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Abstract:

Obijectives: To measure the Peak expiratory flow rate (PEFR)of healthy school children and to find out the correlation
between PEFR values and anthropometric parameters, to create a nomogram of PEFR for children and formulate a
regression formula for PEFR.

Methods :A cross-sectional study was conducted on children between the age group of 8 years and 12years attending
medical college hospital at Puducherry. After collecting baseline data, PEFR was measured using a mini Wright peak
flow meter. The highest of three measurements were recorded for analysis.

Results: Of the 1500 students screened, 1000 were included in the study. Out of which 655 were boys and 345 were
girls. Significant linear correlation was seen in PEFR with height, weight, BMI and BSA (r =0.991, r = 0.983, r =
0.775 & r = 0.987 respectively, p < 0.001). Nomograms were plotted based on the observed values of PEFR in the
study population. Prediction equations were derived for PEFR for the following variants like age, height, weight, BMI,
BSA ,male and female are as follows PEFR = (AgeX25.667)-18.326, PEFR = (HtX4.104)-324.420, PEFR =
(WtX6.883)+13.070, PEFR = (BMI1X42.585)-496.875, PEFR = (BSAX287.029)-80.705, PEFR = (HtX4.094)-322.930
& PEFR = (HtX4.121)-326.935 respectively

Conclusions: Significant correlation was noted between PEFR and anthropometric parameters like height, weight and
BMI and BSA. Hence nomograms and formulas created can be used in the study area.
Keywords: Peak expiratory flow rate, Children, Anthropometry, Nomogram

Introduction

Respiratory disorders are a major group of illnesses affecting children in India and are important causes of
childhood morbidity and mortality. Obstructive airway diseases in children are in a rising trend due to environmental
pollution and other causes. Global prevalence of asthma ranges from 1% to 18% of the population in different
countriest.The prevalence of asthma in India is roughly estimated to be between 10 and 15% in 5-11 y old children?.
So assessment of pulmonary function tests in children is gaining importance day-by-day?®.

Peak expiratory flow rate (PEFR) measurement is a simple test of respiratory function, which can be easily
measured and correlated well with other lung function measurements. Personal best PEFR is found to be a useful tool
in asthma management plan®. A mini-Wright peak flow meter (MWPFM) is used to measure PEFR which is easy to
use, reliable, cheap and portable. The dial range is 0-1000 L/min though the American Thoracic Society recommends a
range of 100 to <850 L/Min*5,

Various studies carried out in different districts in India and other countries have shown that pulmonary
function varies with age, sex, height, weight, race and geographic locations>67:8910.11.12134 Thyis study was done to
assess correlation of anthropometry with PEFR and create a normal reference value for children in rural areas of
Puducherry.

Material and Methods

This cross-sectional study was conducted on children from different villages attending the Pediatric OPD of Sri
Lakshmi Narayana Institute of Medical Sciences(SLIMS), Puducherry

from April 2018 through December 2018. Healthy children between the age of 8 and 12 years

were included in the study. Exclusion criteria were: children below 8 years and above 12 years of age; children having
acute respiratory infections within 7 days of the study; children with major medical illness, recurrent cough or chest
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infection or chest deformity; children with family history of asthma; children with a person taking bronchodilator
metered-dose inhaler (MDI) in the family; children with rhonchi or wheeze on auscultation or other findings suggestive
of any chronic illness. Ethical clearance was obtained from the ethical committee of Sri Lakshmi Narayana Institute of
Medical Sciences(SLIMS), Puducherry

Sample size calculation: Considering the mean & standard deviation of PEFR values for children as

192.0+21.7 L/min (for 9 years old) and 213.2+17.2 L/min (for 10 years old)*® with alpha error as 5%, power as 80%,
error of margin as 3.3, the minimum sample size required was 190 per age group using the formula below. Finally a
sample of 1000 was taken considering the age groups from 8 to 12.

2 2
. 221*(1/“20-
i >
d
Where zigma is the standard deviation; d is the error of margin.

