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ABSTRACT

Introduction: Forced Expiratory Time (FET) is the duration
of forceful expiration during a Forced Vital Capacity (FVC)
manoeuver of spirometry test. Joint recommendation of the
American Thoracic Society (ATS) and the European Respiratory
Society (ERS) i.e., ATS/ERS has expressed new interest about
FET in their latest guidelines (2005). Interpretation of FET in
respect to anthropometric and spirometric determinants in the
population of eastern India is yet to be established.

Aim: To evaluate the correlation of FET with anthropometric {age
and Body Mass Index (BMI)} and spirometric indices (FEV1/FVC
ratio and PEFR) in subjects having normal range of commonly
used spirometry parameters such as FVC, Forced Expiratory
Volume in first second (FEV1), FEV1/FVC ratio, forced expiratory
flow in the middle half of the FVC (FEF25%-75%), and Peak
Expiratory Flow Rate (PEFR).

Materials and Methods: A retrospective study was conducted
based on spirometry results obtained between February
2016 and July 2016 from the saved database at pulmonary
function laboratory of Department of Physiology, RG Kar
Medical College, Kolkata, West Bengal, India, after obtaining
administrative approval. A total of 220 non-smoker subjects

INTRODUCTION

Simple spirometry remains the cornerstone of Pulmonary Function
Test (PFT) and flow-volume spirometry is a useful investigation to
assess lung function physiologically and in disease conditions [1].
FET signifies duration of forced expiration during spirometry. Normally
majority of the inspired air (>70%) is expelled in the first second of the
FVC manoeuver and the rest of the air is expelled in next few seconds
[1]. Although, FET is not recommended as a traditional flow-volume
spirometry variables like other commonly used indices of spirometry
test such as FVC, FEV1, FEV1/FVC, FEF 25%-75% and PEFR [2].
Previously, several researchers reported that FET might be a useful
index to assess small airways (<2 mm internal diameter) obstruction
in those patients whose other spirometry indices such as FVC,
FEV1, FEV1/FVC ratio were found within normal limit [3,4]. This small
airways obstruction commonly reported in smokers before standard
spirometry becomes abnormal [3]. Some authors [5] have opined
that FET may be useful to assess the chronic airways obstruction in
smokers and also may have role in epidemiological survey in these
cases. Although, the diagnostic value of FET is still a controversial
issue [6,7] the latest guidelines of American Thoracic Society and
European Respiratory Society (ATS/ERS) (2005) had given a special
interest in FET [8]. In spite of that due to lack of attention, there is
paucity of relevant data regarding correlation between FET and other
spirometry variables till date [9]. The spirometry indices such as ratio
of Forced Expiratory Volume in one second (FEV1) to FVC (i.e., FEV1/
FVC) and PEFR are the key factors to make clinical decision regarding
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aged between 25 and 50-years including male and female (1:1)
having normal spirometry were selected for analysis where the
test was conducted by HELIOS 702 as per ATS/ERS protocol
(2005) and using 80% ethnic correction during that time
period. Age, Sex, BMI, FEV1/FVC ratio (ratio between forced
expiratory volume in first second and forced vital capacity),
PEFR (percentage value) and FET (seconds) were collected
from the record sheet of each patients. Statistical analysis
was done by chi-square test, two-sided z-test and Pearson’s
correlation coefficient. Differences were found statistically
significant at p-value <0.05.

Results: In the present study both age and BMI had shown
significant positive correlation {(r:+0.445; p<0.001) and
(r:+0.239; p=0.002) respectively} while both FEV1/FVC ratio and
PEFRwere presented significant negative correlation {(r:—0.639;
p<0.0001) and (r:—0.285; p<0.0001)} with FET.

Conclusion: FET increases with age suggesting age related
alteration in pulmonary mechanics and positive correlation with
BMI denotes FET as an indicator of pulmonary efficiency in
obese. Negative correlation of FET with FEV1/FVC and PEFR
may suggest airflow limitation and indicates that FET has a
diagnostic value in obstructive airway diseases.

