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ABSTRACT
Objective: To determine the frequency of spirometry in elderly people, by age group, at a 
pulmonary function clinic, to assess the quality of spirometry in the extremely elderly, and 
to determine whether chronological age influences the quality of spirometry. Methods: 
This was a cross-sectional retrospective study evaluating information (spirometry 
findings and respiratory questionnaire results) obtained from the database of a pulmonary 
function clinic in the city of Aracaju, Brazil, for the period from January of 2012 to April 
of 2017. In the sample as a whole, we determined the total number of spirometry tests 
performed, and the frequency of the tests in individuals ≥ 60 years of age, ≥ 65 years of 
age, and by decade of age, from age 60 onward. In the extremely elderly, we evaluated 
the quality of spirometry using criteria of acceptability and reproducibility, as well as 
examining the variables that can influence that quality, such a cognitive deficit. Results: 
The sample comprised a total of 4,126 spirometry tests. Of those, 961 (23.30%), 864 
(20.94%), 102 (2.47%), and 26 (0.63%) were performed in individuals ≥ 60, ≥ 65, ≥ 
86, and ≥ 90 years of age (defined as extreme old age), respectively. In the extremely 
elderly, the criteria for acceptability and reproducibility were met in 88% and 60% of the 
spirometry tests (95% CI: 75.26-100.00 and 40.80-79.20), respectively. The cognitive 
deficit had a negative effect on acceptability and reproducibility (p ≤ 0.015 and p ≤ 
0.007, respectively). Conclusions: A significant number of elderly individuals undergo 
spirometry, especially at ≥ 85 years of age, and the majority of such individuals are able 
to perform the test in a satisfactory manner, despite their advanced age. However, a 
cognitive deficit could have a negative effect on the quality of spirometry.
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INTRODUCTION

In Brazil and worldwide, the elderly population has 
grown because of decreased birth rates and a significantly 
increased lifespan.(1-3) The elderly population is estimated 
to reach nearly 2 billion by 2050, that is, it will represent 
approximately 22% of the world population.(1,4) The World 
Health Organization defines elderly as persons ≥ 60 
years of age in developing countries, such as Brazil, and 
as persons ≥ 65 years of age in developed countries.(1) 
Aging can be classified into four stages: middle age (45-59 
years); old age (60-74 years); old-old age (75-89 years); 
and extreme old age (90 years and over).(5)

The prevalence of respiratory diseases increases 
in the elderly population, and respiratory symptoms, 
such as cough and dyspnea, may be associated with 
non-respiratory comorbidities, such as heart diseases, 
muscle weakness, anemia, and lack of physical fitness, 
all of which may confuse the correct diagnosis.(6,7) 
Spirometry is the most available and most widely used 
pulmonary function test in clinical practice, and it should 
be a part of the evaluation of patients with respiratory 
symptoms or suspected respiratory disease, as well as of 

the treatment follow-up of various respiratory diseases, 
especially obstructive diseases, such as asthma and 
COPD.(8-11) However, spirometry is not routinely used by 
geriatricians, and most studies with spirometry involve a 
limited number of elderly individuals.(6,11-13) The question 
remains, even among geriatricians, as to whether age 
is a limiting factor in the elderly’s ability to perform 
spirometry in a satisfactory manner.(6,12,14,15)

The objective of the present study was to determine 
the frequency and proportion of spirometry in an elderly 
population, by age group, at a pulmonary function clinic. 
We also aimed to assess the quality of spirometry results 
in the extremely elderly and to determine whether 
chronological age influences the quality of spirometry. 

METHODS

This was a cross-sectional retrospective study conducted 
at Universidade Tiradentes, located in the city of Aracaju, 
Brazil. The sample data (spirometry findings and 
respiratory questionnaire results) were obtained from 
the database of a pulmonary function clinic, located in 
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Aracaju, for the period from January of 2012 to April 
of 2017. The study was approved by the Research 
Ethics Committee of Universidade Tiradentes (CAAE 
no. 67734717.2.0000.5371).

All spirometry tests were performed in the same room 
using the same spirometer with a pneumotachograph 
(Microlab 3500; Micro Medical Ltd., Rochester, England) 
connected to a computer where the spirometry data were 
stored. The stored data for each test were examined 
and evaluated individually regarding flow-volume and 
volume-time curves, as well as regarding conventional 
spirometric variables: FVC, FEV1, FEV1/FVC ratio, PEF, 
and mid-expiratory flows, the results of which were 
expressed as liters and as a percentage of normal 
values according to the equations proposed by Crapo 
et al.(16) (for the population ≥ 87 years of age) or 
the equations proposed by Pereira et al.(17) (for the 
population ≤ 86 years of age).

