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Abstract

Aim: The objective of the present study was to assess
pulmonary functions of urban and rural adolescent
population in Barabanki district, Uttar Pradesh, India.
Methods: It was an exploratory and observational study
conducted at Department of Physiology, Hind Institute
of Medical Sciences (HIMS), Safedabad, Barabanki,
U.P., India. The rural and urban areas adjoining HIMS
were also included in the study. It was conducted among
the age groups of 10-19 years of healthy urban and rural
adolescent population. The study groups included both
boys and girls, with normal respiratory capability and
without any major chronic illness, congenital and
neurocognitive deficit. The pulmonary function tests

were carried out by a computerized spirometer. Overall

effect of age, height and weight on lung function
variables (FVC, FEV1, PEFR, FEF25-75%) were tested
by applying analysis of variance. Correlations were
calculated and their significance were tested by applying
“t” test. The ethical approval for this study was obtained
from Institutional Ethical Committee.

Results: A linear relationship between the spirometric
functions and physical characteristics (age, height and
weight) was observed in both boys and girls. The values
of pulmonary function test parameters (FVC, FEV1,
PEFR and FEF25-75%) increased with increase in
height(p<0.001), age(p<0.001) and weight (p<0.05).
Higher values for lung function test parameters were
observed in boys than girls and among rural adolescents

than urban. The differences were more significant when
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these lung function variables were compared among
same age adolescents.

Conclusion:The present study established reference
standards for predicting spirometric values in healthy
school going adolescents of Barabanki, U.P., India
showing significant correlation between anthropometric
indices and PFT parameters (FVC, FEV1, PEFR and
FEF25-75%) in both urban and rural boys and girls.
Keywords: Anthropometric indices, PFT, Rural and
urban adolescents, Spirometry.

Introduction

Various methods are employed to assess different lung
function parameters and they include peak flow meters,
spirometry, flow volume loop, plethysmography, gas
dilution etc. Spirometry is the method of choice for
evaluation of pulmonary function test. Theoretically, all
the parameters can be studied to assess pulmonary
function. However, in clinical practice, neither all
parameters can be easily estimated nor it is necessary to
evaluate all for the diagnosis and management of most
of the diseases. Spirometer measures FEV1(forced
expiratory volume in first second), FVC (Forced vital
capacity) and FEF25-75% (forced expiratory flow
during 25-75% of expiration); these parameters serve the
purpose in almost all the clinical conditions preferably in
children (Amdekar et al 1996).

Pulmonary function tests (PFTs) are an essential part of
the investigation of many respiratory diseases. With
wide availability of simple to operate pulmonary
function equipment, these tests can now be performed in
any settings. Though they do not provide a specific
diagnosis, they help us to understand the physiologic and
functional abnormalities and to follow the course of the
disease. Pulmonary function tests provide an objective

measure of pulmonary disability and should be used
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routinely in the management of children with chronic
respiratory diseases.

The objective of the present study was to assess
pulmonary functions of urban and rural adolescent
population, both boys and girls, in Barabanki district,
Uttar Pradesh, India.

Materials And Methods

It was an exploratory and observational study conducted
at Department of Physiology, Hind Institute of Medical
Sciences (HIMS), Safedabad, Barabanki, U.P., India.
The rural and urban areas adjoining HIMS were also
included in the study. Duration was of around two years.
The study group consisted of 450 healthy urban and
rural adolescent population (218 and 232 healthy urban
and rural adolescent boys and girls, respectively.) with
normal respiratory capability belonging to age group 10—
19 years. Participants had no history of any chronic
illness, congenital and neurocognitive deficit.

The approval for this study was taken from Institutional
Ethical Committee.

Methodology

Complete physical examination, particularly for
respiratory and cardiac system was done. Their age,
height and weight were recorded. Pulmonary function
tests were carried out in the morning after breakfast. The
tests were carried out in sitting position. Each subjects
had to attend one session.

Before commencement of the study, written informed
consent was obtained from parents of all the subjects.
Individuals with structural deformity of thoracic cage—
scoliosis, kyphosis etc., major medical illnesses,
evidence of grossly enlarged tonsils and adenoids, acute
upper and lower respiratory tract infections within 10
days of study, chronic respiratory diseases like — chronic

bronchitis, bronchial asthma etc., allergic diseases,
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cardiac diseases, anemia, smokers, having family history
of asthma in first degree relatives were excluded.
Procedures

Evaluation of Pulmonary Functions

A proforma (App. No.-1) were given to all the Subjects
for getting their family history as well as for parental
consent. Informed consent was also obtained from
school principal. The procedure to be performed was
explained in the local language to each and every child.
Complete physical examination, particularly for
respiratory and cardiac system were done. Their age,
height and weight were recorded. Age was taken from
the date of birth recorded in school register. Height and
weight both were taken without shoes. While weight was
recorded on a standard regularly calibrated weighing
machine. The height was recorded against a wall with
calibrated tape in standing position with feet closed to
each other, the head and back of the body touching the
wall, as described above. Pulmonary function tests were
carried out in the morning after breakfast. The tests were
carried out in sitting position.

The machine used for doing the pulmonary function tests
was a computerized spirometer Spirolab-Il. It is a high-
performance instrument capable of giving highly
accurate, repeatable tests results and represents a major
advancement in computerized pulmonary function
testing.

Position of the subjects and testing procedure

» Tight clothings and waist belt were loosened.

