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Abstract 

The present study was undertaken to asses selected time of day effect on different parameters like oral 
temperature, respiratory rate, finger counting, time estimation, random number adding speed & random adding 
ratio. The parameters were recorded four times a day i.e. 07.00, 11.00, 15.00 & 19.00 hours for consecutive 4-7 
days. Most performance measures were observed to show a natural sway during the solar day in close 

correspondence with curve in body temperature. Peak in oral temperature recorded at pm hours resembled the 
peak of respiratory rate that was also recorded at the same time. The detection of circadian rhythimicity in oral 
temperature; heart as well as self rating mood and activity all with acrophase between 14.20 and 16.28 hrs. It is 
thought that there are two major rhythms which have relevance for exercise and sports performance. These are 
the rhythm in body temperature regarded as fundamental variables and sleep-wake cycle by which humans order 
their work-rest and sleeping schedules. 
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Introduction 

Stability is a rare characteristic of 

the nature as most living things exhibit 

fluctuations in their states. These changes 
may be regular recurring on a cyclical and 

predictable basis. Clocks are probably 

ubiquitous in mammalian tissue and 
circadian rhythms are not completely 

isolated from other time structure with 

different periodicities (Simpson, 1976). 

Circadian rhythms are found at levels 
ranging from cell division to whole body 

activity and so may have implications for 

exercise and sports performance. 

There are many potential 

applications of circadian rhythmicity to 

exercise. The influence of time of the day 
on industrial task has been thoroughly 

researched, yet studies in sporting 

contexts are not so prolific. In 

experimental work on exercise, the need 
to control for time of day when 

measurements are taken is generally 

accepted. The potency of many drugs is 
time of day: dependent though 

chronopharmocology is a productive area 
of research its principles have not been 

carefully examined in treatment of sports 

injuries. Athletes are creature of habits 
and so are acutely aware of departure 

from their usual time of training or 

competing. The existence of circadian 
rhythm is most obvious when they are 

perturbed by loss or disruption of sleep. 

Crossing time zones causes 

desynchronization of a multitude of 
biological rhythms, leading to 

disorientation until all adjust completely 

to the new environment, 

The present study was undertaken 

to asses selected time of day effect on 

different parameters. 

Material & Methods 

Data was collected four times a day ie 

07.00, 11.00, 15.00 & 19.00 hours for 

consecutive 4-7 days. 

Description of variables measured is 

given below: 
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Oral Temperature: It was recorded with 
the help of a clinical thermometer in 

degree centigrade. 

Respiratory Rate: Breathing frequency 

was measured in one minute, timed by a 
stopwatch. It was repeated three times and 

mean was taken. 

Finger Counting Speed: The students 
were instructed to perform this test of 

eye-hand coordination with the help of a 

stopwatch. The subject was instructed to 

hold the stopwatch in left hand, right hand 
raised and elbow flexed. The subject was 

further instructed to start the stopwatch 

and immediately touch right index finger 
with right thumb and silently count `1', 

then touch thumb to second finger count 

`2' and continue these movements and 
counts to 3

rd
 and 4

th
 fingers and back and 

forth to fingers 2, 3, 1 and 2, 3, 4 respec-

tively as fast as possible, until the count 

of 25 is reached. The count of 25 will be 
completed on index finger, if counting is 

correct. On 25
th
 count the correctness of 

the count is checked if wrong the test was 
repeated until it is counted correctly. 

Time was recorded. 

Time Estimation: The subject was asked 
to count silently from one to sixty for 

estimating one minute duration. The 

stopwatch was started and at the end of 

count 60, stopwatch was stopped and 
actual elapsed time was recorded to the 

nearest 0.1 second. 

Random Number Adding Speed: This test 
was to assess the mental alertness of the 

subjects using a random number data 

sheet. 50 random numbers were given in a 

single column, consecutive pair of 
numbers to be added as quickly as 

possible and accurately entering each pair 

sum between and to the right of the digit.  

Random Number Adding Ratio: It is the 
ratio between right answers of random 

number adding and time taken for the 

same. Different variables were self 

measured by the subjects. 

Analysis of Data 

Cosinor Rhythmometry: Cosinor 

rhythmometry by Nelson et al (1979) 
was employed to analyze the data. The 

data were analyzed individually for each 

subject as well as for each variable and 

then for the group. 

Yti = M + A Cos (ωti + ϕ ) + ei 

Yti = Value tittled cosine at time t. 
M (Mesor) = Rhythm adjusted arithmetic 

average. 
A (Amplitude) = A measure of extent of 

rhythmic changes eg. the 

difference between the maximum 
and the level of sinusoidal 
function the rhythm. [Half of the 
differences between the highest 
and the lowest point of given 
function] 

ω =Angular frequency. 
ϕ  (Acrophase) = A measure of timing the 

phase at the rest time of the 
function used to approximate a 
rhythm (timing of highest value) 

ei = Time of Sampling.= Uncontrollable 
random errors assumed to be 
independent normal deviates with 
means zero and common variance. 

RESULTS 

Circadian Mesor: Group circadian mesor 

recorded for oral temperature was 
36.43±0.04 °C, for respiratory rate it was 

19.74 ± 0.23 breaths/minute for finger 

counting it was 07.52t±0.25 seconds, in 

case of time estimation, random number 
adding speed & random number adding 

ratio values recorded 63.54t±1.00 

seconds & 59.27t±2.57 seconds & 
0.90t±0.01 respectively. 
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Circadian Amplitude: Data recorded 

were 0.23(0.07, 0.39), 0.78, 0.72, 4.55 
(0.16, 8.92), 02.02, 0.02 for oral 

temperature, respiratory rate, finger 

counting, time estimation, random 

number adding speed & random adding 
ratio respectively. 

