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Abstract:

BACKGROUND: Peak expiratory flow rate (PEFR) helps in the assessment of airflow limitation. Its
relationship with age and height has been established in several previous studies with different sample
size in different regions from India. A large-scale study (in 2014) established a set of regression
equations with a national level reference regression equation.

AIM: The aim of this study was to check the applicability of established regression equations in the
prediction of PEFR in apparently healthy young adults.

MATERIALS AND METHODS: A cross-sectional study was conducted with 104 young
adults (males = 55, females = 49). PEFR (L/min) was measured using computerized spirometer.
Established regression equations from the previous study were used to predict PEFR from the age
and height of the participants. Measured PEFR values were compared with predicted values by the
paired t-test with oo = 0.05. Further, the prediction was considered “comparable” if the value was
<+10% of the measured value.

RESULTS: Measured versus predicted mean PEFR (from regression equation established for
adult Indian national) for male was 481.99 + 63.52 L/min versus 496.04 + 20.70 L/min (P = 0.096)
and female was 365.19 + 61.36 L/min versus 336.82 = 13.78 L/min (P < 0.001). In male, 54.55%
and in female, 44.90% was comparable prediction from regression equation established for Indian
adult national.

CONCLUSION: Estimated PEFR in male showed fair comparable prediction and female showed
poor comparable prediction. Further studies, including all Indian states with a large sample, may
help in the establishment of more accurate prediction equations.
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The PEFR changes according to the change
in age and height of the individual. Several

Introduction

eak expiratory flow rate (PEFR) is a

simple parameter to assess the airflow
limitation with the minimal instrument.!!
The test can be carried out on patients in any
clinic or outdoor settings with little expertise
from the instructor. It helps in the diagnosis
and prognosis of patients suffering from
asthma and chronic obstructive pulmonary
disease.l*”!
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previous studies from India have established
regression equations for the estimation
of PEFR from the age and height of the
participants.**) These established equations
are used to predict PEFR which is commonly
used in spirometry report. It helps to get
a fair knowledge about the comparison
between obtained value and predicted
value. Hence, widely accepted equations
should be established for better prediction.
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In 2014, “PERFORM” study established regression
equations for five different Indian cities (viz., Hyderabad,
Jaipur, Kolkata, Pune, and Srinagar) and formulated a
national level equation for prediction of PEFR.l In that
study, researchers used “Breathometer” device which is
similar to the “Mini-Wright peak flow meter.” Authors
used the device to measure PEFR at field level on a large
sample with wide age distribution. However, field level
measurement by peak flow meter may provide different
result of PEFR than the laboratory-based spirometry
during the recording of forced vital capacity (FVC).!""!

With this background, this study was conducted
to compare the measured PEFR by computerized
laboratory-based spirometry and predicted PEFR
from age and height of an individual calculated from
regression equations. This comparison would give us
further insight about applicability of the regression
equations in prediction of PEFR measured along with
FVC by computerized spirometer.

Materials and Methods

After obtaining clearance from the Institutional Ethics
Committee, a cross-sectional study was conducted
from March 2016 to April 2017 in the postgraduate
Department of Physiology.

Minimum sample size estimation

The study was designed to compare the measured
PEFR and predicted PEFR. Hence, we considered
sample size calculation formula as: N = [(1/ql + 1/g2)
S (Zo + ZP)?] + E~

Where, N is total sample size, q1 and g2 denotes
proportion of participants in each group (for this study,
ql = q2 = 0.5), S is expected standard deviation, Zo
and Zf denotes standard normal deviate for o and £,
respectively, E is the effect size and is calculated as the
difference between the expected mean of two groups.!'1?

For the mean PEFR, a previously published study from
the same state was taken as reference. In that study,
authors reported the mean PEFR for male as 469 + 70 L/
min and female as 365 + 39 L/min.[" We expected that
there would be 10% difference between the measured
and estimated PEFR. With these data and o = 0.05 and
B = 0.2 (where [1-B] denotes power of the study = 0.8
or 80%), the estimated total sample size for two groups
for male was = 70 and female was = 36. Adding
20% (assuming dropout) to that value, estimated total
sample size for male was = 84 and female was =43 (43.2
to the nearest integer). According to the study design,
we needed one group of participants (ql) and data for
the second group (q2) would be calculated from the age
and height of the first group of participants. Hence, the

final total sample for male was = 42 (84/2) and female
was = 22 (43/2, to the nearest integer). However, we
intended to include more participants according to the
available time and workforce.