» Subject was seated comfortably.

» Anose clip was applied to close the nostrils.

» The subject was instructed to take the maximum

possible inspiration, as much as they could.

©2023, IJIMACR

» Keep the mouth piece over tongue, so that it does
not obstruct the mouth piece. Then close the lips
around the mouth piece tightly.

» Mouth piece used was of mono use disposable type
with external diameter of 30 mm.

» Then blow out all the air into the mouth piece as
rapidly, forcibly and completely as possible, with the
maximum possible effort.

The subjects were made to practice this manoeuver for

five minutes before actually performing on the machine.

This procedure is repeated on the machine till three

reproducible results re elicited and the most consistent

one was noted.

Statistical analysis

Overall effect of age, height and weight on these lung

function test variables (FVC, FEV1, PEFR, FEF25-75%)

were tested by applying analysis of variance, separately
for urban and rural adolescent boys and girls.

Correlations were calculated between the study variables

and the physical characteristics (Age, height and weight)

separately for boys and girls. Their significance was
tested by applying “t” test. All the study variables were
thereafter regressed over age, height and weight
separately for boys and girls. All possible combinations
of regressor (independent) variables of age, height and
weight were considered to propose prediction equations.

Results

In our study the maximum number of boys and girls

were of age group of 15 yrs. The maximum number of

boys are in height range 150-159 cm. and the maximum

number of girls are in height range 140-149 cm.
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Table 1: Height distribution of male and female children

Height Male Female
No. % No. %

120-129 26 10.61 36 17.56
130-139 60 24.49 42 20.49
140-149 62 25.31 64 31.22
150-159 7 28.98 47 22.93
>=160 26 10.61 16 7.80
Total 245 100.0 205 100.0

Table-1 shows the height distribution of total male and
female children.

Table 2: Mean + SD of age, height and weight of male
and female children

Variables Male (n = 245) Female (n = 205)
AGE 13.02+2.15 13.28+2.24
HEIGHT 143.4+10.32 139.32+11.42
WEIGHT 32.4046.28 35.2247.08

The table-2 shows the mean age, height and weight of
245 male and 205 female children.

The mean height of the girls was less than boys of same
age except 14 and 15 yrs. The mean weight of girls was
higher in comparison to boys for 10-17 yrs.

Table 3: Lung function tests in Rural Boys and Urban

Boys
Lung Rural Boys Urban Boys t-test  (p-
function test value)

parameters No. | Mean £ | No. | Mean =

SD SD
FVC (L) 128 | 2.20+£0.43 | 117 | 2.10+£0.41 | 3.09
(p=0.002)*
FEV1 (L) 128 | 1.94+0.32 | 117 | 1.88+0.38 | 0.74
(p=0.44)
PEFR 128 | 4.89+1.05 | 117 | 4.56+1.07 | 2.43
(L/sec.) (p=0.01)*

FEF25-75% 128 | 2.62+0.51 | 117 | 2.59+0.54 | 0.19
(L/sec.) (p=0.84)
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Table 3 shows lung function tests of rural and urban
boys.
Table 4: Lung function tests in Rural Girls and Urban
Girls

Lung Rural Girls Urban Girls t-test  (p-

function test value)

parameters No. | Mean £ | No. | Mean =

SD SD

FVC (L) 104 | 2.06£0.42 | 101 | 2.04+0.39 | 2.92
(p=0.002)*

FEV1 (L) 104 | 1.92+0.43 | 101 | 1.82+0.41 | 0.68
(p=0.44)

PEFR 104 | 4.69+1.08 | 101 | 4.62+1.06 | 2.31

(L/sec.) (p=0.01)*

FEF25-75% 104 | 2.66x£0.54 | 101 | 2.59+0.52 | 0.18

(L/sec.) (p=0.84)

Table 4 shows lung function tests of rural and urban
girls.

FVC level of boys were significantly higher (P<0.01)
than girls. FEV: were also higher in boys than girls
though it was not statistically significant (P>0.05). The
levels of FEF2s.750 Were also higher in boys than girls,
though it was not statistically significant (P>0.05). The
levels of PEFR were significantly higher (P<0.05) in
boys and girls.

The study of PFT values (FVC, FEV1, PEFR, FEF25.750 )
were found to be higher in rural areas than urban areas
for both adolescents Boys and Girls.

Table 5: Correlation coefficients of age, height and

weight with lung function tests in boys

Lung function test Correlation coefficients
parameters Age Height Weight
FVC (L) 0.92* 0.97* 0.96*
FEV1 0.94* 0.98* 0.95*
PEFR (L/sec.) 0.91* 0.95* 0.94*
FEF25-75% (L/sec.) | 0.96* 0.98* 0.98*

*Significant (p<0.001)
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The Table-5 shows the correlation with age, height and
weight of boys with the various parameters of lung
function test (FVC, FEV1, PEFR, FEF25-75%). These
parameters of lung function test were highly correlated
with the age, height and weight of boys. All the
correlations were highly significant, p<0.001). In
general, maximum correlation was observed in relation
to height followed by weight and age.

