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Introduction
The spirometry test is a valuable diagnostic tool used to 
assess the performance and functionality of the respira-
tory system. It is crucial in evaluating and monitoring 
various respiratory conditions, such as chronic obstruc-
tive pulmonary disease (COPD), asthma, and occupa-
tional lung diseases [1, 2]. The accurate interpretation 
of spirometry results depends on the test performance 
quality, as any inaccuracies or inconsistencies in the pro-
cedure may lead to misleading outcomes and undesirable 
consequences for both individuals and the economy [3, 
4].
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Abstract
Background  The spirometry test is a valuable test to evaluate the performance of the respiratory system. The 
interpretation of the results is highly dependent on the quality of its performance, while the inappropriate quality 
results in unwanted consequences for individuals and the healthcare system. This study investigated the quality of 
spirometry tests performed in occupational health.

Methods  In this cross-sectional study, the quality of 776 spirometry tests in different occupational centers by the 
specialists in Rasht, Iran, in 2020, based on the guidelines of the American Thoracic Society (ATS), was investigated. The 
quality and success rate of the test and the demographical characteristics of the operators and the participants were 
collected. All data was analyzed using SPSS software version 20.

Results  Out of 776 spirometry tests, about 69.7% were unacceptable. Among the unacceptable tests, a pause 
error between inhalation and exhalation was identified in 7.4% of tests. Additionally, 4.6% of the unacceptable 
tests exhibited a cough error within the first second, while an exhalation error of less than six was observed in 85%. 
Repeatability errors were found in 60.9% of the tests. Furthermore, among some errors, the communication error 
between the characteristics of the technicians and the test performance errors were evident.

Conclusion  According to the results, most of the performed tests were unacceptable with no repeatability, which 
indicated that the validity and quality of spirometry tests and their interpretation were inappropriate in the field of 
occupational health in Rasht, Iran.
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A spirometry test measures the volume of air an indi-
vidual can inhale or exhale and the speed at which they 
can perform these respiratory maneuvers. It provides 
essential data on lung capacity, airflow limitation, and 
other parameters that help diagnose respiratory dis-
orders, assess disease severity, and monitor treatment 
effectiveness [5, 6]. However, the reliability and validity 
of spirometry results heavily rely on adherence to stan-
dardized protocols, proper technique execution, and 
appropriate equipment calibration [7, 8]. In the field of 
occupational health, spirometry testing assumes particu-
lar significance. Occupational hazards, such as exposure 
to dust, chemicals, and other respiratory irritants, can 
impair lung function and occupational lung diseases [9, 
10]. Regular spirometry testing is crucial in identifying 
early signs of respiratory dysfunction among workers 
exposed to these occupational hazards. It aids in imple-
menting timely interventions, ensuring worker safety, 
and preventing further health deterioration [3, 11].

Despite the importance of spirometry testing, the 
quality of these tests in the field of occupational health 
remains a critical concern. Inadequate test performance, 
including errors in technique, equipment calibration, or 
data interpretation, can result in inaccuracies and mis-
diagnosis, leading to improper management strategies, 
unnecessary medical interventions, and potential eco-
nomic burdens [12–14]. Therefore, this study aims to 
investigate the quality of spirometry tests performed on 
workers in different occupational areas.

Methods and patients
Study design
In this descriptive-cross-sectional study, the data of 
776 performed spirometry tests in different occupa-
tional areas applied by the specialists in Rasht, Iran, in 
2020 were collected. Also, the demographical data of 
participants and technicians, including age, gender, his-
tory of smoking, educational field, and years of occupa-
tional experiences, were recorded. All participants gave 
their consent to participate in the study. The study was 
confirmed by the ethical committee of the Guilan Uni-
versity of Medical Sciences, Rasht, Iran [REC.GUMS.
REC.1399.403].

