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ABSTRACT

Introduction Breathlessness is common in the
population, especially in women and associated with
adverse health outcomes. Obesity (body mass index
(BMI) >30kg/m?) is rapidly increasing globally and its
impact on breathlessness is unclear.

Methods This population-based study aimed primarily
to evaluate the association of current BMI and self-
reported change in BMI since age 20 with breathlessness
(modified Research Council score 1) in the middle-aged
population. Secondary aims were to evaluate factors that
contribute to breathlessness in obesity, including the
interaction with spirometric lung volume and sex.
Results We included 13437 individuals; mean age
57.5 years; 52.5% women; mean BMI 26.8 (SD 4.3);
mean BMI increase since age 20 was 5.0 kg/m? and
1283 (9.6%) reported breathlessness. Obesity was
strongly associated with increased breathlessness, OR
3.54(95% Cl, 3.03 to 4.13) independent of age, sex,
smoking, airflow obstruction, exercise level and the
presence of comorbidities. The association between

BMI and breathlessness was modified by lung volume;
the increase in breathlessness prevalence with higher
BMI was steeper for individuals with lower forced vital
capacity (FVC). The higher breathlessness prevalence in
obese women than men (27.4% vs 12.5%; p<0.001)
was related to their lower FVC. Irrespective of current
BMI and confounders, individuals who had increased in
BMI since age 20 had more breathlessness.

Conclusion Breathlessness is independently associated
with obesity and with weight gain in adult life, and the
association is stronger for individuals with lower lung
volumes.

INTRODUCTION

Breathlessness related to daily activities affects
15%-45% of middle-aged people in the popula-
tion and is associated with major adverse health
outcomes.™ Breathlessness during daily life is
markedly more common in women than men, both
among healthy and in people with chronic obstruc-
tive pulmonary disease (COPD). This sex-related
difference was recently related to the lower absolute

What is the key question?

» Do people with higher current body mass index
(BMI) or who have increased in BMI since age
20 suffer from more breathlessness in their
daily life, and which factors contribute to this
increased risk?

What is the bottom line?

» Both higher BMI and increase in BMI since age
20 were independently and strongly associated
with increased breathlessness, and the adverse
effect was stronger for individuals with lower
lung volumes.

Why read on?

» Obesity and breathlessness are increasing
problems globally, and this is a large national
population-based study that provides novel
knowledge on the relation between obesity and
breathlessness including differences between
men and women.

lung volumes in women.' > ¢ There is a need to
further identify factors that influence the sensation
of breathlessness.

Obesity prevalence has increased steeply in
recent decades.” In 2016, over 650 million adults
were obese, defined as having a body mass index
(BMI) >30kg/m? according to the WHO.” ® The
majority of adults in the USA are now overweight
or obese.” Obesity is associated with negative
health effects, including increased comorbidity and
healthcare utilisation, mainly related to the meta-
bolic syndrome and cardiovascular disease,” '° heart
failure,'" sleep problems,'* impaired physical and
mental health-related quality of life'* and increased
mortality.*

Obesity is associated with markedly increased
prevalence and severity of activity-related breath-
lessness in the community.! > 10 5717 People with
obesity have a 3.6-fold increased risk of breathless-
ness independent of age, sex, ethnicity and level of
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airflow obstruction.'® In one study, 80% of obese adults reported
breathlessness after climbing two flights of stairs compared with
16% of non-obese controls."’ An association between higher
BMI and increased activity-related breathlessness, measured
using the modified Medical Research Council (mMRC) breath-
lessness scale,'” 2 is reported across countries and regions.' 3718

Knowledge on the link between obesity and breathlessness in
the general population is limited. No study has evaluated the
relation between prior change in BMI over time and current
breathlessness. Regardless of BMI, weight gain is an independent
risk factor for other subjective symptoms such as insomnia and
daytime sleepiness.'”> Whether other markers of central obesity,
such as waist circumference, are more strongly related to breath-
lessness than BMI has not been evaluated. It is also unknown to
what extent the association between obesity and breathlessness is
mediated by related changes in other key factors such as comor-
bidities and reduced lung volumes.