A basic physical examination was also done to omit children based on the exclusion criteria. Data collection was done
by the trained interns of the Pediatric Department of Sri Lakshmi Narayana Institute of Medical Sciences(SLIMS),
Puducherry.

Anthropometric measurements for the children in inclusion criteria are taken. Weight was measured using standard
weighing scale in kilograms wearing only school uniform, after removing footwear and other accessories. The
weighing machine was put on an absolutely flat surface and was calibrated before taking measurements. Accuracy of
the machine was £50 g. Any fraction of weight thus measured was corrected to the nearest kilogram. Height was
measured with a stadiometer without footwear and child standing erect with heel, calf, buttocks, shoulder blade and
occiput touching the stadiometer. The measured height was then corrected to the nearest centimetre. Body mass index
(BMI) Body surface area (BSA) were calculated from weight and height using the formula given below

BMI= Weightinkg x 100
(Height in m)?

BSA = YWitx VHt
V3600
Peak expiratory flow rate was measured in L/min, in standing position using mini Wright’s peak flow meters
(mWPFM), with a disposable mouth-piece. Accuracy of the flow meters were £10 L/min. The flow meters were
compared with the meter available in the Department of Chest Medicine in Sri Lakshmi Narayana Institute of
Medical Sciences(SLIMS), Puducherry.

Training for recording the PEFR value was taken from the same department by the researcher and assistants. Students
were repeatedly demonstrated and explained the procedure till they understood the correct method. They were allowed
to make as many attempts as required till three values within £20 L/min were obtained. From these three values the
highest value was chosen.

Students were repeatedly demonstrated and explained the procedure till they understood the correct method. They were
allowed to make as many attempts as required till three values within £20 L/min were obtained. From these three
values the highest value was chosen.

Statistical analyses were performed using SPSS version 20. Quantitative variables were described by mean and
standard deviation. Qualitative variables were expressed by frequency distribution. Comparison of quantitative
variables between two groups were analysed using an independent sample t test and that of more than two groups were
analyzed using ANOVA. Correlations between two quantitative variables were analyzed using Pearson correlation
formula. A multivariate analysis of linear regression was done for the prediction of PEFR taking height and weight as
independent variables. A p value of 0.05 was taken as the level of significance.
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Results:

Table 1 Mean and Standard deviation of Demographic data, anthropometry and PEFR values

VOL14, ISSUE 05,

2023

Gender AGE HEIGHT | WEIGHT BMI BSA PEFR
VALUES

N 345 345 345 345 345 345

Range 4 27 17 2.76 4100 110
Female Mini-mum 8 124 24 15.61 .9000 190

Maximum 12 151 41 18.37 1.3100 300

Mean 9.88 136.52 32.38| 17.2324| 1.103159 235.70

Std. Deviation 1.437 8.902 5.228 .65410| .1259390 37.022

N 655 655 655 655 655 655

Range 4 27 17 3.01 .4000 111

Minimum 8 124 24 15.36 .9100 189
Male Maximum 12 151 41 18.37 1.3100 300

Mean 10.06 137.45 32.91| 17.2820| 1.115985 239.74

Std. Deviation 1.400 8.819 5.237 .67405| .1261312 36.449

N 1000 1000 1000 1000 1000 1000

Range 4 27 17 3.01 4100 111

Minimum 8 124 24 15.36 .9000 189
Total Maximum 12 151 41 18.37 1.3100 300

Mean 10.00 137.13 32.73| 17.2649| 1.111560 238.34

Std. Deviation 1.415 8.854 5.238 66732 | .1261494 36.680
Table 2: Mean and variance of PEFR with Age
Age N Mean Std. Deviation | 95% Confidence Interval for Mean Minimum Maximum