  

 

Circadian Acrophase: Circadian 

Acrophase recorded between 12.38 to 
15.72 hrs for most of the subjects whereas 

group Acrophase for oral temperature was 

at 14.40 (11.63, 17.17) hours. 

In case of time estimation most of 
the subjects showed Acrophase at 

midnight and group Acrophase was 01.74 

(20.69, 06.79) hours, which means the 
closet performance occurred at 16.00 hrs 

for group data. Acrophase of most of the 

subjects recorded between 12.95 to 19.38 
hrs, whereas group. Acrophase was at 

22.06 hours for random number adding 

speed. 

In case of respiratory rate 
acrophase lied between 11.32 to 16.00 

hours whereas group Acrophase noted 

was at 13.48 hours. In finger counting one 
group of subjects showed Acrophase 
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between 13.06 to 20.39 hrs whereas other 
group exhibited Acrophase between 23.17 

to 05.40 hours. Group Acrophase was at 
23.01 hours. 

 

 

 

Similarly in case of random 
number adding speed for most of the 

subjects the Acrophase lied between 

12.16 to 19.83 hrs and group Acrophase 

recorded was 20.46 hrs. 

Discussion 

As seen in the result that most of 
the subjects have exhibited in most of the 

variable Acrophase during the peak in 

body temperature. Most performance 

measures tend to show a natural sway 
during the solar day in close 

correspondence with curve in body 

temperature (Reilly, 1994). Peak in oral 
temperature recorded at PM hours 

similarly the peak of respiratory rate was 

also recorded at the same time. The 
detection of circadian rhythimicity in oral 

temperature; heart as well as self rating 

mood and activity all with Acrophase 

between 14.20 and 16.28 hrs (Smolensky). 
Ansorage (1971) reported that oral 

temperature, mean skin temperature and 

pulse rate appear to be directly related to 
room temperature. 

The estimation of time can be 

considered as an important factor in sports 

where under estimation or over estimation 
of time may fill the scale between success 
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and failure in terms of performance the 

closet performance of group data was at 
16.00 hours, this may be correlated with 

Acrophase in body temperature. 

Rutherford & Willson (1988) had 
emphasized the significance of time 

estimation in general. It has been further 

discussed that things of rapid responses 
are crucial and necessary to prevent 

accidents (Vercusyssen et al, 1989). 

It is acknowledged that there is 

probably a family of clocks organized 
hierarchically. There are two major 

rhythms which have relevance for 

exercise and sports performance. These 
are the rhythm in body temperature 

regarded as fundamental variables 

(Minors & Waterhouse, 1981) and sleep-
wake cycle by which humans order their 

work-rest and sleeping schedules. The 

major clocks, regulating the body 

temperature and the sleep wake cycles 
may synchronise the activities of other 

circadian functions in the manner of non-

linear oscillators. Such oscillators are 
entrained by signals from other 

timekeepers and there may be many of 

these operating throughout the organism. 

Both the major biological clocks and 
these secondary oscillators enter into 

consideration when rhythm in exercise 

performance are examined (Reilly, 93). 

References 

Ansorge, C.J. 1971. Effect of time of day and 
temperature variation upon selected 
physical performance test. Dissertation 
Abstracts International, 32: 1317-1318A. 

Minors, D.S. and Waterhouse, 1981a. Circadian 
rhythm and the human. Bristol : John 
wright.  

Minors, D.S. and Waterhouse, J.M. 1981b. Anchor 
sleep as a synchroniser of abnormal 
routines Int. J. Chronobiol., 7: 165-188. 

Nelson, W., Tong, Y. L., Lee, J. K. and Halberg, F. 
1979. Method for cosinor rhythmometry. 
Chronobiologia, 6: 305-23. 

Reiliy, T. 1990. Human circadian rhythms and 
excercise Critical-Rev-Biomed-Eng, 1(3): 
165-80. 

Rutenfranz, J. and Colquhoun, W.F. 1979. 
Circadian rhythms in human 
performance. Scand. J. Work and 
Environ. Health, 5: 167-77. 

Simpson, H. W. 1976. A new perspective: 
chronobiochemistry. Essays in Medical 
Biochemistry, 7: 115-87.  

Aldemir, H., Atkinson, G., Cable, T., Edwards, B., 

Waterhouse, J. & Reilly, T. 1999. 
Immediate effects of moderate exercise 
on core temperature and cutaneous 
thermoregulatory mechanisms. 
Chronobiol. Int. 

Atkinson, G. & Reilly, T. 1996. Circadian variation 
in sports performance. Sports Med., 21: 
292-312. 

Cable, T., Reilly, T., Winterburn, S. & Atkinson, G. 

1995. Circadian variation in post-exercise 
hypotension. Med. Sci. Sports Exerc.; 27: 
566 (Abstract) 

Folkard, S. 1990. Circadian performance rhythms: 
some practical and theoretical 
implications. Phil. Trans. R. Soc. Lond; 
327: 543-553. 

Gupta, S. & Pati, A. K. 1992. Data analysis 

methodology in chronobiological studies. 
J. Parasitol. Appl. Anim. Biol. 1: 151-163 

Hill, D. W., Borden, D.O. & Darnaby, K. M. 1992. 
Effect of time of day on aerobic and 
anaerobic responses to high intensity 
exercise Can. J. Sports Sci., 17: 128-130 

Pati, A. K. 2001. Chronobiology: The dimension of 
Time in biology and medicine. Proc. 

Indian Natn. Sci. Acad., 6: 323-372. 

Pati, A. K., Chandravanshi, A. & Reinberg, A. 
2001. Shift work: Consequences and 
management. Curr. Sci., 81: 32-52. 

Reilly, T. & