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Abstract
Introduction: The prediction equations for spirometry currently used may have lost significance as they are
several decades old. Also the lung health of the population has changed over the years. Moreover prediction
equations for Central Indians have never been proposed.
Aims: To develop prediction equations for pulmonary function parameters in Central Indian adult population
and to compare them with equations currently used for Indian population.
Materials and Methods: Spirometry was performed using Helios 401 machine on 445 healthy male & female
subjects aged between 18 to 60 years residing in Central India using the current guidelines as recommended
by ATS. Prediction equations for males & females were developed separately for FVC, FEV1, PEFR, FEF
25-75 %, FEF 0.2-1.2 litres, FEF 25%, FEF50%, FEF75% and MVV. Final models were selected considering
simplicity and ease of clinical application, highest predictive capability (R2), highest F value, lowest AIC
value and satisfaction of assumptions of regression analysis. Age related decline and height related increase
for all the pulmonary function parameters was observed. These equations were also compared for agreement
with currently used Recorders equations for Indians using Bland Altman method.
Conclusion: All the observed values of pulmonary function parameters were less in central Indians as
compared to the reference values suggesting either an ethnically lower values or a decline in the lung health
of the population. W e propose that the prediction equations for pulmonary function parameters developed in
this study must be used as reference for Central Indians.

Introduction
Pulmonary function tests are the fundamental tool to
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evaluate the respiratory system of an individual and
of all the tests, spirometry is by far the most common
one used in the diagnosis, assessm ent and
management of patients with different lung diseases.
To make an assessment or interpretation of an
observed value it is compared with a reference value,
defined as ‘normal’ and is derived from a
representative sample of healthy subjects. Unlike
m o s t ot he r m eas u rem en t s in m ed icin e wh ere
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universally applicable normal ranges are available,
lung function shows wide variations even in ‘normals’
not only due to technical factors related to equipment
and procedures, but also due to biological and
environmental factors. These include racial, ethnic,
s e x, a nt h r op o m e tr ic f a c to r s , s o c io - e co n o m ic ,
geographical, climatic and nutritional conditions so
that prediction equations developed in one set of
population may not be applicable to a different set
of population (1). Several prediction equations have
been described for northern, eastern, western and
southern regions of India with different prediction but
none for central Indian adult population (2-7). In our
previous works in normal healthy individuals and in
control groups of occupational studies, it was
conspicuous that recorded values of PFT parameters
were lower than the predicted values (8-10), justifying
the need for revision of prediction equations for the
region. Further, considering the recent measurement
protocols and the equipments available, the current
utility and validity of some of the equations in vogue
is questionable as these studies have varied in study
p o p ul at io n , s am p le s ize, i ns t r u m e nt a t i o n an d
statistical techniques that may no longer be useful.
Also there are evidences of a cohort effect where
some evidences show improvement in lung health of
a population over a long period of time (11, 12),
while some have proved deterioration in lung health
(13). The other major factors that significantly affect
PFTs are diet, obesity, air pollution and physical
activity (14). There has been general improvement in
nutritional status as a result of expans ive
industrialisation and rapid global economic growth
but on the contrary the physical activity has reduced
and ex pos ure to air pollution has e norm ous ly
increased. In light of changes in socioeconomic
s t a t u s , a n t h r o p o m e t r i c c h a n g e s , l i f e s t yl e
modifications, environmental influences and the
measurement instruments and protocols, the present
study was taken up to formulate new prediction
equations for various pulmonary function parameters
for the Central Indian adult population.

