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ABSTRACT

Aim: Diseases of the respiratory system are among the most common medical conditions and cause considerable
morbidity and mortality. This study aimed to identify the indications for spirometry in a tertiary hospital in Turkey
and validity of spirometry findings in patients with COPD.

Methods: A total of 1551 patients were included in the study. Spirometry testing (FEV1, FCV and FEV1/FCV) was
performed in the pulmonary function test unit. The height and weight of the patients were also recorded.
Results: The most common reasons for performing spirometry were to evaluate symptomes, signs and laboratory
results (55.1%, n=854), to decide on treatment approaches (55%, n=853) and to determine the course of the
disease (12.7%, n=197). The most common conditions diagnosed were asthma (25%, n=388), seasonal allergic
rhinitis (23%, n=356), cough (15.2%, n=235), bronchitis (12.4%, n=193) and dyspnea (11.4%, n=177). The areas
under the curve (AUC) values for FEV1/FVC, FEV1 and FCV in predicting chronic COPD were 0.77, 0.73 and 0.66,
respectively. The cut-off point for FEV1/FVC was 78.4%. The sensitivity and specificity of the FEV1/FVC ratio for
predicting COPD were calculated as 67.4% and 79.1%, respectively.

Conclusions: In this study, we determined that the physicians’ indications for spirometry deemed appropriate in
our region. Although spirometry indications vary, physicians mostly used spirometry to determine the severity of
the disease and the diagnosis. Physicians ordering pulmonary function tests and diagnosing chest conditions from
these tests should be updated regularly to prevent misdiagnosing.
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Introduction

Diseases of the respiratory system are among the

most common medical conditions and lead to
considerable morbidity and mortality (1, 2). The
department of chest diseases is responsible for

pulmonary symptoms/diseases including asthma,

chronic obstructive pulmonary disease (COPD),
bronchitis, emphysema, cystic fibrosis, pneumonia,
tuberculosis, pulmonary edema, lung cancer, acute
(ARDS),

pneumoconiosis, interstitial lung disease, pulmonary

respiratory distress syndrome
embolism, pulmonary hypertension, pleural effusion,
pneumothorax, mesothelioma, obesity hypoventilation
syndrome and neuromuscular lung disease.
Amongthese ailments, the prevalence of asthma and
COPD is on the increase all over the world, especially
in middle- and low-income countries, reaching up to

300-600 million people (1, 3).

Today, 66% of deaths occur due to chronic diseases.
In addition, cardiovascular disease, cancer, chronic
respiratory disease and diabetes constitute 80% of all
chronic diseases (4). For a decade, respiratory
conditions have been the third most common cause of
death, in the range of 9% to 12.5% in Turkey. Of the
total 421 164 deaths in 2018, 52 568 were due to
respiratory diseases. Furthermore, approximately 60%

of these deaths were due to COPD (5).

Clinical pulmonary function tests (PFTs) play a crucial
role in the management of respiratory diseases. PFTs
provide not only objective lung function evaluations
but also yield reproducible and quantitative results,
allowing longitudinal monitoring. This feature of PFTs
is quite essential since respiratory symptoms correlate
poorly with disease severity and progression (1, 6,
7).0n the other hand, spirometry is a relatively cheap,
basic, well-tolerated, widely used and non-invasive
PFT that measures the volume of air inhaled or

exhaled (8, 9). It mainly evaluates lung volumes and
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flows and plays a critical role in the diagnosis,
monitoring, differentiation and management of most
pulmonary diseases, such as asthma, COPD and other
restrictive lung disorders (1, 8, 10). In addition, it can
evaluate the possible effects of diseases of other
organs/systems on lung function. Thus, spirometry
should constitute an integral component of any routine
health examination,
diseases (1, 11).

especially with  pulmonary

Some of the indications for spirometry are “evaluation
of the presence/absence of a Ilung disease”,
“investigation of the effect of disease on pulmonary
functions”, “determination of the preoperative risk”,
“monitoring occupational exposure”, “determination of
disabilities”, and “comparison of the health status of
societies” (1, 8, 12-14). This study aimed to identify
the indications for spirometry in a tertiary hospital in
Turkey and validity of spirometry findings in patients

with COPD.
Methods
Study design

This was a prospective, observational, analytical,
cross-sectional study. The study was approved by the
Ethics Committee of the Health Sciences University,
Bursa Yuksek Ihtisas Education and Research Hospital
(Approval date: 26.07.2018; number: 2011-KAEK-25

