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Breathlessness in elderly individuals is related to low
lung function and reversibility of airway obstruction
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During ageing there is a slow progression of occasional,
transient, respiratory symptoms towards a more chronic
symptomatic status. Such individuals are likely to adapt
gradually to their symptoms. This adaptation process has
been described in patients with respiratory disease. Redu-
ced sensory awareness of induced airway obstruction has
been observed in asthmatic patients with low levels of
lung function [1] as well as in subjects with long-standing
respiratory disease [2]. Thus, loss of sensory awareness
may constitute an explanation for the gradual adaptation
to chronic airway obstruction in patients with respiratory
disease.

There is a difference between patients with chronic ob-
structive pulmonary disease (COPD) and patients with
asthma with respect to perception of bronchoconstriction
and bronchodilatation [3]. Thus, perception of dyspnoea
is dependent on the nature of a subject's chronic respira-
tory symptoms. Furthermore, in subjects without chronic
respiratory symptoms one can induce airway obstruction,
which is not perceived or recognized as dyspnoea [4]. Per-
ception, thus, seems to be a subject-related factor of im-
portance in studying airway obstruction. It is possible that
perception is a factor associated with airway obstruction,
independently of the presence of chronic respiratory symp-
toms.

Breathlessness is not only related to respiratory dis-
ease, since it is also associated with cardiac diseases [5],

as well as with a combination of both [6]. Therefore, when
studying breathlessness in association with respiratory dis-
ease, the presence of cardiac disease may be an important
factor, which potentially modifies the relationship between
the level of lung function and respiratory symptoms and
breathlessness. The latter could be especially important in
older subjects, since the prevalence of cardiac disease in-
creases with age. Another modifying factor in the associa-
tion between respiratory symptoms, level of lung function
and breathlessness might be overweight.

Data were collected on the presence of breathlessness
and chronic respiratory symptoms, cardiac disease, weight,
lung function, bronchodilator response and variability in
peak expiratory flow (PEF) in an elderly population. The
aim of the study was to describe the prevalence of breath-
lessness and to investigate whether breathlessness is a pre-
dictor of lung function, bronchodilator response and PEF
variability in a sample of elderly subjects.

Methods

Population sample

The study was performed in the county of Drenthe, The
Netherlands. In five municipalities a random sample of
1,505 subjects was drawn (660 males and 845 females)
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ABSTRACT: The perception of breathlessness is a subject-related factor which is
linked to respiratory disease, cardiac disease and overweight. We studied the distribu-
tion of breathlessness, its association with respiratory disease, cardiac disease and
overweight, as well as its association with lung function, reversibility of airway
obstruction ("reversibility") and peak expiratory flow (PEF) variability in an elderly
population.

Data on breathlessness (rated with Borg scale), lung function, reversibility, PEF
variability, respiratory symptoms, cardiac disease and overweight were collected in a
random sample of 210 elderly (>55 yrs old) who participated in a physical fitness test.
Individuals with a Borg score >0 were taken to have breathlessness.

Subjects with a Borg score >0 (n=50, 24%) were three to five times more likely to
have a low lung function and large reversibility than subjects with a Borg score of
zero, independent of the presence of respiratory symptoms, cardiac disease or over-
weight, although these three factors were all associated with low lung function and a
large reversibility and PEF variability. Reversibility was not associated with PEF var-
iability whatsoever.

In elderly individuals, breathlessness is frequently present. Assessment of breath-
lessness using the Borg-scale seems an important clinical measurement, because it is
an important independent predictor of lung function impairment in the elderly.
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from the population register (excluding the addresses of
nursing homes and rest homes for the elderly) and strati-
fied by age-groups (55–59, 60–64, 65–69, 70–74 and Š75
yrs). Subjects in this sample were invited to participate in
a physical fitness test for the elderly and 462 (31%) res-
ponded to this invitation. Those subjects who responded
to the invitation were a good representation of the total
population with regard to age and sex distribution, with
the exception of subjects over the age of 75 yrs, who were
relatively under-represented at the fitness test.