At least three curves were performed. Spirometry 
tests were performed in accordance with the technical 
standards and the acceptability and reproducibility 
criteria proposed by the Brazilian Thoracic Association,(10) 
as were assessments of the quality of spirometry and 
spirometry interpretations. The same pulmonologist, 
who is certified in spirometry, interpreted the spirometry 
results.

Curves were accepted if they met the following 
criteria: abrupt start and absence of hesitation; a PEF 
variation of less than 10% of the highest PEF obtained 
or 0.5 L/s (whichever was greater); a back-extrapolated 
volume of less than 5% of FVC or 150 mL (whichever 
was greater); a test duration of 6 s or an end-of-test 
plateau of 1 s on the volume-time curve; and no patient 
discomfort. In addition, cough in the first second of 
the maneuver, glottic closure, leak, and obstructed 
mouthpiece were criteria for rejection.(10,18)

The quality of spirometry was determined by assessing 
spirometry curves (flow-volume and volume-time 
curves), number of maneuvers performed, and values 
for spirometric variables. The quality of spirometry 
was graded as follows(10):

• A: at least two acceptable maneuvers in eight 
attempts, with the two highest FVC values and 
the two highest FEV1 values differing by 150 mL 
or less and with PEF being less than 10% or 500 
mL (whichever was greater)

• B: at least two acceptable maneuvers with the 
two highest FVC values and the two highest FEV1 
values being between 150 and 200 mL or with 
PEF being less than 15%

• C: only one acceptable maneuver, or more than 
one acceptable maneuver, but with an FEV1 
variation of more than 200 mL

• D: no acceptable tests, no possibility of 
interpretation

The acceptability criteria included the parameters of 
quality A, B, and C tests, and the reproducibility criteria 
included those of quality A and B tests.

The standardized respiratory questionnaire used in 
spirometry assessed demographic and anthropometric 

factors; respiratory symptoms; smoking status; 
comorbidities; history of lung and heart disease; 
occupational history; history of surgery and intubation; 
medications in use; clinical indication; and identification 
information of the physician who ordered the test. In 
the absence of adequate data on patient comorbidities 
from that respiratory questionnaire, attending physicians 
were asked to review medical records.

In order to statistically analyze the influence 
of comorbidities on the quality of spirometry, we 
subdivided comorbidities into five groups on the basis 
of the most impaired organ system: cognitive deficit; 
cerebrovascular disease without cognitive deficit; 
cardiovascular disease; lung disease; and others. Some 
patients belonged to more than one group because 
they had more than one type of comorbidity.

In the first phase of the study, we determined the 
total number of spirometry tests performed during 
the study period, regardless of patient chronological 
age, and the frequency of spirometry in individuals ≥ 
60 years of age, in those ≥ 65 years of age, and by 
decade of age, from age 60 onward. Subsequently, 
we determined the total number of individuals ≥ 86 
years, by gender, because the reference equation used 
to calculate the new values for forced spirometry in 
Brazil is limited to age 86.(17)

In that first phase, we considered all spirometry 
tests performed, regardless of the fact that a given 
patient performed more than one test during the study 
period, taking only chronological age at the time of 
spirometry into account. In a second phase of the 
study, we selected and included patients ≥ 90 years 
of age and excluded those < 90 years of age. In order 
to assess the quality of spirometry, we considered only 
the first spirometry test performed by each patient.

Statistical analysis was performed with the IBM 
SPSS Statistics software package, version 21.0 (IBM 
Corporation, Armonk, NY, USA). Continuous variables 
were described as means and standard deviation, 
and categorical variables were expressed as absolute 
and relative frequencies. In order to determine 
whether demographic and comorbidity variables were 
significantly associated with the quality of spirometry, 
we used the chi-square test or Fisher’s exact test to 
compare categorical data, and the Student’s t-test for 
independent samples to compare numerical variables. 
The level of statistical significance was set at p ≤ 0.05.