Table 6: Correlation coefficients of age, height and
weight with lung function tests in girls

Lung function test Correlation coefficients
parameters Age Height Weight
FVC (L) 0.94* 0.90* 0.96*
FEV1 0.95* 0.91* 0.97*
PEFR (L/sec.) 0.96* 0.92* 0.96*
FEF25-75% (L/sec.) | 0.97* 0.93* 0.98*

*Significant (p<0.001)

The Table-6 shows the correlation with age, height and
weight of girls with the various parameters of lung
function test (FVC, FEV1, PEFR, FEF25-75%). These
parameters of lung function test were highly correlated
with the age, height and weight of girls. All the
correlations were highly significant, p<0.001). In
general, maximum correlation was observed in relation
to weight followed by height and age.

The mean value of different parameters of lung function
shows positive linear correlation with height i.e., lung
parameters increase with increase in height i.e.,
significantly associated with height of both boys and
girls (P<0.001). The mean value of PFT show positive
linear correlation with age for both boys and girls
significantly associated (P<0.001). The mean value of
PFT shows positive linear correlation with weight of
both boys and girls and significantly associated (P<0.05)

but were less significant than height and age.
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PFT significantly correlated with Age, Height and
Weight of both Boys and Girls (P<0.001). Maximum
correlation in general was observed in relation to Height
followed by Weight and Age in Boys. Maximum
correlation in general was observed in relation to Weight
followed by Height and Age in Girls.

Table 7: Regression equation to predict various lung

function test parameters in boys based on height, weight

and age
Lung Correlation coefficients Constant
function test
parameters Age Height Weight
FVC (L) 0.028 0.019 0.025 -2.365
FEV1 0.025 0.019 0.012 -2.270
PEFR 0.069 0.016 0.135 -5.863
(L/sec.)
FEF25-75% 0.029 0.012 0.062 -2.038
(L/sec.)

*p<0.01 (Significant)

In the Table-7 stepwise regression was performed by
pitting lung function test parameters (FVC, FEV1,
PEFR, FEF25-75%) as dependent variables and height,
weight and age as independent variables for healthy
boys. In the stepwise regression height was the most
important independent variable. But the regression
coefficient for weight was also significant. In boys age
did not make any significant additional contribution.
Predicted values can be derived from these equations as
follows:-

Predicted value = constant + standing height in cm *
height coefficient + weight in kg * weight coefficient.
Table 8: Regression equation to predict various lung

function test parameters in girls based on height, weight

and age
Lung function | Correlation coefficients Constant
test parameters | Age Height Weight
FVC (L) 0.016 0.025 0.024 -1.315
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FEV1 0.018 0.020 0.010 -1.530
PEFR (L/sec.) | 0.027 0.026 0.125 -2.317
FEF25-75% 0.028 0.010 0.057 -2.279
(L/sec.)

*p<0.01 (Significant)

In the Table-8 stepwise regression was performed by
pitting lung function test parameters (FVC, FEV1,
PEFR, FEF25-75%) as dependent variables and height,
weight and age as independent variables for healthy
girls. In the stepwise regression height was the most
important independent variable for FVC, FEV1. In girls
age made a significant additional contribution.

Predicted values can be derived from these equations as
follows:-

Predicted value = constant + standing height in cm *
height coefficient + weight in kg * weight coefficient +
age in year * age coefficient.

Stepwise regression for PFT and dependent variables
and Height, Weight and Age and independent variables
for healthy Boys and Girls shows Height as most
independent variable along with Weight in boys and Age
in Girls.

Table 9: Predicted values of pulmonary function test

parameters among boys and girls in present study.

pulmonary Boys of specific | Girls of specific age (10
function test | age (10 years), | years), height (140 cm.) and
parameters height (150 cm.) | weight (35 kg)
and weight (40
kg)
FVC(L) 2.36 2.13
FEV1 2.08 1.87
PEFR (L/SEC.) | 5.17 4.84
FEF25-75% 2.69 2.77
(L/SEC.)

In the Table-9 we have compared our predicted values of

pulmonary function test parameters among boys and
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girls at specific age, height and weight and found to be
greater in boys than girls.

Discussion

Ethnic variations (Miller et al 1970), physical activity,
environmental conditions and altitude of dwelling (Cotes
et al 1966), tobacco smoking (Ferris et al 1965 & Pelzer
et al 1964) and changes in the age, height, sex and socio-
economic status (Kamat et al 1982 &Milledge 1965) can
affect normal values of pulmonary function. India is a
subcontinent with varying geography and with a large
multiethnic population. Regional differences in lung
functions in healthy Indians can thus be expected.
Therefore, in order to have accurate prediction formulae
for measurements of lung function, pulmonary function
studies should be carried out in a large group of healthy
subjects residing in various parts of India.

A number of pulmonary function studies, mainly of
ventilator parameters in adults had been published in
India. (Vijayan et al 1990, Kamat et al 1982, Milledge
1965, Kamat et al 1967 & Singh et al 1970).

There are not many studies in North Indian children
especially U.P. to predict pulmonary functions of rural
and urban adolescents. The purpose of study was to
derive normal standards of PFT of adolescent age (10-19
years) residing in Barabanki and its adjoining areas and
to calculate regression equation.

The PFT finding of our studies showed that the values
were higher in rural areas than urban areas for both boys
and girls.

There is increase in height of both boys and girls with
growth which is similar to earlier studies and have linear
relationship  between PFT and anthropometric
measurements (Age, Height and Weight). In the same
age group boys have greater PFT values than girls due to

their better physical health and performance.
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The PFT findings is better in rural adolescents than their
urban counterparts probably due to better environmental
factors and less pollution.

