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Abstract Peak expiratory flow rate (PEFR) varies with anthropometric variables like calendar age, body height, body weight, 
and body surface area in different regions. The present study aims at analyzing the relationship of PEFR with anthropometric 
variables to know a reference value in this region. We conducted the present study on healthy adult males aged eighteen to 
forty-five years engaged in works where they were un-exposed to pollutants in Patiala, India. Subgroups were made in each 
anthropometric variable category. PEFR recording was done using Mini Wright Peak Flow Meter. Results are expressed as mean 
PEFR ± standard deviation (mean ±S.D.), while the students’ t-test was used to determine the differences between the means. 
We observed a linear increase in PEFR with all anthropometric variables. The correlation of PEFR with anthropometric variables 
was determined. PEFR is positively correlated with body height and body surface area (r = +0.20) and negatively correlated with 
calendar age (r = –0.24) and body weight (r = –0.02). We conclude that PEFR correlates best with body height (r = +0.48), and 
the result is highly significant (p < 0.01).  
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Introduction
Variation in lung functions can be seen in India as there is a variation in geographical, climatic, anthropometric, 

nutritional, and socioeconomic conditions (Raju, Prasad, Ramana, Murthy, 2004).  Peak expiratory flow rate (PEFR) 
is affected by calendar age, body weight, body height and body surface area (anthropometric variables) which 
varies in different regions (Godfrey, Kamburoff, Nairn,1970). It is important to have a normal reference value for each 
region. The present paper will show the normal value of PEFR and the effect of various anthropometric variables on 
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PEFR of healthy adult males in the age group of eighteen to forty-five years engaged in works where they are not 
exposed to pollutants in the city of Patiala.

Material and Methods
Participants: Two hundred healthy, non-smoking adult males aged eighteen to forty-five years in the 

city of Patiala who are engaged in works where exposure to pollutants is not present were selected randomly. 
The institutional ethical committee approved the study. Smoking is a significant cause of respiratory symptoms and 
reduction in ventilatory capacity (Medabala, Rao, Mohesh, Kumar, 2013), so it is essential to take non-smokers. 
We excluded participants who were smokers, with a history of cardiovascular problems, wheezing and respiratory 
diseases, or taking any drug affecting the respiratory system from the study. Subgroups were made according to 
the subjects’ calendar age, body height, body weight, and body surface area (BSA).

Calendar age was calculated in years to the nearest 0.5 years (yrs.). Body height was measured by making 
the subject stand bare-footed on the floor against the wall, with slightly separated heels and buttocks back in contact 
with the wall, and measured to the nearest centimeter (cm). Body weight was measured in kilograms (kgs) with 
the subject standing on a portable weighing machine without wearing shoes. Body surface area was calculated in 
square meters using Dubois formula (Dubois, Dubois, 1916) B.S.A (m2) = 0.007184 x W0.425 x H 0.725 where W is 
weight in kgs and H is height in cms.

According to calendar age, they were divided into three groups, i.e., Group I: 18–27 years, Group II: 28–37 
years, and Group III: ≥ 38 years. According to body height, subjects were divided into three groups, i.e., Group I: 
148–157 cms, Group II: 158–167 cms, and Group III: 168–177 cms. As per body weight, they were divided into four 
groups, i.e., Group I: 35–44 kgs, Group II: 45–54 kgs, Group III: 55–64 kgs, and Group IV:  ≥ 65 kgs. According to 
body surface area, they were divided into four groups, i.e., Group I: 1.2–1.40m2, Group II: 1.41m2–1.60m2, Group III: 
1.61m2 –1.80m2, and Group IV:  ≥1.81m2.

Measures: Immediately before the test, subjects completed a brief questionnaire to ensure that the subjects 
satisfied the criteria of healthy subjects. Informed written consent was taken from all the subjects.