The primary aim of this study was to evaluate the associa-
tion of obesity indicators: BMI, change in BMI since age 20 and
central obesity, with activity-related breathlessness in the middle-
aged general population. Secondary aims were to (1) compare
the accuracy of associations between different obesity indicators;
(2) evaluate to what extent the associations are due to poten-
tial confounders including comorbidities and to (3) untangle the
interplay of obesity, comorbidities and reduced spirometric lung
volumes in relation to breathlessness in men and women.

METHODS

Study design and population

This was a cross-sectional analysis of the population-based
Swedish CArdioPulmonary biolmage Study (SCAPIS).>! SCAPIS
is a collaborative research project between six Swedish univer-
sities (Gothenburg, Linképing, Malmé/Lund, Stockholm, Umed
and Uppsala). The overall goal of SCAPIS is to characterise,
in terms of phenotype and environmental and socio-economic
influences, a Swedish cohort of 30 000 men and women aged
50-64 years, to obtain novel information that is relevant in
today's environment to identify and treat individuals with
cardiopulmonary and metabolic diseases and to optimise the
ability to investigate disease mechanisms.”' Participants were
randomly selected from the Swedish population register, and the
participation rate was around 50%. The present analysis is based
on data from the SCAPIS cohort included between November
2013 and December 2016.

Exclusion criteria in the present study were inability to walk
due to other reasons than breathlessness and missing data on
self-reported breathlessness or any of the evaluated study
variables.

Assessments

Self-reported questionnaire data included mMRC, weight at
age 20, smoking status, pack-years of smoking (number of ciga-
rettes/20/day Xyears of smoking), loss of menses due to meno-
paus, doctor’s diagnoses of hypertension, diabetes mellitus,
asthma, COPD, sleep apnoea, ischaemic heart disease (previous
myocardial infarction and/or angina pectoris), heart failure,
atrial fibrillation/flutter and stroke. Heart disease was defined as
the presence of any of ischaemic heart disease, heart failure or
atrial fibrillation/flutter.

Frequency of anxiety was assessed by a 5-point score
adapted from Rosengren et al, and scores 4-5 were used to
define anxiety.”” ** Depression was assessed by asking whether,
during the past 12 months, the participant had felt sad, blue or

depressed for 2 weeks or more in a row, and if yes, graded by a
set of seven yes/no questions—lose interest in things, feel tired or
low on energy, gain or lose weight, trouble falling asleep, trouble
concentrating, think of death, feeling worthless, of which five
or more positive responses were defined as clinical depression.”®

The participants’ level of physical exercise during leisure time
was analysed by four questions adopted from the Public Health
Agency of Sweden.”* Based on the responses, participants were
categorised as having a high (regular hard exercise >30 min, >3
times/week), medium (exercise such as walking or cycling for
at least 4hours per week) or low (spending most leisure time
at sedentary activities with light physical exercise <2hours per
week) level of physical exercise.

Height, weight, waist and hip circumference were measured
at the test centres. Current BMI was calculated as weight (kg)/
height(m)®. BMI at age 20 was calculated using the participant
recalled weight at age 20 and the current height (recalled height
was not obtained). The waist-hip ratio (WHR) was calculated
and a high WHR was defined according to the WHO criteria as
>0.9 for men and >0.85 for women.”

Dynamic spirometry (forced expiratory volume in one second
(FEV,) and forced vital capacity (FVC)) and carbon monoxide
(CO) uptake (diffusionlung capacity for CO (DL_.)) were
performed with a Vyaire (Mettawa, IL, USA). Spirometry was
carried out at least 15 min after inhalation of 400 pg of salbu-
tamol, using a nose clamp and with the subject in the sitting posi-
tion. CO uptake was determined using the single breath method.
All procedures were performed according to American Thoracic
Society (ATS)/European Respiratory Society (ERS) standards.?® %’
Predicted spirometry values and z-scores were calculated using
the Global Lung Function Initiative 2012 reference values.*® %’

Statistical analyses

Characteristics were summarised using mean with SD and
median with range or IQR for continuous variables with normal
and skewed distribution, respectively. Categorical variables were
expressed as frequencies and percentages. Characteristics were
tabulated for individuals included and excluded from the anal-
ysis, separately.

Outcome was activity-related breathlessness defined as a
mMRC breathlessness score =1.7 mMRC is reliable, valid
and the most commonly used scale for categorising the func-
tional impact and disability from breathlessness in daily life,” 3
including in people with obesity.”® A single cut-off was used for
simplicity, as ordinal analysis using all 0-4 mMRC categories
yielded similar findings.

Obesity indicators of interest were as follows: (1) measured
current BMI categorised as <20, 20 to <25, 25 to <30 and
>30kg/m?%; (2) absolute change in BMI since age 20; (3) mean
change per year in BMI since age 20; (4) measured waist circum-
ference (cm); (5) central obesity defined as a waist circumference
>102cm for men and >88 cm for women.”

The associations between each obesity indicator and breath-
lessness were analysed using multivariable logistic regression.
All models accounted for clustering by centre (n=6). Associa-
tions were expressed as ORs with 95% CIs. Robustness of the
logistic models was supported by that analysis using ordinal and
multinominal logistic regression yielded similar findings. Model
fit evaluated using Hosmer Lemeshow’s test was good for the
models (p>0.11) but was lower (p=0.04) for central obesity.

Covariates were selected for inclusion in the regression models
based on subject matter knowledge.' > '® ' Evaluated potential
confounders were age, sex, waist circumference, WHR, level
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of airflow limitation (FEV /FVC z-score), FVC z-score, DL,
self-reported presence of physician-diagnosed hypertension,
diabetes mellitus, heart disease, pack-years of smoking, current
smoking (with missing as separate category), anxiety, depression,
menopause (in women) and level of physical exercise. Relations
between study variables and the minimal required set of vari-
ables to adjust were evaluated using a directed acyclical graph (
www.dagitty.net) shown in figure S1 in the online supplement.
Covariates in the final adjusted models were age, sex, current
smoking, FEV /FVC z-score, asthma, hypertension, heart failure,
anxiety, depression and level of physical exercise. Lung function
was evaluated as FVC and not DL _, based on a previous analysis
that the relation between DL and the sex difference in breath-
lessness was mainly related to women’s lower lung volumes
(measured using FVC).®

The shape of the association between each obesity indicator
and breathlessness was evaluated visually using box plots and
splines for correct specification of the variables in the models.
No data were imputed. The accuracy of the associations between
obesity indicators and breathlessness was compared using the
area under the curve (AUC) of each model, crude and adjusted
for confounders.

The influence of spirometric lung volumes was evaluated
by comparing the estimate for the obesity indicators in fully
adjusted models with and without FVC in absolute value and
z-score (deviation from the predicted normal), respectively.
Whether associations between current BMI and breathlessness
differed between men and women, by the BMI at age 20 and
by FVC, was tested by adding interaction terms separately in
the fully adjusted model. Interaction was evaluated using like-
lihood ratio tests. Associations with the breathlessness prob-
ability were plotted as the marginal effects from the models
using the command ‘marginsplot’ in Stata. All the analyses
were conducted using Stata V.14.2 (StataCorp LP; College
Station, TX, USA, 2016). Statistical significance was defined as
a two-sided p<0.05.

RESULTS

After excluding those with inability to walk due to other reason
than breathlessness (n=144) and missing data on self-reported
breathlessness or any of the evaluated study variables (n=2373),
13437 individuals were included in the analysis.

Compared with the included participants, excluded individ-
uals reported more breathlessness, had slightly higher BMI, more
previous and current smoking and slightly more comorbidities
(Table S1 in the online supplement). Characteristics of included
individuals are shown in table 1; mean age was 57.5 (SD 4.3);
52.5% women; mean current BMI was 26.8 (SD 4.3); mean BMI
at age 20 was 21.9 (SD 2.7) and 9.6% reported breathlessness
(mMRC =1).

Individuals with breathlessness were more likely to be women
(67% vs 51%), had similar BMI at age 20 as compared with
people without breathlessness but had higher current BMI and
more central obesity, higher smoking exposure, more comorbid-
ities, less physical exercise and lower spirometric lung function
than individuals without breathlessness (table 1). The current
BMI stratified by BMI at age 20 is shown in Table S2 in the
online supplement. Generally, the BMI had increased over time.
Among individuals with a normal BMI at age 20, 48% had
become overweight and 19% obese. Among obese individuals,
women had markedly more breathlessness than men (27.4% vs
12.5%; p<0.001).

Respiratory research

Table 1 Characteristics of participants
Without With
breathlessness breathlessness
Characteristic All (mMRC=0) (mMRC =1)
N 13437 12154 (90.4%) 1283 (9.6%)
Age, mean (SD) 57.5(4.3) 57.4 (4.3) 58.2 (4.3)
Women 7052 (52.5%) 6189 (50.9%) 863 (67.3%)
mMRC breathlessness score
0 12154 (90.5%) 12154 (100.0%) 0(0.0%)
1 725 (5.4%) 0(0.0%) 725 (56.5%)
2 444 (3.3%) 0(0.0%) 444 (34.6%)
3 62 (0.5%) 0(0.0%) 62 (4.8%)
4 52 (0.4%) 0 (0.0%) 52 (4.1%)
Current BMI, kg/m?
<20 336 (2.5%) 306 (2.5%) 30 (2.3%)
20 to <25 4675 (34.8%) 4423 (36.4%) 252 (19.6%)

(
25 to <30 5697 (42.4%)
=30 2729 (20.3%)

Current BMI, mean (SD) 26.8 (4.3)
BMI at age 20, mean (SD) 21.9(2.7)
BMI change since age 20, mean 4.95 (3.89)
(SD)

BMI change/year since age 20, 0.13(0.11)

mean (SD)

Central obesity, N (%) 5595 (41.6%)

Waist circumference, mean (SD) 94.0 (12.7)
WHR, mean (SD) 0.92 (0.09)
WHR high 9483 (70.6%)
FEV,, mean (SD) 3.26 (0.76)
FEV, % of predicted, mean (SD) 102.1(13.9)
FVC, mean (SD) 4.19 (0.98)
FVC % of predicted, mean (SD) 102.6 (12.9)
FEV,/FVC, mean (SD) 0.78 (0.06)
FEV /FVC % of predicted, mean 99.2 (8.1)
(SD)

DL, mean (SD) 8.54 (1.95)
Current smoker 1784 (13.3%)
Pack-years of smoking, mean 12.0 (24.0)
(SD)

Hypertension 2917 (21.7%)
Diabetes mellitus 513 (3.8%)
Ischaemic heart disease 360 (2.7%)
Heart failure 165 (1.2%)
Atrial fibrillation/flutter 244 (1.8%)
Heart disease 699 (5.2%)
Asthma 982 (7.3%)
COPD 171 (1.3%)
0SA 544 (4.0%)
Stroke 175 (1.3%)
Anxiety 2780 (20.7%)
Depression 1998 (14.9%)

Level of physical exercise
Low 1578 (11.7%)
Medium 6360 (47.3%)

( (
5240 (43.1%) 457 (35.6%)

2185 (18.%) 544 (42.4%)
26.5 (4.1) 29.4 (5.5)
21.9(2.6) 21.8 (3.0)

4.7(3.7) 7.6 (4.9)
0.13(0.10) 0.20(0.13)

4731 (38.9%) 864 (67.3%)
93.4(12.5) 99.6 (13.8)

0.91 (0.09) 0.93 (0.09)

8479 (69.8%) 1004 (78.3%)

3.31(0.75) 2.77 (0.71)
102.9 (13.3) 94.2 (16.8)
4.24(0.97) 3.66 (0.89)
103.1 (12.6) 97.6 (14.0)
0.78 (0.06) 0.76 (0.09)
99.5 (7.7) 96.0 (11.1)
8.66 (1.93) 7.37(1.73)

1489 (12.3%) 295 (23.0%)
10.8 (22.0) 23.3 (36.1)

2495 (20.5%) 422 (32.9%)

408 (3.4%) 105 (8.2%)
283 (2.3%) 77 (6.0%)
118 (1.0%) 47 (3.7%)
197 (1.6%) 47 (3.7%)
549 (4.5%) 150 (11.7%)
776 (6.4%) 206 (16.1%)
87 (0.7%) 84 (6.5%)
454 (3.7%) 90 (7.0%)
142 (1.2%) 33 (2.6%)

2313(19.0%) 467 (36.4%)

1570 (12.9%) 428 (33.4%)

1189 (9.8%) 389 (30.3%)

5668 (46.6%) 692 (53.9%)

Continued
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Table 1 Continued

Without With
breathlessness breathlessness
Characteristic Al (mMRC=0) (mMRC =1)

High 5499 (40.9%) 5297 (43.6%) 202 (15.7%)

Heart disease was defined as the presence of any of ischaemic heart disease, heart failure or
atrial fibrillation/flutter. Central obesity was defined as a waist circumference >102 cm for
men and >88 cm for women.

