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A circadian rhythm, popularly referred to as body clock, is an 
endogenously driven, roughly 24-hour cycle in biochemical, 
physiological, or behavioural processes. Biological rhythms are 
predominantly circadian, so called because they have a natural 
period of approximately 24 hours (circadiem) if allowed to run 
freely in the absence of external stimuli. They can be further 
described as diurnal if the peak of the rhythm (acrophase) occurs 
during daylight and the nadir (bathyphase) is seen during the 
night. [1] Suprachiasmatic nucleus of the hypothalamus, 
presumably control circadian rhythms that synchronize various 
physiologic changes of the body with night and day .[2] Airway 
calibre shows a circadian rhythm. This may be because the airways 

Background: Many human biological systems, including airway calibre, show a circadian 
rhythm. This may be because the airways are passively influenced by the rhythm of related 
endogenous systems or because they respond directly to cyclically varying exogenous stimuli. 
The peak expiratory flow rate (PEFR) is an accepted marker of pulmonary function, primarily 
reflects large airway flow and depends on the voluntary effort and muscular strength of the 
patient. Aims and Objective: In the present study an attempt has been made to investigate the 
effect of circadian rhythm on peak expiratory flow rate in healthy young adults.Method : Peak 
expiratory flow rate (PEFR) was observed at 5:00 am, 8:00 am, 11:00 am, 2:00 pm, 5:00 pm, 
8:00 pm, and 11:00 pm on two consecutive days. The highest value of PEFR from at least three 
acceptable blows was recorded separately and used for the analysis. Only PEFR readings 
recorded at 11 pm on first day and all readings on the second day were taken into 
consideration to rule out the remote possibility of training effect. The Diurnal Variation in 
PEFR is calculated as the difference between the highest and the lowest PEFR values as a 
percentage of the mean PEFR on each day. Result: The lowest mean PEFR and mean (%) PEFR 
value was recorded at 5 am (487.8 L/min) and highest at 5 pm (527.4 L/min) for the study 
group. The mean PEFR values at different time points were analysed for variation using 
ANOVA which did not reveal significant rhythm (P>0.5). After normalizing the data, the 
circadian rhythm of PEFR was statistically significant (P<0.001). The data was also analyzed 
by comparing mean PEFR values at different time points using repeated measures ANOVA test 
with Bonferroni's test which showed that there is significant difference between the mean 
PEFR values at 11pm on day one and mean PEFR values at 5am, 11am, 2pm, 5pm & 8pm on 
second day (P value < 0.05). Conclusion: Our study suggests that there is a significant 
variation in peak expiratory flow rate between morning and evening in healthy young adult 
population. This is important in understanding the behaviour of airways in producing 
changes in PEFR. We conclude that a diurnal variation pattern of PEFR exists in healthy 
population. This knowledge is important for any meaningful interpretation of PEFR 
recordings used to screen population for asthma.

are passively influenced by the rhythm of related endogenous 
systems or because they respond directly to cyclically varying 
exogenous stimuli.[3]  The peak expiratory flow rate (PEFR) is an 
accepted marker of pulmonary function and is widely used in 
respiratory medicine.[4] Peak expiratory flow rate (PEFR) is the 
maximum expiratory flow rate achieved with a maximally forced 
effort from a position of maximal inspiration, expressed in 
litres/min.[5] Peak flow rate primarily reflects large airway flow 
and depends on the voluntary effort and muscular strength of the 
patient. The maximum rate of peak expiratory flow (PEFR) reflects 
primarily large airway calibre and is less sensitive and specific 
than forced expiratory volume in one second (FEV1). PEFR seems 
to be as satisfactory as FEV1 in describing circadian variations.[6] 
Peak expiratory flow (PEFR) has a circadian rhythm, peaking 
usually in the afternoon.[7] PEF variability can be easily measured 
twice a day over a 3-week period in large populations. It may be of 
great use as a marker of variability in airway calibre, in both 
epidemiologic and clinical studies. Gupta et al. showed that 
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measuring PEF variability using at most five daily measurements 
can pick up more than 80% of actual variability whereas only 60-
80% of actual variability was picked up with four daily readings, 
and only 20-45% with twice daily readings. The study concluded 
that reducing the number of daily PEFR measurements reduces 
the recorded variability.[8]  Anthropometric measurements like 
height, weight and chest circumference may also affect peak 
expiratory flow rate (PEFR).[9] 

In the present study an attempt has been made to investigate 
the effect of circadian rhythm on peak expiratory flow rate in 
healthy young adults.

Material and methods 

This prospective study was conducted at one of the tertiary 
hospital. The participants of the study were subjects between 18-
30 years of age. Approval of the committee (EC/137/2009) for 
academic research on human subjects of the institute was 
obtained prior to the study. The methods adopted for present 
study was planned under the following headings:  Selection of the 
subjects, Consent taking, History taking, General and systemic 
examination, Equipment used, Study procedure.