A random sample of 277 of the 462 subjects who per-
formed the physical fitness test was included in a survey
on respiratory health. There were no significant differen-
ces in age or sex distributions between the population that
was randomly selected to participate in the survey on res-
piratory health and those subjects who were not. Thus, the
participants of the respiratory survey were considered to
be a good representation of all subjects who performed the
fitness test. Participants received written and verbal infor-
mation before the respiratory survey and signed an infor-
med consent form. The respiratory survey was approved
by the Medical Ethics Committee of the University Hospi-
tal Groningen, The Netherlands.

Borg score >0

The modified Borg scale [1, 7] was used to rate the
degree of breathlessness at rest as perceived by the sub-
ject. Subjects had rested for at least 10 min before meas-
urement of the Borg score. Breathlessness was described
to the subjects as "shortness of breath or breathlessness".
Subjects were asked to rate their breathlessness by indi-
cating a score between 0 (no breathlessness at all) and 10
(maximal breathlessness). The Borg score was determined
before the bronchodilator test. Subjects with a Borg score
of zero were considered to be free of breathlessness. Sub-
jects with any other Borg score were taken to have breath-
lessness [4].

Questionnaire

Data on respiratory symptoms and smoking habits
were collected by means of the standardized questionnaire
of the European Community Respiratory Health Survey
(ECRHS) [8]. Subjects were considered to have respira-
tory symptoms if they had experienced wheeze (wheezing
or whistling without having a cold, at any time in the last
12 months), cough or phlegm (usually first thing in the
morning, during the day or at night, in the winter). The
cumulative number of cigarettes ever smoked was calcu-
lated and expressed in pack-years (1 pack-year=25 ciga-
rettes·day-1 during 1 yr).

The presence of cardiac disease was defined as a
positive response to any of the following questions: "Has
a doctor ever told you there were problems with your
heart?"; "Do you have pain regularly around your heart
or on your chest?", or "Do you use medication for your
heart?". Height and weight were measured and the Quete-
let Index (QI=weight/height2) was calculated. On the basis
of their QI subjects were categorized into the groups: nor-
mal weight (QI <25) or overweight (QI Š25) [9].

Lung function

Manoeuvres measuring the forced expiratory volume in
one second (FEV1) were performed in a sitting position,
using noseclips and a rubber mouthpiece with teeth grips.
Measurements were performed with a water-sealed spiro-
meter (Lode Spirograph, D53; Lode Instruments, Gronin-
gen, The Netherlands). FEV1 was measured following an
inspiratory vital capacity (IVC) measurement. FEV1 was
recorded from two to five technically satisfactory mano-
euvres (difference between 2 FEV1 ð100 mL), with the
highest FEV1 value being used in the analyses. FEV1 is
expressed as the percentage of the subject's predicted
FEV1 (FEV1 % pred) [10].

Bronchodilator response

The bronchodilator test was performed as described in
the protocol of the ECRHS [8]. FEV1 was measured be-
fore and 10 min after administration of 400 µg salbutamol
by a metered-dose inhaler via a Volumatic (Glaxo Phar-
maceuticals, Zeist, the Netherlands). Subjects who had
had a heart attack in the last 3 months, had any heart dis-
ease or epilepsy for which they were taking medication,
or were taking β-blockers for any reason (including eye
drops), were excluded from the bronchodilator test. Sixty-
seven of the 277 subjects (24%) met the exclusion crite-
ria for the bronchodilator test. Those subjects excluded
from bronchodilator testing were significantly older, had a
lower FEV1 % pred and significantly more often a Borg
score >0 and phlegm than those undergoing a broncho-
dilator test. Bronchodilator response was expressed con-
tinuously as the change in FEV1 as a percentage of the
predicted FEV1 (∆FEV1 % pred). Subjects with a bron-
chodilator ∆FEV1 % pred >9% were considered to have
"reversibility" [11] of airway obstruction.

