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Abstract

Background: Dyspnoea is a common symptom of respiratory disease. However, data on its preva-

lence in general populations and its association with lung function are limited and are mainly

from high-income countries. The aims of this study were to estimate the prevalence of dyspnoea

across several world regions, and to investigate the association of dyspnoea with lung function.

Methods: Dyspnoea was assessed, and lung function measured in 25,806 adult participants of the

multinational Burden of Obstructive Lung Disease study. Dyspnoea was defined as �2 on the mod-

ified Medical Research Council (mMRC) dyspnoea scale. The prevalence of dyspnoea was esti-

mated for each of the study sites and compared across countries and world regions.

Multivariable logistic regression was used to assess the association of dyspnoea with lung func-

tion in each site. Results were then pooled using random-effects meta-analysis.

Results: The prevalence of dyspnoea varied widely across sites without a clear geographical pat-

tern. The mean prevalence of dyspnoea was 13.7 % (SD=8.2 %), ranging from 0 % in Mysore (India)

to 28.8 % in Nampicuan-Talugtug (Philippines). Dyspnoea was strongly associated with both spi-

rometry restriction (FVC<LLN: OR 2.07, 95 %CI 1.75�2.45) and spirometry airflow obstruction

(FEV1/FVC<LLN: OR 3.76, 95 %CI 1.04�4.65). These associations did not significantly differ

between sexes, age groups or smoking history. The association of dyspnoea with airflow obstruc-

tion was weaker among obese participants (OR 2.20, 95 %CI 1.61�3.01).

Conclusion: The prevalence of dyspnoea varies substantially across the world and is strongly

associated with lung function impairment. Using the mMRC scale in epidemiological research

should be discussed.

© 2024 Sociedade Portuguesa de Pneumologia. Published by Elsevier España, S.L.U. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).
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Introduction

Dyspnoea is a subjective and discomfortable experience of

breathlessness.1 It is a symptom associated with various car-

diorespiratory diseases2, and is more common among older

people, women, smokers, and both over- and underweight

people.3�5 Dyspnoea may occur acutely in cases of poten-

tially life-threatening conditions, but it often develops over

time as part of a chronic disease.2 It has been shown that

dyspnoea is associated with disease severity, reduced

health-related quality of life and increased mortality.6,7

Despite its clinical importance, there is still a gap in the lit-

erature regarding the burden of dyspnoea in general popula-

tions. Prevalence estimates range from 2 to 32 percent with

increasing prevalence in older age populations.8�12,5,13 How-

ever, these estimates are mainly from Western high-income

countries, and little is known about the worldwide variation

of dyspnoea prevalence and its determinants.

Grønseth et al. investigated the prevalence of dyspnoea

and its association with lung function using data from the

multinational Burden of Obstructive Lung Disease (BOLD)

study in 15 countries.14 They found a strong geographic vari-

ation in dyspnoea prevalence across these countries, most

of which are in Europe and North America. In addition, the

authors found a strong association of dyspnoea with low

forced vital capacity (FVC). This study includes the same 15

study sites as Grønseth et al. and 26 additional sites, from

countries across Africa, Asia, Europe and the Caribbean. The

aims were to estimate the prevalence of dyspnoea across

several world regions, and to improve the understanding of

the association between lung function and dyspnoea.

Methods

Study design

The design of the population-based BOLD study has been

published elsewhere.15 Briefly, adults, aged 40 years or

older, were recruited in 41 sites across 34 countries. Study
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sites used either stratified or simple random sampling or

cluster sampling for recruitment and sample weights were

calculated for each site to improve representation of the

general population. Data collection included age, sex, meas-

urements of height and weight as well as pre- and post-bron-

chodilator spirometry conducted by trained and certified

staff. Questionnaires on dyspnoea, comorbidities and poten-

tial risk factors were used. All questionnaires were trans-

lated in the local languages and administered by adequately

trained field staff. All study sites obtained approval from

their local ethics committee, and all participants provided

informed consent.

Dyspnoea

Dyspnoea was assessed in all participants using the 5-item

modified Medical Research Council (mMRC) dyspnoea

scale16: Grade 0 � breathless only with strenuous exercise;

Grade 1 � breathless when hurrying on level ground or up a

slight hill; Grade 2 � breathless when walking at own pace

on the level; Grade 3 � breathless when walking 100 yards

or for a few minutes; Grade 4 � too breathless to leave the

house or breathless when dressing or undressing. Clinically

relevant dyspnoea was defined as grade 2 or above.