Material & Methods
A cross-sectional study was carried out in
Department of Physiology of a tertiary care hospital
attached to a medical college on normal, healthy
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male & female subjects aged between 18 to 60 years
over a period of 3 years. An ethical approval to
conduct the study was taken from Institutional Ethics
Committee. A written informed consent was taken
f ro m all the s ubj ec ts . For f eas ib ility r eas ons
convenient sampling technique was used to sample
the subjects. All the available Indian studies have
also used convenient sampling technique (2-7). The
hospital where the study was conducted caters to
the patients com ing from diff erent distric ts of
Vidarbha, parts of Madhya Pradesh and Chhattisgarh.
Theref ore, the subjects included were healthy
relatives of patients attending the hospital OPD and
IPD so as to make the sample representative of
Central Indian population. Some of the teaching and
non teaching staff members of the institute were
also included in the study so as to have a mix of
urban and rural population. All the subjects included
were permanent residents of Central India and
originally hailed from the region. Detailed history of
all the subjects was taken along with thorough
clinical examination and only those found to be
normal and healthy were included in the study. The
exclusion criteria included smokers, subjects with
clinical abnormalities of vertebral column and thoracic
cage; subjects with pulmonary tuberculosis, bronchial
asthma, subjects who had undergone vigorous
exercise, abdominal or chest surgery and subjects
suffering from any active respiratory tract infection
and or having respiratory symptoms like cough,
sputum production, dyspnoea, and wheezing as
assessed by American Thoracic Society, Division of
L u n g D i s e a s e s q u e s t i o n n a ir e f o r r e s p i r a t o r y
symptoms (ATS-DLD-78A). Exclusion criteria were
in conformity with the guidelines recommended by
ATS (1). Spirometry was performed using Helios 401
(Recorders and Medicare systems Private Limited,
Chandigarh, India), a computerized electronic type
of spirometer, which was attached to a laptop. It is
a dry type of spirometer with an internal correction
of volumes. Before beginning the tests,
demonstrations were given to each subject separately
and it was confirmed whether he had understood the
procedure. T hey were fam iliarized with the
instruments and pulmonary function tests were
performed. The data of the subject like name, age,
sex, height, weight, the atmospheric temperature
were entered into the software program of
computerized spirometer. The standing height of the
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subject was measured by making the subject stand
against a wall on which measuring scale was marked.
The subjects stood barefoot and his feet were
approximated together with heels, buttocks and
occiput touching the wall firmly. Head was held erect
and subject was asked to look straight in front without
tilt. The highest point on the head was marked on
the wall with a plastic ruler and then height was
measured up to nearest centimetre. W eight was
measured without shoes and was rounded to the
nearest kilogram. Age was rounded to the nearest
date of birth.
On the day of spirometry, subjects were instructed
to have breakfast in the morning and the tests were
done in between 10 am to 12 noon after rest of one
hour in the laboratory. All the tests were performed
in sitting position. The subjects were asked to place
the mouthpiece attached to the spirometer in their
mouth. Nose was closed by nose clip. The subject
was asked to take deep full inspiration which was
followed by as much rapid and forceful expiration as
possible through the mouth piece. Since spirometry
is an effort dependent manoeuvre, proper instructions
were given and it was ensured that the subject
understood the procedure and performed according
to the current AT S acceptability (individual
spirograms free from artifacts, having good starts &
satisfactory exhalation) and reproducibility criteria
(two largest FVC & FEV 1 within 0.2 l of each other).
The criteria were very rigidly applied to all the
spirograms. Three consecutive readings were taken
and best among them was selected. Subjects who
f ailed to per form with desired ac c eptabilit y &
reproducibility were rescheduled for another day &
who still failed to perform were dropped out. Proper
hygiene and infection control was maintained. The
spirometer was calibrated daily with a 3 litre syringe.
The parameters of the pulmonary function tests
included in the study were Forced vital capacity
(FVC), Forced Expiratory volume at the end of first
second (FEV1), Peak expiratory flow rate (PEFR),
Forced expiratory flow rate (FEF) 25-75 %, FEF 0.21.2 litres, Forced expiratory flow rate 25%, FEF50%,
FEF75% and Maximum voluntary ventilation (MVV).
A total of 470 subjects were screened, out of which
17 subjects didn’t meet the inclusion criteria, 8
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subjects failed to return to perform the test next
day. Thus data of 445 subjects (274 males & 171
females) were used in the study for statistical
analysis.
Predictors considered were age, sex, height and
weight. Multiple regression models for different
parameters were selected separately for males and
fem ales with back ward s election i.e. all three
independent parameters viz. Age, height and weight
were included to get the better fit and then one
parameter with non-significant p value was removed
to get linear regression with two parameters.
Best fit model was selected using Akaike Information
Criteria (AIC) (16). Lower AIC values indicate a better
model. Thus, for all the parameters different models
were developed and a best fit for each parameter
was selected on the basis of AIC.
Analysis of variance was carried out for each model
to evaluate the significance of the regression equation
and standard errors of the estimate (SEE) were also
calculated. Estimates of regression coefficients for
individual predictor variables were obtained and their
significance was determined by student’s ‘t’ test.
Highest F value was also considered as best fit of
the model. Final models were selected considering
simplicity and ease of clinical application, highest
predictive capability (adjusted R 2), highest F value,
lowest AIC value and satisfaction of assumptions of
regression analysis.
The goodness of fit for the selected models was
tested by studying independence of predictor variables
and plotting residuals against each predictor variable
as a corollary. The model was finally selected if the
plot did not show any specific pattern suggesting
that a linear model is suitable for the parameter under
consideration. Agreements between current and
previous equations were tested by Bland-Altman
method (17).
All the statistical calculations were done with the
help of statistical tools of Microsoft Excel using AddIn Analysis Toolpak.
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Results
Total 445 subjects (274 males and 171 females) were
included for analysis in the study after strictly
applying inclusion and exclusion criteria as well as
the acceptability criteria for spirometry. As sex is
the most important independent criteria for PFT
prediction, males and females groups were analysed
se para tely f or obt ainin g pred ict ion equat ion s .
Age-wise composition of both the groups is given in
Table I.
TABLE I : Age-wise composition of the study population.
Age (yrs)