Keywords: Airflow limitation, Pulmonary mechanics, Spirometry

lung pathology [10]. In the recent past, the authors of the present
study were conducted a retrospective study with one of the above
spirometric indices i.e., PEFR and its changes with relevant variables
in the population of eastern India. This split study had shown clinical
importance of PEFR as a risk assessment tool for the population
having apparently normal lung health [11]. That’s why it is important
to understand the relation of FET with these spirometry variables
during a standard spirometry session where other variables are within
normal range in nonsmokers. If found relevant; FET may prove to be
a valuable index of spirometry. The present study aimed to evaluate
the correlation of FET with anthropometric and spirometric indices in
subjects having normal spirometry such as FVC, FEV1, FEV1/FVC,
FEF25%-75% and PEFR.

MATERIALS AND METHODS

A retrospective study was conducted at the spirometry laboratory
at Department of Physiology, RG Kar Medical College Kolkata,
West Bengal, India, with the stored data of normal test results
between February 2016 and July 2016 of 220 patients including
males and females (1:1). They were referred from different
Outpatient Departments of RGKMCH, Kolkata during that period
with chief complaint of Shortness Of Breath (SOB) and all was
done this procedure for the first time. All study subjects were Legal
residents of the state of West Bengal. Therefore, they could be
assigned as Bengali by Ethnicity. According to inclusion criteria
of the study, all of them were aged between 25 and 50 years as
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well as having normal spirometry values {FVC and FEV1 >80% to
<120% predicted, FEV1/FVC ratio >0.7, forced expiratory flow in
the middle half of the FVC (FEF25%-75%) of >50% of predicted
[12] and PEFR >60% predicted [13] and they were all non-smokers
as per record.

Exclusion criteria of the study were: 1) Restrictive impairment
(FEV1 and FVC each <80% of predicted, with FEV1/FVC ratio >0.7
with FEV1 <80% of predicted) and obstructive impairment (FEV1/
FVC ratio <0.7 with FEV1 <80% of predicted) test results [14];

2) FEF 25%-75% value <50% of predicted and PEFR value <60%
of predicted;

3) Subjects with any cardiac ailments like angina pectoris with
complaints of SOB (as written in their OPD cards);

4) Test that had been done using 100% ethnic corrections;
5) Age <25 years and >50 years;
6) Smokers as per record.

Appropriate administrative approval was taken for the proposed
study from the Principal and Head of Institutional Ethical Committee,
RG Kar Medical College and Hospital, Kolkata, West Bengal, India.
This present study was conducted following ethical criteria laid down
by World Health Assembly, Helsinki declaration, latest amendment
in 2015. Written informed consent from every patient was already
taken prior to the test.

Experimental protocol: At first data regarding anthropometric
parameters like age, sex, height, weight, BMI and smoking
habit (Smoking status:an ever-smoker was anyone who smoked
cigarette, beedi, hookah, etc., regularly for at least one year and
never-smokers were defined as those who never smoked regularly
for one year or more) was collected and entered in master chart
of the present study. Then spirometry tests were done and the
stored data of the patients were gathered following inclusion and
exclusion criteria of the present study. At every time the test was
performed by BRMS HELIOS-702 machine following American
Thoracic Society/European Respiratory Society (ATS/ERS) latest
guideline of 2005 [8] and using 80% ethnic correction (it had been
customary to equate 80% predicted with the lower limit of normal
as we had considered percent predicted values for statistical
analysis [12,15-17].

Calibration of the testing machine was done on daily basis by
using a calibrated syringe and following the latest guidelines of
ATS/ERS [8] during the study period. The author checked the
syringe for leaks and damage prior to the procedure and kept
the syringe next to the spirometer. The largest observed values
of FEV1 and FVC available from among at least three acceptable
and reproducible tests were taken as the key parameters for
interpretation. Pulmonary function indices were recorded as a
percentage of the normal predicted value on reported height, age
and sex [18] except FET which was recorded in seconds. Finally,
only age, sex, BMI, FEV1/FVC ratio, PEFR (percentage value) and
FET (seconds) had been chosen from the collected data sheet of
each patient for statistical analysis.