COPD, chronic obstructive pulmonary disease; DL, diffusion lung capacity for carbon
monoxide; FEV,, forced expired volume in one second; FVC, forced vital capacity; OSA,
obstructive sleep apneas; WHR, waist-hip ratio.

Current BMI was associated with activity-related breathless-
ness, in an expected U-shaped relationship (table 2). Associa-
tions with breathlessness were also seen for the other obesity
indicators.

The accuracy of the associations with breathlessness (measured
using AUC) was similar for the different obesity indicators in
the models, which correctly classified the presence of breath-
lessness in 63.1%-69.4% of individuals (AUC range: 0.631—
0.694) (table 2). The predictive power of the models increased
when adjusting for confounders, with no substantial differences
between the obesity indicators. The associations between obesity
(for the different indicators) and breathlessness decreased
only slightly and remained highly statistically significant when
controlling for differences in FVC (both absolute value and % of
predicted) (table 2).

Adjusting for potential confounders (age, sex, current
smoking, FEV /FVC z-score, asthma, hypertension, heart failure,
anxiety, depression and level of physical exercise), the associa-
tions between the obesity indicators and breathlessness remained
largely unchanged (table 2). The same was true also when adding
FVC (absolute value or % of predicted) to the model, indicating

% with breathlessness - —_—
(mMRC>1)

/ Current BMI 2 30

.’ / Current BMI 25 to <30

/ Current BMI 20 to <25

BMI at 20y < 20

BMI at 20 20y to T / Current BMI < 20
<25 BMI at 20y 25 to

BMI at 20> 30

Figure 1 Prevalence of breathlessness stratified by current BMI and
BMI at age 20. Breathlessness is defined as a mMRC breathlessness
score >1. Groups with at least 100 people are shown. BMI, body mass
index; mMRC, modified Medical Research Council.

that only a minor part of the associations between obesity and
breathlessness was mediated through a reduction in FVC.
Irrespective of the current BMI, a larger increase in BMI
since age 20 was associated with higher breathlessness preva-
lence (figure 1). Current BMI and change in BMI since age 20
were independently associated with breathlessness when anal-
ysed separately (table 2). In addition, both factors were inde-
pendently associated with breathlessness when adjusting for
confounders and each other; for current BMI<20 (OR 1.62,
95% CI: 0.95-2.76); BMI 25 to <30 (OR 1.14; 95% CI: 1.04-
1.26) and BMI=30 (OR 1.67; 95% CI: 1.38-2.02) compared
with the reference BMI of 20 to <2§; and for change in BMI
since age 20, adjusted OR 1.10 (95% CI, 1.09 to 1.11). There

Table 2  Associations of obesity factors with breathlessness

OR for having breathlessness (MMRC =1) with 95% Cls

Obesity indicator (each analysed separately) Crude Adjusted for confounders but not FVC Adjusted for confounders and FVC
Current BMI

<20 1.72 (1.08 t0 2.73) 1.24(0.69 t0 2.23) 1.18 (0.62 to 2.24)

20 to <25 1.00 1.00 1.00

25t0 <30 1.53(1.36t0 1.72) 1.54 (1.43 0 1.66) 1.47 (1.35 to 1.60)

>30 437 (3.70 t0 5.16) 3.54 (3.03 t0 4.13) 3.07 (2.62 to 3.61)

AUC for model (with all categories) 0.647 0.805 0.816

BMI change since age 20
Estimate per one unit (kg/m?) increase since age 20
AUC for model
BMI changelyear since age 20
Estimate per 1 SD/year increase in BMI since age 20
AUC for model
Waist circumference (current)
Estimate per 1cm increase
AUC for model
Central obesity (current)
Estimate compared with without central obesity
AUC for model