03/26).
Setting

The study was conducted at the Pulmonary Function
Test (PFT) unit of the Chest Disease Clinics of Bursa
Yuksek Ihtisas Training and Research Hospital
between April 1 and May 31, 2018. The PFT unit
by

appointment. An application is made by completing a

accepts requests from hospital doctors

referral form on the computer system. The PFT unit

applies only simple spirometry testing.
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Participants

In the study period, a total of 1595 patients were
referred to the PFT unit. Of these, 1556 accepted to
join the study. Four patients were excluded from the
analysis due to non-compliance and one because of
recent myocardial infarction. So, we carried the study

with 1551 participants.
Variables

The most essential data provided by the spirometer
are the Forced Vital Capacity (FVC) and Forced
Expiratory Volume in one second (FEV1). On the other
hand, spirometry has defined indications that are
varied and depend on the clinical settings and
questions. In this study, we used the classification

mentioned by Garcia-Rio et al. (8).

Spirolab-II MIR 010, a product of Medical International
Research (MIR), was used as a spirometry device. The
device uses a disposable filter mouthpiece. Pulmonary
function parameters,
Volume in 1 second (FEV1) (% of predicted), Forced
Vital Capacity (FVC), FEV1/FVC% and peak expiratory

flow (PEF) were recorded. Pulmonary function was

such as Forced Expiratory

tested at baseline and post-inhaling bronchodilator.
For the reversibility test, spirometric measurements
were done before and 20 minutes after inhalation of
400 pg salbutamol with a metered dose inhaler. In the
evaluation of bronchodilator response, reversibility was
calculated based on the expected FEV1 percentage of
12% and the absolute change between both FEV1

measurements as over 200 ml.

Also, height and weight of the patients were measured
with standard calibrated devices, and Body Mass Index
(BMI) values were calculated using the “weight
(kg)/height (m)?” formula.

Demographic data of the patients, the reason

for testing and the primary clinical differential

diagnosis were obtained from the referral form. After
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the PFT procedure, the clinical diagnosis of the
referring doctor was obtained from the patients’
electronic medical records. Patients who could not
complete the spirometer test or who were non-
compliant were excluded from the study (n=4).
Additionally, spirometry test was not performed for
patients who had a myocardial infarction (MI) within

the last month (n=1).
Bias

Spirometric evaluation can be accomplished with many
different devices. However, standardization has been
suggested to ensure that the obtained results have not
been affected by technical and personal factors. In this
study, we used the American Thoracic Society (ATS)
and European Respiratory Society (ERS) spirometer
in 2005 (9).

Additionally, to prevent bias, two nurses working in the

standardization guidelines, prepared
PFT unit were trained according to the guidelines

before starting the study.
Study size

A sample size calculation was performed, targeting to
estimate FVC in a population of an unknown quantity
with a 95% confidence interval. Taking the standard
deviation as 1 liter, a sample size of 1497 patients was
required to estimate FVC with a margin of error of 0.1.
The calculation was done with the web-based online
by Lenth

(https://homepage.divms.uiowa.edu/~rlenth/Power/).

Java applet developed Russ

Statistical methods

Statistical analysis was performed with the Statistical
Package for the Social Sciences version 21 (SPSS, IBM,

Armonk, NY, USA). The “number,” “percentage,

“mean” and “standard deviation” were used for
descriptive statistics of the continuous variables.
Independent samples t-test or Mann-Whitney U test
were used to compare two independent groups.

Pearson Chi-Square or Fisher's exact tests were used
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to analyze categorical data. The cut-off point for the
validity of spirometry in the diagnosis of COPD was
determined using the receiver operating characteristic
(ROC) curve. Results were evaluated with a confidence
interval of 95%, and the level of significance, p, was
set at 0.05.

Eur J Human Health 2021; 1(3): 115-124.

Results

Data for 1551 patients were analyzed. The
gender distribution was in favor of women. The
the

Demographic information of the participants and the

majority  of participants were  smokers.

distribution of the mean PFT values are summarized in
Table 1.