STATISTICAL ANALYSIS

The data were expressed in Mean+Standard Deviation (SD).
Descriptive analyses were performed using chi-square Test (for
categorical variables) and two-sided z-tests (for continuous variables)
to compare groups. All data of spirometry variables were expressed
in percentage (%) form except FET (seconds). z-tests, r-value of
Pearson’s correlation coefficient test among FET with study variables
like age, BMI, FEV1/FVC ratio and PEFR, mean values and standard
deviation were calculated using Microsoft excel sheet whereas chi-
square test and statistical analysis of p-values was done using
GraphPad QuickCals Software, California, USA. Differences were
considered statistically significant at p-value <0.05.
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RESULTS

In this study mean age of the study population was around 39 years
and was non-obese. Mean FET was around three seconds and
mean values of other spirometry parameters like FVC, FEV 1, FEV
1/FVC, FEF 25%-75%and PEFR were well above the Lower Limit of
Normal range (LLN) [Table/Fig-1]. FET had significant positive linear
correlation with age and BMI respectively but significant strong
negative linear correlation with FEV1/FVC and weak significant
negative correlation with PEFR values in this study (That means
FET increases with ageing and obesity whereas it increases with
decreasing value of spirometric indices i.e FEV1/FVC and PEFR)
[Table/Fig-2,3a-d]. These findings had shown FET progressively
increased with increasing in age and BMI whereas a trend of
gradual increment in duration of FET with increase degree of airway
obstruction denoted by decreased mean value of FEV1/FVC and
PEFR in this study subjects having normal spirometry.

Parameters Analysed data

Age (years) 38.522+16.417
(mean+sd)

2
BMI (kg/mv) 22.074+4.178
(mean+sd_
FVC (%) 102.4364+10.70785
(meanzsd)

0,
FEVI (%) 103.5182+10.37888
(mean+sd)
FEV1/FVC ratio (%) 101 563+8.992
(mean+sd)
FEF 25%-75% 68.54+11.41
0,

PEFR(%) 85.859+21.478
(meanzsd)
FET (seconds) 5.879+0.903
(mean=+sd)
[Table/Fig-1]: Overall demographic, anthropometric andspirometric profile of the
study population (n=220).

Indices Pearson’s correlation coefficient (R) p-value
Age 0.445 <0.0001*
BMI 0.239 0.0002*
FEV1/FVC ratio -0.639 <0.0001*
PEFR -0.285 <0.0001*

[Table/Fig-2]: Correlation of Forced Expiratory Time (FET) with anthropometric

and spirometric indices in the study population (n=220).
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[Table/Fig-3a]: Graphical representation of the linear correlations of the above

table; FET and AGE (n=220).

DISCUSSION

The present study was aimed to find the correlation between FET
and anthropometric as well as lung function parameters only, though
author considered FET as a potentially relevant quality measurement
for diagnostic purpose early on in the analysis. This study had
chosen 80% ethnic correction factors implying that predicted values
for a pulmonary index, because researchers were reported that the
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[Table/Fig-3d]: FET and PEFR (n=220).

mean total lung capacity and vital capacity in the caucasian group,
expressed as percentage predicted, was 17 and 20% higher than
in the Indian group [19].

This present study observed that mean FET in study population was
around three seconds and mean age was around 39 years which
was close proximity with the study finding of Kotur NS, et al., where
mean FET was reported as 2.65s in obese (mean age was 34 years)
and in non obese it was 1.8 second (mean age was 30 years) [20].
Previously researchers documented that after expelling 70-80% of
vital capacity rapidly and smoothly on first second it takes further
2-3 seconds to expire the remaining 20-30% in normal subjects
and patients without airways obstruction [1,21]. Although there is
paucity of data regarding cut-off range of FET for the healthy Indian
population till date.