Variability in peak expiratory flow

Subjects were given a mini-Wright peak flow meter
(Clement Clarke International, London, UK) and were
instructed by a trained technician as to the correct use of
the meter and recording form [12]. Functioning of each
peak flow meter was checked before distribution and upon
return. Subjects had to perform PEF measurements at home
for six successive days, starting on the day following the
fitness test. They were instructed to record the highest val-
ues of three PEF measurements performed at home every
morning on rising, and again every afternoon between
17:00 and 18:00 h, before dinner.

The highest value of the morning and the afternoon re-
cordings was used in the analyses. If subjects were taking
bronchodilator therapy, PEF values had to be measured
before its use. PEF variability was expressed as the diurnal
PEF variation: ((highest PEF - lowest PEF)/mean value of
the two)×100%, and as the between-day PEF variation: SD

% mean morning PEF, both over a minimum of 4 days. A
diurnal PEF variation >10% was defined as "high diurnal
PEF variation" [13].
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Data analyses

Complete data on breathlessness, lung function, rever-
sibility, PEF variability, respiratory symptoms, cardiac
disease, height and weight were collected in 210 subjects
(88 males; 42%). Distributions of FEV1, ∆FEV1 % pred
and PEF variability were inspected visually by normal
probability plots. The Kolmogorov-Smirnov test was used
to test distributions formally for normality. In the case of
normal distributions, parametric tests were used.

For the diurnal PEF variation and the between-day PEF
variation (both skewed distributions) log transformations
were performed to achieve normalization. Analyses were
performed on these log-transformed data. Means and stan-
dard deviations were transformed back to normal units
(geometric means, %SD) [14]. The Chi-squared test was
used to test differences in proportions.

Associations of breathlessness, respiratory symptoms,
cardiac disease and overweight with FEV1 % pred, bron-
chodilator ∆FEV1 % pred and diurnal and between-day
PEF variation were assessed using linear regression mod-
els. Linear regression was performed for all independent
variables separately, with simultaneous adjustment for
age, sex and pack-years. The independent associations of
breathlessness and respiratory symptoms, cardiac dise-
ase and overweight with low lung function level (FEV1 %
pred <80%), reversibility (bronchodilator ∆FEV1 % pred
>9%) and high diurnal PEF variation (>10%) were esti-
mated using logistic regression, with simultaneous adjust-
ment for each other, age, sex and pack-years. In addition,
the independence of breathlessness, respiratory symptoms,
cardiac disease and overweight was tested by entering
interaction terms of these variables into the model. Odds
ratios (OR) were considered to be significant if the 95%
confidence interval (CI) did not include the value 1. All
tests were two-sided. A value of p<0.05 was considered to
be significant. Analyses were performed with the SPSS/
PC+ V5.0 package (SPSS Inc., Chicago, IL, USA).

Results

Population characteristics and lung function variables

Complete data were collected in 210 subjects 88 males
and 122 females (table 1). Of these 210 subjects 50 (24%)
had a Borg score >0. Among subjects with a Borg score
>0 the percentage with an FEV1 % pred <80% (low lung
function) and a ∆FEV1 % pred >9% (reversibility) was
significantly higher than in subjects with a Borg score of
zero. The percentage of subjects with a diurnal PEF varia-
tion >10% (high diurnal variation) was not significantly
different between subjects with a Borg score >0 and those
with a Borg score of zero. The estimated differences in
FEV1 % pred, ∆FEV1 % pred, diurnal PEF variation and
between-day PEF variation between subjects with a Borg
score >0 and a score of zero are shown in table 2. Subjects
with a Borg score >0 had a significantly lower FEV1 %
pred (-8.7%) and higher ∆FEV1 % pred (+2.4%) than
those with a score of zero (fig. 1). A score >0 was not
asso-ciated with higher diurnal or between-day PEF varia-
tion.