Selection of the subjects

Study was carried out at one of the tertiary health Centre of 
Municipal Corporation of Greater Mumbai on medical students 
and resident doctors in the age group of 18-30 years who 
volunteered for it. Total 50 healthy young adults who met the 
inclusion criteria were randomly selected. Both males and females 
were recruited for the study.[10] Inclusion criteria: Those in the 
age group of 18-30 years, both male and female,  those who gave 
proper written consent, those having normal cardiac and 
respiratory functions (as assessed by clinical examination, Those 
who didn't have any acute illness like upper respiratory tract 
infection, lower respiratory tract infection, etc. Those who had 
recovered from common cold at least one month prior to the study, 
Non-smokers. Exclusion criteria: Those having respiratory 
problems such as bronchial asthma, chronic obstructive lung 
disease, tuberculosis, post tuberculosis sequelae, etc, Those 
having valvular heart disease, Those who had undergone any 
abdominal surgery, Those with acute illness, Smokers, Pregnant 
female participants, Morbidly obese individuals (those with BMI 
>35), Subjects suffering from any respiratory disorder for which 
treatment was taken for past four weeks, Those having past 
history of severe chest trauma, Those with any obvious chest and 
spinal deformity, Those with family h/o asthma, chronic 
obstructive pulmonary diseases and other cardio respiratory 
diseases. Consent taking: Participation was entirely voluntary, 
written informed consent of the volunteers was obtained before 
the study. History taking: A detailed history was recorded 
regarding daily physical activities, respiratory symptoms and 
disorders. Also their personal, past and family history was noted. 
General and systemic examination: Thorough general examination 
was done followed by a detailed systemic examination of the 
cardiovascular, respiratory, alimentary and nervous system. Body 
measures were taken, including the standing height and weight.

Equipment: 

1. Stadiometer – for measuring height. 

2. Weighing scale- for measuring weight. 

3. Mini wright's peak flow meter (Clement Clarke International 
Ltd, Airmed, UK) - for recording PEFR. This instrument is simpler 
version of the Wright peak flow meter now used worldwide. The 
instrument is a light plastic cylinder measuring 5cm in diameter 
and 15cm long, and weighs 75g. It consists of a spring piston that 
slides freely on a rod within the body of the instrument. The piston 
drives an independent sliding indicator along a slot marked with a 
scale graduated from 60-800L/min. The indicator records the 
maximum movement of the piston, remaining in that position until 
return to zero by the operator. The peak flow meter must be held 
horizontally with air vents uncovered.[11]  Disinfection: Before 
use the mouth piece of peak flow meter was disinfected by 
immersing it in 10% glutaraldehyde solution, for 2 hours. 
Participants were instructed not to share the instrument with 
others to avoid cross infection. [12] 

Study procedure: 

Subject detail: The participants anthropometric data i.e. age, 
height and weight (wearing clothes without shoes) were recorded. 
Age was recorded in years and height in centimetre. Position: The 
PEFR was recorded in the standing position at specified timings. 
Training of participants: Participants were individually trained for 
measuring their own PEFR in L/min. For correctly recording the 
PEFR it is essential to perform test correctly. Participants were 
informed in detail regarding the mini Wright's peak flow meter 
and explained about the manoeuvre to record PEFR. Each 
participant was demonstrated the correct use of the instrument 
and manoeuvre to record PEFR by trained personnel. They were 
also made to practice under supervision of the trained personnel. 
[13]  Instructions were given to the participants to correctly 
record the PEFR, Participants in the study were instructed to take 
their Peak expiratory flow rate measurements with mini Wright's 
portable peak flow meter at 5:00 am, 8:00 am, 11:00 am, 2:00 pm, 
5:00 pm, 8:00 pm, and 11:00 pm on two consecutive days. 
Participants were instructed to record the PEFR readings in the 
chart provided. They were instructed to obtain at least three 
recordings at a time and record all in the chart. [14] 

Parameter studied: 

Peak expiratory flow rate (PEFR) was observed at 5:00 am, 
8:00 am, 11:00 am, 2:00 pm, 5:00 pm, 8:00 pm, and 11:00 pm on 
two consecutive days. The highest value of PEFR from at least three 
acceptable blows was recorded separately and used for the 
analysis. Only PEFR readings recorded at 11 pm on first day and all 
readings on the second day were taken into consideration to rule 
out the remote possibility of training effect. The Diurnal Variation 
in PEFR is calculated as the difference between the highest and the 
lowest PEFR values as a percentage of the mean PEFR on each day. 
[15,16]