In this present study, FET had shown moderate positive correlation
with age but strong negative correlation with the key spirometry
parameter FEV1/FVC in both genders. These findings were similar
to the previous study conducted by Kainu A et al., [22]. Researchers
had shown that due to ageing various anatomical, physiological
and immunological changes occur in respiratory system resulting in
increased Functional Residual Capacity (FRC) and thus an increased
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airway resistance [23,24]. In addition, airway calibre decreases with
age and the proportion of collapsible small airways increases, as
well as the airways receptors, undergo functional changes with age
resulting in increasing resistance in airways [24]. Therefore, FET tends
to be prolonged with advancement of age in this study subjects.

Furthermore, this study observed significant positive correlation
between FET and BMI. Previously researchers were reported
similar results [22]. Kotur NS et al.,, had also shown that FET
was prolonged in obese compared to non-obese population and
they opined FET as one of the most significant and sensitive lung
function test parameter [20]. Salome CM et al., documented that
obesity causes increased demand for ventilation, elevated work
of breathing, respiratory muscle inefficiency and diminished total
respiratory compliance in almost two third of obese compared to
normal individuals, leading to decrease in ERV followed by decrease
in FRC with a high closing volume to FRC ratio in obese causes
increase the risk of both expiratory flow limitation and airway closure
at the dependent part of the lung [25]. Therefore, prolongation of
FET might be indicative of some form of airflow limitation due to
lower FRC in obese [20]. Thus, positive correlation between FET
and BMI in the present study indicates reduction in respiratory well-
being in obese, even in the absence of specific respiratory disease
as seen in the present study.

On the other hand, a strong negative correlation between FET and
FEV1/FVC observed in this study and this association was similar
to the finding of Smith LJ et al., [26]. As the reduction in the FEV1/
FVC ratio below the LLN of a normally distributed set of values of
FEV1/FVC indicates large airflow obstruction for a population of
non-smoking, normal individuals [27,28] as well as in severe cases
<40% of the vital capacity is expelled in the first, second and the
remainder takes much longer before patient being forced to take
another breath leading to prolong FET [1]; therefore a reduced
FEV1/FVC ratio results in increased forceful exhalation time could
be suggestive for FET to be used as a supportive test to diagnose
obstructive airways diseases.

Significant negative correlation between FET and PEFR in this
study population corroborates with the observation of previous
researchers [29]. A PEFR measure the force generated by the
expiratory muscles [30] and also gives idea about the dimensions
of the large intra and extrathoracic airways [31]. Generally, it is
reduced in all type of respiratory diseases. Although its measured
value is reduced more significantly in obstructive lung diseases such
as asthma, emphysema, Chronic Obstructive Pulmonary Diseases
(COPD) and chronic bronchitis compared to restrictive lung diseases.
Over and above PEFR is highly sensitive to diagnose asthma than
other respiratory diseases [32]. Hence, negative correlation of FET
with PEFR might be indicated either large or small airflow limitation
in subjects with normal spirometry.

LIMITATION

This study had some limitations that need to be considered. Firstly,
this study did not assess the correlation between change in FET
and clinical indices such as dyspnoea. As a small, retrospective
study performed in a single centre with a relatively homogeneous
population, the results may or may not vary in other settings. Secondly
author analysed only the recorded duration of forceful expiratory
effort but not the intensity of that effort which can be measured by
Trans-diaphragmatic or maximum expiratory pressures. Moreover,
whole-body plethysmography was not used to assess FRC, airway
resistance and other variables.

CONCLUSION

The FET demonstrates as an important diagnostic tool in simple
spirometry to assess airflow limitation even in subjects having normal
results and helps to diagnose future obstructive airway diseases.
Although the present analysis of FET provides insight into spirometric
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performance in a single testing session, a clinical role for FET was
identified. It also suggests age related alteration in pulmonary
mechanics and indicates pulmonary efficiency in obese. Future
follow-up studies addressing the above limitations with large sample
size of healthy volunteers can bring definitive conclusions. The role of
FET in characterising bronchodilator response targeting to establish
correlation with clinico-spirometric changes can also be considered.