Lung function

Lung function was measured using spirometry (ndd EasyOne

Diagnostic 2001, Zurich, Switzerland). Measurements post

bronchodilation were performed after the inhalation of

200 mg of albuterol/salbutamol. The quality of spirometry

measurements was assessed based on the American Thoracic

Society (ATS) acceptability and reproducibility criteria.17

Spirometric restriction was defined as a post-bronchodilator

forced vital capacity (FVC) below the lower limit of normal

(LLN), and spirometry airflow obstruction as a post-broncho-

dilator forced expiratory volume in one second (FEV1)/FVC

ratio below LLN. The reference equations for Caucasians

from the US National Health and Nutrition Examination Sur-

vey (NHANES) III were used to calculate the LLN.18

Statistical analyses

All analyses were performed using SPSS Statistics version 28

(IBM, Armonk, NY, USA), and significance level was set at

p < 0.05. First, the prevalence estimates for dyspnoea

(mMRC � 2) as well as the prevalence estimates for potential

risk factors for each of the 41 study sites were calculated.

Prevalence of dyspnoea was estimated per site, pooled for

countries with more than one site, and also presented by

gross national income (GNI) per capita based on data from

the World Bank Group.19

To assess the association of dyspnoea with FVC and FEV1/

FVC, logistic regression models adjusted for sex, age,

height, and body mass index (BMI) (underweight, �18 kg/

m2; normal weight, 18.5�24.9 kg/m2; overweight,

25�29.9 kg/m2; obese, 30�34.9 kg/m2; severely obese,

�35 kg/m2) were built. These models also included self-

reported smoking status (ever smokers, never smokers),

whereby an ever smoker was defined as someone who had

smoked >20 packs of cigarettes in a lifetime or >1 cigarette

per day for a year. It also included self-reported

comorbidities: diabetes, cardiovascular disease (CVD,

defined as history of either heart attack or stroke), hyper-

tension, and history of tuberculosis. Each regression model

was run within each study site, and then site estimates were

pooled using random effects meta-analysis. Heterogeneity

across sites was summarised using the I2 statistic. To explore

variation in the association between lung function and dys-

pnoea, stratification of the meta-analysis was conducted by:

1) age group (40 to 59 years, �60 years); 2) sex (males,

females); 3) smoking status (never smokers, ever smokers);

and 4) BMI (normal weight plus overweight; obese plus

severely obese).

Results

Characteristics of participants

A total of 28,604 participants completed the core question-

naire and provided lung function measurements. Of these,

2798 were excluded as they did not complete the questions

on dyspnoea. Therefore, the study population consisted of

25,806 participants. An overview of the participants’ char-

acteristics for each of the 41 study sites can be found in

table S1 of the supplementary material. In general, there

were slightly more females than males. Mean age ranged

from 46.7 years in Mysore (India) to 63.3 years in Lisbon (Por-

tugal). Prevalence of smoking varied substantially from 2.0 %

in Seme-Kpodji (Benin) to 67.8 % in Uitsig and Ravensmead

(South Africa). Underweight was most prevalent in Nampi-

cuan-Talugtug (Philippines) with 20.4 %, while severe obesity

was highest in Riyadh (Saudi Arabia) with 22.0 %. The preva-

lence rates for comorbidities also varied between study

sites. Riyadh in Saudi Arabia had the highest prevalence of

diabetes (29.9 %), while arterial hypertension was highest in

Lexington (KY, USA) with 49.2 %. CVDs were most prevalent

in Tartu (Estonia) with 37.4 %. A history of tuberculosis was

not common, with the highest prevalence found in Uitsig

and Ravensmead (South Africa) with 15.1 %. Spirometry

restriction varied considerably between 8.5 % in Vancouver

(Canada) and 79.5 % in Mysore (India). Spirometry airflow

obstruction ranged from 3.1 % in Riyadh (Saudi Arabia) to

19.0 % in Uitsig and Ravensmead (South Africa).