Males
(N=274): No. (%)

18-20
21-30
31-40
41-50
51-60

10
77
86
91
10

(3.6)
(28.1)
(31.4)
(33.2)
(3.6)

Females
(N=171): No.(%)
10 (5.8)
48 (28.1)
68 (39.8)
38 (22.2)
7 (4.1)

All the multiple linear regression models for different
PFT parameters were found to have best fit with age
and height as the predictors. All the prediction
equations for 9 different parameters in males and
females are given in Table IV and V respectively.
TABLE IV :

Mean values of different PFT parameters in males
and females are given in Table III.
TABLE II :
Parameter
Age
Height
Weight

TABLE III :

Anthropometric data of study population.
Males : Mean±SD
36.75± 8.88
168.62± 7.49
64.24± 9.66

FVC (Litres)
FEV1 (Litre/Sec)
PEFR (Litre/Sec)
FEF25-75% (Litre/Sec)
FEF0.2-1.2 (Litre/Sec)
FEF25% (Litre/Sec)
FEF50% (Litre/Sec)
FEF75% (Litre/Sec)
MVV (Litres)

Standard
Error of
Estimate

Equation

FVC
FEV1
PEFR
FEF25-75%
FEF0.2-1.2
FEF25%
FEF50%
FEF75%
MVV

–1.9494–(0.0161×Age)+(0.0334×Height)
–0.3654–(0.0222×Age)+(0.0224×Height)
0.8725–(0.02809×Age)+(0.04227×Height)
3.506753–(0.0578×Age)+(0.010966×Height)
1.107523–(0.0452×Age)+(0.036727×Height)
2.098073–(0.02551×Age)+(0.028244×Height)
3.541099–(0.0511×Age)+(0.014289×Height)
2.08743–(0.05233×Age)+(0.010156×Height)
–5.57895–(0.97999×Age)+(0.89739×Height)

0.357
0.305
1.045
0.659
0.981
1.021
0.857
0.606
17.965

Regression equations formulated
for PFT parameters in Females.

Parameter

Equation

FVC
FEV1
PEFR
FEF25-75%
FEF0.2-1.2
FEF25%
FEF50%
FEF75%
MVV

–1.9292–(0.00888×Age)+(0.02797×Height)
–0.87031–(0.0222×Age)+(0.019087×Height)
1.720658–(0.03497×Age)+(0.028668×Height)
0.916903–(0.03242×Age)+(0.016186×Height)
2.100173–(0.046×Age)+(0.021417×Height)
1.814412–(0.0279×Age)+(0.022087×Height)
1.018297–(0.02108×Age)+(0.01884×Height)
0.225902–(0.02791×Age)+(0.01464×Height)
39.91172–(0.39279×Age)+(0.36054×Height)

Standard
Error of
Estimate
0.218
0.241
0.891
0.444
0.767
0.842
0.687
0.452
13.039

Females : Mean±SD
33.90 ±8.64
153.79 ±6.28
53.66 ±10.23

Mean±standard deviation of Spirometry
parameters in males & females.

Parameter

Regression equations formulated
for PFT parameters in males.

Parameter

TABLE V :

Height and weight being other important
anthropometric independent variables, mean values
of height and weight in males and females are
depicted in Table II.
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Males : Mean±SD

Females : Mean±SD

3.10±0.48
2.60±0.42
6.97±1.13
3.23±0.85
5.64±1.11
5.92±1.07
4.07±0.98
1.88±0.78
109.73±21.65

2.07 ±0.29
1.73 ±0.28
4.94 ±0.95
2.31 ±0.53
3.83 ±0.87
4.27 ±0.88
3.20 ±0.72
1.53 ±0.52
82.04± 13.59

Standard error of estimate (SEE) is also given for
calculation of Lower Limit of Normal (LLN). The lower
limits of normal for each spirometric variable can be
determined by a 90% confidence interval (CI). The
confidence interval is calculated using the SEE
according to the formula:
90% CI = predicted or reference value±(1.645 * SEE)
Thus the lower limit of normal (LLN) = Predicted
Value – (1.645 * SEE)
Agreement between current equations and Recorders
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Fig. 1 :
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Bland Altman Plot for current prediction equations as compared to Recorders equations for males.

equations incorporated in software of a popular
spirometer Helios (Recorders and Medicare System,
India) for FVC, FEV1, PEFR, FEF25-75%, FEF0.21.2L, FEF 25%, FEF50%, FEF75% and MVV were
assessed using Bland-Altman method. Bland Altman
plots for males and females with mean bias and
lower and upper limits of agreement are given in Fig.
1 and Fig. 2 respectively.