ACKNOWLEDGEMENTS

The authors are thankful to the Principal, all faculty members and
staffs of Department of Physiology, RG Kar Medical College and
Hospital, Kolkata for giving such scope to do research work related
to clinical physiology.

REFERENCES

[1] Lal S, Ferguson AD, Campbell EJM. Forced expiratory time; a simple test for
airways obstruction. BMJ 1964;1:814-17.

[2] Tsai H, Kho JY, Shaikh N, Choudhry S, Naqgvi M, Navarro D, et al. Admixture-
matched case-control study: a practical approach for genetic association studies
in admixed populations. Hum Genetics. 2006;118:626-39.

[8] McFadden ER, Linden DA. A reduction in maximal midexpiratory flow rate. A
spirographic manifestation of small airway disease. Am J Med. 1972;52(6):725-37.

[4] Teculescu DB, Pham QT, Hannhart B. Tests of small airway dysfunction:
their correlation with the “conventional” lung function tests. Eur J Respir
Dis. 1986;69(3):175-87.

[5] Cochcrane GM, Prieto F, Hickey B, Benatar SR, Clark TJH. Early diagnosis of
airways obstruction. Thorax. 1974;29:389-93.

[6] Kern DG, Patel SR. The diagnostic value of the forced expiratory time. JAMA.
1994;271(1):25.

[7] Wali SO. The diagnostic value of forced expiratory time. Saudi J Int Med.
2011;1(1):1432H-2011G.

[8] Miller MR, Hankinson J, Brusasco V, Burgos F, Casaburi R, Coates A, et al.
Standardisation of spirometry. Eur Respir J. 2005;26:319-38.

[9] Tsai AG, Christie JD, Gaughan CA, Palma WR, Margolis ML. Change in forced
expiratory time and spirometric performance during a single pulmonary function
testing session. Respir Care. 2006;51(3):246-51.

[10] Mengesha YA, Mekonnen Y. Spirometric lung function tests in normal non-
smoking Ethiopian men and women. Thorax. 1985;40:465-68.

[11] Mukerjee S, Baneriee G, Singhamahapatra AB. Peak expiratory flow rate
changes with relevant variables in a population of eastern India. Indian J Physiol
Pharmacol. 2018;62(3):372-79.

[12] Tafuro F, Corradi M, Mutti A. Interpretative strategies of lung function tests:
obstructive pattern. Med Lav. 2014;105(3):197-213.

[13] Ljustina-Pribic R’, Roncevic N. Reference values for the peak expiratory flow.
Med Pregl. 2005;58(7-8):347-50.

www.jcdr.net

[14] Wise RA, Kanner RE, Lindgren P, Connett JE, Altose MD, Enright PL, et al. Lung
Health Study Research Group. The effect of smoking intervention and an inhaled
bronchodilator on airways reactivity in COPD: the Lung Health Study. Chest.
2003;124(2):449-58.

[15] Brusasco V. Usefulness of peak expiratory flow measurements: is it just a matter
of instrument accuracy? Thorax. 2003;58(5):375-76.

[16] Nefedov VB, Shergina EA, Popova LA. Evaluation of the course of chronic
obstructive lung diseases according to the classifications of the European
Respiratory Society and the Global Initiative on Chronic Obstructive Lung
Disease. Probl Tuberk Bolezn Legk. 2006;(2):44-47.

[17] Kreider ME, Grippi MA. Impact of the new ATS/ERS pulmonary function test
interpretation guidelines. Respir Med. 2007;101(11):2336-42.

[18] Pride NB. Tests of forced expiration and inspiration. Clin Chest Med.
2001;22(4):599-622.