Participants

Apparently healthy male and female participants
were recruited as a convenience sample for this study.
Inclusion criteria were as follows: age >18 years
(i.e., adult participants) and written consent for
participation. Exclusion criteria were as follows: the
presence of any chronic disease, suffering from any acute
illness, and participants with any addiction. Participants
were briefed about the aim of the study. Then, the whole
procedure of the test was described verbally, and a video
of the test was shown for growing a fair knowledge about
the procedure of the test.

Variables and data collection

PEFR was measured by computerized spirometer
FLOWHANDY ZAN 100 USB computerized
spirometer (nSpire Health, Inc., Germany). The instrument
uses the principle of “differential pressure with variable
diaphragm” for measurement of air flow and uses a variable
impedance pneumotach flow transducer. The accuracy of
the instrument is + 2%, 0.05-15 L/s.[") Measurement was
carried out at the same time of a day (between 10 a.m.
and 11 a.m.) and environment (temperature 23°C, 50%
humidity) for all participants. The video clip which was
shown during the recruitment of participants was shown
to participants again on the test day. A full demonstration
of the procedure with the instrument was also shown
by the data collector who measured their own PEFR in
front of the subject. After this demonstration, PEFR was
measured thrice on the participants. The maximum value
was considered the final reading of PEFR and stored for
further analysis.™!

Age of the participants was recorded in completed
years. Standing height was measured in centimeters in
nearest 0.1 cm on a portable stadiometer according to
standard protocol."! Age and height were used to predict
PEFR in male and female participants according to the
available regression equations for adult Indian nationals
and regression equations for different Indian cities.
The different Indian cities whose regression equations
were used in this study are shown in Figure 1 and the
regression equations are shown in Table 1.1

Statistical methods

Data were expressed in the mean and standard deviation.
Mean age, height, weight, body mass index (BMI), and
PEFR in male and female were compared using the
unpaired t-test. Mean measured PEFR and predicted
PEFR separately in male and female group were
compared by the paired t-test.
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For over and underprediction of PEFR, =+10% of the
measured value was taken as the limit (i.e., if a predicted
PEFR was <+10% of measured value, the prediction
was considered “comparable”). Number of over and
underprediction of PEFR was expressed in percentage. For
rating of the comparable prediction, the following scale
was used: <50% = Poor, 50%-59.99% = Fair, 60%—-69.99%
=Good, 70%-79.99% = Very good, and =80% = Excellent.

Place of current study

B: Berhampur 8
H: Hyderabad gy ’
Q

$ J: Jaipur
Q;L’;O K: Kolkata
& P: Pune B
- S: Srinagar s N
%

Figure 1: Different Indian cities for which regression equations were established in
“PERFORM” study and the city of the current study in Indian map (Map and location
of cities may not be accurate according to scale)

Residual (measured value — predicted value) PEFR was
plotted against measured PEFR for visual representation
of over and underprediction. A positive value of residual
suggests underprediction and a negative residual
suggests overprediction.

For all statistical analysis, the chance of Type I error (o)
was set at 0.05. Statistical analyses were carried out in
GrapPad prism version 6.01 (GraphPad Software, La
Jolla, CA, USA) and OpenOffice™ Calc spreadsheet (The
Apache Software Foundation, USA). In this study, a
P >0.051indicates that the comparison between measured
and predicted PEFR is not significantly different and
the estimated PEFR from the corresponding regression
equation is acceptable.

Results

A total 104 participants (male = 55 and female = 49)
participated in the study. Mean age in male and female
was 19.91 + 1.43 years (minimum 18 years and maximum
24 years) and 19.24 + 1.30 years (minimum 18 years and
maximum 22 years), respectively. Sex-wise age (years),
height (cm), weight (kg), and BMI (kg/m?) are shown
in Table 2.

Measured PEFR by computerized spirometry during
FVC in the male was 481.99 + 63.52 (L/min) and
the female was 365.19 + 61.36 (L/min). Predicted
PEFR by national level regression equation in
male was 496.04 + 20.70 (L/min) (measured vs.
predicted paired t-test P = 0.096) and female was
336.82 + 13.78 (L/min) (measured vs. predicted paired
t-test P < 0.001). Comparison of measured PEFR and
predicted PEFR according to regression equations of
different cities is shown in Table 3.