Prevalence of dyspnoea

Fig. 1 shows the prevalence of dyspnoea for all 34 countries

of the BOLD study, clustered by their GNI per capita. The

prevalence of dyspnoea ranged from 0.0 % in Mysore (India)

to 28.8 % in Nampicuan-Talugtug (Philippines). The mean

prevalence of dyspnoea for all sites combined was 13.7 %

(SD=8.2 %). By country, the lowest prevalence of dyspnoea

was found in Benin and Malawi, whereas South Africa and

Pakistan showed the highest prevalence.

Association of dyspnoea and lung function

Dyspnoea was associated with FVC (per 1 litre) (OR 0.43,

95 % CI 0.36, 0.52; I2 = 52 %) and FEV1/FVC (per 1 %) (OR

0.95, 95 % CI 0.94, 0.95; I2 = 66 %) as shown in Fig. 2. Dys-

pnoea was also strongly associated with both spirometry

restriction (OR 2.07, 95 % CI 1.75, 2.45; I2 = 53 %) and
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Fig. 1 Prevalence of dyspnoea (mMRC�2) across all 34 countries of the BOLD study, by gross national income.

Fig. 2 Association of dyspnoea with FVC (unit= 1litre) (A) and FEV1/FVC ratio (unit= 1 %) (B)

FVC=forced vital capacity, FEV1=forced expiratory volume in one second, LLN=lower limit of normal, OR=odds ratio, CI=confidence

interval.
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spirometric airflow obstruction (OR 3.76, 95 % CI 3.04, 4.65;

I2 = 59 %) as presented in Fig. 3.

These associations were independent of sex, age, height,

smoking history, and BMI. Stratified meta-analyses did not

show any significant sex or age differences in the association

of dyspnoea with lung function parameters. This association

was also not significantly different between ever smokers

and never smokers. The only statistically significant differ-

ence in the association of dyspnoea with lung function was

found between obese and non-obese participants, whereby

the association of dyspnoea with spirometry airflow obstruc-

tion was weaker among obese (OR 2.20, 95 % CI 1.61, 3.01)

than among non-obese (OR 4.03, 95 % CI 3.33, 4.87) (Fig. 3).

Discussion

In this population-based study, the prevalence of dyspnoea

varied widely across several world regions. However, there

was no clear pattern that could explain this variation. The

association of dyspnoea with spirometry restriction was con-

firmed and did not vary due to sex, age, smoking or BMI. The

association of dyspnoea with spirometry airflow obstruction

was similarly unaffected by sex, age, or smoking status.

However, dyspnoea was more strongly associated with spi-

rometry airflow obstruction among normal weight/over-

weight participants.

The most striking finding of our analyses was the wide

variation of dyspnoea prevalence. The mean prevalence was

slightly higher than in previous population-based studies20

which possibly can be explained by the study population

that only included participants of 40 years or older and

therefore not fully reflects the adult general population.

However, the wide range of dyspnoea prevalence (0.0 % to

28.8 %) is surprising. This might be explained by the way dys-

pnoea was assessed. To date, no consensus on how to exam-

ine dyspnoea in a standardised way exists.1 The mMRC scale

used in this study is the most widely used tool in population-

based studies20 but may not validly measure the complex

symptom dyspnoea, as the mMRC scale only measures

breathlessness in relation to physical activity. It has also

been mentioned in previous publications that the reporting

of subjective symptoms is influenced by cultural or linguistic

differences that cannot completely be diminished even by

using a standardised assessment tool.21 However, it has also

been suggested that dichotomising the mMRC scale to define

clinically relevant dyspnoea, might help in reducing some of

this heterogeneity.22 We followed this approach in our study,

which might explain why we reported a prevalence estimate

of 0.0 % in Mysore (India). However, without dichotomising,

the prevalence of dyspnoea including mMRC grade 1 in this

site would have been 0.1 % which still seems very low and

highlights the need for a different way of examining dys-

pnoea. Multidimensional dyspnoea assessment tools like the

Multidimensional Dyspnoea Profile or the Dyspnoea-12 ques-

tionnaire have shown to have better validity in measuring

clinically relevant dyspnoea.23 These tools are currently

mainly used in clinical research but their relevance for epi-

demiological research on dyspnoea should be discussed.