Procedure: The principal investigator tested the subjects at their workplace. For PEFR, a Mini Wright Peak 
Flow meter (Clement Clarke International, United Kingdom) was used. Mini wright peak flow meter is very convenient 
to carry and use. PEFR is a simple test that makes it particularly suitable for respiratory function studies.

The test was done in the standing position. The subject was instructed to take maximal inspiration and blow 
into the instrument rapidly and forcefully. Three test repetitions were made, and the highest of these readings in 
liters ∕minute was taken for analysis.

Analysis: All the data were statistically analyzed. Results were expressed as mean PEFR ± standard deviation 
(mean ± S.D.), while the student’s t-test was used to determine the differences between the means. P-values less 
than or equal to 0.05 (P ≤ 0.05) were taken as statistically significant, and a P value of ≤0.001 were considered 
statistically highly significant.

Results
Table 1 shows the PEFR in study subjects according to three age groups. It shows that PEFR increases with 
calendar age till the age group of 28 years to 37 years, then declines. When the PEFR of study subjects was 
recorded according to four height groups, PEFR increased with the increase in body height, as shown in Table 2.  
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Table 3 shows the PEFR of study subjects according to four weight groups, and it shows that PEFR increases 
with the increase in body weight to 64 kgs and then, it declines slightly. Table 4 shows the PEFR in study subjects 
according to four body surface area groups; PEFR increases with the increase in body surface area. Table 5 shows 
the correlation of PEFR with calendar age, body weight, body height, and body surface area. The PEFR correlates 
best with body height. 

Table 1. Mean and SD of PEFR in study subjects according to age groups

Group no. Age (in years) No. of subjects Mean± SD of PEFR (Lts. /min.)
I 18–27 85 629.87 ±52.35
II 28–37 62 639.69 ±51.13
III ≥ 38 53 587.26 ±59.37

Table 2. Mean and SD of PEFR in study subjects according to height groups

Group no. Height (cms) No. of subjects Mean± SD of PEFR (Lts. /min.)
I 148–157 13 584.69 ±30.83
II 158–167 89 600.71 ±63.34
III 168–177 98 645.51 ±43.62

Table 3. Mean and SD of PEFR in study subjects according to weight groups

Group no. Weight (kg) No. of subjects Mean± SD of PEFR  (Lts./min.)
I 35–44 – –
II 45–54 19 597.42 ±58.76
III 55–64 87 626.79 ±55.97
IV ≥65 94 621.73 ±58.34

Table 4. Mean and SD of PEFR in study subjects according to body surface area groups

Group no. BSA gps ( m2) No. of subjects Mean ± SD of PEFR (Lts. /min.)
I 1.21–1.40 – –
II 1.41–1.60 35 587.62 ±52.93
III 1.61–1.80 128 634.28 ±50.91
IV ≥1.81 37 610.0 ±68.96

Table 5. Correlation of PEFR with age, weight, height and body surface area

Parameter Coefficient of correlation ‘p’ value
PEFR – –

Age (in years) –0.24 <0.01
Weight (in kgs.) –0.02 >0.05
Height (in cms.) +0.48 <0.01

BSA (in m2) +0.20 <0.01

* >0.05 is not significant, <0.01 is highly significant
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Discussion
Peak Expiratory Flow Rate is an effort-dependent parameter, which measures the airflow emerging from 

the large airways within about 100-120 milliseconds (msec) of the start of forced expiration (Enright Linn, Edward, 
2000). It remains at its peak for 10 msec (Jain, Kumar, Sharma, 1983). According to Wright and Mckerrow (1959), 
PEFR is the maximum expiratory flow rate sustained by a subject for at least ten milliseconds expressed in liters/
minute (Wright-Mckerrow, 1959). Pulmonary function tests indicate the health status of individuals in a region 
(Schünemann, Dorn, Grant, Winkelstein, Trevisan,2000; Prakash, Meshram, Ramtekkar, 2007). There are various 
factors affecting PEFR: i) age, ii) height, iii) maximum expiratory pressure, which is a representation of respiratory 
muscle strength (Black, Hyatt, 1969; Smyth, Chapman, Rebuck, 1984), iv) volume and elastic properties of lungs 
which is a function of thoracic dimension and hence of stature, v) Volume history of the lung, that is, how the lung 
was stretched prior to the PEFR maneuver (Kano, Burton, Lateri, Sly, 1993; D’Angelo, Prandi, Marazzini, Milic, 
1994). In the current study, PEFR was best correlated to body height even though it may correlate with other factors 
like calendar age, body weight, and body surface area, as in other studies (Gupta, Mishra, Mehta, Prasad, 1993; 
Dharamshi et al., 2015).