As shown in table 1, subjects with a Borg score >0 had
significantly more frequent respiratory symptoms and car-
diac disease than those with a score of zero. An analysis
was made of whether respiratory symptoms, cardiac dis-
ease and overweight were factors associated with FEV1 %
pred, ∆FEV1 % pred and diurnal and between-day PEF
variation in this elderly population. The results are shown
in table 2.

Respiratory symptoms. Subjects with respiratory symp-
toms had a significantly lower FEV1 % pred (-11.8%)
than those without respiratory symptoms. Respiratory
symptoms were associated with increased diurnal and
between-day PEF variation but not with a higher ∆FEV1
% pred.

Cardiac disease. Subjects with cardiac disease had a sig-
nificantly lower FEV1 % pred (-6.6%) and a significantly
higher between-day PEF variation than those with no car-
diac disease. The presence of cardiac disease was not as-
sociated with ∆FEV1 % pred.

Table 1.  –  Population characteristics according to Borg
score

Borg score=0
n=160 (76%)

Borg score >0
n=50 (24%)

Males n=88 (42%)
Borg score+  median  (range)
FEV1 % pred <80%
∆FEV1 % pred >9%
Diurnal PEF variation‡ >10%
Age yrs+

Pack-years+

Respiratory symptoms (n=58)
Cardiac disease (n=42)
Overweight (n=148)

65 (41)

13* (8)
12* (8)
14 (10)
65 (7)
11 (19)
33 (21)*
25 (16)*

109 (68)

23 (46)
2.0 (0.5–5.0)
13 (26)
12 (24)

6 (15)
64 (7)
13 (15)
25 (50)
17 (34)
39 (78)

Data presented as n(%), except + mean (SD) and median (range).
‡: tests performed on log10-normalized data, values are geomet-
ric means (%SD) [14]. FEV1: forced expiratory volume in one
second; ∆FEV1: change in FEV1; PEF: peak expiratory flow. *:
p<0.05.
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Fig. 1.  –  a) Forced expiratory volume in one second (FEV1) and b)
change in FEV1 (∆FEV1) as % of predicted according to Borg scores of
0 and >0. *: p<0.05 between Borg score of 0 and >0. Data were tested
by linear regression with adjustment for age, sex, and pack-yrs. Box
plots show median, 25th, 75th percentiles, with 1.5 × the interquartile
range. +: outliers.
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Overweight. Subjects who were overweight had a signific-
antly lower FEV1 % pred (-9.3%) and higher between-day
PEF variation than subjects of normal weight. Overweight
was not significantly associated with ∆FEV1 % pred or
diurnal PEF variation.

Logistic regression was performed with FEV1 % pred
<80% (low lung function), ∆FEV1 % pred >9% (reversi-
bility) and diurnal PEF variation >10% (high diurnal PEF
variation) as dependent variables, and Borg score >0, res-
piratory symptoms, cardiac disease and overweight as in-
dependent variables. Borg score >0, respiratory symptoms,
cardiac disease and overweight were all entered simul-
taneously into the model, to entangle their independent
effects. The results are shown in table 3. Subjects with a
Borg score >0 had a significantly increased risk of low
lung function (OR=3.4) and reversibility (OR=4.7) when
respiratory symptoms, cardiac disease and overweight were
taken into account. Subjects with respiratory symptoms as
assessed by the questionnaire had an increased risk of low
lung function level (OR=3.6) and high diurnal PEF varia-
tion (OR=7.7), which persisted after adjustment for Borg
score >0, cardiac disease and overweight. Overweight by
itself was shown to be a strong predictor of low lung func-
tion (OR=25.4). Cardiac disease, however, was no longer
associated with increased risk for low lung function when
Borg score >0, respiratory symptoms and overweight were
taken into account.

There were no significant interactions between a Borg
score >0 and respiratory symptoms, cardiac disease or
overweight. This means that the associations described
were no different for subjects with and without breathless-
ness. An analysis using a linear regression model confirm-
ed the results of the logistic model.