Respiratory test
The quality of the performed spirometry tests was evalu-
ated according to the American Thoracic Society (ATS) 
guidelines [6] designed by the American ATS/Euro-
pean Respiratory Society (ATS/ERS) to evaluate accept-
able indicators and reproducibility of the spirometry 
maneuver. The spirometry test maneuver must have an 
appropriate beginning, continuation, and end. The spi-
rometry test was considered acceptable if there was no 
artifact (cough in the first second of exhalation, glottis 
closure, leakage of the spirometer device and obstruction 
in the mouthpiece, etc.), no early end in the exhalation 
maneuver (exhalation maneuver less than six seconds 
or plateauing or the volume-time curve was less than 
one second), and the exhalation maneuver has a suitable 
start (extrapolated volume < 5% of forced vital capac-
ity (FVC)). After achieving three acceptable maneuvers, 
at least two tests with repeatability (reproducibility with 
no difference of more than 150 ml in the amount of the 
two maximum indicators of FVC two maximum indica-
tors of forced expiratory volume (FEV1) in the exhalation 
maneuver) were obtained. In this study, the seven opera-
tors conducted the spirometry tests (medical students, 
nurses, and healthcare staff). The pulmonologists evalu-
ated all spirometry tests based on ATS/ERS, and inter-
personal variability was assessed (kappa coefficient 95%).

Statistical analysis
Data was analyzed using SPSS software version 20. Quali-
tative variables were expressed as frequency (number and 
percentage), and quantitative variables were expressed as 
mean and standard error (SD). The significance level for 
this study was considered less than 0.05.

Results
Out of 776 spirometry tests, about 653 were male 
workers, and the study participants’ average age was 
34.62 ± 8.14 years. About 97 of the participants were 
smokers. Through checking the quality of spirom-
etry tests, only 235 tests were acceptable. Peak error in 
the first second, maneuver initiation error, pause error 
between inhalation and exhalation, cough error in the 
first second, errors of the continuation of the maneuver, 
maneuver termination error in the first second, exhala-
tion error of less than six seconds, were present in 19, 8, 
40, 25, 57, 37, and 460 of unacceptable tests, respectively. 
About 473 tests had reproducibility errors, and 38 tests 
had misinterpretations (Table 1).

The average age of the operators was 35.14 years (30–42 
years). The average working experience of the operators 
was 7.57 years (1–12 years). In terms of the relationship 
between technicians’ gender and spirometry test errors, 
the frequency of the error of starting the maneuver with 
insufficient strength was significantly higher in male 

Table 1  The quality of spirometry tests in the field of 
occupational health
Indexes of inappropriate spirometry test 
(n = 541)

Inappropri-
ate
n (%)

Appro-
priate
n (%)

Termination of the maneuver 460 (85.0) 81 (15.0)
Start of maneuver 48 (8.8) 493 

(91.13)
Continuation of the maneuver 119 (30.0) 422 (70.0)
Reproducibility 473 (61.0) 303 (39.0)
Interpretation 38 (4.9) 638 (95.1)
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technicians than in females (P < 0.05). Also, the frequency 
of pause error between inhalation and exhalation, cough 
error in the first second, and peak error in the first sec-
ond were significantly higher in male technicians com-
pared to females (P < 0.001). However, the frequency of 
exhalation error of less than six seconds was significantly 
higher in female technicians (P < 0.05). Also, the fre-
quency of errors of repeatability criteria in male techni-
cians was significantly higher than in females (P < 0.05).

Regarding the relationship between technicians’ field 
of study and spirometry test errors, the frequency of 
pause error between inhalation and exhalation and peak 
error in the first second in medical student technicians 
was significantly higher than the technicians of the other 
two fields (P < 0.05). The frequency of maneuver termina-
tion error and exhalation error of less than six seconds in 
nursing technicians was significantly higher than in the 
technicians of the other two fields (P < 0.05). Also, the fre-
quency of errors of reproducibility criteria in technicians 
in the health education field was significantly higher than 
in the other two fields (P < 0.001).

In terms of the relationship between technicians’ 
age and spirometry test errors, the frequency of pause 
errors between inhalation and exhalation, re-exhala-
tion error, and peak error in the first second in techni-
cians with age ≥ 33 years was significantly higher than in 
technicians with younger age (P < 0.05). The frequency 
of cough errors in the first second and exhalation errors 
less than six seconds in technicians aged < 33 years was 
significantly higher than in technicians aged ≥ 33 years 
(P < 0.05). Also, the frequency of errors of reproducibil-
ity criteria was significantly higher in technicians with 
age < 33 years than in technicians with age ≥ 33 years 
(P = 0.001).

