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Abstract:

Background: Peak expiratory flow rate is a widely accepted parameter for the assessment of lung function. It
has gained universal acceptance in view of the simple non-invasive technique involved in testing, the wide
availability of small portable flow meters and high correlation of values with the standard spirometric values.
The PEFR values vary among geographical areas depending on the ethnic race and the local factors. . Hence
there is a need to establish the norms of PEFR for each geographic area for reference in clinical practice.
Obijectives: The aim of this study is to determine the normal PEFR values in urban and rural children of Nellore
district of Andhra Pradesh, aged 8-12 years.

Methodology: A cross-sectional study was done between June 2011 and March 2012 at Nellore city and
surrounding villages with a sample size of 1277children aged between 8-12 yrs

Results: The data was analyzed using correlation coefficient, chi-square test and ‘p’value. The children were
divided into 5 groups Each group was further subdivided into 4 sub-groups i.e., urban boys, urban girls, rural
boys, and rural girls. The data in each sub-group of children was interpreted in relation to height, weight and
age of child.Normal PEFR value for the given height and age was predicted for males and females separately
using Host’s formulae 52.66% of urban children had normal PEFRs as compared to their rural counterparts,
the difference being statistically significant Among the anthropometric indices, height had the highest
correlation followed by weight and age. Girls had lower PEFR values at all given ages than boys in both urban
and rural groups. Even after matching for heights and weights, boys had greater PEFR values than girls. The
study shows that atmospheric pollution had significantly lowered the PEFR in children. 17.17% of affected
children had PEFR values in the normal range as compared to 46.76% of normal children which is statistically
significant. In this study, children with history of bronchial asthma in family had significantly lower mean PEFR
values even without being affected by the disease than children without such history. Children with personal
history of bronchial asthma, though asymptomatic, had significantly lower PEFR values and lesser number of
children with PEFR values in the normal range (13.11% Vs 46.76%) than normal children. Children with more
than one risk factor among the above had lower mean PEFR values and lower PEFR values in the normal
range.

Conclusion: PEFR of a child is determined by many factors viz, nutritional status of the child, urban/rural
status, exposure to smoke, air pollution, history of bronchial asthma in the family, personal history of bronchial
asthma. However, the strongest correlation is seen between PEFR and height followed by weight and age.
PEFR serves as a good monitoring tool for patients with bronchial asthma.
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. Introduction

Peak expiratory flow rate is a widely accepted parameter for the assessment of lung function. It has
gained universal acceptance in view of the simple non-invasive technique involved in testing, the wide
availability of small portable flow meters and high correlation of values with the standard spirometric values. It
is a simple and reliable way of following patients with bronchial asthma and other obstructive airway disease in
clinical practice as the spirometers are largely confined to the bigger hospitals. Its use now extends to home
monitoring of asthmatics. The PEFR values vary among geographical areas depending on the ethnic race and the
local factors. Even within India, various studies in different parts of our country showed varying results. Hence
there is a need to establish the norms of PEFR for each geographic area for reference in clinical practice. The
aim of this study is to determine the normal PEFR values in urban and rural children of Nellore district of
Andhra Pradesh, aged 8-12 years.
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Il.  Materials And Methods

The study aimed at determining the normal values of PEFR in urban and rural children of Nellore
district of Andhra Pradesh, aged 8 to 12 years. Total 1277 children belonging to 8 -12 year age group were
selected. Out of them 748 children were from the Nellore city and 529 children were from Bucchireddy palem,
Kovur, Jonnavada villages of Nellore district of Andhra Pradesh. The study was conducted between June 2011
and March 2012.

Age between 8-12 years (97-144 months) and healthy asymptomatic children were included in the
study. History of respiratory tract infection within 2 weeks of study, history of chronic respiratory illness or
tuberculosis and history suggestive of cardiac disease or any other systemic disease were excluded from the
study. Standing height using stadiometer and weight using weighing machine were recorded. A peak flow meter
of standard range was used to measure the PEFR of children in this study. Informed consent was taken from
their parents through the Principal of each school to enroll their children into the study. Children were educated
about the procedure.