Lower Bound Upper Bound
200 191.59 1.368 191.40 191.78 189 194

9 200 210.34 .835 210.22 210.46 208 212
10 200 234.76 .852 234.64 234.88 234 236
11 200 259.87 4.877 259.19 260.55 254 268
12 200 295.16 4.353 294.55 295.77 290 300
Total 1000 238.34 36.680 236.07 240.62 189 300

ANOVA; F value=36253.335; p value<0.001
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Table 3:Correlation of PEFR with Age
Correlations
AGE PEFR VALUES
Pearson Correlation 1 .990™
AGE Sig. (2-tailed) .000
N 1000 1000
Pearson Correlation .990™ 1
PEFR VALUES | Sig. (2-tailed) .000
N 1000 1000
**_Correlation is significant at the 0.01 level (2-tailed).

PEFR VALUES

Figure 1: Peak expiratory flow rate nomogram in relation with age

Table 4:Mean and variance of PEFR with Height

Height N Mean Std. Deviation | 95% Confidence Interval for Mean | Minimum Maximum
Lower Bound Upper Bound

<130 390 200.72 9.450 199.78 201.66 189 212

130-140 256 237.27 9.185 236.14 238.40 208 254

140-150 273 276.42 17.402 274.34 278.49 258 300

>150 81 294.57 4.117 293.66 295.48 290 300

Total 1000 238.34 36.680 236.07 240.62 189 300
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ANOVA; F value=2855.848; p value<0.001
Table 5: Correlation of PEFR with Height
Correlations
HEIGHT PEFR
VALUES
Pearson Correlation 1 .991™
HEIGHT Sig. (2-tailed) .000
N 1000 1000
Pearson Correlation 991" 1
PEFR VALUES | Sig. (2-tailed) .000
N 1000 1000

**_Correlation is significant at the 0.01 level (2-tailed).

PEFR VALUES

120
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Figure 2: Peak expiratory flow rate nomogram in relation with height
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Table 6:Mean and variance of PEFR with Height

VOL14, ISSUE 05, 2023

Height N Mean Std. Deviation | 95% Confidence Interval for Mean | Minimum Maximum
Lower Bound Upper Bound
<30 400 200.97 9.455 200.04 201.89 189 212
30-35 200 234.76 .852 234.64 234.88 234 236
35-40 339 274.29 17.942 272.38 276.21 254 300
>40 61 295.41 4.436 294.27 296.55 290 300
Total 1000 238.34 36.680 236.07 240.62 189 300
ANOVA; F value=2728.405; p value<0.001
Table 7: Correlation of PEFR with Weight
Correlations
WEIGHT | PEFR VALUES
Pearson Correlation 1 .983™
WEIGHT Sig. (2-tailed) .000
N 1000 1000
Pearson Correlation .983™ 1
PEFR VALUES | Sig. (2-tailed) .000
N 1000 1000

**_Correlation is significant at the 0.01 level (2-tailed).

PEFR VALUES

WEIGHT

Figure 3: Peak expiratory flow rate nomogram in relation with weight
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Table 8:Mean and variance of PEFR with BMI

Descriptive Statistics
Mean Std. Deviation N
BMI 17.2649 66732 1000
PEFR VALUES 238.34 36.680 1000

Table 9: Correlation of PEFR with BMI
Correlations

BMI PEFR VALUES
Pearson Correlation 1 775"
BMI Sig. (2-tailed) 000
N 1000 1000
Pearson Correlation 775™ 1

PEFR VALUES | 5ig (2-tailed) 000
N 1000 1000

**_Correlation is significant at the 0.01 level (2-tailed).

PEFR VALUES

15.00 16.00 17.00 18.00 19.00
BMI

Figure 4: Peak expiratory flow rate nomogram in relation with BMI

Table 10: Mean and variance of PEFR with BSA

Descriptive Statistics
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Mean Std. Deviation N
BSA 1.111560 1261494 1000
PEFR VALUES 238.34 36.680 1000

Table 11: Correlation of PEFR with BMI

Correlations

BSA PEFR VALUES
Pearson Correlation 1 987"
BSA Sig. (2-tailed) .000
N 1000 1000
Pearson Correlation .987" 1