Table 1: Distribution of demographic information of the participants

n=1551

Age (year) (meantSD)

46.78+16.95 (min:16, max:92)

Gender
Female 861 (55.50%)
Male 690 (44.50%)

BMI (meanzSD)

28.2946.30 (min: 13.79, max: 62.64)

Smokingstatus

Smoker

Non-smoker

820 (52.9%)
731 (47.1%)

PFT Results (meanxSD)

FvC 3.09£1.17 (min:0.18, max:6.92)
FVC % 85.18+20.38 (min:8, max:250)
FEV1 2.61+2.43 (min:0.18, max:89.50)
FEV1 % 84.54+23.37 (min:1.12, max:384)
FEV1/FVC 82.21+10.60 (min:1.60, max:100)
PEF 4.98+ 2.11 (min:0.22, max:11.65)
PEF % 67.32+22.19 (min:3, max:130)

Table 2 shows the distribution of the indications. The

total number of indications was 2471. As seen in Table
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2, the most common reasons for performing
spirometry were “symptoms, signs and laboratory
results,” “determination of treatment approaches,” and

“determination of the course of the disease.”
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Table 2: Indication distribution of the participants
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n=1551

Diagnosis

To evaluate symptomes, signs and abnormal laboratory tests

854 (55.1%)

To investigate the effect of disease on pulmonary functions

166 (10.7%)

To screen individuals at risk of having pulmonary disease

118 (7.6%)

To determine preoperative risk

144 (9.3%)

To determine prognosis

0

To determine general health status before beginning strenuous exercise

2 (0.1%)

Monitoring

To determine therapeutic interventions

853 (55%)

To describe the course of the disease affecting lung function

197 (12.7%)

To monitor occupational exposure

1(0.1%)

To monitor side effects of drugs with pulmonary toxicity

0

Disability

To evaluate patients as part of a rehabilitation program

134 (8.60%)

To evaluate risks in terms of medical insurance

134 (8.60%)

To evaluate individuals for legal reasons

135 (8.70%)

Public health

Epidemiological surveys 1(0.10%)
To compare the health status of societies living in different environments 1(0.10%)
To evaluate complaints caused by occupational or environmental factors 1(0.10%)
Total 2471

Note: There was more than one indication in some cases.

A total of 1711 diagnoses were made. When the
diagnostic distribution of participants was evaluated,
the most common diseases for patients with
spirometry indications were asthma, seasonal allergic
rhinitis, cough, bronchitis and dyspnea. The least
diagnosed condition was lower respiratory tract
infection (Table 3).
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Table 3: Distribution of the diagnoses
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n=1551

Asthma

388 (25.0%)

Seasonal allergic rhinitis (SAR)

356 (23.0%)

Cough 235 (15.2%)
Bronchitis 193 (12.4%)
Dyspnea 177 (11.4%)

Chronic Obstructive Pulmonary Disease (COPD)

135 (8.7%)

Dependence on tobacco use

114 (7.4%)

Pneumonia 46 (3.0%)
Cardiovascular Disease 39 (2.5%)
Upper Respiratory Tract Infection (URTI) 24 (1.5%)
Lower Respiratory Tract Infection (LRTI) 4 (0.3%)
Total 1711

Note: There was more than one diagnosis in some cases.

We performed ROC analysis to compare the (AUC) for FEV1/FVC ratio, FEV1 and FVC were 0.769
(95% CI: 0.75 to 0.79), 0.729 (95% CI: 0.71 to 0.75)
and 0.655 (95% CI: 0.63 to 0.68), respectively. All p

values were <0.001.

concordance of clinical COPD diagnoses with PFT
results. The receiver-operator characteristic (ROC)

curve is seen in Figure 1. The area under the curve
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Figure 1: ROC curves for determining the presence of COPD
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Cut-off points for FEV1/FVC, FEV1 and FVC were
calculated as 78.4%, 1.96L and 2.65L, respectively.
The sensitivity and specificity of the FEV1/FVC ratio for
predicting COPD were calculated as 67.4% and 79.1%,
respectively. On the other hand, FEV1 had a sensitivity
of 62.9% and a specificity of 74.0%, while FVC
demonstrated a sensitivity of 62.9% and a specificity
of 65.4%.

Discussion

This study demonstrated that the most common

reason for ordering spirometry in the studied
population was to evaluate symptoms, signs and
abnormal laboratory tests. On the other hand, the
most common diagnosis was asthma. As a striking
feature, there was no total agreement between the
diagnoses made by the referring clinicians and the

pulmonary function test results.