RESULTS

During the study period, a total of 4,126 spirometry 
tests were performed in individuals of various age 
groups (from 6 to 97 years of age). Of those tests, 
961 (23.30%) and 864 (20.94%) were performed in 
individuals ≥ 60 and ≥ 65 years of age, respectively. 
Analysis by decade of age, from age 60 onward, revealed 
that 211 spirometry tests (5.11%) were performed 
in individuals aged 60-69 years; 432 (10.47%) were 
performed in those aged 70-79 years; 292 (7.08%) 
were performed in those aged 80-89 years; and 26 
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(0.63%) were performed in those aged ≥ 90 years. 
In the sample as a whole, 102 (2.47%) tests were 
performed in individuals ≥ 86 years of age, of whom 
67 (1.62%) were women and 35 (0.85%) were men 
(Figure 1).

When assessing the quality of the 26 spirometry tests 
of individuals ≥ 90 years of age (defined as extreme 
old age), we excluded 1 because it belonged to a 
patient who performed 2 tests, that is, we selected 
for the study the spirometry tests of 25 patients who 
were aged 90-97 years, mean age of 92.12 ± 2.22 
years (95% CI: 91.20-93.04), and were predominantly 
female (18/25; 72%).

Table 1 presents the demographic and anthropometric 
characteristics, comorbidities, and smoking status of 
the patients ≥ 90 years of age (n = 25). Some patients 
had one or more comorbidities. Patient distribution by 
comorbidity group was as follows: 10 patients with 
lung disease (7 with asthma, 4 with COPD, and 1 with 
asthma and COPD); 17 patients with cardiovascular 

disease (systemic arterial hypertension, arrhythmias, 
and/or dyslipidemia); 4 patients with cerebrovascular 
disease without cognitive deficit (stroke sequela); 7 
patients with cerebrovascular disease with cognitive 
deficit (Alzheimer’s disease and other dementia); and 
5 patients with other comorbidities (hypothyroidism, 
hearing deficit, diabetes mellitus, anxiety, and/
or depression). For those 25 patients, spirometry 
was ordered by pulmonologists, in 21 (84%); by 
cardiologists, in 3 (12%); and by general practitioners, 
in 1 (4%; Figure 2).

The acceptability criteria were met in 22 of the 
25 spirometry tests (88%; 95% CI: 75.26-100.00), 
with 13 tests being graded quality A (52%; 95% CI: 
32.42-71.58); 2 being graded quality B (8%; 95% CI: 
0.00-18.63); 7 being graded quality C (28%; 95% CI: 
10.40-45.60); and 3 being graded quality D (12%; 95% 
CI: 0.00-24.74; Figure 3 and 4). The reproducibility 
criteria were met in 15 of the 25 spirometry tests (60%; 
quality A and B tests; 95% CI: 40.80-79.20) and were 
not met in 10 (40%; quality C and D tests; Figure 4).

Table 1. Demographic and anthropometric characteristics, smoking status, and comorbidities in individuals ≥ 90 years 
of age.a

Variable Age ≥ 90 years
(n = 25)

95% CI

Female gender 18 (72)
Age, years 92.12 ± 2.22 91.2-93.04
Height, m 1.48 ± 0.07 1.45-1.51
BMI, kg/m2 27.74 ± 5.46 25.49-30.00
Weight, kg 60.64 ± 10.92 56.13-65.15
Smoking status

Nonsmoker 21 (84)
Former smoker 3 (12)
Smoker 1 (4)

Comorbiditiesb

Asthma 7 (28)
COPD 4 (16)
SAH 14 (56)
Dyslipidemia 7 (28)
OSA 5 (20)
Cardiac arrhythmia 4 (16)
Cerebrovascular disease 4 (16)
Cognitive deficit 7 (28)
Other comorbiditiesc 5 (20)

BMI: body mass index; SAH: systemic arterial hypertension; and OSA: obstructive sleep apnea. aValues expressed 
as n (%) or as mean ± SD. bSome patients had one or more comorbidities.cHypothyroidism, hearing deficit, diabetes 
mellitus, anxiety, and/or depression. 

Figure 1. Distribution of spirometry tests (N = 4,126) 
performed during the study period, by age group.

Figure 2. Specialty of the physician who ordered spirometry 
for individuals ≥ 90 years of age.
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The spirometry tests that met the acceptability 
criteria (quality A, B, and C tests) were eligible for 
interpretation. The most common errors that had 
a negative effect on the quality (acceptability and/
or reproducibility) of spirometry were as follows: 
submaximal effort, in 14 tests (56%); expiratory 
time of < 3 s and no plateau in the last second, in 
7 (28%); no plateau in the last second, in 7 (28%); 
abrupt termination of expiration, in 7 (28%); cough, 
in 9 (36%); and leak, in 3 (12%). Some spirometry 
tests had more than one error, which explains why 
the total proportion of errors was greater than 100%. 

