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Abstract

Introduction and objectives

Dyspnea is a commonly described symptom in various chronic and acute conditions. Despite
its frequency, relatively little is known about the prevalence and assessment of dyspnea in
general populations. The aims of this review were: 1) to estimate the prevalence of dyspnea
in general adult populations; 2) to identify associated factors; and 3) to identify used methods
for dyspnea assessment.

Methods

A systematic literature search was conducted using MEDLINE/PubMed, Embase, CINAHL and
JAMA network. Records were screened by two independent reviewers and quality was
assessed by using the Joanna Briggs Institute checklist for risk of bias in prevalence studies.
Multi-level meta-analysis was performed to estimate pooled prevalence. The protocol was
registered on PROSPERO (CRD42021275499).

Results

Twenty original articles, all from studies in high-income countries, met the criteria for
inclusion. Overall, their quality was good. Pooled prevalence of dyspnea in general adult
populations based on 11 studies was 10% (95% Cl 7, 15), but heterogeneity across studies was
high. The most frequently reported risk factors were increasing age, female sex, higher BMI
and respiratory or cardiac disease. The MRC, or the modified MRC, scale was the most used
tool to assess dyspnea in general populations.

Conclusions

Dyspnea is a common symptom in adults in high-income countries. However, the high
heterogeneity across studies and the lack of data from low- and middle-income countries
limit the generalizability of our findings. Therefore, more research is needed to unveil the
prevalence of dyspnea and its main risk factors in general populations around the world.

Word count abstract: 253 words




Introduction

Dyspnea is a subjective and discomforting experience where a person feels an increased
respiratory effort. 1 Other terms frequently used instead of dyspnea are breathlessness and
shortness of breath. Dyspnea is a common symptom of a broad range of diseases. 2l Often,
dyspnea can be explained by chronic cardiorespiratory disease, such as COPD, asthma, or
chronic heart failure. It can also be associated with acute conditions such as myocardial
infarction, pulmonary embolism, or pneumonia. 3! Chronic breathlessness is related to a
reduction in both physical and mental quality of life and thereby seems to contribute to an
increased burden of disease. [ It is also one of the most frequent reasons for admission to
hospitals and emergency departments and is linked to increased mortality. > ® In addition, it
has been shown that dyspnea can affect activities of daily life leading to higher-level care
dependency. "]

Despite this clinical importance, little is known about the prevalence of dyspnea among the
general adult population. Van Mourik et al. conducted a systematic review to investigate the
prevalence of dyspnea among people above the age of 65 years. They included 20 population-
based studies and reported a pooled prevalence of 36% (95% confidence interval [Cl]: 27, 47).
81 The studies they included used the modified Medical Research Council (MMRC) scale to
identify dyspnea. The 5-item MRC scale uses everyday situations to quantify the severity of
dyspnea, ranging from 1 (“breathlessness only on strenuous exercise”) to 5 (“too breathless
to leave the house, breathless when dressing/undressing”). The mMRC scale as a modified
version uses the same items, but with a grading from 0 to 4 with O (“breathlessness only on
strenuous exercise”) being considered as normal. In a large prospective study, Mockel et al.
found out that of all patients presenting at the emergency department, 7.4% do so because
of dyspnea. Heart failure and obstructive lung disease were the most frequently reported
underlying conditions in this group. ! They also identified an in-hospital mortality of 9.4%
among patients with dyspnea presenting at the emergency department. Knowing the
prevalence of dyspnea and its associated factors is important, as it has been shown to be an
early predictor of disease progression and mortality and can therefore guide therapeutic
decision-making. 1% 1 This may help to improve effective management of underlying
conditions.

Currently, there is no gold standard method for the assessment of dyspnea. ¥ Various
guestionnaires exist to measure dyspnea, including short-term intensity tools and situational
measures. 121 However, most of these questionnaires were designed for specific cohorts of
patients (e.g. COPD, chronic heart failure). For the understanding of dyspnea prevalence,
insight in the methods used to assess dyspnea is paramount.

The aims of this review were: to determine the prevalence of dyspnea in the general adult
population; to identify factors associated with dyspnea; and to study commonly used methods
for dyspnea assessment. We hypothesized in advance that the prevalence of dyspnea is lower
in the general adult population than the prevalence found among older people (36%).

Methods
The protocol for this systematic review has been previously registered on PROSPERO (protocol
nr.. CRD42021275499). The PRISMA reporting guideline was followed to prepare the
manuscript.



Search strategy and selection process

We conducted a systematic literature search using the databases MEDLINE/PubMed, Embase,
CINAHL, and JAMA Network. Databases were searched from database inception to June 1,
2022. Search terms used were “dyspnea”, “breathlessness”, “shortness of breath”,
“prevalence”, “frequency”, “epidemiology” and “general population”. Medical subject
headings (MeSH) “dyspnea” and “prevalence” were used in PubMed.

