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INTRODUCTION

The phenomenon of  noc turna l  as thma
has  a lways  perp lexed  c l in ic ian’s  and
researcher’s mind. Peak expiratory flow rate
(PEFR) variabil i ty has been suggested as a
marker  fo r  b ronchia l  hyper - reac t iv i ty  in

asthmatic individuals (1, 2).  PEFR variation
has  been  wide ly  advoca ted  and  used  in
c l in ica l  prac t ice  and  as thma research .  The
Nat iona l  Hear t  Lung  and  Blood  Ins t i tu te
(NHLBI)  and  o thers  have  recommended ,  a
d iurna l  var ia t ion  of  20% or  more ,  as  a
d iagnos t ic  benchmark  for  as thma (3 ,  4 ) .
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Abstract :  Peak expiratory flow rate (PEFR) variability follows a specific
pattern in asthmatics as well as in healthy individuals. There is scarcity of
data  for  Indian heal thy subjects .  The PEFR (L/min.)  was measured with
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hours,  with peak PEFR in evening at  17:00 hours,  after which there was
a  progress ive  fa l l  in  PEFR leve ls ,  t i l l  morn ing  5 :00  hours .  This  s tudy
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Fur ther ,  compara t ive  s tud ies  have  no t
sus ta ined  the  c la im to  promote  PEFR
variability for diagnosing asthma because of
the lack of standard cut off value of PEFR
variability for labeling a person as asthmatic
(5,  6) .  PEFR shows hour to hour variat ion
that follows a specific pattern in asthmatics
as well as in normal individuals as has been
ident if ied in ear l ier  s tudies  (7–9).  Most  of
these studies are done in patient population
and adequate  da ta  i s  not  avai lable  for  the
circadian rhythm in normal individuals.  We
therefore evaluated the pattern of circadian
rhythm of  PEFR in  hea l thy  Nor th  Ind ian
subjec ts .

MATERIAL AND METHODS

Subjects  :  The s tudy was conducted on 50
young  male  vo lun teers  f rom univers i ty
popula t ion  hav ing  a lmos t  s imi la r  da i ly
routine and sleep habits ,  selected randomly
be tween  the  age  group  of  18–26  years .
Nature  o f  the  s tudy  was  exp la ined  and
informed consen t  was  ob ta ined  f rom each
subject  prior  to part icipat ion in study.  The
pro toco l  o f  the  s tudy  was  approved  by
ins t i tu t iona l  e th ics  commit tee .

A thorough history was taken and clinical
examinat ion of  the subjects  was performed
to  ru le  ou t  any  obvious  ca rd io-pu lmonary
compromise .  Subjec t s  wi th  h i s to ry  of
smoking ,  h i s to ry  of  severe  ches t  t rauma,
with obvious chest and spinal deformity, with
personal / fami ly  h is tory  of  as thma,  chronic
obs t ruc t ive  pu lmonary  d i seases  and  o ther
card io- resp i ra to ry  d i seases  were  exc luded
f rom the  s tudy .  Al l  sub jec t s  underwent
base l ine  pu lmonary  func t ion  tes t ing  to
ru le  ou t  sub t le  pu lmonary  dysfunc t ions
(restr ic t ive and obstruct ive) .

Protocol  :  For  the  convenience  of  s tudy ,
subjects were divided into groups of five and
each group was provided one mini Wright’s
peak expi ra tory  f low meter .  Subjec ts  were
individually trained for measuring their own
PEFR in  L/min .  and  were  ins t ruc ted  to
record the  readings  with  Wright’s  por table
peak flow meter at 5:00, 8:00, 11:00, 14:00,
17:00, 20:00, and 23:00 on two consecutive
days .  They  were  ins t ruc ted  to  ob ta in  a t
least three recordings at a time. Five out of
seven  sess ions  each  day  were  under  the
guidance  of  the  pr inc ipa l  inves t iga tor  and
the  remain ing  sess ions  were  under  the
guidance of  a  t ra ined capta in  chosen f rom
each group.