Our study shows the values nearer to South Indian and
Western children but lesser than Caucasians.

Conclusion

e PFT values were significantly associated with an
increase in Height and Weight in both boys and
girls according to their growth.

o There is a linear relationship between physical
characteristic viz, Age, Height and Weight with
PFT.

e The mean value of different parameters of lung
function shows positive linear correlation with
height i.e.,, lung parameters increase with
increase in height. It is significantly associated
with Height of both boys and girls (P<0.001).

e The mean value of PFT show positive linear
correlation with Age for both boys and girls
significantly associated (P<0.001).

e The mean value of PFT show positive linear
correlation with Weight of both boys and girls
and significantly associated (P<0.05) but were
less significant than Height and Age.

e The study of PFT values (FVC, FEV1, PEFR,
FEF2s.750) Were found to be higher in rural areas
than urban areas for both adolescent boys and
girls.

e The PFT finding of our studies showed that the
values were higher in lower socio-economic
adolescent population for both boys and girls.

e Qur study establishes normal standards of PFT
for adolescent population (10-19 years) residing

in Barabanki and its adjoining areas.

©2023, IJIMACR

References

1.

Abid AM, Vahalia KV, Murtuza AM. A study of
respiratory function in normal school children in
Northern Nigeria. Afr J Med Sci. 1990
Sep;19(3):207-12.

Amdekar YK, Ugra D. Pulmonary function tests.
Indian J  Pediatr. 1996;63(2):149-52.  doi:
10.1007/BF02845237, PMID 10829982.

American Thoracic Society. Standardization of
spirometry — 1987 update. Am Rev Respir Dis.
1987;136(5):1285-98.doi: 10.1164 lajrccm/
136.5.1285, PMID 3674589.

Barreiro TJ, Perillo I. An approach to interpreting
spirometry. Am Fam Phys. 2004;69(5):1107-14.
PMID 15023009.

Behera D, Behera AK, Malik SK. Peak expiratory
flow rate of school going tribal children (9-15 years)
from Orissa. Indian Pediatr. 1988;25(7):623-5.
PMID 3220538.

Behera D, Mohanty BK, Malik SK. Ventilatory
capacity of healthy tribals from Orissa State (India).
Indian J Med Res. 1984;79:236-8. PMID 6746040.
Binder RE, Mitchell CA, Schoenberg JB, Bouhuys
A. Lung function among black and white children.
Am Rev Respir Dis. 1976;114(5):955-9. doi:
10.1164/arrd.1976.114.5.955, PMID 984585.
Budhiraja S, Singh D, Pooni PA, Dhooria GS.
Pulmonary function in normal school children in the
age group of 6-15 years in North India. Iran J
Pediatr. 2010;20(1):82-90. PMID 23056687.

Chen Y, Rennie D, Cormier YF, Dosman J. Waist
circumference is associated with pulmonary
functions in normal-weight, overweight, and obese
subjects. Am J Clin Nutr. 2007;85(1):35-9. doi:
10.1093/ajcn/85.1.35, PMID 17209174,

115

Page



Dr. Archana Gautam, et al. International Journal of Medical Sciences and Advanced Clinical Research (IJMACR)

10.

11.

12.

13.

14.

15.

16.

17.

18.

Chatterjee S, Mandal A. Pulmonary function studies
in healthy school boys of West Bengal. Jpn J
Physiol. 1991;41(5):797-808. doi:
10.2170/jjphysiol.41.797, PMID 1803062.

Chowgule RV, Shetye VM, Parmar JR. Lung
function tests in normal Indian children.
Pediatr. 1995;32(2):185-91. PMID 8635780.
Connett GJ, Quak SH, Wong ML, Teo J, Lee BW.
Lung function reference values in Singaporean
children aged 6-18 years. Thorax. 1994;49(9):901-5.
doi: 10.1136/thx.49.9.901, PMID 7940431.

Choudhuri D, Choudhuri S. Effect of gender and

body mass index on pulmonary function tests in

Indian

adolescents of tribal population of a north eastem

state of India. Pharmacol.
2014;58:170-3.

Cotes JE, Ward MP. Ventilatory capacity in normal
Butanese. J Physiol (Lond). 1966;186:188.

ML, Schmidt CD, Gardner RM.

Spirometric standards for normal children and

Indian J Physiol

Dickman

adolescents (ages 5 years through 18 years). Am Rev
Respir Dis. 1971;104(5):680-7. doi:
10.1164/arrd.1971.104.5.680, PMID 5125178.
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.

Ali S, Puttaswamy M, Divakar S, Balaji P, Poornima
S, Varne S. Acomparative Assessment of nutritional
and health status between tribal and nontribal under
five children of Mysore, India. Muller J Med Sci
Res. 2013;4(2):82-5. doi: 10.4103/0975-
9727.118232.

Dockery DW, Berkey CS, Ware JH, Speizer FE,

Ferris BG. Distribution of forced vital capacity and

©2023, IJIMACR

19.

20.

21.

22.

23.

24,

25.

26.

forced expiratory volume in one second in children 6
Am Rev Respir Dis.
10.1164/ arrd. 1983.

to 11 years of age.
1983;128(3):405-12. doi:
128.3.405, PMID 6614634.
Doctor TH, Trivedi SS, Chudasama RK. Pulmonary
function test in healthy school children of 8-14 years
age in south Gujrat region, India. Lung India.
2010;27(3):145-8. doi: 10.4103/0970-2113.68317,
PMID 20931033.