All study types, except review articles and case studies, were included. Studies focusing on
pediatric populations (<18 years) or populations with specific diseases were excluded to
reflect the general adult population. Publications not reporting the prevalence of dyspnea
were also excluded. Records were screened by two independent reviewers (AM and TM)
based on title and abstract. The same strategy was used for full text analyses. In cases of
disagreement, a third reviewer (DJ or EW) was consulted. A complete overview of the
literature search strategy and the study selection process can be found in the supplementary
material. (supplementary material, S1-S5)

Quality assessment

The quality of studies was assessed independently by two reviewers (AM and TM). The Joanna
Briggs Institute (JBI) Checklist for Prevalence Studies was used to evaluate risk of bias in
publications. 13! In cases of disagreement, a third reviewer (DJ or EW) was included in the
discussion. The JBI checklist comprises nine items. No cut-off values based on the JBI checklist
were defined for study inclusion.

Data extraction

Data extraction forms were created using Microsoft Excel. Both reviewers (AM and TM)
extracted data independently. Data were compared to check agreement. In cases of
disagreement a third reviewer (DJ or EW) was included. Data was then summarized in one
form by the first reviewer (AM) and re-checked by the second reviewer (TM). Data extracted
included study design, country, characteristics of the study population (age, sex) prevalence
of dyspnea as well as definition of dyspnea and method used for assessment.

Data synthesis

Random-effects meta-analysis was performed for dyspnea prevalence only. No other
outcomes were considered for meta-analysis as the reporting of associated factors differed
substantially across studies. The pooled prevalence estimate for dyspnea was calculated by
using total sample size and number of cases. For studies where no absolute counts were
reported, case numbers were calculated using percentages and total sample size. The pooled
prevalence estimate was reported as proportion and 95% confidence interval. Multi-level
analysis was used to account for similarities and potential overlap in samples. All analyses
were performed using R (version 4.2.2) and R studio (version 2022.07.0, R Foundation).

Results

Results of literature search

Of the 711 records found, 68 were considered for full text analysis. Of these 68 studies, 20
were included in the systematic review. In cases where the full text was not available, authors
were contacted to get access. An overview of the selection process is shown in Figure 1.



Additional information on the reasons of exclusion for each study can be found in the
supplementary material (supplementary material, S6).

Study characteristics

Table 1 gives an overview of study characteristics. The study design was mainly cross-
sectional, with only 3 studies [** 23321 ysing a longitudinal approach. Studies were mainly
performed in high-income countries (7 in Australia, 1 in the United States, 8 in Scandinavia, 1
in the Netherlands, 2 in the United Kingdom). One study [2* was a multinational analysis using
data of 15 countries. The sample sizes showed a broad range from 1013 to 114,380
participants. Study participants of the included studies were adults, with 4 studies [*> 16,20, 24]
also including data of adolescents above the age of 15 or 16 years. The mean age of study
participants ranged from 45 to 78 years. The percentage of female participants ranged from
22% t0 62%.

Quality of studies

Overall quality of the included studies was very good, with 13 studies fulfilling all criteria of
the JBI checklist for prevalence studies. Figure 2 provides a detailed overview of risk of bias
assessment for all studies.

Prevalence of dyspnea

Table 1 gives an overview of prevalence estimates for all 20 studies included. Prevalence of
dyspnea ranged from 2.4% 18 to 32.3%. 1% 261 Random-effects meta-analysis was used to
calculate a pooled prevalence estimate for dyspnea (Figure 3). Six studies we included in the
review explored general populations to evaluate dyspnea prevalence but with an a priori
interest in specific conditions such as sleeping disorders, asthma, COPD or obesity. [16:17.20, 21,
28 331 We excluded these studies from the meta-analysis based on methodological
considerations. Three studies only reported dyspnea prevalence in an older age population.
(14,26, 321 These studies were also excluded from the meta-analysis as their inclusion might lead
to over-estimation of the pooled prevalence-estimate. Some of the studies we included for
statistical analysis drew their samples from the same populations and thus used overlapping
data. [18.19/22,301 \We therefore performed multi-level meta-analysis to account for similarities
in populations. Pooled prevalence of dyspnea was 10% (95% Cl 7, 15). Although we excluded
studies based on the considerations mentioned above, heterogeneity among studies included
in the meta-analysis was extremely high (/°= 100%).

Factors related to dyspnea
An overview of all reported factors associated with dyspnea can also be found in Table 1.

Prevalence increased with increasing mean age of the study cohorts with substantially higher
prevalence estimates in populations of higher age. '* 26321 Females showed to have a higher
prevalence of dyspnea compared to males in six studies. 1415 19.21, 22, 24 None of the included
studies reported on a higher dyspnea prevalence in men.