The data sheets  were f i l led for  history,
clinical examination with height and weight,
his tory of  medicat ions  and PEFR readings.
Only the  PEFR readings recorded at  23:00
hour  on  f i r s t  day  and  a l l  r ead ings  on  the
second day were taken into consideration to
ru le  out  the  remote  poss ib i l i ty  of  t ra in ing
effect. The best of three PEFR readings in a
given t ime was taken for the analysis .  The
pooled data sheets were scrutinized and those
wi th  incomple te  tes t  records  or  da ta  were
rejected.  Finally,  42 subjects  were selected
for inclusion into the analysis .

Statistical Analysis  : Both original units and
normalized data (percent of individual mean
24  hour  PEFR)  were  used  to  ana lyze
circadian rhythm as a group. Because of large
inter- individual  d i f ferences  in  mean values
of  PEFR,  ind iv idua l  PEFR va lues  were
normal ized  by re-express ing each value  as
percen tage  of  i t s  se r ies  mean  before
s ta t i s t i ca l  ana lyses  o f  g rouped  da ta .  The
or ig ina l  and  normal ized  PEFR va lues  a t
different  t ime points  were analyzed by one
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points were analyzed for variation using one
way analysis of variance which did not reveal
significant rhythm (P>0.9). After normalizing
the  da ta ,  the  c i rcad ian  rhy thm became
statistically significant (P<0.001).  Assuming
equal variance (Levene’s statistics was used
to  de termine  the  homogenei ty  of  var iance ,
P>0.05)  Tukey’s  t es t  was  app l ied ,  which
revealed significant differences in the mean
percen t  PEFR va lues  a t  05 :00  hours  and
11:00 hours, 5:00 hours and 14:00 hours, 5:00
hours and 17:00 hours (P<0.05).

Mean diurnal  variat ion,  for  second day,
was 7.55±4.1 (A%M) and 2.79±1.42 (SD%M)
in  th i s  popula t ion .  The  upper  l imi t s  o f

way analysis of variance (ANOVA). Rhythm
detec t ion  was  cons idered  s ta t i s t i ca l ly
significant with a P value of < 0.05.

Diurnal  var ia t ion for  individual  subject
was calculated using 2 different indices viz.,
amplitude percent mean (A%M) and standard
devia t ion  percent  mean  (SD%M) and  were
calculated as below (9).

A M
Highest PE

% = ×FR value of the day –Lowest PEFR value of the day

Mean PEFR value of the day
100

SD M
Sta ndard d

% = ×evia t ion  of PEFR va lue of the day

Mean  PE FR va lue of the da y
100

RESULTS

PEFR va lues  o f  42  male  sub jec t s  wi th
mean age of 20.5±1.66 years were measured
at 23:00 hour on first day and at 5:00, 8:00,
11:00, 14:00, 17:00, 20:00, and 23:00 hours
on second day. The mean PEFR values after
a  d ip  in  morn ing  a t  5 :00  hours  t end  to
increase  th rough  ou t  the  day  peak ing  in
evening at 17:00 hours as shown in Table I.
The PEFR values were not recorded at 02:00
hours ,  bu t  t rend  sugges t s  tha t  a f te r  17 :00
hours there is a regular fall in PEFR levels
t i l l  5 :00  hours  as  ev iden t  in  F ig .  1 .
Identifiable morning dip was observed in 69%
subjects  and ident i f iable  evening peak was
observed in 55% subjects.

The mean PEFR values at different time

T A B L E I : The  PEFR va lues  (mean ± SE;  L /Min)  a t  va r ious  t ime  in te rva l s  be tween  23 :00  hours  (day1)  and
23:00  (day  2)  were  ob ta ined  f rom 42  subjec t s .  PEFR a t  2 :00  hour  on  day  2  was  no t  measured .