The ∆FEV1 % pred, diurnal PEF variation and between-
day PEF variation were all significantly and negatively
associated with the FEV1 % pred (Spearman's r=-0.28,
r=-0.37 and r=-0.22, respectively). The ∆FEV1 % pred
was not associated with diurnal PEF variation or between-
day PEF variation, either in subjects with a Borg score >0,
respiratory symptoms, cardiac disease or overweight, or in
the total population.

In the presented analyses subjects with a Borg score >0
were labelled as having "breathlessness". When the analy-
ses were repeated using another cut-off point on the Borg
scale to define breathlessness (e.g. Borg score Š1, n=40,
or Borg score Š2, n=27) the results remained essentially
unchanged.

Discussion

Breathlessness as measured with the Borg score was
present in 24% of the elderly population in this study.
Subjects with breathlessness had lower levels of lung
function and were more likely to have reversibility of air-
way obstruction. This relation was present whether or
not subjects had respiratory symptoms, cardiac disease or
were overweight. Thus, if an elderly individual perceives
breathlessness at rest this should always alert physicians
to investigate for low lung function.

Worse levels of bronchoconstriction are related to per-
ception of breathlessness [15]. Some studies show a dec-
rease in the perception of bronchoconstriction at older
ages. CONNOLLY et al. [16] showed that young asthma-  tics
were better perceivers of the same degree of bronchocon-
striction than their elderly counterparts. The same age-
related difference in perception was found in non-asth-
matic, healthy individuals [4]. Thus, in general, the
number of elderly subjects that actually perceives bron-
choconstriction is lower than the number that could be
expected on the basis of the actual level of bronchocon-
striction. This would mean that a part of the present eld-
erly population had airway obstruction without a positive
Borg score, reflecting reduced perception of breathlessness.
Indeed, 13 out of the 26 elderly subjects with objective
airway obstruction (FEV1 % pred <80% before broncho-
dilation) did not perceive breathlessness at the moment of
investigation.

Although breathlessness is often considered as a single
sensation, it may encompass multiple sensations that are
not well explained by a single physiological mechanism
[17]. One of the most frequently reported physiological
causes of perception of breathlessness is cardiac disease
[5]. In the current study, performed in a relatively healthy
population of elderly subjects, 20% had cardiac disease;
in these subjects the perception of breathlessness was
frequently present (40%). Subjects with cardiac disease
had a lower FEV1 % pred and a higher diurnal and be-
tween-day PEF variation. However, the presence of car-
diac disease was not an independent risk factor for low
lung function or high diurnal PEF variation. Indeed, fur-
ther analyses showed that cardiac disease was associated
with low lung function and high diurnal PEF variation
merely due to the presence of respiratory symptoms in
50% of those subjects with cardiac disease. Thus, the fact
that these subjects had respiratory symptoms, and not the
fact that they had cardiac disease, may explain the associ-

Table 2.  –  Estimated association between the presence of Borg score >0, respiratory symptoms, cardiac disease and
weight and the forced expiratory volume in one second (FEV1) % predicted, change in reversibility of FEV1 (∆FEV1) %
pred, diurnal peak expiratory flow (PEF) variation and between-day PEF variation

FEV1 % pred ∆FEV1 % pred Diurnal PEF
variation

Between-day PEF 
variation

B SE B SE B† SE B† SE

Borg score >0 (n=50)
Respiratory symptoms (n=58)
Cardiac disease (n=42)
Overweight (n=148)

-8.7*
-11.8*
-6.6*
-9.3*

(3.2)
(3.0)
(3.5)
(3.0)

2.4*
0.1
0.2
1.5

(0.9)
(0.9)
(1.0)
(0.8)

0.01
0.13*
0.12‡

0.06

(0.06)
(0.05)
(0.06)
(0.06)

0.09
0.13*
0.15*
0.12*

(0.06)
(0.05)
(0.07)
(0.05)

Regression coefficients (B) represent the percentage differences in FEV1 (∆FEV1 % pred), diurnal PEF variation and between-day
PEF variation in subjects with Borg score >0, respiratory symptoms, cardiac disease, or overweight compared to those without these
characteristics. Linear regression performed for all independent variables separately, with adjustment for age, sex and pack-yrs. *:
p<0.05; ‡: p<0.10; †: estimates based on regressions performed on log10-normalized data.
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ations found between cardiac disease and lower FEV1 %
pred and higher diurnal PEF variation.