Highest PEFR- Lowest PEFR
Mean PEFR

× 100
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Statistical analysis: 

The data was entered using MS-Excel-2007 and analysis was 
done using SPSS-16 software. Appropriate statistical tests like one 
way analysis of variance (ANOVA) test and repeated measures 
ANOVA test with Bonferroni's test for comparison of mean PERF 
were used. Because of large inter-individual differences in mean 
values of PEFR, the individual PEFR values were normalized by re-
expressing each value as percentage of its series mean before 
statistical analysis of grouped data. Both original units and 
normalized data i.e. percent of individual mean 24 hour PEFR were 
used to analyze circadian rhythm as a group. The P- value < 0.05 
was considered as significant. Diurnal variation for individual 
subject was calculated using 2 different indices viz., amplitude 
percent mean (A%M) and standard deviation percent mean 
(SD%M). They were calculated as below-

Result: 

The (Figure: 1). showed the gender distribution of 50 
participants involved in the study, in which female participants 
were 42% and male participant were 58%. The anthropometric 
data of study population were showed in (Table: 1). the mean age of 
the population was 22+4.06 years, height 168.39+10.56 cm, 
weight 58.84+10.96 kg.

The mean PEFR values at different time points were analysed 
for variation using one way analysis of variance which did not 
reveal significant rhythm (P>0.5). After normalizing the data, the 
circadian rhythm of PEFR was statistically significant (P<0.001). 

Effect of circadian rhythm on mean PEFR values at different 
time points are summarized in (Figure: 2): The lowest mean PEFR 
value was recorded at 5 am (487.8 L/min) and highest at 5 pm 
(527.4 L/min) for the study group.

Mean PEFR Values at different time points (For Normalized 
data) expressed as percent of 24 hour are summarized in (Table 2): 
The lowest mean (%) PEFR value was recorded at 5 am (96.52 %) 
and highest at 5 pm (104.52%) for the study group.

Comparison of mean PEFR values at different time points with 
repeated measures ANOVA test with Bonferroni's test are 
summarized in (Table 3): By using repeated measures ANOVA test 
with Bonferroni's test mean PEFR values at different time points 
are compared. The result showed that there was significant 
difference between the mean values at 11pm on day one and mean 
values at 5am, 11am, 2pm, 5pm and 8pm on second day (P value < 
0.05).

Comparisons of (Normalized Data) Mean PEFR Values with 
Repeated Measures ANOVA Test with Bonferroni's test are 
summarized in (Table 4): By using repeated measures ANOVA test 
with Bonferroni's test mean PEFR values at different time points 
are compared. The result showed that there was significant 
difference between the mean values at 11pm on day one and mean 
values at 5am, 11am, 2pm, 5pm and 8pm on second day (P value < 
0.05).

A (% M)   =    Highest PEFR-low PEFR

SD (% M)   =    Standard deviation of PEFR value of the day × 100
                                        Mean PEFR value of the day

mean PEFR
× 100

Comparison of mean PEFR values at different time points using 
one way ANOVA test are summarized in (Table 5): After using one 
way analysis of variance (ANOVA) test, comparison of mean PEFR 
values at different time points,  did not reveal significant P value (P 
> 0.5).

Comparison of normalized mean PEFR values at different time 
points using one way ANOVA test are summarized in (Table 6):  
After using one way analysis of variance (ANOVA) test, comparison 
of normalized mean PEFR values at different time points, are 
significantly different (N=50, P<0.001).

Figure legends 
Figure.1. Gender Distribution of the Study Group

Table 1: Anthropometric Data of Subjects
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Table 5: Comparison of Mean PEFR Values at different time 
points using one way ANOVA Test

Table 3: Comparison of Mean PEFR values at different time 
points with repeated measures ANOVA Test with Bonferroni's 
test. 

Table 6: Analysis of normalized mean PEFR Values using one 
way ANOVA test

Table  4: Comparison of (Normalized data) mean PEFR values 
with repeated measures ANOVA test.

Table 2: Mean PEFR Values at Different Time points (For 
Normalized Data)

Discussion 

Airway calibre exhibits a circadian rhythm like many human 
biological systems. Our study was aimed at studying changes in 
peak expiratory flow rate as a result of changes in the airway 
calibre due to circadian rhythm. Most of the previous studies on 
circadian rhythm changes in PEFR were carried on male subjects 
only [17,18] where as in the present study we included both male 
as well as female subjects. Studies done by Hetzel and Clark, [19] 
Aggarwal et al.,[20] reported that there is no difference in the 
diurnal variation of PEFR between males and females. However in 
our study we have not compared the diurnal variation between 
male and female. We deliberately excluded smokers from the study 
as the smoking is known to increase diurnal variation [21] but 
long-term periodic exposure to air pollution can lead to increased 
PEFR variability even in healthy subjects.[17] 