[19] Aggarwal AN, Gupta D, Behera D, Jindal SK. Applicability of commonly used
Caucasian prediction equations for spirometry interpretation in India. Indian J
Med Res. 2005;122(2):153-64

[20] Kotur NS, Sappandi NB, Karne SL, Gurupadappa K, Chidananda PS. Expiratory
time an indicator of pulmonary efficiency in obese-a case control study. J Pharm
Res Int. 2011;10(3):94-96.

[21] Gross D. Investigations concerning vital capacity. American Heart Journal.
1943;25:335.

[22] Kainu A, Lindgvist A, Sarna S, Sovijarvi A. Spirometric and anthropometric
determinants of forced expiratory time in a general population. Clin Physiol Funct
Imaging. 2008;28(1):38-42.

[23] Kirkby J, Stanojevic S, Welsh L, Lum S, Badier M, Beardsmore C, et al. Reference
equations for specific airway resistance in children: the Asthma UK initiative. Euro
Respiratory J. 2010;36(3):622-29.

[24] Sharma G, Goodwin J. Effect of aging on respiratory system physiology and
immunology. Clin Interv Aging. 2006;1(3):253-60.

[25] Salome CM, King GG, Berend N. Physiology of obesity and effects on lung
function. J Appl Physiol. 2010;108:206-11.

[26] Smith LJ, Arynchyn A, Kalhan R, Wiliams OD, Jensen R, Crapo R, et al.
Spirometry guidelines influence lung function results in a longitudinal study of
young adults. Respir Med. 2010;104:858-64.

[27] Pelligrino R, Viegi G, Brusasco V, Crapo RO, Burgos F, Casaburi R, et al.
Interpretative strategies for lung function tests. Eur Respir J. 2005;26(5):948-68.

[28] Pérez-Padilla R, Valdivia G, Muifio A, Lopez MV, Marquez MN, Montes de Oca
M, et al. Spirometric reference values in 5 large Latin American cities for subjects
aged 40 years or over. Arch Bronconeumol. 2006;42(7):317-25.

[29] Macdonald JB, Cole TJ, Seaton A. Forced expiratory time-its reliability as a lung
function test. Thorax. 1975;30:554-59.

[30] Devadiga D, Varghese AL, Bhat J, Baliga P, Pahwa J. Peak flow measure: an
index of respiratory function? Int J Health Sci Res. 2015;5(2):240-45.

[31] Hoffstein V. Relationship between lung volume, maximal expiratory flow, forced
expiratory volume in one second, and tracheal area in normal men and women.
Am Rev Respir Dis. 1986;134(5):956-61.

[32] Essays, UK. Peak Expiratory Flow Rate (PEFR) in Lung Diseases, 2013 Nov. Retrieved
fromhttps://www.ukessays.com/essays/biology/value-of-pefr-measurement-in-lung-
diseases-biology-essay.php?vref=1.

PARTICULARS OF CONTRIBUTORS:

1. Senior Resident, Department of Physiology, North Bengal Medical College and Hospital, Darjeeling, West Bengal, India.
2. Ex Professor and Head, Department of Physiology, RG Kar Medical College and Hospital, Kolkata, West Bengal, India.

NAME, ADDRESS, E-MAIL ID OF THE CORRESPONDING AUTHOR:
Dr. Sujoy Mukherjee,

Shantiniketan Housing Complex, Block 10, Flat No. 3C, Kalamjote, Near North Bengal Medical College,

Sushruta Nagar, Darjeeling-734012, West Bengal, India.
E-mail: dr.sujoymukherjee@rediffmail.com

FINANCIAL OR OTHER COMPETING INTERESTS: None.

Date of Submission: Jul 26, 2018
Date of Peer Review: Sep 20, 2018
Date of Acceptance: Nov 14, 2018

Date of Publishing: Jan 01, 2019

Journal of Clinical and Diagnostic Research. 2019 Jan, Vol-13(1): CC01-CC04