The anthropometric data of our study is closely similar
to related studies. The majority of the patients in our
study were below the age of 50 years, which agrees
with the findings of similar studies (3, 10, 15), but
differs from a Canadian study (16) in which majority of
the patients who underwent spirometry were elderly.
This may be because asthma, which is a condition that
occurs more frequently below 45 years of age, was the
most common indication for spirometry in our center.
results show that all

These age groups need

spirometric assessment, and the indications for

spirometry spans across all ages.

D’Andiran et al. (17) stated in their study that of their
participants, 51% were male, and the prevalence of
smokers was 40.66%. The majority of patients were
male in most of the studies in the literature, and the
prevalence of smokers was in a range between 19-
52% (15, 18, 19). In our study, the smoking rate of

patients referred for spirometry was higher than the
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general literature. Respiratory symptoms become more
prominent with tobacco use. Thus, it is expected that

tobacco users are more often given spirometry tests.

In this study, the most common reasons for
performing spirometry were symptoms, signs and
laboratory results, the determination of treatment
approaches, and the determination of the course of
the disease. Distributions of the most common
conditions in patients with spirometric indications were
asthma, seasonal allergic rhinitis, cough, bronchitis
and dyspnea. It is noteworthy to mention that COPD
had a relatively low prevalence among patients with
spirometric indications. In contrast to our study, COPD
was the most prevalent disease according to
spirometric results obtained from other studies (18-
20). Smoking is a known and strong risk factor for
COPD. However, the proportion of COPD patients in
our study was 8.7%, which suggests an under-
diagnosis of this condition. On the other hand, the
most common diagnosis was bronchial asthma (25%)
which is similar to the findings of the studies done by
Onyedum et al. (46.3%) (10), Nwosu et al. (39.4%)
(3) and Neopane et al. (24.2%) (20).

The reference values in PFTs are based on a
statistical analysis of data obtained from large research
groups of healthy individuals with no history of lung
disease and low exposure to risk factors such as
smoking or environmental air pollutants. It has been
accepted that FEV: and FVC vary over time in both
healthy persons as well as people with respiratory
disease. Anthropometric characteristics such as age,
sex, height, ethnicity, body weight and body surface
area are variables that have a significant effect on the
parameters measured in PFTs (21).Biodiversity of
societies, types of equipment used, measurement
techniques and statistical models used in data analysis
change over time. Alterations in environmental and
nutritional as well as

conditions, technological
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advances, define the accuracy of the measurements.
Since reference values are used in medical decisions,
they need to be updated periodically. Otherwise, the
predicted values will lose their sensitivity to detect
abnormal conditions in young cohorts (22-24).
Although no comparison was made according to age
groups in our study, FEV1, FVC, FEV1/FVC ratios, and
percentages of the present cohort were lower than in

Australian and Swiss populations (25, 26).

This study evaluated the validity of spirometry findings
in patients with COPD with a focus on FEV1, FVC and
FEV1/FVC values. The GOLD initiative (15) suggested
cut-off points of FEV1/FVC in diagnosing COPD as
<70% of the expected values. However, in our study,
the cut-off point for FEV1/FVC was determined as
<78.1%, which is another indication that COPD is
under-diagnosed in our sample. Backman et al. (25)
reported FEV1, FVC and FEV1/FVC values in men
(4.18, 5.30 and 0.788, respectively) and women (2.88,
3.66 and 0.785, respectively) similar to our results.
Additionally, Evans et al. (1) determined FEV1, FVC
and FEV1/FVC values of 3.69, 4.74, and 77.9,
respectively. Also, Kocabas et al. (27) reported FEV1,
FVC and FEV1/FVC values in their study as 1.4, 2.2

and 65.3, respectively.
Limitations

This study should be interpreted considering some
limitations. First, the FEV1/FVC ratio to define COPD
decreases with age due to loss of lung elasticity. This
should be the
assessment of indications of spirometry. In addition, a
the

criterion considered throughout

moredetailed, self-reported questionnaire for
assessment of symptoms could have been provided.
Also, the comparison of spirometric results with
different guideline indication criteria could yield other

useful information.
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Conclusions

In this study, we determined that the

physicians’ indications for spirometry deemed

Although

indications vary, physicians mostly used spirometry to

appropriate in our region. spirometry
determine the severity of the disease and the
diagnosis.Physicians ordering pulmonary function tests
and diagnosing chest conditions from these tests

should be updated regularly to prevent misdiagnosing.
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