Nitin Dhokane et al. Int J Biol Med Res.2015;6(4):5243-5248  
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Participants were made to take their serial PEFR reading using 
mini Wright's peak flow meter. The self-recording of PEFR has 
earlier been shown to be fairly reliable (34) Moreover the 
participants were monitored by trained personnel while recording 
PEFR to minimize the errors. Previous studies to calculate the 
diurnal variation have been carried out by measuring PEFR five 
times a day.[7,17] Lebowitz and coworkers [22] have shown that in 
normal subjects, variability in PEFR increases with an increasing 
number of PEFR readings used to derive PEFR diurnal variability. 
Ideally, PEFR measurements should be taken frequently during the 
24-hr period to reflect the true variability.[8] It is well recognized 
that reducing the number of daily PEFR measurements reduces the 
recorded variability. We selected to measure PEFR variability using 
seven daily measurements as this number can pick up more than 
80% of actual variability as stated by Gupta et al.,[8] in his study on 
reducing the number of daily measurements results in poor 
estimation of diurnal variability of peak expiratory flow in healthy 
individuals. We have considered only the PEFR readings recorded 
at 11 pm on first day and all readings on the second day for analysis 
to rule out the remote possibility of training effect. [7] The mean 
PEFR values for study group at specified timings (Table 3) shows 
that the lowest mean PEFR value (487.80 L/min) was recorded at 5 
am in the morning and the highest mean PEFR value (527.40 
L/min) at 5 pm. The lowest PEFR in most participants appeared in 
the morning. The mean PEFR values after a dip in morning at 5:00 
am tend to increase throughout the day peaking in evening at 5:00 
pm as shown in (Table 3). The PEFR values were not recorded at 
2:00am, but trend suggests that after 5:00 pm there is a regular fall 
in PEFR levels till 5:00 am.

Our results show that PEFR in normal subjects exhibits definite 
circadian rhythm characterized by lowest values early in the 
morning followed by progressive rise peaking in the evening and 
small fall at night. Our results are in accordance with other studies 
[7, 18] who have reported a nadir at waking in the morning, a 
progressive rise up to late afternoon and a plateau or a small 
decrease at bedtime. The commonest pattern observed in most of 
the subjects was morning dip in PEFR and progressive rise peaking 
in the evening. An identifiable morning dip was observed in 58% of 
subjects and an evening peak in 64% subjects. In earlier reports by 
Aggarwal et al., [20] and Ashfaq et al., [17] lesser percentage of 
subjects followed this pattern. Higher prevalence of identifiable 
rhythm in greater percentage of subjects in present study may be 
because of homogeneity of our subject group. Moreover, subjects 
were living in same environmental conditions and had almost 
similar daily routine.

As suggested by Higgins and colleagues,[23] amplitude as a 
percent of the mean PEFR was used as a measure of variability in 
PEFR. Diurnal variation calculated for this population, expressed 
as A%M and SD%M. Mean diurnal variation was 8.37±3.54 (A%M) 
and 2.94±1.16 (SD%M) in this study group. Our results are in close 
approximation to the earlier studies in Indian subjects by Aggarwal 
et al., [20] and Goyal [18] However; we also noted that the diurnal 
variation calculated for study group is lower than the data for 
Western population,[24] these differences in diurnal variation of 
PEFR from study on Western subjects may be attributed to 
different sample characteristics and/or ethnic variation. This may 
in part also be explained by added effects of smoking in the 
subjects. 

Diurnal variation in this study is found to be lesser than that 
reported in asthmatics in previous studies. The circadian rhythm in 
asthmatics follows a similar pattern i.e. PEFR dip in morning and 
PEFR peak in evening, but the swing of PEFR from the mean value is 
more than that in normal subjects.[25,26] 

PEFR is affected by large number of factors as mentioned in the 
literature; more studies are required in different population 
groups moreover in different age groups. Present study has lesser 
sample size; studying diurnal variation with larger sample size will 
give more conclusive results. In the present study male and female 
both were included; more studies are required comparing diurnal 
variation of PEFR in male and female separately with larger sample 
size.

Conclusion

Our study suggests that there is a significant variation in peak 
expiratory flow rate between morning and evening in healthy 
young adult population. This is important in understanding the 
behaviour of airways in producing changes in PEFR. We conclude 
that a diurnal variation pattern of PEFR exists in healthy 
population. This knowledge is important for any meaningful 
interpretation of PEFR recordings used to screen population for 
asthma. The knowledge of normal circadian pattern of PEFR in 
healthy subjects and its variation might help in better 
understanding of patho-physiology of nocturnal symptoms 
present in some asthmatic patients.
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