Table 1: Regression equations established by Kodgule et al. for the estimation of peak expiratory flow rate (L/min)

from age and height of adult Indian participants

Regions

Regression equations for PEFR (L/min)

Female

Male
National -1.807xA+3.206xH
Hyderabad 292.745-4.467xA+1.830xH
Jaipur -134.573-2.178xA+3.988xH
Kolkata 104.761-2.430xA+2.833xH
Pune -55.448-1.862xA+3.525xH
Srinagar 190.393-2.115xA+2.094xH

-1.454xA+2.368xH
404.621-4.583xA+0.410xH
94.229-1.167xA+1.474xH
112.922-1.515xA+1.822xH
-78.931-1.168xA+2.829xH
171.431-0.655xA+1.160xH

A=Age (years), H=Height (cm)

Table 2: Age, height, weight, and body mass index of study participants according to sex

Parameters Mean+SD (95% lower CI-95% upper Cl) P
Male (n=55) Female (n=49)

Age (years) 19.93+1.40 (19.55-20.31) 19.33+1.18 (18.99-19.67) 0.021*

Height (cm) 165.95+6.67 (164.15-167.76) 154.10+5.61 (152.49-155.71) <0.001*

Weight (kg) 67.83+13.68 (64.13-71.52) 57.50+11.51 (54.19-60.80) <0.001*

BMI (kg/m2) 24.50+3.98 (23.42-25.58) 24.24+4 .82 (22.85-25.62) 0.760

*Statistically significant two-tail P value of unpaired t-test with «=0.05. BMI=Body mass index, SD=Standard deviation, Cl=Confidence interval
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The national level regression equation was able to
predict PEFR optimally in 54.55% (30/55) of males and
44.90% (22/49) of females. Level of optimum, over,

This study showed that the national level equation
was able to predict the PEFR in male [Table 3] with
a fair level of acceptance with 54.55% comparable

and underprediction of PEFR by regression equations
are presented in Table 4. Residuals were calculated by
subtracting measured PEFR (L/min) and predicted
PEFR (L/min), and it was plotted in graphs against
measured PEFR (L/min) and shown in Figure 2.
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established that PEFR depends on the age and height of
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regression equation for the prediction of PEFR in Indian
population.*®21 However, due to wide geographical
span, conduction of a pan-India single study is still
lacking in the literature. Small scale and regional
regression equations may fail to predict the PEFR for a
population with approximately 2000 ethnic groups.!l
The study conducted by Kodgule et al. was a large scale
and recent study. It included five Indian cities to find
the equations with a median Indian equation for adult
participant [Table 1]. The study was cross-validated b

g

lReinduoIs (L/min)

-
o
o

Measured Peak Expiratory Flow Rate (L/min)

N
a
o

Female (n = 49)

/
X3
2 @
460

)

o

1]
&

-
o
o

-
o
o

o
o

0 )’/’%3
7S 4
0 . . >
200 250 ’}w‘ 350
-50 R

450 500 550 600

Residuals (L/min)

-100

Measured Peak Expiratory Flow Rate (L/min)

with a sample from these limited cities. Hence, we
intended to find its relevancy in the prediction of PEFR
in participants of a different city [Figure 1].

Figure 2: Scatter plot between residuals (the difference between the measured
and predicted value from regression equation for adult Indian) and measured peak
expiratory flow rate (L/min) in male (a) and female (b)

Table 3: Comparison of measured peak expiratory flow rate and predicted peak expiratory flow rate according to
the regression equations

Sex PEFR (L/min)
Measured Estimated from regression equations established for
National Hyderabad Jaipur Kolkata Pune Srinagar

meanz=SD, P

Male 481.99+63.52 496.04+20.70, 507.42+11.75, 483.85+25.78, 526.48+18.08, 492.43+22.80, 495.75+13.30,
(n=55) 0.096 0.004* 0.825 <0.001* 0.215 0.104
Female 365.19+61.36 336.82+13.78, 379.23+6.35, 298.82+8.69, 364.42+10.77, 334.46+16.24, 337.53+6.73,
(n=49) <0.001* 0.102 <0.001* 0.923 <0.001* 0.002*

*Statistically significant two-tail P value of paired t-test with 0=0.05. PEFR=Peak expiratory flow rate, SD=Standard deviation

Table 4: Number of comparable, over, and underprediction of predicted peak expiratory flow rate by regression
equations

Regions Male (n=55), n (%) Female (n=49), n (%)
Comparable prediction* Overprediction Underprediction Comparable prediction* Overprediction Underprediction

National 30 (54.55) 17 (30.91) 8 (14.55) 22 (44.90) 7 (14.29) 20 (40.82)
Hyderabad 28 (50.91) 20 (36.36) 7 (12.73) 15 (30.61) 24 (48.98) 10 (20.41)
Jaipur 29 (52.73) 15 (27.27) 11 (20.0) 18 (36.73) 0 31 (63.27)
Kolkata 29 (52.73) 23 (41.82) 3 (5.45) 18 (36.73) 18 (36.73) 13 (26.53)
Pune 30 (54.55) 17 (30.91) 8 (14.55) 24 (48.98) 4 (8.16) 21 (42.86)
Srinagar 32 (58.18) 16 (29.09) 7 (12.73) 20 (40.82) 8 (16.33) 21 (42.86)