The present study reveals that mean PEFR in study subjects increased with the increase in calendar age 
till the age group of 28 years to 37 years, and then it starts declining. The correlation of coefficient is negative 
(r= -0.24), and these results are highly significant (p < 0.01), as shown in Table 5. Other studies report similar 
findings (Gregg, Nunn, 1973; Brooks, Waller, 1972; Malik, Jindal, Banga, Sharda, Gupta, 1980; Ogunlana, Oyewole, 
Lateef, Ayodeji,2021). PEFR is affected by the expiratory muscle’s strength, the lungs’ recoil pressure, and the 
airways’ competency (Sahebjami, 1998). An increase in PEFR with age is due to an increase in muscular power 
with advancing age, and a decrease in PEFR after a certain age can be because this variable is dependent upon 
the effort of expiratory muscles, elastic recoil of lungs, and size of airways, factors which are known to reduce with 
advancing age. Jain et al. (1983) reported stiffness of the thoracic cage and loss of elastic recoil of lungs in older 
adults. So, the strength of the respiratory muscles decreases. They also report that loss of elastic recoiling prevents 
the closure of the respiratory bronchioles during expiration. Various factors are responsible for reducing ventilatory 
function in the elderly (Goyle, Venkatraman, Rastogi, Lakhera, Gautam, 1984). Regular aerobic exercise can 
achieve more significant cardio-respiratory benefits in older age groups for an extended time interval (Blumenthal 
et al., 1991).

There is a positive correlation of PEFR with body height (r = +0.48). The result is statistically significant  
(p < 0.01), as shown in Table 5, which shows an increase in PEFR with an increase in height. This observation is 
consistent with other studies (Cookson, Blake, Faranisi, 1976; Amin, Pande, 1978; Lockhart, Smith, Mair, Wilson, 
1960; Ijaz, Bashir, Ikhlaq, Ijaz, Aftab, Zia, 2020; Ogunlana et al., 2021), and is probably due to more chest volume in 
the taller subjects. The growth of air passages and the effort of expiratory muscles also increase with an increase 
in height.

PEFR in study subject’s increases with the increase in body weight till the weight group of 55–64 kgs, then 
declines. The same pattern is observed in other studies (Dharamshi et al., 2015; Ebomoyiy, Iyawe, 2005). However, 
the current study’s relationship between body weight and PEFR is not statistically significant. The correlation 
of coefficient is negative (r= –0.02), and the results are not significant (p > 0.05), as shown in Table 5. 

Body surface area is a function of both body height and body weight and therefore is a good outward 
expression of the nutritional standard of the individual (Vijay, Arun, Shivaprasad, Desai, 2014). PEFR positively 
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correlates with body surface area (r = +0.20), and is statistically highly significant (p < 0.01) as shown in table 5, 
which shows an increase in the PEFR of study subjects with an increase in body surface area. This observation is 
consistent with other studies (Amin, Pande, 1978; Lockhart et al., 1960; Vijay et al., 2014).

Conclusion
We conclude that the PEFR of healthy individuals increases with calendar age and body weight till a particular 

age and weight, and then it declines. PEFR increases with an increase in body height and body surface area. PEFR 
is positively correlated with body height and surface area and negatively correlated with calendar age and body 
weight. The best correlation is between PEFR and body height.
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