1.18 (1.17 t0 1.20)
0.694

1.83 (1.73 t0 1.94)
0.685

1.04 (1.03 to 1.04)
0.631

3.24 (2.65 to 3.95)
0.642

1.14 (1.12 t0 1.15)
0.810

1.64 (1.56 to 1.74)
0.810

1.04 (1.04 to 1.04)
0.806

2.18(1.75 10 2.72)
0.799

112 (1.1 t0 1.13)
0.821

1.56 (1.48 to 1.63)
0.820

1.04 (1.03 to 1.04)
0.819

2.12 (1.71 t0 2.62)
0.813

Associations between obesity factors and breathlessness. Each obesity factor was analysed separately. Covariates in the adjusted models were age, sex, current smoking, FEV./
FVC z-score, asthma, hypertension, heart failure, anxiety, depression and level of physical exercise. Models with additional adjustment for absolute FVC were evaluated.
AUC, area under the curve; FEV, forced expired volume in one second; FVC, forced vital capacity; mMRC, modified Medical Research Council.
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Figure 2 BMI and predicted probability of breathlessness (mMMRC
>1) in middle-aged men (n=6385) and women (n=7052). The models
are adjusted for age, current smoking, asthma, hypertension, heart
failure, anxiety, depression, level of physical exercise, airflow limitation
(FEV,/FVC z-score); with (A) additional adjustment for lung function
impairment (FVC z-score). In this model, the association between
higher BMI and breathlessness was steeper in women (p<0.0001);

(B) after adjustment for absolute spirometric lung volume (absolute
FVC instead of z-score), the shape of the association between BMI
and breathlessness differed between the sexes (p=0.027), but the
probability of breathlessness in obese men and women was similar.
BMI, body mass index; FEV, forced expired volume in one second; FVC,
forced vital capacity; mMRC, modified Medical Research Council.

was no evidence of an effect modification between current BMI
and change in BMI since age 20 (p=0.51 for interaction). Indi-
viduals who had decreased more than one unit in BMI since age
20 (n=350; 2.6%) showed a trend of increased breathlessness
(OR 2.04; 95%CI, 1.51 to 2.76) compared with people who
had remained stable in weight (BMI within 1 unit of the value at
age 20), but a decrease in BMI was not associated with breath-
lessness in the multivariable analysis, adjusted OR 1.14 (95%
CI: 0.83-1.56). Individuals who had increased in BMI since age
20 had higher current waist circumference, more central obesity,
and were more inactive (Table S3 in the online supplement).
Compared with men, women had a markedly steeper increase
in breathlessness prevalence with higher BMI (p<0.0001
for interaction; figure 2). The difference was independent of
confounders and adjustment for lung function impairment (FVC
% of predicted). Associations between BMI and breathlessness
are shown for men and women separately in Table S4 in the
online supplement. There was evidence of effect modification
between BMI and absolute FVC (p<0.0001 for interaction),

Probability of breathlessness (mMRC21)
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Figure 3 The predicted probability of breathlessness (nMRC =1) by
current BMI and quartiles of absolute FVC. Lower quartiles correspond
to lower absolute FVC. The model is adjusted for age, sex, current
smoking, level of airflow limitation (FEV,/FVC z-score), asthma,
hypertension, heart failure, anxiety, depression and level of physical
exercise. In obesity, the increase in breathlessness was higher in people
with smaller absolute FVC (p for interaction <0.0001). BMI, body mass
index; FEV, forced expired volume in one second; FVC, forced vital
capacity; mMRC, modified Medical Research Council.

with a steeper increase in breathlessness prevalence with higher
current BMI in people with smaller spirometric lung volumes
compared with in people with large lung volumes (figure 3).
When comparing individuals with the same absolute FVC, the
probability of breathlessness among obese was similar in men
and women (figure 2). Findings were similar when not adjusting
for level of physical exercise or FEV /FVC in the models.

DISCUSSION

The main findings were that in a middle-aged population, the
prevalence of activity-related breathlessness was higher in rela-
tion to a range of obesity indicators; current BMI, change in
BMI since age 20 and the presence of central obesity based
on waist circumference. The accuracy of the associations was
similar across the different obesity indicators. Irrespective of
current BMI, individuals who had increased in BMI since age
20 had markedly more breathlessness. The associations between
obesity and breathlessness remained strong after accounting for
potential confounders including comorbidities and spirometric
lung volumes (FVC). However, there was an interaction between
BMI and FVC; the probability of breathlessness increased more
steeply with higher BMI in people with lower absolute FVC. The
higher breathlessness prevalence in obese women (compared
with obese men) was related to their lower absolute FVC.