Dugdale AE, Moeri M. Normal values of forced
vital capacity (FVC), forced expiratory volume
(FEV1) and peak flow rate (PER) in children. Arch
Dis Child. 1968;43(228):229-34. doi:
10.1136/adc.43.228.229, PMID 5650778.

El-Baz FM, Abdelaziz EA, Abdelaziz AA, Kamel
TB, Fahmy A. Impact of obesity and body fat
distribution on pulmonary function of Egyptian
children. Egypt J Bronchol. 2009;3:49-58

Engstrom KP, Karlberg SCL. Relationship between
mechanical properties of the lungs.

Fahmy WA, Khairy SA, Anwar GM. The effects of
obesity on pulmonary function tests among children
and adolescents. Researcher. 2013;5:55-9.

Feng K, Chen L, Han SM, Zhu GJ. Spirometric
standards for healthy children and adolesscents of
Korean Chinese in northeast China. J Korean Med
Sci. 2011;26(11):1469-73. doi:
10.3346/jkms.2011.26.11.1469, PMID 22065903.
Ferguson GT, Enright PL, Buist AS, Higgins MW.
Office spirometry for lung health assessment in
adults: A consensus statement from the National
Lung Health Program. Chest. 2000;45:513-30.

Ferris BG, Anderson DO, Zickmantel R (Jr).

Prediction values for screening tests of pulmonary

116

Page


https://doi.org/10.4103/0970-2113.68317
https://www.ncbi.nlm.nih.gov/pubmed/20931033
https://doi.org/10.1136/adc.43.228.229
https://www.ncbi.nlm.nih.gov/pubmed/5650778
https://doi.org/10.3346/jkms.2011.26.11.1469
https://www.ncbi.nlm.nih.gov/pubmed/22065903

Dr. Archana Gautam, et al. International Journal of Medical Sciences and Advanced Clinical Research (IJMACR)

217.

28.

29.

30.

31.

32.

33.

34.

function. Am Rev Respir Dis. 1965;91:252-61. doi:
10.1164/arrd.1965.91.2.252, PMID 14256755.

Godfrey S, Kamburoff PL, Nairn JR. Spirometry,
lung volumes and air way resistance in normal
J Dis Chest.
10.1016/s0007-

children aged 5-18 vyears. Br
1970;64(1):15-24. doi:
0971(70)80045-6, PMID 5438753.
Gundogdu Z, Eryilmaz N. Correlation between peak
flow and body mass index in obese and non-obese
children in Kocaeli, Turkey. Prim Care Respir J.
2011;20(4):403-6. doi: 10.4104/pcrj.2011.00061,
PMID 21743953.

Gupta S, Mittal S, Kumar A, Singh KD. Peak
expiratory flow rate of healthy School children
living at high altitude. N Am J Med Sci.
2013;5(7):422-6. doi: 10.4103/1947-2714.115781,
PMID 24020052.

Harik-Khan RJ, Wise RA, Fleg JL, The effect of
gender on the relationship between body fat
distribution and lung function. J Clin Epidemiol.
2001;54:399-406.

Indian Journal of Medical Research. Growth and
physical Indian infaints and
children. Technical Report Series No. 18; 1989. p. 1-
42.

Jain SK, Ramiah TJ. Lung volumes and mechanics

development of

of breathing in healthy 7-14 years old. Indian J
Chest Dis. 1968;10:63-8.

Bijure J. Spirometric studies in normal subjects IV
ventilator capacities in healthy children 7-17 years
of age. Acta Pediart. 1963;52:232.

Jindal SK, Indian Council of Medical Research
[final report]. ND: Indian Council of Medical
Research (Indian Council of Medical Research). p.

1-332.

©2023, IJIMACR

35.

36.

37.

38.

39.

40.

41.

42.

Kamat SR, Thiruvengadam KV, Rao TL. A study of
pulmonary function among Indians and assessment
of the Wright Peak Flow Meter in relation to
spirometry for field use. Am Rev Respir Dis.
1967;96(4):707-16. doi: 10.1164/arrd.1967.96.4.707,
PMID 6051205

Kamat SR, Tyagi NK, Rashid SSA. Lung function in
Indian adult subjects. Lung India. 1982;1:11-21.
Strang LB. The ventilator capacity of normal
1959;14(4):305-10.  doi:
10.1136/thx.14.4.305, PMID 13835089.

Lyons HA, Tanner RW, Picco T. Pulmonary

children. Thorax.

functions studies in children. Am J Dis Child.
1960;100:196-207. doi:
10.1001/archpedi.1960.04020040198007, PMID
14419191.

Maiolo C, Mohamed EI, Carbonelli MG. Body
composition and respiratory function. Acta Diabetol.
2003;40;Suppl 1:S32-8. doi: 10.1007/s00592-003-
0023-0, PMID 14618430.

Ma YN, Wang J, Dong GH, Liu MM, Wang D, Liu
YQ,
regression analysis of pulmonary function for
healthy children in Northeast China. PLOS ONE.
2013;8(5):e63875. doi: 10.1371/
0063875, PMID 23667682.

Malik SK, Jindal SK, Banga N, Sharda PK, Gupta
HD. Peak expiratory flow rate of healthy north
Indian teachers. Indian J Med Res. 1980;71:322-4.
PMID 7380509.

