
Chronobiology in breathlessness across 24 h in people with
persistent breathlessness

To the Editor:

Breathlessness is associated with impaired quality of life, comorbidities, more frequent hospitalisation and
premature mortality. Breathlessness leads to people avoiding things that trigger their breathlessness, such as
physical activity [1–3].

The intensity of breathlessness varies over time both as exacerbations of the underlying aetiologies and
among individuals with “stable” disease [4]. A definition of clinically important variability of breathlessness
is lacking, and reports of daily symptom variability differ substantially between studies [4–6].
Approximately 44% experience symptom variability during the day [4–6]. Breathlessness intensity is
highest on waking, continuing through people’s morning routines and tapering later in the day [4]. Daytime
symptoms are associated with poorer quality of life and higher anxiety [4, 7–10].

In this secondary analysis derived from the Relating Experienced To Recalled breathlessness Observational
study (RETRO) [11, 12] we evaluate variability of experienced breathlessness intensity over each 24-h
period, linking this to self-reported physical activity and exertional breathlessness.

Participants were recruited between March 2018 and April 2020 through clinical visits with patients from
primary care facilities and pulmonary clinics in Lund, Karlskrona and Örebro in Sweden. Eligibility
criteria, baseline questionnaires and main assessments were collected using an application installed on the
participant’s smartphones using mobile ecological momentary assessment methodology. The study design
is detailed elsewhere [12].

We included physically (no expected need for hospital admission within 1 week) and mentally stable
individuals aged ⩾18 years with self-reported average breathlessness intensity during the last two weeks of
⩾3 on a 0–10 numerical rating scale (NRS), which was not caused by an acute infection [12]. Participants
provided written informed consent, and the regional ethical review board at Lund University approved the
study (DNr 2017/149).

Physical activity was assessed using the Grimby–Frändin scale, which is validated and frequently used in
Swedish speaking contexts [13]. The scale consists of categories one (hardly any activity), two (light
physical activity), three (moderate physical activity around 3 h per week), four (moderate physical activity
for more than 4 h per week), five (moderate exercise or heavy physical activity) or six (strenuous activity
several times per week). The level of activity was dichotomised as “inactive” (ratings 1 and 2) or “active”
(ratings 3–6), as previously used [13]. Exertional breathlessness was assessed using the modified Medical
Research Council (mMRC) breathlessness scale [14] and dichotomised as 0–2 versus 3–4.

The momentary breathlessness (0–10 NRS) was assessed each waking hour for 7 days [15]. Nightly
breathlessness was recalled each morning for the preceding night. Mean breathlessness intensity compared
using ANOVA between activity and mMRC groups. Marginal means and corresponding 95% confidence
intervals for each waking hour of the day were calculated using a multi-level, mixed-effects linear
regression analysis. The results were visualised using plots of margins. Hours with very few responses
(hours 3, 4, 22 and 23) were excluded.
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A total of 114 people downloaded the mobile phone application, of whom 30 were excluded due to errors
in data collection (n=1), insufficient number of breathlessness ratings (n=10), missing baseline (n=5) or
other exclusion criteria (n=14). 84 participants were included in the study, generating 6132 measurements
of breathlessness now (mean 72.1 per participant) during the 7-day study period. 1936 prompt-responses
were missing giving a compliance rate of 76.0%. In the final cohort, 60% (n=51) were female, mean±SD
age was 64.6±12.7 years, and body mass index was 28.2±5.3 kg·m−2). Baseline mMRC was rated 0 by 2%
(n=2), 1 by 38% (n=32), 2 by 26% (n=22) and 3–4 by 34% (n=29). Underlying conditions were assessed
by self-report from a pre-defined list, allowing as many responses as applied. The most frequent responses
were: COPD (40%); asthma (39%); cancer (13%); atrial fibrillation (12%); and heart failure (8%). 64%
reported previous smoking and 6% were current regular/occasional smokers. 24 (28%) individuals were
labelled “inactive”, while the rest were “active”.