*If the difference between measured and predicted PEFR is below 10% of measured PEFR, it was considered comparable prediction. PEFR=Peak expiratory flow rate
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prediction [Table 4]. In contrast, estimation in female
was poor with 44.90% comparable prediction with a
significant difference (P < 0.0001 in a paired t-test) in
measured and predicted values [Table 3]. There may
be multiple reasons for this result. First one may be
the regression equation. The equation was formulated
from the data collected from five cities which did not
include the city of the current study. Second one may
be the difference in the methodology of two studies.
During the establishment of regression equation, the
authors used a peak flow meter. However, in the current
study, a computerized laboratory-based spirometer was
used which record the PEFR from the FVC. Third one
may be the study design. In the current study, several
precautions were taken to get highly credible result.
Participants were briefed about the study procedure
and procedural video was shown twice to make them
gain knowledge about the test. They were shown live
demonstration of the test by the researcher to make them
well acquainted with the instrument.

The nearest city from the city of the current study is
Kolkata. When the regression equation of Kolkata
was used, it also showed 52.73% (fair) optimum
prediction in male and 36.73% (poor) in the female.
However, the mean showed significant difference
in male [P < 0.001, Table 3] and nonsignificance in
female (P = 0.923). Other cities showed various level of
over and underprediction [Table 4]. The obvious reason
behind it may be a difference in the geographical area
of the study.

It was observed that no equation was able to score even
good level (60%—-60.99%) of prediction [Table 4]. In
male, all equations were able to score a “fair” level of
estimation. All predictions in female showed consistently
a “poor” level. The residual analysis also showed the
higher level of residuals in female, especially under
prediction [Figure 2]. To the best of our knowledge, no
study ascertained the applicability of regression equation
in prediction of PEFR in adult Indian population.
Hence, it was not possible to compare the result of the
current study with previous studies. Swaminathan et al.
evaluated a set of regression equations in Indian children
with a different level of over and underprediction. In that
study, the author found the highest level of prediction
as 55.6% in boys and 53.3% in girls.”?! This result is
almost similar to the result found for median Indian
equation in the current study (54.55% for male and
44.90% for female) [Table 4]. Hence, the set of equation,
as established by “PERFORM” study, in its current form
may predict the PEFR (L/min) with various level of over
and underprediction.

Regression equations are commonly used to provide
reference values along with flow meters and spirometer.

This is the reason why near accurate equations should
be used to provide a credible estimation of PEFR. This
helps to get a valid comparison between the measured
and predicted value in reference to the age and height of
the participant. Hence, it is suggested to conduct further
nationwide study to establish regression equations for
the adult Indian population. These equations can be used
by the manufacturer of the spirometer and flow meter.

Limitation of the study

There are several limitations of the study. The
convenience sample, comprised medical students
had a narrow age range. Medical students may have
higher level of education than the general population.
Hence, maybe the participants had understood the test
procedure better than the general population. The same
test in the general population may not be of that level
successful. The state in which the study was conducted
has a large geographical diversity. Participants from
different cities of the state had participated in the
study. However, we excluded participants domicile
to other states. In most of the studies, the researchers
used a peak flow meter to measure/record the PEFR
during the establishment of regression equations. In
contrast, a computerized spirometer was used in the
current study.

Conclusion

The regression equations established in the “PERFORM”
study may provide various level of overestimation or
underestimation in PEFR (L/min) in healthy young
adults. A fair level of estimation in male and poor
level of estimation in female may be expected. Further
studies with a large nationwide sample would help in
establishment of more acceptable regression equations
for the prediction of PEFR (L/min) for the adult Indian
population.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

References

1. Dikshit MB, Raje S, Agrawal MJ. Lung functions with spirometry:
An Indian perspective--1. Peak expiratory flow rates. Indian J
Physiol Pharmacol 2005;49:8-18.

2. SinghV,Meena P, Sharma BB. Asthma-like peak flow variability
in various lung diseases. Lung India 2012;29:15-8.

3. So]Y, Lastra AC, Zhao H, Marchetti N, Criner GJ. Daily peak
expiratory flow rate and disease instability in chronic obstructive
pulmonary disease. Chronic Obstr Pulm Dis 2015;3:398-405.

4. Ray D, Rajaratnam A, Richard J. Peak expiratory flow in rural
residents of Tamil Nadu, India. Thorax 1993;48:163-6.

Indian Journal of Allergy, Asthma and Immunology - Volume 33, Issue 1, January-June 2019 43



10.

