Based on that participants
with scores 3–4 are in a minority, the LOC factors were dichotomised as having an external LOC (a score
of 3–4) or internal LOC (a score of 0–2).

Confounders
The following confounders were selected a priori based on literature and domain knowledge: age, sex,
body mass index (BMI), pack-years of smoking, the ratio of forced expiratory volume in 1 s and forced
vital capacity (FEV1/FVC), level of depression, highest level of education (elementary school, upper
secondary school, or university), and self-reported physician-diagnosed asthma, COPD, atrial fibrillation/
flutter and heart failure, as well as emphysema on high-resolution computed tomography [26–29]. Level of
depression was measured by summarising the presence (yes/no) of the following experiences in the last
12 months: feelings of sadness/depression; losing interest in things that usually give pleasure; tired or low
on energy; gained or lost weight; trouble falling asleep; concentration problems; and thoughts about death
[26]. We created a directed acyclic graph (DAG; www.dagitty.net) to present theorised interactions of
confounders, LOC and breathlessness (supplementary figure S1).

Statistical analyses
Participants’ characteristics were summarised using descriptive statistics. To descriptively present the
association between LOC and breathlessness, the total external LOC score median and interquartile range
by mMRC grade were presented in box plots.

The association between external LOC and presence of breathlessness was evaluated using logistic
regression. First, the six LOC factors and the total external LOC were used as independent variables in
separate univariate models with the presence of breathlessness as the dependent variable. Second, we
adjusted the models for the confounders. Strength of association was measured by odds ratio (OR) with
95% confidence intervals (CI).

To evaluate the association between LOC and severity of breathlessness, ordinal regression was used with
the six LOC factors and total external LOC score as the independent variables and mMRC (0–4) as the
dependent variable. The models were first evaluated unadjusted and then adjusted for these known
confounders. The OR of the ordinal regression models correspond to the strength of association between
having an external LOC by a factor (work, life events, future, treated, past changes and life improvements)

TABLE 1 Locus of control statements and their abbreviations

Statement Abbreviation

“At work, I feel that I have control over what happens in most situations” Work
“I feel that what happens in my life is often determined by factors beyond my control” Life events
“Over the next 5–10 years I expect to have more positive than negative experiences” Future
“I often have the feeling that I am being treated unfairly” Treated
“In the past 10 years, my life has been full of changes without my knowing what will
happen next”

Past changes

“I gave up trying to make big improvements or changes in my life a long time ago” Life improvements
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and an increase in one mMRC grade, or the strength of association between an increase in one total
external LOC score and an increase in one mMRC grade. All analyses were also evaluated among men and
women separately. We also performed sensitivity analyses by excluding the presence of cardiopulmonary
diseases from the adjusted models to evaluate the contribution of these potential confounders.

The analyses were conducted using the software R, version 4.1.2 (R Foundation for Statistical Computing,
Austria). No data were imputed.

Results
Participants
After the exclusion of 250 individuals who were unable to walk for reasons other than breathlessness and
1174 with missing data on the mMRC scale, a total of 28 730 participants (52% women) were included in
the present analysis (table 2). The prevalence of breathlessness was 4% in this population. The mean±SD
age was 57.5±4.4 years, mean BMI was 26.9±4.4 kg·m−2, mean FEV1/FVC was 0.78±0.1, 2418 (8%) had
chronic airflow limitation (FEV1/FVC <0.70) and mean pack-years of smoking was 7.5±12.0. Almost half
of the participants had a university degree (45%) and 6% self-reported asthma (table 2).

Locus of control
More than one half of the participants experienced an external LOC at work (55%), almost one-fifth by life
experiences (19%) and more than a fifth by past changes (23%). Only a small number experienced external
LOC by treated unfairly (8%), future (6%) and life improvements (4%). The mean total external LOC
score was 7.95±3.96 (potential range 0–20; table 2).

LOC and breathlessness
As presented in figure 1, the total external LOC median increased stepwise by each mMRC grade.

Figure 2 presents the OR for the association between LOC and prevalence of breathlessness, unadjusted
and adjusted for confounders. Adjusted for confounders, external LOC by life events (OR 1.47, 95% CI
1.26–1.71), perceived future (OR 1.89, 95% CI 1.53–2.34), treated unfairly (OR 1.73; 95% CI 1.42–2.09),
past changes (OR 1.50, 95% CI 1.30–1.74) and especially life improvements (OR 2.91, 95% CI 2.35–
3.59) were associated with being breathless. An increased total external LOC score was associated with
being breathless (OR 1.14, 95% CI 1.11–1.16) in the adjusted model. An external LOC by work (OR 0.87,
95% CI 0.71–1.03) was not significantly associated with being breathless.