Respiratory and cardiac disease or both [14 22,24, 26,30,32] 35 el as high BM| [15 17,21, 26,301 \yere
the most commonly described factors potentially increasing the risk for having dyspnea.
Underweight was only mentioned in one study as being related to dyspnea. 21 Reduced lung
function in absence of diagnosed lung disease showed an association with dyspnea in three



papers. [14 22241 Associations between dyspnea and tobacco smoking, [*> 32 as well as lower
socioeconomic status (1> 19321 were also reported.

Three studies reported on increased mortality in persons experiencing dyspnea. [14 23 251 A
potential impact of dyspnea on reduced quality of life, psychological distress and reduced
physical activity was frequently reported. [16 1826, 29, 30,32]

Method of dyspnea assessment

Of the 20 included studies, 16 used the MRC or mMRC scale for assessment of dyspnea.
However, the cut-off values used for defining clinically relevant dyspnea differed. Ten studies
used a cut-off of 21 on the mMRC scale, which is equal to a value of 22 on the original MRC
scale. Six studies used a cut-off of >2 (mMMRC) or >3 (MRC), respectively. Gulsvik et al. ?°! used
a specifically designed questionnaire on respiratory symptoms, which also used mMRC items
for dyspnea evaluation. Three studies [2% 31 32 ysed single-item dyspnea assessment tools.
Only two studies 2 31 asked for a specific period or timeframe in which symptoms occurred.
An overview of assessment methods and dyspnea definitions can be found in Table 1.

Discussion

Key findings

The present systematic review showed a pooled prevalence estimate of 10% (95% Cl 7, 15)
with individual study estimates ranging from 2.4% to 32.3%. Older age, female sex and
respiratory or cardiac disease were the most frequently described factors associated with
dyspnea. The mMRC or MRC scale was the most commonly used questionnaire to measure
dyspnea in general populations.

The highest prevalence of dyspnea was reported in studies by Ahmed et al. ¥ and Ho et al.
(26] both reporting a prevalence estimate of 32.3%. The data from these two studies derived
from the same population of people =70 years and the findings were similar to the results of
the systematic review by van Mourik et al. 8], which included both publications. However,
increasing age has also been shown to be a risk factor for dyspnea in some of the included
studies. There are several reasons why older people are more at risk for dyspnea. It has been
shown that although total lung capacity seems to be stable over the lifespan, residual volume
and functional residual capacity seem to increase. 3% 331 This is due to changes in airway
resistance because of altered lung compliance and elastic recoil. These changes in respiratory
mechanics lead to a decline in vital capacity and inspiratory capacity. (3 In addition to these
mechanical changes, cardiovascular and respiratory conditions commonly related to dyspnea
are more prevalent in older populations. 371 Therefore, it can be assumed that age is an
influential factor on dyspnea and that both physiological and pathophysiological mechanisms
can lead to higher dyspnea prevalence in older adults.

It has been reported earlier that dyspnea prevalence might be higher among females
compared to males. ! The results of our review seem to confirm this assumption. Gut-Gobert
et al. identified physiological differences between men and women making women more
prone to experiencing dyspnea. 138 Those factors include narrower airway diameters in
relation to absolute lung size and thicker bronchial walls. These differences in respiratory
mechanics called dysanapsis can especially explain why females seem to be more strongly
affected by activity-induced dyspnea. 3% Smaller relative airway diameters lead to an increase
in work of breathing as more force needs to be generated for the same amount of air to be



moved. Beside changes in respiratory mechanics, sex hormones, especially progesterone and
estrogen, might influence respiration as receptors for these hormones in the respiratory
system affect cellular lung defense and breathing control mechanisms. “°! Brown et al. have
recently investigated the relationship between trait self-control regarding dyspnea and self-
reported sensation of dyspnea in males and females using a CO»-rebreathing. !l They
observed that breathlessness caused by hypercapnia was less well tolerated by females
compared to males, however further research is needed to investigate the reasons for that.
In addition to physiological differences, different ways of expressing symptoms like dyspnea
based on societal expectations and psycho-emotional factors might also explain some of the
possible differences in dyspnea prevalence between males and females. [4% 43, 44]

Seven studies reported on associations between dyspnea prevalence and high Body Mass
Index (BMI). These findings are in accordance with previous publications indicating that
overweight and obesity are associated risk factors for dyspnea whereby physical
deconditioning and altered respiratory mechanics are the most frequently described
explanations. > %61 |t has also been discussed that adipose tissue plays a role in immune
defense mechanisms in respiratory infections leading to a stronger reaction to irritants and
airway inflammation which might also lead to an increase in symptom perception. [4°! Only
one study reported an association between dyspnea and low BMI (<20 kg/m2). 21 However,
after adjusting for potential confounders, there was no evidence of such association.