PEFR VALUES | Sig. (2-tailed) .000
N 1000 1000

**_Correlation is significant at the 0.01 level (2-tailed).

PEFR VALUES

BSA

Figure 5: Peak expiratory flow rate nomogram in relation with BSA

Table 12:Predictive equations and correlation coefficient of Demographic and Anthropometric data with PEFR

VOL14, ISSUE 05, 2023

Variable

Predictive equation

R Value

RZ

Age

PEFR=(AgeX25.667)-18.326

0.990

0.980
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Height PEFR =(HtX4.104)-324.420 0.991 0.981
Weight PEFR =(W1X6.883)+13.070 0.983 0.966
BMI PEFR =(BMIX42.585)-496.875 0.775 0.600
BSA PEFR =(BSAX287.029)-80.705 0.987 0.974

Results: Of the 1500 students screened, 1000 were included in the study. Out of which 655 were boys and 345 were
girls. Significant linear correlation was seen in PEFR with height, weight, BMI and BSA (r =0.991, r =0.983, r =
0.775 & r = 0.987 respectively, p < 0.001). Nomograms were plotted based on the observed values of PEFR in the
study population. Prediction equations were derived for PEFR for the following variants like age, height, weight,
BMI & BSA are as follows PEFR = (AgeX25.667)-18.326, PEFR = (HtX4.104)-324.420, PEFR =
(WtX6.883)+13.070, PEFR = (BMI1X42.585)-496.875 & PEFR = (BSAX287.029)-80.705 respectively

Discussion:

Peak expiratory flow rate measurement is a simple test of respiratory function, which is used to measure airway
obstruction®. This can be used for monitoring PEFR, to assess the airflow as an indicator of asthma - diagnosis and
management®. There are different studies conducted throughout India and foreign countries that showed the correlation
between PEFR and age, sex, race, geographic area and anthropometric parameters.

This cross-sectional study conducted in South India on 1000 children (655-boys and 345- girls) showed a high positive
correlation of PEFR with height, weight and BMI,BSA (r = 0.991, r = 0.983, r = 0.775 & r = 0.987 respectively, p <
0.001). This is similar to studies conducted by Mohammedzadeh et al. at Babol, Iran, and Garg et al. at Ghaziabad city,
Uttar Pradesh'®1718 and a few other studies*®2%2!, The PEFR value in the present study was found to be different as
compared to other studies conducted in foreign countries and different regions of India. This shows a need for creating
a nomogram for the children in the Urban Jabalpur District in middle India which can be used as a reference.In the
present study it was found that body mass index has low positive correlation with PEFR (r =0.775, p < 0.001)
compared to that of height (r = 0.991, p < 0.001), weight (r = 0.983,p < 0.001) and BSA( r =0.987, p < 0.001). This is
similar to the findings of Pramanik et al?? , however Choudhuri et al. found a similar correlation of PEFR with height,
weight and BMI?* In the present study the mean PEFR value of the boys and girls was found to be similar, but was not
statistically significant(p 0.679). This is similar to the findings of the studies conducted by Abraham et al and Amiry et
al*>?*, Another study conducted by Budhiraja et al. on 600 normal urban and rural school children in Ludhiana district
of North India in the age group 6-15 y, showed significantly higher value of PEFR in boys, as compared to that of
girls(p <0.05)%.Height and weight have been used either alone or in combination to create regression formula in
various studies, like in the present one!®20222627.28 | imitation of the index study is that the details regarding family
were recorded as per the knowledge of the children and parents were not interviewed regarding this. Further studies
need to be conducted to identify the reasons for the difference in PEFR compared to other studies.

Conclusions

The present study showed that there is a significant correlation between anthropometric parameters like height,weight,
body mass index and body surface area. Using the data obtained from the children attending the medical college
hospital at puducherry the nomogram and formula is created for that population for the future.
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