The children were divided into 5 groups; Normal healthy children with no history of exposure to
smoke, no family history of asthma and no personal history of asthma (Group I). Children with history of
exposure to smoke and no other family history of asthma or personal history of asthma (Group 11 ) , Children
with family history of bronchial asthma and no other personal history of asthma or history of smoking (Group
[11). Children diagnosed to have bronchial asthma, which were asymptomatic at the time of study (Group V).
Children with more than one factor among history of exposure to smoke , family history of bronchial asthma
and asymptomatic children with personal history of bronchial asthma (Group V) Each group was further
subdivided into 4 sub-groups i.e., urban boys, urban girls, rural boys, and rural girls. The data in each sub-group
of children was interpreted in relation to height, weight and age of child. The data was analyzed using
correlation coefficient, chi-square test and ‘p’value.

Normal PEFR value for the given height and age was predicted for males and females separately using
Host’s formulae®:

MALES : (3.8 x Height (in cms)) + (10.6 x Age (in years)) — 313.2

FEMALES: (2.2 x Height (in cms)) + (14.2 x Age (in years)) — 143.

I1l.  Results

In group |, total of 633 children were enrolled into the study which was further divided into 4 study
groups — 196 urban boys, 161 urban girls, 152 rural boys and 124 rural girls The mean height, Weight, PEFR
and standard deviation for the study group were calculated. The mean height, weight and PEFR for urban boys
is 140.6cm, 31.36kg and 319.72L/ min respectively for the age group 97-120 months and 144cm, 33.12kg,
348.9L/min respectively for 121-144months. For urban girls between 97-120months and 121-144months the
mean height, weight and PEFR are 139.23cm, 142.79cm, 30.79kg, 32.73kg and 299L/min , 330L/min
respectively.

For rural boys the mean height , weight and PEFR for the age between 97-120 months are 137.1cm ,
28.74 kg and PEFR is 289.1 respectively whereas for 121-144 months are 142.9cm, 32.13 kg and 320.2 L/min
respectively where as for rural girls the mean height weight and PEFR are 134.4cm, 26.51kg and 270.1L/min
are for students between 97-120 months and for students between 121-144 months the mean values are 141.2cm
, 31.2kg and 302.1L/min respectively.

The relation between height and PEFR, weight and PEFR and age and PEFR were calculated using
correlation coefficient and showed they had strong positive relationship. PEFR value for group 1 i.e., normal
children were calculated using the Host’s formulae

TABLE -1: PEFR in urban children vs rural children

Study Group No. of Subjects
Urban Boys 196
Urban Girls 161
Rural Boys 152
Rural Girls 124
Total 633

TABLE-2: Predicted PEFR value

Age Group Sex Predicted PEFR value

8-9y Male (3.8x131.4) + (10.6 x 8) — 313.2=270.92
9-10y Male (3.8x135.6) + (10.6x9)-313.2=297.48
10-11y Male (3.8x139.2) +(10.6x10)-313.2=321.45
11-12y Male (3.8x143.41) + (10.6 x 11) - 313.2 = 348.35
8-9y Female | (2.2x125.6) + (14.2x8)-143.9 = 246.02
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9-10y Female | (2.2 x 129.80) + (14.2 x 9 ) -143.9 =269.66
10-11y Female | (2.2 x 136.92) + (14.2 x 10) - 143.9 = 299.32
1112y Female | (2.2 x 142.18) + (14.2 x 11) - 143.9 = 325.00

The predicted PEFR values for normal subjects so calculated were utilized for comparing the PEFR
values in urban and rural children. Those children with PEFR value less than the predicted value for that mean
height, age and sex were classified as “SUBNORMAL” and those values equal to or more than the predicted
value were classified as “NORMAL”

TABLE -3: Comparison of PEFR between Urban and Rural children

Urban Rural Total
Normal PEFR 188 108 296
Subnormal PEFR | 169 168 337
Total 357 276 633

The PEFR values of urban and rural children were compared using chi-square test, showed that 52.66%
of urban children had normal PEFR values as compared to 39.13% of rural children. The correlation was
statistically significant (p value < 0.000723.)

In group 11, total of 198 children were exposed to smoke, out of which 50 were urban boys, 45 were
urban girls, 53 were rural boys and 50 were rural girls. For these children, mean heights and PEFRs were
calculated according to age and sex. Predicted PEFR value for the given height, age and sex was calculated
using Host’s formulae.