In terms of the relationship between technicians’ work 
experience and spirometry test errors, frequency of pause 
error between inhalation and exhalation, peak error in 
the first second, maneuver termination error, and exha-
lation error of less than six seconds in technicians with 
experience years ≥ 7 was more than technicians with less 
experiences (P < 0.001). The frequency of maneuver con-
tinuation error and cough error in the first second and 
errors in repeatability criteria in technicians with experi-
ence years < 7 was significantly higher than in technicians 
with work experiences ≥ 7 years (P < 0.001) (Table 2).

Discussion
In work environments that contain harmful respiratory 
factors, periodic and regular spirometry tests are essen-
tial for the prevention and early diagnosis of respira-
tory system disorders. To achieve this, it is necessary to 
have qualified spirometry tests performed [15, 16]. In 
this study, we evaluated the quality of spirometry tests 
conducted on a sample of predominantly male workers, Ta
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focusing on identifying errors and deficiencies. Our find-
ings revealed that only 30% met the criteria for accept-
ability, indicating a substantial prevalence of errors 
within the tested population. One notable observation 
was the high frequency of exhalation error of fewer than 
six seconds, which was present in many unacceptable 
tests.

In the study of Hnizdo et al. on 2500 spirometry tests of 
firefighters, based on ATS criteria, the rate of acceptable 
tests was reported to be 60% [17]. Kaur et al. illustrated 
that among the participants, 87.3% exhibited spirometry 
tests of acceptable quality. Multivariable analysis revealed 
that the age ≥ 70 was associated with poor-quality spi-
rometry. They suggested that using a portable spirometer 
enabled the performance of spirometry tests with accept-
able quality in community settings [18].

Another noteworthy finding was the relatively high 
frequency of errors related to the initiation and continu-
ation of the maneuver, including peak error in the first 
second and maneuver termination error. These errors 
have been recognized as familiar sources of variability 
and inconsistency in spirometry results [19]. These stud-
ies emphasized the need for standardized training and 
higher adherence to best practices among technicians to 
minimize these errors. Regarding the influence of techni-
cian characteristics on spirometry test errors, our study 
revealed significant associations between gender, field of 
study, age, and work experience of the operators, and the 
frequency of errors encountered during testing. Licskai et 
al. reported that differences in patient population, train-
ing protocols, and testing environments can influence the 
quality and performance of spirometry tests [20].

Furthermore, our findings illustrated that male techni-
cians exhibited a higher frequency of errors than females. 
The gender disparity may be attributed to differences in 
technique, experience, and confidence levels. Moreover, 
analysis of the technicians’ field of study highlighted vari-
ations in error frequencies across different professional 
backgrounds. Medical student technicians were more 
prone to errors related to pauses between inhalation and 
exhalation and peak error in the first second, suggesting 
a potential need for enhanced training in these specific 
areas. On the other hand, nursing technicians exhibited 
higher rates of maneuver termination and exhalation 
errors of less than six seconds, emphasizing the impor-
tance of ongoing education and skill refinement in spi-
rometry testing for this group. These findings highlighted 
the importance of ongoing mentorship and quality con-
trol measures to improve the proficiency of less-experi-
enced technicians.

A study by Seyedmehdi et al. on 1004 male work-
ers evaluated the standardization of spirometry tests 
before and after training according to National Institute 
for Occupational Safety and Health (NIOSH) guidelines 

and reported a significant improvement in the quality of 
spirometry tests following the training intervention [3]. 
Another study by Saraei et al. indicated that the spirom-
etry tests conducted during the periodic examinations of 
workers exhibited low quality. They suggested training 
spirometry operators and implementing more stringent 
monitoring measures to ensure the accuracy and reliabil-
ity of spirometry tests in occupational examinations [4]. 
Most spirometer tests in a study by Hegewald et al. dem-
onstrated inaccuracies, with the errors being substantial 
enough to lead to significant alterations in the classifica-
tion of patients with obstruction. Furthermore, only 60% 
of patients underwent acceptable-quality tests [21]. These 
findings highlight apprehensions regarding the usefulness 
of spirometry conducted in primary care settings without 
adequate emphasis on quality assurance and comprehen-
sive training.

Conclusion
The current study suggested the need for continued 
efforts to improve the quality of spirometry testing. By 
identifying common errors, understanding their asso-
ciations with technician characteristics, and drawing 
comparisons to previous research, the study provided 
valuable insights for practitioners, educators, and policy-
makers to enhance the accuracy and reliability of spirom-
etry measurements in the field of occupational health.
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