Discussion
The current study has proposed prediction equations
for pulmonary function parameters for both males
and females adults of Central Indian origin within the
age group of 18 to 60 years for males and females.
To the best of our knowledge the RMS Helios 401
machine is the only machine in India which has
prediction equations of Indian standard configured in
it in the name of Recorders (18) and so in our study
we p e r f o r m ed s pi r o m e t r y wit h H e l io s 4 0 1 in
a c c o r d a n c e wi t h t h e c u r r e n t s t a n d a r d i s a t i o n

recommendations by ATS-ERS. The Recorders
prediction equations are widely used for Indian
p o p u l a t io n i r r e s p e c t i v e o f u n d e r s t a n d i n g t h e
in tricac ies of th e f act ors af f e c ting p ulm onar y
functions. However, from the results it is clear that
the values of pulmonary function parameters were
quite less in our subjects of Central India when
compared with the reference values incorporated in
the instrument. W hen we compared the reference
equations of Helios 401 machine with that given by
Kamat et al. in 1977 we found that the equations for
few parameters were exactly similar (4). Their study
population mainly represented south Indian population
and prediction equations were formulated almost 40
years ago with old instrumentation that is outdated
now. In other words, the two groups are incomparable
and so formulation of an appropriate prediction
eq ua t io n f or c o m p ar is o n a s a r ef e re nce was
imperative.
Our study also shows that apart from gender and
ethnicity, age and height of the individual are the
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Bland Altman Plot for current prediction equations as compared to Recorders equations for females.

most important determinant variable for pulmonary
function parameters while contribution of weight to
the same is not of much importance. Age related
decline and height related increase for all the
pulmonary function parameters was observed. These
findings are consistent with the other studies done
in India on a different set of population (3, 4, 5, 6,
7). Our study has recorded lower pulmonary function
parameter values suggesting that either the ethnic
factors are responsible for these differences or the
lung health of our study population may have declined
due to environmental and lifestyle factors. Similar
finding was recorded by Bandopadhyay et al (13).
On comparison with the prediction equations proposed
by Chhabra et al. (2014) (19), it was found that the
observed values were lower than the predicted values
particularly for FVC, FEV1, and PEFR (Data not
given) in both males and females signifying the
differences between different populations. In contrast
to prediction equations of Chhabra et al., linear
equations were having best fit in the current study

as compared to quadratic and exponential equations
proposed by them. Somewhat lower age range in the
current study (18 to 60 years) as compared to study
population in their study (18 to 71 years for males
and 18 to 65 in females) may have been responsible
for linear relationship.
Bland-Altm an analysis f or propos ed prediction
equations and existing equations being used in
Central Indian population (Recorders equations)
sh ows tha t t h er e is disa gre em en t f o r a ll t he
parameters in both males and females (Fig. 1 and
2). Disagreement was of a large degree for flow rates
as compared to FVC and FEV1 as can be judged
from the bias.
The anthropometric parameters like height, chest
size, weight, physical activity of the individual,
nutritional status that might affect the respiratory
muscle strength of the individual, environmental
exposures which include the tobacco smoke and
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other air pollutants, variety of respiratory tract
infections as bacteria and viruses get mutated
differing from region to region, immunization status
of the individual and possibly other unknown factors
also influence the pulmonary function of an individual.
Limitation of the study is the operational constraint
in taking random sample in a multi-centric study
which could have truly represented Central Indian
population. However, an attempt was made to include
representational sample of Central Indian origin. P H
Quanjer et al. in their study on influence of sample
size on reference equations have mentioned that for
any ethnic group prediction equations derived from
less than 150 individuals for each sex are unlikely to
be reliable (20). In the present study sample size
was more than 150 for both males and females
making the results valid.
One important limitation of the study was inability to
get healthy subjects with acceptable spirometry in
ages above 60 making the equations valid up to 60
years of age only. This limitation must be kept in
mind while using these prediction equations. An
attempt will be made to recruit only elderly healthy
people to formulate separate prediction equations for
elderly adults in our future work.

Even with all these limitations, the present study is
important as there is paucity of data on prediction
equations for PFT in Indian subcontinent as quoted
by Quanjer et al. (2012). These workers have
formulated global prediction equations for Caucasians
but failed to design the same for non Caucasians.
They have suggested use of other equations for nonCaucasians (21).
The strength of the study is the valid current
measurement protocol and statistical methods used
to formulate prediction equations for PFT. Even more
important is the fact that these are the first ever
equations proposed for Central Indian population.
Conclusion

Prediction equations proposed in this study are in
total disagreement with commonly used recorders
equations which were derived f rom a different
population. Interpretation of spirometry based on
wrongly chosen prediction equations is a major
clinical disadvantage. Therefore, the use of these
prediction equations is advocated for Central Indian
adult population till the generation of newer prediction
equ atio ns in m u lt i- c e nt r ic st udy with r an dom
sampling involving a very large sample size.
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