As shown in figure 1, daytime breathlessness now was relatively stable with higher levels during the
morning hours until midday, with a gradual decline throughout the afternoon and evening (coefficient for
total change throughout the day: −0.03, 95% CI −0.04 to −0.02) (figure 1a).

Mean±SD daytime breathlessness now was 3.6±1.9 in the inactive group and 2.6±1.6 in the active
(p=0.02). The nightly mean±SD was 2.7±2.3 for the inactive and 1.6±1.8 (p=0.02) for the active group.
The differences between groups were not statistically significant in the regression analysis (figure 1b).

Individuals with mMRC grades 3–4 had mean±SD daytime breathlessness intensity of 3.9±1.8 compared to
2.3±1.4 in those with mMRC 0–2 (p<0.01). Corresponding numbers for nighttime were 2.8±2.2 versus
1.4±1.7 (p=0.02). The difference remained in regression analysis (figure 1c). Sensitivity analysis of only
individuals with either COPD or asthma showed no large differences, but groups were small.
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FIGURE 1 Plot of marginal means for the level of momentarily assessed daytime breathlessness (a) for each
hour of the day for 7 days, with corresponding 95% confidence intervals calculated by multilevel mixed-effects
linear regression. Subgroup analysis on individuals reporting being active and inactive (b) and individuals
reporting high and low exertional breathlessness on the modified Medical Research Council (mMRC) scale (c).
The total number of recordings in the models is 6132. NRS: numerical rating scale; Inactive: individuals rating 1
or 2 on the Grimby–Frändin scale of physical activity; Active: individuals rating 3–6 on the Grimby–Frändin
scale of physical activity. Inactive: n=24; Active: n=61; mMRC 0–2: n=56; mMRC 3–4: n=29.
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The main findings of this study include low variability of breathlessness throughout the day with minor
differences between self-reported activity groups. We also found that different ratings on mMRC
corresponded to different levels of momentarily assessed breathlessness now across the day.

The findings presented here may relate to the Grimby–Frändin activity scale asking about the amount of
physical activities performed. In contrast, the mMRC asks if breathlessness would arise if the individuals
were to perform actions. The breathlessness levels among the “inactive” individuals in this population
might therefore be underestimated. The inactive group would likely have higher breathlessness ratings at a
standardised level of exertion. This might suggest a mechanism for the so-called invisibility of
breathlessness: it is not seen because patients reduce their activities to avoid it [3]. The level of statistical
power might also be too low to detect a significant difference between the groups.

Our findings also suggest that the mMRC reflects breathlessness now in daily life better than previously
thought. This could be important for clinical care and more studies using real life data are needed.

There was a tendency for lower breathlessness now levels in the later afternoon and evening, which is in
accord with previous reports. This is probably explained by higher activity in the morning and lower levels
of activity as the day progress. Nighttime symptoms were generally lower than the daytime symptoms but
still present. However, the nighttime symptoms are assessed using a recall (for obvious reasons), limiting
any comparisons with the daytime ratings.

Implications of these findings include that potential medications targeting breathlessness would need to be
long-acting in order to reduce symptoms in the morning hours. The role of fast-acting agents to help
facilitate activity in people with persisting breathlessness is still being explored. The findings also add to
the understanding of the connection between ratings of breathlessness and lived experience, which is
critical for improving healthcare communication and patient-centredness.

Strengths of this study include the large number of measurements recorded using a new and reliable
method which allows for immediate assessment of breathlessness now throughout everyday life.
Limitations include the fact that activity was not objectively measured but self-reported although intra-rater
reliability was good.

In conclusion, our study shows levels of breathlessness now have relatively low chrono-variability in daily
life, with a gradual decline throughout the day after a morning peak. People who were inactive, and those
with more intense breathlessness limiting their exertion had higher levels of breathlessness now.
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