Malik SK, Jindal SK, Sharda PK, Banga N. Peak
expiratory flow rate of healthy school boys from
Punjab. Indian Pediatr. 1981;18(8):517-21. PMID
7309213

et al. Predictive equations using linear

journal.pone.

117

Page


https://doi.org/10.1164/arrd.1965.91.2.252
https://www.ncbi.nlm.nih.gov/pubmed/14256755
https://doi.org/10.1016/s0007-0971(70)80045-6
https://doi.org/10.1016/s0007-0971(70)80045-6
https://www.ncbi.nlm.nih.gov/pubmed/5438753
https://doi.org/10.4104/pcrj.2011.00061
https://www.ncbi.nlm.nih.gov/pubmed/21743953
https://doi.org/10.4103/1947-2714.115781
https://www.ncbi.nlm.nih.gov/pubmed/24020052
https://doi.org/10.1164/arrd.1967.96.4.707
https://www.ncbi.nlm.nih.gov/pubmed/6051205
https://doi.org/10.1136/thx.14.4.305
https://www.ncbi.nlm.nih.gov/pubmed/13835089
https://doi.org/10.1001/archpedi.1960.04020040198007
https://www.ncbi.nlm.nih.gov/pubmed/14419191
https://doi.org/10.1007/s00592-003-0023-0
https://doi.org/10.1007/s00592-003-0023-0
https://www.ncbi.nlm.nih.gov/pubmed/14618430
https://doi.org/10.1371/journal.pone.0063875
https://doi.org/10.1371/journal.pone.0063875
https://www.ncbi.nlm.nih.gov/pubmed/23667682
https://www.ncbi.nlm.nih.gov/pubmed/7380509
https://www.ncbi.nlm.nih.gov/pubmed/7309213

Dr. Archana Gautam, et al. International Journal of Medical Sciences and Advanced Clinical Research (IJMACR)

43.

44,

45.

46.

47.

48.

49.

50.

ol.

Malik SK, Jindal SK, Banga N, Sharda PK. Peak
expiratory flow rate of school age girls from Punjab.
Indian Pediatr. 1982;19:161-4.

Mallik SK, Jindal SK. Pulmonary function tests in
healthy children. Indian Pediatr. 1985;22:677-81.
Malik SK. Pulmonary function tests in clinical
practice. Indian Pediatr. 1982;19(2):175-7. PMID
7118241.

Manjareeka M, Mimshra J, Nanda S, Mishra S,
Mishra J. Assessment of peak expiratory flow rate in
preadolescent children of sub-tribal communities in
Odissa. Int J Clin Exp Physiol. 2014;1:120-4.
Milledge JB. Vital capacity and forced expiratory
volume in south Indian men. Indian J Chest Dis.
1965;7:95-105.

Miller GJ, Aschcroft MJ, Swan AV, Beadnell
HMGS. Ethnic variation in forced expiratory and
forced vital capacity of African and Indian adults in
Guyana. Am Rev Respir Dis. 1970;102:979-81.
Mittal S, Gupta S, Kumar A, Singh KD. Regression
equation for peak expiratory flow in healthy children
aged 7-14 years from Punjab, India. Lung India.
2013;30(3):183-6. doi: 10.4103/0970-2113.116245,
PMID 24049251.

Morton AR, Fitch KD, Blanksby BA, Streatfield PJ.
Spirometric values for normal Perth Children aged
six to twelve years. Aust N Z J Med. 1976;6(1):51-7.
doi: 10.1111/j.1445-5994.1976.tb03291.x, PMID
1065300.

Mungreiphy NK, Kapoor S, Sinha R. Association
between BMI, blood pressure, and age: study among
Tangkhul Naga Tribal males of Northeast India. J
Anthropol. 2011;2011:1-6. doi:
10.1155/2011/748147.

©2023, IJIMACR

52

53

54.

55.

56.

57.

58.

59.

Naing NN. Determination of sample size. Malays J
Med Sci. 2003;10(2):84-6. PMID 23386802.
Navaneethan P, Kalaivani T, Rajasekaran C, Sunil
N. nutritional status of children in rural India: A case
study from Tamil Nadu, first in the world to initiate
the mid-day meal scheme. Health. 2011;03(10):647-
55. doi: 10.4236/health.2011.3101009.

Nataranjan S, Radha K. Peak expiratory flow rate in
normal  South Indian J Chest Dis.
1978;20:178-82.

Nickerson B, Lemon R, Gerdes C et al. within-
variability

Indians.

subject and percent change for
significance of spirometry in normal subjects and in
patients with cystic fibrosis. Am Rev Recpir Dis.

1980;122:859.

Ochs-Balcom HM, Grant BJ, Muti P, Sempos CT,
Freudenheim JL, Trevisan M, et al. Pulmonary
function and abdominal adiposity in general

population.  Chest.  2006;129(4):853-62.  doi:
10.1378/chest.129.4.853, PMID 16608930.

Oloyede IP, Ekrikpo UE, Ekanem EE. Normative
values and anthropometric determinants of lung
function indices in rural Nigerian children: A pilot
survey. Niger J Paediatr. 2013;40(4):406-11. doi:
10.4314/njp.v40i4.11.