Figure 3 presents the association between LOC and severity of breathlessness, corresponding to an increase
of one mMRC grade, unadjusted and adjusted for confounders. Adjusted for confounders, external LOC by
life events (OR 1.49, 95% CI 1.34–1.66), perceived future (OR 1.65, 95% CI 1.41–1.93), treated unfairly
(OR 1.80, 95% CI 1.56–2.06), past changes (OR 1.42, 95% CI 1.28–1.57) and especially life
improvements (OR 2.60, 95% CI 2.21–3.06) were associated with increased severity of breathlessness.
Adjusted for confounders, increased total external LOC scores were associated with increased severity of
breathlessness (OR 1.13, 95% CI 1.11–1.15). An external LOC by work was associated with decreased
severity of breathlessness (OR 0.79, 95% CI 0.71–0.88).

The total external LOC median increased stepwise by each mMRC grade in a similar pattern between men
and women (supplementary figures S2 and S3). When analysing men and women separately, the strength
of associations between the LOC and presence of breathlessness were overall very similar between men
and women, with the exception of treated unfairly, which was more strongly associated with presence of
breathlessness among men (OR 2.42, 95% CI 1.74–3.34) compared to women (OR 1.46, 95% CI 1.14–
1.85). The association between LOC and severity of breathlessness was similar between men and women
(supplementary table S2). After excluding cardiopulmonary diseases, the OR and CI for the LOC factors
were very similar in the adjusted models related to the analysis of presence and severity of breathlessness.

Discussion
The main findings of this study were that: 1) except for LOC of work, an external LOC was associated
with the presence of breathlessness, having controlled for key factors that may influence any such
relationship; 2) the association of external LOC increased along with increased breathlessness severity and,
summing all aspects of external LOC, the association with breathlessness remained strong; and 3) the
aspects related to the participants’ experiences of giving up improvements or changes in life were
especially strongly associated with breathlessness.
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Higher levels of depression were associated with perceived external LOC in a systematic review and
meta-analysis [30]. Despite controlling for depression, the current study still saw a strong relationship
between external LOC and breathlessness, which means that the association is not confounded by
depression. Long-term anxiety and depression are also associated with external LOC [28]. This was a
middle-aged cohort and in one longitudinal study it has been suggested that there may be a perceptible
shift from external to internal LOC with aging [28].

The relationship between health, healthcare utilisation and LOC appears to suggest that people with higher
levels of internal LOC have better health and lower rates of healthcare utilisation [31]. The direction of the
relationship is not clear, but given evidence to date of increased health service utilisation in people with
long-term breathlessness [32], it is interesting to consider whether the relationship is driven by ill-health in
the first place or whether external LOC leads to poorer health status. Clinical consultation behaviour
around breathlessness could also potentially be related to internal versus external LOC.

TABLE 2 Baseline characteristics of 28 730 people in the Swedish general population aged 50–64 years

Variable All
participants

Breathlessness (when
walking on

level ground or worse)

No
breathlessness

Missing
data %

Participants, n 28 730 1209 27 521
Age years 57.5±4.4 58.18±4.4 57.47±4.3 0
Women 14 801 (52) 830 (69) 13 971 (51) 0
mMRC breathlessness rating 0
0 (Breathless only with strenuous exercise) 26 014 (91)
1 (Breathless when hurrying or walking up a slight hill) 1507 (5)
2 (Breathless while walking with other people of your own age
on level ground)

947 (3)

3 (Need to stop for breath after 100 m) 125 (1)
4 (Too breathless to leave home or breathless when dressing) 137 (1)