The variables gender, age, body mass index (BMI), 
and comorbidity group were not found to influence the 
quality of spirometry, except for cognitive deficit, which 
had a negative effect on the quality of spirometry in 
terms of acceptability and reproducibility (p ≤ 0.015 
and p ≤ 0.007, respectively), whereas lung disease 
showed the highest reproducibility (p ≤ 0.018). The 
other variables (gender, age, and BMI) showed no 
significant differences (Table 2).

DISCUSSION

The elderly population is growing substantially 
worldwide.(1) By 2025, Brazil will rank 6th among the 
countries with the greatest number of elderly individuals 
in the world, with a high proportion of extremely elderly 
individuals (from 394,000 in 2010 to an estimated 
nearly 3.5 million in 2050).(3)

Although spirometry is practical and important to 
assessing pulmonary function, there have been few 

studies involving the elderly.(11) In the present study, 
we found that a significant number of elderly individuals 
attended the pulmonary function clinic on an outpatient 
basis. Of all spirometry tests performed, 961 (23.30%) 
were performed in individuals ≥ 60 years of age, 864 
(20.94%) were performed in individuals ≥ 65 years of 
age, and 102 (2.47%) were performed in individuals 
≥ 86 years of age.

When we analyzed reference equations for spirometry 
all over the world, we found few data on the elderly, 
and the existing data are based on relatively small, 
non-representative samples.(11,19-24) In Brazil, the 
equations proposed by Pereira et al.(17) in 2007 were 
derived in a sample of men and women up to 86 and 
85 years of age, respectively, with a small number 
of patients over 75 years of age. In 2017, Rufino et 
al.(22) included patients up to 80 years of age in their 
sample, claiming that the average life expectancy in 
Brazil was 74 years. In 2012, the Global Lung Function 
Initiative,(11) endorsed by the European Respiratory 
Society, carried out a study that presented multi-ethnic 
reference equations for spirometry on the basis of 
97,759 records of individuals who were aged 3-95 years 
(females, 55.3%) from 33 countries in five continents. 
In that sample, 0.8% of the individuals were ≥ 80 
years of age, 0.24% were > 85 years of age, and 
only 0.035% were > 90 years of age. Those authors 
underscore the limitations of the predicted values for 
individuals > 75 years of age and suggest that these 
values be interpreted with caution.(11)

Given the estimated increasing number of extremely 
elderly individuals in the coming decades, the extremely 
elderly represent a specific group and a new challenge 
requiring study from a health standpoint, especially 
with regard to the respiratory system. We showed 
that 26 (0.63%) of the spirometry tests in our sample 
were performed in extremely elderly individuals, most 
of whom were women (72%). We found no previous 
research focusing exclusively on the extremely elderly, 
and existing studies on the elderly do not specify how 
many patients were over 90 years of age, making a 
proper comparison between those studies and ours 
difficult.(6,12-15,23,24)

Aging is accompanied by changes in all organ 
systems, either due to senescence or to the presence 
of a larger number of comorbidities. For this reason, 
the ability of elderly individuals to understand the 
phases of spirometry, coordinate their performance, 
and make the effort required to obtain reliable 
measures is questionable.(6,24,25) Approximately 15% 
of elderly individuals will not cooperate in performing 
spirometry. (10) Spirometry is not routinely used by 
geriatricians because the question remains as to 
whether age would be a limiting factor to performing 
spirometry adequately.(6,12,15)

Our study underscores the fact that spirometry was 
ordered basically by pulmonologists and cardiologists, 
although the patients in our sample were followed by 
geriatricians. This agrees with data in the literature 
that indicate that spirometry is not widely used in 

Figure 3. Spirometry quality grading in individuals ≥ 
90 years of age. Adapted from the Brazilian Thoracic 
Association.(10)

Figure 4. Acceptability and reproducibility of spirometry in 
individuals ≥ 90 years of age. Adapted from the Brazilian 
Thoracic Association.(10)
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geriatric practice, which leads to a limited number of 
spirometry results.