Paralikar SJ, Kathrotia RG, Pathak NR, Jani MB.
Assessment of pulmonary functions in obese
adolescent boys. Lung India. 2012;29(3):236-40.
doi: 10.4103/0970-2113.99106, PMID 22919162.
Pande AH, Deshpande JN. Prediction of timed vital
capacity from height and weight in children in the
age group of 5 to 12 vyears. Indian J Pediatr.
1984;51(412):537-9. doi: 10.1007/BF02776617,
PMID 6336082.

118

Page


https://www.ncbi.nlm.nih.gov/pubmed/7118241
https://doi.org/10.4103/0970-2113.116245
https://www.ncbi.nlm.nih.gov/pubmed/24049251
https://doi.org/10.1111/j.1445-5994.1976.tb03291.x
https://www.ncbi.nlm.nih.gov/pubmed/1065300
https://doi.org/10.1155/2011/748147
https://www.ncbi.nlm.nih.gov/pubmed/23386802
https://doi.org/10.4236/health.2011.310109
https://doi.org/10.1378/chest.129.4.853
https://www.ncbi.nlm.nih.gov/pubmed/16608930
https://doi.org/10.4314/njp.v40i4.11
https://doi.org/10.4103/0970-2113.99106
https://www.ncbi.nlm.nih.gov/pubmed/22919162
https://doi.org/10.1007/BF02776617
https://www.ncbi.nlm.nih.gov/pubmed/6336082

Dr. Archana Gautam, et al. International Journal of Medical Sciences and Advanced Clinical Research (IJMACR)

60.

61.

62.

63.

64.

65.

66.

67.

68.

Pande AH, Pande SH. Dyamic pulmonary functions
in children and their correlation with armspan.
Pediatr. 1984;51(412):541-3.  doi:
10.1007/BF02776618, PMID 6336083.

Pande JN, Mohan A, Khilnani S, Khilnani GC. Peak
expiratory flow rate in school-going children. Indian
J Chest Dis Allied Sci. 1997 Apr-Jun;39(2):87-95.
PMID 9339607

Pellegrino R, Viegi G, Brusasco V, Crapo RO,

Indian J

Burgos F, Casaburi R, et al. Interpretative strategies

for lung function tests. Eur
2005;26(5):948-68. doi:
10.1183/09031936.05.00035205, PMID 16264058.
Pelzer AM, Thomson ML. Expiratory peak flow. Br
Med J. 1964;2(5401):123. doi:
10.1136/bmj.2.5401.123.

Quanjer PH, Stocks J, Polgar G, Wise M, Kalberg J,

Borsboon G. Compilation of reference values for

Respir  J.

lung function measurements in children. Eur Respir
J. 1989;2;Suppl 4:184-261.

Raju PS, Prasad KV, Ramana YV, Ahmed SK,
Murthy KJ. Study on lung function tests and
prediction equations in Indian male children. Indian
Pediatr. 2013;40:705-1.

M, Bain SH, Cramer D, Helms P,

Denison D, Bush A, et al. Lung function in white

Rosenthal

children aged 4 to 19 years: 1 spirometry. Thorax.
1993;48(8):794-802. doi:  10.1136/thx.48.8.794,
PMID 8211868.

Salome CM, King GG, Berend N. Physiology of
obesity and effects on lung function. J Appl Physiol
(1985). 2010;108(1):206-11. doi:
10.1152/japplphysiol.00694.2009, PMID 19875713.
Schoenberg JB, Beck GJ, Bouhuys A. Growth and

decay of pulmonary function in healthy blacks and

©2023, IJIMACR

69.

70.

71.

72.

73.

74.

75.

76.

whites. Respir Physiol. 1978;33(3):367-93. doi:
10.1016/0034-5687(78)90063-4, PMID 705072.
Seltzer CC, Siegelaub AB, Friedman GD, Collen
MF. Differences in pulmonary function related to
smoking habits and race. Am Rev Respir Dis.
1974;110(5):598-608. doi:
10.1164/arrd.1974.110.5.598, PMID 4429256.
Shamssain MH. Forced expiratory indices in normal
black southern African children aged 6-19 years.
1991;46(3):175-9. doi:
10.1136/thx.46.3.175, PMID 2028431.

Sherrill DL, Camilli A, Lebowitz MD. On the
temporal relationship between lung function and
somatic Am
1989;140(3):638-44. doi: 10.1164/ajrccm/140.3.638,
PMID 2782737.

Singh HD, Abraham DL, Antony NJ. Expiratory
flow rates and timed expiratory capacities in south
Indian men. J Indian Med Assoc. 1970;54(9):412-5.
PMID 5506298.

Singh HD, Peri S. Peak expiratory flow rates in

Thorax.

growth. Rev  Respir  Dis.

south Indian children and adolescents. Indian
Pediatr. 1978;15(6):473-8. PMID 721263.

Singh V, Kurrey VK, Khandawal O, Phulijhele S.
Evaluation of lung function by spirometry in 12-14
years adolescents in school
Chattisgarh. Int J Sci Res Pract. 2014;1:9-15.

Sinha U, Nag SK. A comparative study of

of Raipur city,

pulmonary function of urban tribal and non-tribal
boys of Tripura. Indian J L Sci. 2012;1:25-8.

Sitalakshmi R, Shankar RP, Padmavathi R,
Subhashini  AS, Thanasekaran MV. Predicted
equations for pulmonary functions in normal
adolescent south Indian population. Indian J Physiol

Pharmacol. 2014;58(3):290-3. PMID 25906614.