11.

12.

13.

44

Mondal, et al.: Regression equation in the prediction of PEFR

Prasad R, Verma SK, Agrawal GG, Mathur N. Prediction model
for peak expiratory flow in North Indian population. Indian ]
Chest Dis Allied Sci 2006;48:103-6.

Kodgule RR, Singh V, Dhar R, Saicharan BG, Madas S], Gogtay JA,
et al. Reference values for peak expiratory flow in Indian adult
population using a European Union scale peak flow meter.
J Postgrad Med 2014;60:123-9.

Debray P, Shreevatsa BM, MG RB, Sen TK, Roy S, Saha CG.
A comparative study of the peak expiratory flow rate of Indian
and Nepalese young adults in a teaching institute. [NMA ] Nepal
Med Assoc 2008;47:7-11.

Das KK, Dhundasi SA. A study on predictors of peak expiratory
flow rate in Muslim subjects (aged 18 to 20 years) of Karnataka.
Indian ] Physiol Pharmacol 2002;46:321-7.

Nayak PK, Satpathy S, Manjareeka M, Samanta P, Mishra J,
Pradhan BB. Normal spirometric standards in young adult Indian
population. J Basic Clin Physiol Pharmacol 2015;26:321-5.
Agarwal D, Gupta PP. A comparison of peak expiratory
flow measured from forced vital capacity and peak flow
meter manoeuvres in healthy volunteers. Ann Thorac Med
2007;2:103-6.

Browner WS, Newman TB, Hulley SB. Estimating sample size
and power: Applications and examples. In: Designing Clinical
Research. 3 ed. Philadelphia, PA: Lippincott Williams & Wilkins;
2001. p. 66-85.

Dhand NK, Khatkar MS. Sample Size Calculator for Comparing
Two Independent Means. Statulator: An online statistical
calculator. Available from: http://www.statulator.com/
SampleSize /ss2M.html. [Last accessed on 2018 Jun 10].

Jena SK, Mirdha M, Meher P, Misra AK. Relation of peak
expiratory flow rate to body mass index in young adults. Muller
J Med Sci Res 2017;8:19-23.

14.

15.

16.

17.

18.

19.

20.

21.

22.

ZAN 100 Spirometer. PC-Based Diagnostic Spirometry. Germany:
nSpire Health, Inc. Available from: http:/ /www.nspirehealth.
com/products/zan-100/. [Last accessed on 2018 May 08].
Miller MR, Hankinson J, Brusasco V, Burgos F, Casaburi R,
Coates A, et al. Standardisation of spirometry. Eur Respir |
2005;26:319-38.

National Health and Nutrition Examination Survey
Anthropometry Procedures Manual. USA: Centers for Disease
Control and Prevention; 2007. Available from: https://www.cdc.
gov/nchs/data/nhanes/nhanes_07_08/manual_an.pdf. [Last
accessed 2018 May 21].

Correlation and Regression. The BMJ. Available from: https://
www.bmj.com/about-bmj/resources-readers/publications/
statistics-square-one/11-correlation-and-regression. [Last
accessed on 2018 Jun 02].

Linear Regression. New Haven, USA: Yale University Department
of Statistics and Data Science. http://www.stat.yale.edu/
Courses/1997-98/101/linreg.htm. [Last accessed on 2018 Jun 02].
Kaur H, Singh J, Makkar M, Singh K, Garg R. Variations in the
peak expiratory flow rate with various factors in a population
of healthy women of the Malwa Region of Punjab, India. J Clin
Diagn Res 2013;7:1000-3.

Cb M, Sc K, Babu M. Peak expiratory flow rate in healthy
rural school going children (5-16 years) of Bellur Region for
construction of nomogram. ] Clin Diagn Res 2013;7:2844-6.
Background Note: India. USA: Bureau of South and Central Asian
Affairs. https://www.web.archive.org/web/20120618165336/
http:/ /www .state.gov/r/pa/ei/bgn/3454. htm. [Last accessed
on 2018 Jun 13].

Swaminathan S, Diffey B, Vaz M. Evaluating the suitability
of prediction equations for lung function in Indian children:
A practical approach. Indian Pediatr 2006;43:680-98.

Indian Journal of Allergy, Asthma and Immunology - Volume 33, Issue 1, January-June 2019



Copyright of Indian Journal of Allergy Asthma & Immunology is the property of Wolters
Kluwer India Pvt Ltd and its content may not be copied or emailed to multiple sites or posted
to alistserv without the copyright holder's express written permission. However, users may
print, download, or email articles for individual use.