Time  (Hours ) 23:00 5:00 8:00 11:00 14:00 17:00 20:00 23:00

PEFR (L /Min) 537 .1 528 .6 537 .9 541 .8 542 .1 543 .9 537 .4 536 .2
± S . E . 9 . 8 8 9 . 9 8 10 .34 9 . 5 8 9 . 4 3 9 . 2 3 9. .53 9 . 7 5
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Fig.  1: C i rcad ian  rhy thm of  Peak  exp i ra to ry  f low
ra te  (PEFR) .  PEFR va lues  a re  represen ted  as
mean ± S.E .  o f  normal ized  PEFR va lues ,
t ak ing  24  hour  ind iv idua l  mean  PEFR as
100%.  Hor izon ta l  dashed  l ine  a t  100%
represen t s  popu la t ion  24  hour  mean  PEFR
cor respond ing  to  538 .13  L /min .  Va lues  a t
va r ious  t ime  in te rva l s  a re  s ign i f i can t ly
d i f fe ren t  (n=42,  P<0.001;  One  way ANOVA).
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normal  var iab i l i ty  A%M at  95% and  99%
conf idence  l imi t s  were  15 .75  and  19 .85 ,
respect ively.  Similar ly ,  SD%M at  95% and
99% confidence l imits  were 5.63 and 7.21,
respect ive ly .

DISCUSSION

This  s tudy  prov ided  the  p re l iminary
reference data of circadian rhythm of PEFR
in heal thy individuals .  Our  resul ts  suggest
tha t  PEFR in  normal  sub jec t s  exh ib i t s
definite circadian rhythm characterized by a
morn ing  d ip  fo l lowed  by  progress ive  r i se
peaking in the evening and small fall at bed
t ime .  This  was  the  commones t  pa t te rn
observed in most of the subjects i.e. morning
dip in 69% of subjects and evening peak in
55% subjec t s .  In  ea r l i e r  repor t s  l esse r
percentage of subjects followed this pattern
a l though  hav ing  overa l l  c i rcad ian  pa t te rn
s imi la r  to  the  p resen t  s tudy  (10) .  Higher
prevalence of identifiable rhythm in greater
percentage of subjects in present study may
be  because  of  homogenei ty  of  our  subjec t
group .  Moreover ,  sub jec t s  were  l iv ing  in
same envi ronmenta l  condi t ions  and  had
almost  s imilar  dai ly  rout ine.

Diurna l  var ia t ion  ca lcu la ted  fo r  th i s
population, expressed as A%M and SD%M are
in close approximation to the earl ier  s tudy
in Indian subjects  (10)  and are  lower than

the data for Western subjects (11, 12). These
differences in diurnal variation of PEFR from
Weste rn  sub jec t s  may  be  a t t r ibu ted  to
different sample characteristics and/or ethnic
variation. This may in part also be explained
by confounding effects of smoking in these
s tud ies .  Diurna l  var ia t ion  in  th i s  s tudy  i s
found  to  be  l esse r  than  tha t  repor ted  in
asthmatics in previous studies. The circadian
rhythm in  as thmat ics  a l though  fo l lows
almost similar pattern i.e. with PEFR dip in
morning and PEFR peak in evening, but the
swing of PEFR from the mean value is more
than in normal subjects (13, 14).

The  exaggera t ion  of  normal  pa t te rn  of
PEFR var iabi l i ty  may be  cons idered  as  an
usefu l  marker  fo r  d iagnos ing  as thma,  the
normal pattern however,  is  not found to be
universally applicable. Therefore, the use of
PEFR var iab i l i ty  fo r  popula t ion  sc reen ing
and clinical diagnosis of asthma has serious
limitations. This conclusion in no way should
undermine  the  u t i l i ty  and  c red ib i l i ty  o f
PEFR var ia t ion  in  moni to r ing  and  rou t ine
management  of  as thmatic  pat ients .  Fur ther ,
longi tudinal  s tudies  are  required  to  fo l low
up those subjects who do not confirm to the
normal circadian pattern.  The knowledge of
normal circadian pattern of PEFR in healthy
subjec t s  and  i t s  va r ia t ion  might  he lp  in
better  understanding of patho-physiology of
noc turna l  symptoms presen t  in  some
as thmat ic  pa t ien t s .
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