BMI kg·m−2 26.9±4.4 31±6.0 26.72±4.2 0
Asthma (self-reported) 1706 (6) 209 (17) 1497 (5) 0
COPD (self-reported) 246 (1) 83 (7) 163 (1) 0
Emphysema (on computed tomography) 1578 (6) 131 (11) 1447 (5) 2
Atrial fibrillation/flutter (self-reported) 518 (2) 49 (4) 469 (2) 1
Heart failure (self-reported) 141 (1) 33 (3) 108 (1) 1
Depression (self-reported) 7233 (25) 567 (47) 6666 (24) 4
FEV1/FVC 0.78±0.1 0.76±0.1 0.78±0.1 1
Chronic airflow limitation# 2418 (8) 215 (18) 2203 (8) 1
Education 0
No elementary school 177 (0.6) 24 (2) 153 (1)
Elementary school 2447 (8.5) 210 (17) 2237 (8)
Upper secondary school or professional education 12 986 (45.2) 618 (51) 12 368 (45)
University degree 13 032 (45.4) 349 (29) 12 683 (46)

Pack-years of smoking 7.5±11.9 13.8±17.3 7.22±11.6
Current smoking status 1
Regular 2119 (7) 169 (14) 1950 (7)
Occasional 1389 (5) 55 (5) 1334 (5)
Former 10 382 (36) 501 (41) 9881 (36)
Never 14 473 (50) 467 (39) 14 006 (51)

Experiencing a strong external locus of control by:
Work 15 681 (55) 392 (32) 15 289 (56) 17
Life 5380 (19) 414 (34) 4966 (18) 2
Future 1631 (6) 163 (14) 1468 (5) 2
Treated 2249 (8) 245 (20) 2004 (7) 2
Past changes 6655 (23) 504 (42) 6151 (22) 2
Life improvements 1270 (4) 210 (17) 1060 (4) 2

Total external LOC score 0–20¶ 5.52±3.3 8.04±4.0 5.41±3.3 4

Data are presented as mean±SD or n (%) unless indicated otherwise. Depression corresponds to one or more depressive symptoms. The percentage
values are rounded to at least 1%. mMRC: modified Medical Research Council; BMI: body mass index; FEV1: forced expiratory volume in 1 s;
FVC: forced vital capacity; LOC: locus of control. #: calculated as FEV1/FVC <0.70; ¶: summarised score of LOC of life, future, treated, past changes
and life improvements, but not work due to a high percentage of missing values.
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Multidisciplinary services have been shown to increase the internal health LOC in people with chronic
back pain (i.e. their perceived control over changes in health) [33] and lower the patients’ perceived
external LOC [34]. For breathlessness, this opens up possibilities of evaluating the effects of pulmonary
rehabilitation and self-management options such as the hand-held fan in relation to the person’s perceived
LOC, and how changes towards an increased internal LOC may help break the vicious circle of
deconditioning experienced by people living with breathlessness. An integrated palliative and respiratory
care service has shown improvements in breathlessness mastery, a concept with some similar aspects to
LOC [35].
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FIGURE 1 Total external locus of control score (LOC) by breathlessness severity among 28 730 people aged 50–
64 years in the general population. The horizontal lines inside the boxes represent the median value, the box
edges represent the quartiles and the whiskers represent the interquartile ×1.5 of the total LOC score among
the participants. Points outside of the whiskers represent outliers. mMRC: modified Medical Research Council.

OR for presence of breathlessness

Work

Strong external LOC Unadjusted OR Adjusted OR

Life events

Future

Treated

Past changes

Life improvements

Total external LOC score

0.57 (0.49–0.66)

2.52 (2.23–2.86)

2.90 (2.43–3.44)

3.37 (2.90–3.90)

2.64 (2.34–2.98)

5.46 (4.63–6.40)

1.23 (1.21–1.25)

0.87 (0.73–1.03)

1.47 (1.26–1.71)

1.89 (1.53–2.34)

1.73 (1.42–2.09)

1.50 (1.30–1.74)

2.91 (2.35–3.59)

1.14 (1.11–1.16)

10 2 3

Adjusted OR Unadjusted OR

4 65 7

FIGURE 2 Association of external locus of control (LOC) and prevalence of clinically significant breathlessness
among 28 730 people aged 50–64 years in the general population. Presence of breathlessness was defined as
modified Medical Research Council breathlessness scale ⩾2. The odds ratio (OR) corresponds to the strength of
association between having a worse LOC by a factor and the presence of breathlessness, and higher OR means
stronger association. The OR of the total external LOC score corresponds to an increase of one score. The
adjusted models were adjusted for: age, sex, body mass index, pack-years of smoking, the ratio of forced
expiratory volume in 1 s and forced vital capacity, level of depression, education level (elementary school,
upper secondary school or university), and self-reported physician-diagnosed asthma, COPD, atrial fibrillation/
flutter and heart failure, as well as emphysema on high-resolution computed tomography. The whiskers on the
estimates present the 95% confidence intervals.
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LOC at work was the only aspect of LOC that was negatively associated with the presence and severity of
breathlessness. This could be explained by the fact that only participants with current employment were
answering the LOC work statement, so even if they experience low control of their work situation, they are
probably healthier (and less breathless) than participants who might be unemployed, or those who may
have left the workforce because of their ill health (or breathlessness).