Previous population studies have shown that respiratory
symptoms are present in approximately 40–60% of the
elderly [13, 18], whereas 28% of the present elderly sub-
jects had respiratory symptoms. This somewhat low pre-
valence of respiratory symptoms is probably due to the
method of population sampling. This study probably inc-
luded the healthier part of the elderly population, i.e. those
willing and able to perform physical exercise. Notwith-
standing this, the frequency of morbidity was substantial.
Breathlessness was present frequently in this group and
significant associations were found between breathless-
ness and clinically relevant reduced levels of lung function
and increased bronchodilator response.

The lower frequency of respiratory symptoms may also
be a consequence of not including breathlessness on exer-
tion as one of the respiratory symptoms. Breathlessness
on exertion was excluded because this symptom is associ-
ated not only with the presence of respiratory disease, but
also with cardiac disease and combinations of both dis-
eases [19]. Because the aim was to investigate whether the
relation between lung function impairment and perception
of breathlessness was modified by cardiac disease, symp-
toms caused by both cardiac and respiratory disease were
excluded.

Irrespective of whether subjects had respiratory symp-
toms, those with breathlessness as assessed with the Borg
score were much more likely to have a low lung function
level and reversibility than those without breathlessness.
This difference could not be explained by age, smoking
habits or sex. This stresses the importance of breathless-
ness as an indicator of lung function impairment in sub-
jects who are considered to have good respiratory health.

The Borg score reflects breathlessness "at-the-mom-
ent". Because the Borg score and reversibility are strongly
related, reversibility is also assumed to be a momentary
reflection of the airway lability of an individual. This in-
terpretation of reversibility, as a variable expression of air-
way lability, is in accordance with previous suggestions
[20], as well as with the results of an early study by
ANTHONISEN et al. [21]. They measured reversibility every 3
months, for 3 yrs, in a large group of COPD patients and
showed that reversibility varied greatly with time, both
between and within patients. In contrast to patients with
respiratory disease, reversibility may vary less over time
in healthy individuals, since the present study shows that

their ∆FEV1 % pred is, on average, small and variability
in bronchodilation tends to be small in those with low ini-
tial ∆FEV1 % pred [21].

Contrary to the interpretation of reversibility of airway
obstruction as a time-changing expression of airway labil-
ity, PEF variability seems to express an individual's aver-
age state of airway lability over a longer period. This
suggestion arises from the relationship that was found be-
tween the presence of respiratory symptoms in the last 12
months and PEF variability. The fact that no association
was found between respiratory symptoms and reversibility
corroborates this hypothesis. Overall, this study showed
that PEF variability and ∆FEV1 % pred are not to any
extent associated with each other. This suggests that both
variables reflect distinct underlying phenomena.

The aim of this study was to assess the prevalence of
breathlessness in the elderly and whether breathlessness
was independently associated with low lung function, re-
versibility of airway obstruction and variability in peak
expiratory flow. The results showed that breathlessness
was related to low lung function and reversibility. Neither
respiratory symptoms, cardiac disease nor overweight were
underlying factors that could explain this relation. It was
concluded that breathlessness as assessed with a Borg
score is frequently present in relatively healthy, elderly
subjects. In these subjects, it is a predictor for the pres-
ence of a low level of lung function and reversibility of
airway obstruction, but it does not predict the presence of
variability in peak expiratory flow. In both clinical and
research settings, assessment of breathlessness using the
Borg scale seems an important clinical measurement, be-
cause it provides a significant indicator for lung function
impairment in relatively healthy, elderly subjects.
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