Respiratory or cardiac disease or both have been reported to be the most common conditions
associated with dyspnea based on our findings. This is not surprising, as dyspnea is considered
to be a key symptom of many cardiorespiratory pathologies. 2 Interestingly, in some of the
studies we included, reduced lung function without diagnosed pulmonary disease was
associated with breathlessness. [22 241 This leads to the conclusion that dyspnea might be a
sign of early alterations in lung function, even before a respiratory disease can actually be
diagnosed.

The MRC or mMRC scale was the most used method of dyspnea assessment in the included
studies. The use of these situational measures is easy and time efficient and therefore suitable
for epidemiological studies with large simple sizes. However, they have some limitations. First,
dyspnea is a complex symptom comprising pathophysiological as well as psycho-emotional
and social factors. [*7- 48 Using one-dimensional scales like the mMMRC/MRC scale does not
account for this complexity and it is thus questionable whether these tools are reliable in
identifying dyspnea. In addition, different cut-off values for the mMMRC/MRC scale were used
in the studies included in this review. Not only does this make the results less comparable, but
it also leads to the question of how much dyspnea is “normal”. The mMMRC/MRC scales were
designed to assess dyspnea in patients with obstructive lung disease. *°! Although they are
now widely used in research and clinical practice for a broader range of conditions, it is unclear
whether they are useful for assessing dyspnea in overall healthy populations. It has to be
assumed that a certain amount of breathlessness during physical activity is not related to any
disease and therefore less clinically relevant. However, using different cut-off values on a
unidimensional scale such as the mMRC/MRC scale makes it difficult to differentiate between
physiological and pathological breathlessness. In addition, MRC grade 1 is highly subjective
and can therefore be misleading as the definition of strenuous exercise can differ
substantially, especially in individuals with disease. More complex tools like the
Multidimensional Dyspnea Profile (MDP) might be useful in this case, as they also measure



the psychological and emotional dimensions of dyspnea. °® However, the MDP might not be
feasible for large population-based studies due to its complexity. The results of our review
thereby highlight the need of a valid and easy to use gold-standard method of dyspnea
assessment that can be applied to general populations.

Strengths and limitations

Using four comprehensive databases, we identified 20 studies for our review and overall study
quality was good. We were also able to highlight some potential risk factors for dyspnea and
identified the most used method for dyspnea assessment. This adds valuable information to
the understanding of dyspnea from an epidemiological point of view and may be useful
information to consider for further research.

However, our review also has some limitations. First, all the included studies were derived
from populations from high-income countries. So, a lack of data from low- to middle-income
countries limits the generalizability of this review’s results. We were not able to perform
statistical analyses of risk factors associated with dyspnea. This is due to the different ways of
reporting those risk factors in individual studies. We calculated a pooled prevalence estimate
by using multi-level meta-analysis. However, we had to exclude a considerable number of
studies due to methodological considerations. Despite the exclusion of some studies,
heterogeneity of the studies included in the meta-analysis was high, thus limiting its results.
In addition, the use of different cut-off values to define dyspnea based on the mMRC/MRC
scale in the individual studies may have influenced our pooled prevalence estimate. We
assume that if all included studies used a cut-off value of mMMRC 21, the pooled prevalence
estimate would be higher. On the other hand, it would probably be lower if all studies used
an mMRC cut-off of 2.

Some of the studies we included in the systematic review had overlapping data. Four studies
drew its data from different years of the health survey. 1619 We conferred with the authors
about the sampling scheme. A resampling of participants might have been possible in these
four publications, but the probability is low. We excluded 2 of these studies in the meta-
analysis and accounted for potential overlap of the remaining two in our multi-level analysis.
Two studies used the exact same data. [ 261 These two studies also reported much higher
prevalence as they included older participants only. We excluded them in our statistical
analysis to make sure they do not bias our results.

Although we planned to exclude studies on pediatric populations, we decided to include 4
studies with participants above the age of 15 or 16 years. 1> 1620, 25l We did this, as these
studies otherwise offered data from all adult age groups. We therefore thought it will be
important to not exclude these studies from our review. One might assume, that the
prevalence of dyspnea was lower in these studies due to their inclusion, however we did not
observe this.

Conclusion

This review shows that the prevalence of dyspnea in adult general populations is around 10%.
We were able to identify certain risk factors for developing dyspnea such as higher age, female
sex, high BMI and cardiac or respiratory disease. This might be useful information to clinicians
and researchers to identify patients and populations at risk. We have shown that a gold
standard method for dyspnea assessment is needed to further investigate it in larger



population-based studies. Future research should also focus on dyspnea prevalence in low- to
middle-income countries as data from these countries are currently missing.
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Fig. 1 Flow diagram showing study selection process
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