Strengths of the present study include the large sample size and the use of the well-established mMRC scale.
However, the mMRC measures the impact of breathlessness and not breathlessness per se; the mMRC is also
unidimensional, meaning it does not capture some important experiences of breathlessness [36, 37]. The
study population is largely representative of the Swedish population in this age group. Limitations include
that there exist no recommended cut-off points for the LOC scores and that depression was not measured
using an established instrument, which creates challenges for the comparison of our study findings with those
of previous studies. The LOC instrument is not validated, and we welcome future studies that
psychometrically validate the instrument or develop new ones. It could also be debated whether the LOC
factors “future” and “treated” could describe control perception to a lesser extent compared to the other
factors. The age span of 50–64 years is narrow, and we cannot generalise for younger or older individuals.
As a cross-sectional, non-randomised study, this study can describe associations but not cause and effect.

The present study has some implications for future research. Our findings suggest that non-pharmacological
interventions targeting domains of LOC could be important for coping with breathlessness. For
breathlessness, these may include low-intensity educational interventions [38], hand-held fan therapy [39],
psychoeducational and behavioural strategies [40], and breathlessness support services [35]. Cognitive
behavioural therapy may be helpful in changing the perception of LOC. Although these interventions have
shown some success in improving breathlessness, the results are inconsistent and/or have limited impact.
Based on previous findings [35, 38–40] and our study, we suggest that future studies aiming to improve
coping with breathlessness should evaluate the effect of interventions targeting the LOC factors identified in
the present study. As can be seen in the supplementary material, breathlessness and LOC are two factors
joined by a two-way arrow. Longitudinal studies with large numbers of participants would be needed to
define which was more likely to come first and drive the other – external LOC or long-term breathlessness.
This study needs to be repeated across all adult age groups to compare and contrast any differences by age
given the shift with age to more internal LOC (as we learn and gain life experiences, and potentially remove
ourselves or choose not to expose ourselves to situations where we do not have control). Future studies may

OR for an increase of one mMRC grade

Work

Strong external LOC Unadjusted OR Adjusted OR

Life events

Future

Treated

Past changes

Life improvements

Total external LOC score

0.60 (0.54–0.66)

2.35 (2.15–2.56)

2.42 (2.12–2.76)

3.09 (2.77–3.45)

2.29 (2.11–2.49)

4.32 (3.79–4.91)

1.21 (1.19–1.22)

0.79 (0.71–0.88)

1.49 (1.34–1.66)

1.65 (1.41–1.93)

1.80 (1.56–2.06)

1.42 (1.28–1.57)

2.60 (2.21–3.06)

1.13 (1.11–1.15)

10 2 3

Adjusted OR Unadjusted OR

4 65 7

FIGURE 3 Association of external locus of control (LOC) with severity of breathlessness among 28 730 people
aged 50–64 years in the general population. Breathlessness was measured using the modified Medical Research
Council (mMRC) ordinal scale (0–4). The odds ratio (OR) corresponds to the strength of association between
having an external LOC by a factor and an increase of one mMRC grade (increased severity), or the strength of
association between an increase of one total external LOC score and an increase of one mMRC grade. The
adjusted models were adjusted for: age, sex, body mass index, pack-years of smoking, the ratio of forced
expiratory volume in 1 s and forced vital capacity, level of depression, education level (elementary school,
upper secondary school or university), and self-reported physician-diagnosed asthma, COPD, atrial fibrillation/
flutter and heart failure, as well as emphysema on high-resolution computed tomography. The whiskers on the
estimates present the 95% confidence intervals.
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choose to use validated, quantitative tools to measure anxiety and depression that can be placed in the model
as continuous variables to reduce the impact of these confounders.

Conclusion
External LOC is associated with experiencing worse breathlessness. The identified LOC factors can be
considered in future intervention studies aiming to reduce the suffering from breathlessness.
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