C

Age Group (in years) Sex Predicted PEFR value

8-9y Male (3.8 x 126.56) + (10.6 x 8 ) — 313.2=252.53
9-10y Male (3.8 x 132.87) + (10.6 x 9) — 313.2 = 287.10
10-11y Male (3.8 x137.38) + (10.6 x 10) - 313.2 = 314.84
11-12y Male (3.8 x 142.26) + (10.6 x 11) - 313.2 = 343.98
8-9y Female | (2.2 x 124.26) +(14.2 x 8) — 143.9 = 243.07
9-10y Female | (2.2 x 129.86) + (14.2 x 9) — 143.9 = 269.59
10-11y Female | (2.2 x135.67) + (14.2 x 10) - 143.9 = 296.57
11-12y Female | (2.2 x141.38) + (14.2 x 11) - 143.9 = 323.33

The predicted PEFR values were compared with the predicted PEFR values calculated for the normal
children. The PEFR values of normal children were compared to with that of children exposed to smoke using
chi-square test, 17.17% of children with history of exposure to smoke had normal values as compared to 46.76%
of normal children which is statistically significant (p value <0.0000001).

TABLE-5: PEFR values Normal children Vs Children with H/o Exposure to Smoke
Normal children Exposure to Smoke Total
Normal PEFR 296 34 330
Subnormal PEFR 337 164 501
Total 633 198 831

In group I11, total of 166 children with family history of asthma were studied, out of which 76 were
urban boys, 37 were urban girls, 31 were rural boys and 22 were rural girls. For these children, mean heights
and PEFRs were calculated according to age and sex. Predicted PEFR value for the given height, age and sex
was calculated using Host’s formulae.

TABLE-6: Predicted PEFR value

Age Group (in years) Sex Predicted PEFR value

8-9y Male (3.8x132.94) + (10.6 x 8) — 313.2 = 276.77
9-10y Male (3.8 x 136.04) + (10.6 x 9 ) — 313.2=299.15

10-11y Male (3.8 x 139.23) + (10.6 x 10) - 313.2 = 321.87
11-12y Male (3.8 x142.89) + (10.6 x 11) - 313.2 = 346.38
8-9y Female (2.2 x128.78) +(14.2 x8) —143.9= 253.01
9-10y Female (2.2 x132.45) + (14.2 x 9) — 143.9= 275.29

10-11y Female (2.2 x 136.92) + (14.2 x 10) - 143.9 = 299.32
11-12y Female (2.2x141.78) + (14.2 x 11) - 143.9 = 324.21
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The PEFR values of normal children were compared to with that of children who had family history of
asthma using chi-square test, 26.5% of children with family history of bronchial asthma had normal PEFR
values as compared to 46.76% of normal children, which is statistically significan (p value <0.000003).

TABLE-7: PEFR values Normal children Vs Children with family H/O bronchial asthma

Normal children Family history of Asthma | Total
Normal PEFR 296 44 340
Subnormal PEFR 337 122 459
Total 633 166 799

In group 1V, total of 122 asymptomatic children with history of bronchial asthma were studied, out of
which 40 each were urban boys and urban girls, 22 were rural boys and 20 were rural girls. For these children,
mean heights and PEFRs were calculated according to age and sex. Predicted PEFR value for the given height,
age and sex was calculated using Host’s formulae.

TABLE-8: Predicted PEFR value

Age Group (in years) Sex Predicted PEFR value

8-9y Male (3.8 x 128.92) + (10.6 x 8) — 313.2 = 261.49
9-10y Male (3.8 x 133.28) + (10.6 x 9) — 313.2 = 288.66
10-11y Male (3.8 x 137.43) + (10.6 x 10) -313.2 = 315.03
11-12y Male (3.8 x 141.59) + (10.6 x 11) -313.2 = 341.44
89y Female (2.2 x124.64) + (14.2 x 8) -143.9 =243.90
9-10y Female (2.2 x130.04) + (14.2 x 9) -143.9 = 269.98
10-11y Female (2.2 x 135.96) + (14.2 x 10) -143.9 = 297.21
11-12y Female (2.2 x 141.03) + (14.2 x 11) -143.9 = 322.56

The predicted PEFR values were compared with the predicted PEFR values calculated for the normal
children The PEFR values of normal children were compared to with that children who had history of asthma
using chi-square test, 13.11 % of asymptomatic children with the personal history of bronchial asthma had
normal PEFR values as compared to 46.76% of normal children and the correlation is statistically significant (p
value <0.0000001).