119

Page


https://doi.org/10.1007/BF02776618
https://www.ncbi.nlm.nih.gov/pubmed/6336083
https://www.ncbi.nlm.nih.gov/pubmed/9339607
https://doi.org/10.1183/09031936.05.00035205
https://www.ncbi.nlm.nih.gov/pubmed/16264058
https://doi.org/10.1136/bmj.2.5401.123
https://doi.org/10.1136/thx.48.8.794
https://www.ncbi.nlm.nih.gov/pubmed/8211868
https://doi.org/10.1152/japplphysiol.00694.2009
https://www.ncbi.nlm.nih.gov/pubmed/19875713
https://doi.org/10.1016/0034-5687(78)90063-4
https://www.ncbi.nlm.nih.gov/pubmed/705072
https://doi.org/10.1164/arrd.1974.110.5.598
https://www.ncbi.nlm.nih.gov/pubmed/4429256
https://doi.org/10.1136/thx.46.3.175
https://www.ncbi.nlm.nih.gov/pubmed/2028431
https://doi.org/10.1164/ajrccm/140.3.638
https://www.ncbi.nlm.nih.gov/pubmed/2782737
https://www.ncbi.nlm.nih.gov/pubmed/5506298
https://www.ncbi.nlm.nih.gov/pubmed/721263
https://www.ncbi.nlm.nih.gov/pubmed/25906614

Dr. Archana Gautam, et al. International Journal of Medical Sciences and Advanced Clinical Research (IJMACR)

77.

78.

79.

80.

81.

82.

83.

84.

SwaminathanSoumya. Pulmonary function testing in
office practice. Indian J Pediatr. 1999;66:9905-914.
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(8):680-98. PMID 16951432.
Soundariya K, Neelambika N. Influence of
anthropometric indices on pulmonary function tests
in young individuals. World J Med Sci. 2013;9:157-
61.

Tsai MC, Jeng MJ, Chang HL, Tsao PC, Yang CF,
Peng YY, et al. Spirometric reference equations for
healthy children aged 6-11 years in Taiwan. J Chin
Med Assoc. 2010;73(1):21-8. doi: 10.1016/s1726-
4901(10)70017-4, PMID 20103487.

Taksande A, Jain M, Vilhekar K, Chaturvedi P. Peak
expiratory flow rate of rural school children from
Wardha district, Maharashtra in India. World J
Pediatr. 2008;4(3):211-4. doi: 10.1007/s12519-008-
0039-1, PMID 18822931.

Thakare AE, Tajne VD, Hulke SM. PFT prediction
equations in rural and urban school children: need
for separate equations. Res Rev J Med Health Sci.
2014;3:78-92.

Trabelsi Y, Tabka Z, Richalet JP, Gharbi N,
Bienvenu A, Guenard H, et al. Spirometric values in
Tunisian children: relationship with pubertal status.
Ann Hum Biol. 2007;34(2):195-205. doi:
10.1080/03014460601116779, PMID 17558590.
Van Sickle Mullahy J.

Understanding socioeconomic and racial differences

D, Magzamen S,

in adult lung function. Am J Respir Crit Care Med.
2011;184(5):521-7. doi:  10.1164/rccm.201012-
20950C, PMID 21562132.

©2023, IJIMACR

85.

86.

87.

88.

Vijayan VK, Kuppurao KV, Venkatesan P, Sankaran
K, Prabhakar R. Pulmonary function in healthy
young adult
1990;45(8):611-15.  doi:
PMID 2402724.

VK, AM, KV,

Venkatesan P, Thilakavathy S. Pulmonary function

Madras.  Thorax.

10.1136/thx.45.8.611,

Indians in

Vijayan Reetha Kuppurao
in normal south Indian Children aged 7 to 19 years.
Indian journal Chet dis. Allied Sci 2000; 42: 147-56.
Warner JO. What is normal lung function? In
Silicosis Prevention, Preceedings of the 7th Philip
Zorab Symposium. New York: Praeger Scientific;
1983. p. 173-84.

Woolcock AJ, Colman MH, Blackburn CRB.
Factors affecting normal values for ventilator lung
functions. Am Rev Respir Dis. 1972;106(5):692-
709. doi: 10.1164/arrd.1972.106.5.692, PMID
5078869.

120

Page


https://www.ncbi.nlm.nih.gov/pubmed/16951432
https://doi.org/10.1016/s1726-4901(10)70017-4
https://doi.org/10.1016/s1726-4901(10)70017-4
https://www.ncbi.nlm.nih.gov/pubmed/20103487
https://doi.org/10.1007/s12519-008-0039-1
https://doi.org/10.1007/s12519-008-0039-1
https://www.ncbi.nlm.nih.gov/pubmed/18822931
https://doi.org/10.1080/03014460601116779
https://www.ncbi.nlm.nih.gov/pubmed/17558590
https://doi.org/10.1164/rccm.201012-2095OC
https://doi.org/10.1164/rccm.201012-2095OC
https://www.ncbi.nlm.nih.gov/pubmed/21562132
https://doi.org/10.1136/thx.45.8.611
https://www.ncbi.nlm.nih.gov/pubmed/2402724
https://doi.org/10.1164/arrd.1972.106.5.692
https://www.ncbi.nlm.nih.gov/pubmed/5078869