Besides the tool for assessing dyspnoea, other factors

might explain the variation in dyspnoea prevalence. When

analysing the sites with high dyspnoea prevalence (Nampi-

cuan-Talugtug, Philippines; Karachi, Pakistan), no clear pat-

tern regarding potential risk factors could be identified. The

Fig. 3 Association of dyspnoea with spirometric restriction (A) and spirometric airflow obstruction (B)

FVC=forced vital capacity, FEV1=forced expiratory volume in one second, LLN=lower limit of normal, OR=odds ratio, CI=confidence

interval.
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sites with the lowest prevalence estimates for dyspnoea

(Mysore, India; Seme-Kpodji, Benin; Chikwawa, Malawi)

shared a very low prevalence in smoking and cardiovascular

disease. It is therefore reasonable to conclude that smoking

and smoking-related diseases (CVDs, spirometry airflow

obstruction) might be associated with dyspnoea as previ-

ously reported.8 However, in this study, it was not possible

to identify a single independent parameter that can be used

to predict dyspnoea prevalence across all study sites, but

the combination of certain risk factors might explain some

of the dyspnoea prevalence for each site.

As this study includes a wide range of low-, middle- and

high-income countries, it was reasonable to examine

whether geographical variation of dyspnoea prevalence was

related to economic differences. A country’s GNI per capita

might lead to variations in lifestyle-related risk factors for

dyspnoea such as smoking or obesity. We therefore used

data from the World Bank to cluster BOLD study sites based

on GNI per capita. However, no clear association between

gross national income and dyspnoea prevalence could be

established, with some sites in high-income countries (e.g.

Hannover, Germany; Bergen, Norway) showing a very low

prevalence of dyspnoea and others (e.g. Lexington, KY, USA;

Riyadh, Saudi Arabia) showing considerably higher preva-

lence. We therefore did not conduct any further analyses.

The findings suggest that the global variation in dyspnoea

prevalence is not sufficiently explained by economic factors.

Another aim of this study was to assess the association of

dyspnoea with abnormal lung function defined as either

FVC<LLN (spirometry restriction) or FEV1/FVC<LLN (spirom-

etry airflow obstruction). After adjustment for confounders,

dyspnoea was strongly associated with lower lung volumes,

but based on stratified analyses, this association was not sig-

nificantly different between males and females, age groups

or ever smokers and never smokers. Although sex, age, and

smoking are known to be independent risk factors for

dyspnoea,2,24,25 the findings of this study suggest that these

factors do not have an impact on the association between

dyspnoea and lung function. Our results further imply that

obesity modifies the association between dyspnoea and spi-

rometry airflow obstruction, with this association being

weaker amongst obese people. It has been hypothesised

that obesity, to a certain extent, might improve respiratory

mechanics in patients with obstructive lung disease, espe-

cially during exercise, due to a better length-tension-rela-

tionship of the diaphragm.26,27 However, obesity is also

considered an independent risk factor for dyspnoea, espe-

cially in individuals with low FVC.28 This means that although

obesity might positively modify the association of dyspnoea

and airflow obstruction, the beneficial effects on breathless-

ness on exertion might be levelled out by the negative

impact of obesity itself.

We used the NHANES III reference equations for Cauca-

sians to calculate the LLN for all participants in this study,

regardless of their location or ethnicity. This might have led

to very high prevalence estimates for spirometry restriction

in some study sites. However, as association analyses were

conducted within each site and only then meta-analysed, it

is unlikely that our findings would have been different if

local equations had been used. Using ethnic-specific refer-

ence equations for lung function parameters has been chal-

lenged recently.29

Besides some already mentioned limitations such as the

use of the mMRC scale, the reference equations and the par-

ticipants’ age compared to other population-based studies,

this study has also strengths. It is a population-based study

including 41 sites from several world regions. This adds valu-

able information to the understanding of epidemiological

characteristics of dyspnoea. The standardisation of the

BOLD study protocol, including the administration of the

same questionnaires, use of same model of spirometers and

spirometry quality control, is another strength as it allows

for good comparability across sites.

Conclusion

This study shows that dyspnoea prevalence varies substan-

tially across sites, countries, and world regions. No single

predictor explaining this variation in dyspnoea prevalence

could be identified. This study further shows that dyspnoea

is strongly associated with impaired lung function. As the

global variation of dyspnoea could not be fully explained by

this study, further research is needed to investigate predic-

tors for dyspnoea prevalence. This study further highlights

the urgent need for valid tools for dyspnoea assessment in

epidemiological research.
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