TABLE-9: PEFR values Normal children Vs Children with H/O bronchial asthma

Normal children History of Bronchial Asthma Total
Normal PEFR 296 16 312
Subnormal PEFR 337 106 443
Total 633 122 755

In group V, total of 158 children were found to have more than one risk factor, out of which 57 were
urban boys, 46 urban girls, 33 were rural boys and 22 were rural girls. For these children, mean heights and
PEFRs were calculated according to age and sex. Predicted PEFR value for the given height, age and sex was
calculated using Host’s formulae

TABLE-10: Predicted PEFR value

Age Group (inyears) | Sex Predicted PEFR value

89y Male (3.8 x129.68) + (10.6 x 8) -313.2 = 264.38
9-10y Male (3.8 x 133.26) + (10.6 x 9) -313.2 = 288.58
10-11y Male (3.8 x 136.79) + (10.6 x 10) -313.2 = 312.60
11-12y Male (3.8 x 140.80) + (10.6 x 11) -313.2 = 327.84
8-9y Female (2.2 x 126.39) + (14.2 x 8) -143.9 = 247.75
9-10y Female (2.2x131.78) + (14.2 x 9) -143.9 = 273.81
10-11y Female (2.2 x 135.54) + (14.2 x 10) -143.9 = 296.28
11-12y Female (2.2 x 140.54) + (14.2 x 11) -143.9 = 321.48

The predicted PEFR values were compared with the predicted PEFR values calculated for the normal
children The PEFR values of normal children were compared with children who had more than risk factor using
chi-square test, that 7.59% of children with more than one risk factor had normal PEFR values as compared to
46.76% of normal children and the correlation is statistically significant (p value <0.0000001)
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TABLE-10: PEFR values Normal children Vs Children with more than one risk factor

Normal | Children with more | Total
children | than one risk factor

Normal PEFR 296 12 308
Subnormal PEFR 337 146 483
Total 633 158 791

IV.  Discussion

In this study the peak expiratory flow rates of 1277 children of Nellore city, and surrounding villages
of Nellore District of Andhra Pradesh were determined using a peak flow meter. The study population was
carefully selected to represent the entire cross section of the society.

The children were divided into four groups i.e., urban boys, urban girls, rural boys and rural girls.
They were further subdivided into various height, weight and age groups. The mean PEFR and standard
deviation were calculated for each group separately. The correlation of PEFR with height, age, weight was
assessed. The PEFR values of urban and rural children were compared.The effect of various factors i.e.
exposure to smoke, family history of asthma and history of asthma on PEFR was assessed. The PEFR values
vary between geographical areas depending on the race, the nutritional status and various other factors affecting
the local community. Hence, there is a need to establish the norms of PEFR for each geographical area
separately. Accordingly, this study has determined the standards of PEFR in normal healthy children in Nellore
city, and surrounding villages of Nellore district of Andhra Pradesh. The correlation coefficients of height,
weight and age with PEFR were calculated. The p values for comparision between urban and rural children,
normal children and children with H/o exposure to smoke, with family H/o asthma, with personal H/o asthma
and with multiple risk factors were calculated.

These results were comparable to the results obtained by studies done in other parts of the country like
Malik et al', Behera et al”* and Swaminathan et al® who has done the study in children of South India, but the
results were lower than the present study probably because of local factors. In a similar study done by
Bandhopadhyaya et al* at Delhi, have shown results similar to the present study in girls.

52.66% of urban children had normal PEFR as compared to their rural counterparts, the difference
being statistically significant (CHI-SQUARE value = 11.43, p value <0.000723). This difference can be
attributed to the poor nutrition of rural children which is reflected by their anthropometry. Similar results were
obtained by Rajesh Sharma et al ®and Jain S.K. et al °, who have compared PEFR values of urban and rural
boys of Punjab.

Among the anthropometric indices, height had the highest correlation followed by weight and
age. These results were comparable to the results of Suhil A. Choh et al’, Behera et al 2, Pulickal et al®, Rajesh
Sharma et al’, Swaminathan et al®, Hergeuner et al °, Practicia et al °, Jose Sanz et al *, Teklu.B. et al*%.