This is, to the authors’ knowledge, the first large popula-
tion-based study evaluating the association between obesity and
breathlessness employing physiological data including lung func-
tion. A novel finding is that, irrespective of current BMI, indi-
viduals who increased in BMI since age 20 reported markedly
more breathlessness, which was independent of the confounders.
Similar findings have been reported for weight gain and increase
in sleep problems.'* While the present analysis was adjusted for
available data on level of physical exercise, the association with
gain in BMI, independent of current BMI, could reflect increased
breathlessness related to life style changes, including decreased
physical activity with deconditioning.
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Central obesity, both defined using the WHO cut-off or waist
circumference as a continuous variable, had similar predictive
accuracy for breathlessness, and the association was of similar
magnitude and accuracy as for categories of BMI. Unfortunately,
data on waist circumference at age 20 were not available, where-
fore changes in central obesity over time could not be analysed.
Another limitation is that using BMI to define obesity does
not account for the distribution of lean and fat mass. Men and
women with a rapid gain in BMI at late childhood (in contrast
to early childhood) are reported to have a higher fat mass index
also when elderly.®' A gain in fat mass might affect breathlessness
differently than a similar gain in lean mass. Hence, the associa-
tion between previous changes in BMI and breathlessness could
be related to an increase in fat mass in relation to lean mass, a
hypothesis that remains to be evaluated in future research.

The higher prevalence of breathlessness in overweight and
obese individuals does not seem to be explained by a higher
prevalence of comorbidities in this population. A novel finding
is that only a small part of the association between BMI and
breathlessness seemed to be mediated through a decrease in
FVC. This finding is in line with the previous suggestions
that obesity increases breathlessness largely through the extra
work load (directly related to the extra weight) and increased
respiratory demand during activities of daily life.>>5 Further-
more, laboratory studies suggest that obesity is associated with
increased ventilatory drive and exertional breathlessness related
to enhanced work load and increased energy cost of breathing
due to the weight."” **?” The present study extends these find-
ings to breathlessness experienced during daily life in the middle-
aged general population.

Interestingly, higher BMI was associated with an exponential
increase in breathlessness prevalence, with a markedly steeper
increase among people with smaller spirometric lung volumes.
In line with this, there was a steeper rise in breathlessness with
increasing BMI in women, which was at least partly related to
by their lower absolute FVC. This indicates that individuals with
smaller lung volumes are more vulnerable to develop breath-
lessness in relation to factors that increase the demand/capacity
ratio of the respiratory system, such as obesity. When accounting
for the absolute FVC, the change in breathlessness in relation to
BMI became more similar for men and women.

Strengths of the present study include the large, popula-
tion-based sample with data on relevant confounders and
standardised physiologic measurements, including BMI, waist
circumference and spirometry. The findings pertain to indi-
viduals in the general population, aged 50-64 years. Due to
the cross-sectional design, estimates should be interpreted as
associations and causality cannot be inferred. BMI at age 20
was calculated using self-recalled weight and current height
(as height at age 20 was unavailable), and could therefore be
affected by recall bias and did not account for changes in height
between age 20 and the assessment at (age: 50-64 years).
However, people have been reported to be able to accurately
recall body weight after 28 years.*® Data on weight for specific
years since age 20 were not available, and the impact of weight
fluctuations should be evaluated in further research. The pres-
ence of comorbidities was mostly based on self-report and
large-scale studies of physiological measurements including
of heart function are needed. Measurements of static lung
volumes (including the functional residual capacity) or during
standardised exercise test were unavailable, and are relatively
unfeasible in large population studies. Findings in relation to
BMI and breathlessness were consistent with a previous anal-
ysis using static lung volumes.®

For the clinician, the present findings put forward the impor-
tance of evaluating breathlessness in obesity. Obesity is a prevent-
able and treatable condition and obesity-related breathlessness
can be relieved by exercise training’ and weight reduction,**
including bariatric surgery* *' in selected patients with severe
obesity. Individuals with smaller lung volumes constitute a risk
group for developing breathlessness in relation to obesity or
other factors that increase the demand or decrease the capacity
ratio of the respiratory system.
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