Our results showed that the criteria for acceptability 
and reproducibility were met in 88% and 60% of the 
spirometry tests, respectively, and that only 12% of the 
tests were excluded because of poor technique, which 
was significantly correlated with cognitive deficit. We 
also showed that age, gender, BMI, and comorbidities 
other than cognitive deficit did not interfere with the 
quality of spirometry.

A study(6) conducted with a sample of 715 individuals ≥ 
65 years of age reported that 81.50% of the spirometry 
tests were accepted and 18.2% were excluded because 
of poor technique. Age, BMI, and presence of depression 
did not influence the quality of the test; however, 
cognitive impairment and a low level of education had 
a negative effect on the quality of spirometry.

Sherman et al.(12) evaluated 65 individuals ≥ 65 
years of age (mean age, 75 years) and reported that 8 
individuals (12.3%) were unable to perform spirometry 
and 18 (31.6%) did not meet the reproducibility 
criteria. Those authors suggest that the vast majority 
of elderly individuals are able to perform spirometry 
with adequate technique, and that elderly individuals 
who are unable to perform it may have impaired 
cognitive function.

A retrospective study(14) that assessed the quality 
of spirometry and DLCO testing by comparing 150 
individuals ≥ 80 years of age (elderly group) with 178 
adults aged 40-50 years (control group) reported that 
139 (92.6%) of the elderly group and 163 (91.5%) of 
the control group spirometry tests met all acceptability 
and reproducibility criteria.

A study of elderly individuals ≥ 65 years of age who 
had obstructive disease (asthma and/or COPD) reported 
that cognitive impairment, shorter six-minute walk 
distances, and lower levels of education were independent 
risk factors for lower spirometry acceptability rates, 
whereas male gender and age were risk factors for 
poorer reproducibility of FEV1.(15) In addition, previous 
studies that used the Mini-Mental State Examination 
have shown that cognitive deficit has a negative effect 
on the quality of spirometry.(13,26) The findings of the 
aforementioned studies are in agreement with those of 
our research, which showed that cognitive deficit had 
a negative effect on performing spirometry, and that 
chronological age did not interfere with the quality of 
spirometry. Chronological age does not always correspond 
to biological age; therefore, we must encourage active 
and healthy aging.

The limitations of the present study include the 
fact that it was a retrospective study and that the 
Mini-Mental State Examination was not used to assess 
the degree of cognitive deficit.

In conclusion, the present study calls attention to 
the fact that currently a significant number of elderly 
individuals undergo spirometry, especially at ≥ 85 years 
of age, and that the majority of such individuals are 
able to perform the test in a satisfactory manner. Age 
does not seem to be a limiting factor to performing 
spirometry, nor does extreme old age influence the 
quality of the test. However, cognitive deficit has a 
negative effect on the quality of spirometry. Therefore, 
spirometry can and should be used as a test to assess 
and control respiratory diseases in the extremely elderly, 
and its use should be disseminated and encouraged 
in geriatric practice.

Table 2. Determination of variables that can influence the acceptability and reproducibility of spirometry in the extremely 
elderly.a,b

Variable Acceptability criteria Reproducibility criteria
ABC D p AB CD p

(n = 22) (n = 3) (n = 15) (n = 10)
Female gender 16 (72.7) 2 (66.7) 10 (66.7) 8 (80.0)
Comorbidity groupc,*

Lung disease 10 (45.5) 0 (0.0) 0.250 9 (60.0) 1 (10.0) 0.018
Cardiovascular disease 16 (72.7) 1 (33.3) 0.230 10 (66.7) 7 (70.0) 0.230
Cognitive deficit 4 (18.2) 3 (100.0) 0.015 1 (6.7) 6 (60.0) 0.007
Cerebrovascular disease 3 (13.6) 1 (33.3) 0.422 1 (6.7) 3 (30.0) 0.267

Othersd 5 (22.7) 0 (0.0) 1.000 4 (26.7) 1 (10.0) 0.615
Age** 91.86 ± 2.17 94.00 ± 2.00 0.120 92.20 ± 2.43 92.00 ± 2.00 0.831
BMI** 27.80 ± 5.74 27.33 ± 3.44 0.890 28.21 ± 6.41 27.04 ± 3.83 0.608
IMC: body mass index. aAdapted from the Brazilian Thoracic Association.(10) bValues expressed as n (%) or as mean 
± SD. cSome patients had one or more comorbidities. dHypothyroidism, hearing deficit, diabetes mellitus, anxiety, 
and/or depression. *Fisher’s exact test.**Student’s t-test for independent samples.
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