Girls had lower PEFR values at all given ages than boys in both urban and rural groups. Even after
matching for heights and weights, boys had greater PEFR values than girls. This tells us that anthropometry is
only partly responsible for the difference in PEFR between both sexes. Similar results were obtained by Host et
al %, Jose Sanz et al **, Kashyap et al** in Himachal Pradesh also showed that there is significant lowering of
PEFR in girls than boys but the results obtained were much lower than the present study.

In a study done in Korea by Seo WH et al™®, for both sexes, the PEFR increased with height, age,
weight, sitting height and body surface area (BSA). Height and BSA were found to be better predictors of PEFR
than the other parameters, which correlate well with the present study.

In a study conducted in Wardhan district of Maharashtra, India, by Taksnde A et al'®, Positive
correlation was seen between age, height, weight and PEFR. The regression equations for PEFR were
determined for boys and girls separately. The boys had higher values than the girls at all heights and the results
correlates well with the present study.

A similar study was conducted in West Bengal, India, by Das B.et al*” among child labourers in which
PEFR increased with height, weight and age of the children.

It is a well established fact that atmospheric pollution is one of the most important factors affecting
pulmonary function. In accordance with this well known fact, this study shows that atmospheric pollution had
significantly lowered the PEFR in children. 17.17% of affected children had PEFR values in the normal range
as compared to 46.76% of normal children. The difference was statistically significant. (CHI-SQUARE value
=77.42, p value <0.0000001) A prospective study done by Mazur et al *®in Poland showed that PEFR dropped
by 10% when children were exposed to pollution for more than a year. The fall shown was more than the
present study. Charpin et al'®, Parthasarathy et al ?,Yun Chul Hung et al % Vedal et al ?, Stanley et al %,
Ralph J.Delfino et al** studies emphasized the effect of atmospheric pollution.

It is generally viewed that children with family history of bronchial asthma need not have lower PEFR
if they are not going to inherit the disease. On the contrary, in this study, children with history of bronchial
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asthma in family had significantly lower mean PEFR values even without being affected by the disease than
children without such history. It indicates that these children are at risk of deterioration if they are subjected to
further insult. So, any acute respiratory illness in these children should be viewed cautiously. 26.5% of children
with family history of asthma had normal PEFRs which is significantly (CHI-SQUARE value = 21.876, p value
=0.000003) lower than 46.76% of normal children.

Children with personal history of bronchial asthma, though asymptomatic, had significantly lower
PEFR values and lesser number of children with PEFR values in the normal range (13.11% Vs 46.76%) than
normal children(CHI-SQUARE value = 47.73, p value <0.0000001) indicating the need for regular home
monitoring of PEFR in these patients for early diagnosis and intervention of an impending acute attack.

Children with more than one risk factor among the above had lower mean PEFR values and lower
PEFR values in the normal range (7.59%) than any other group. The difference was statistically
significant.(CHI-SQUARE value =81.55, p value <0.0000001).

V.  Conclusions

The standard PEFR values of the urban and rural children of Nellore district of Andhra Pradesh have
been determined. The PEFR showed strongest correlation with the height of the child followed by weight and
age. The urban children had better PEFRs than rural children of corresponding ages. The boys had better PEFRs
than the girls at all heights, weights and ages. Children with history of chronic exposure to smoke had lesser
PEFR in the normal range than children without such history (17.17% Vs 46.76%) at all heights, weights and
ages. Children with family history of bronchial asthma had lesser PEFR in the normal range than children
without such history (26.5% vs 46.76%) at all heights, weights and ages. Asymptomatic children with personal
history of bronchial asthma had lesser PEFR values than normal children (13.11%) with PEFRs in the normal
range. Children with more than one risk factor had 7.59% of their PEFR values in the normal range as compared
to the 46.76% of normal children without such history at all heights, weights and ages.

To conclude, PEFR of a child is determined by many factors viz, nutritional status of the child,
urban/rural status, exposure to smoke, air pollution, history of bronchial asthma in the family, personal history
of bronchial asthma. However, the strongest correlation is seen between PEFR and height followed by weight
and age. Therefore, any intervention to improve the pulmonary health of the child should look into aspects like
nutritional status, control of air pollution, avoidance of smoking —both active and passive. Also, as it has already
been known, PEFR serves as a good monitoring tool for patients with bronchial asthma.
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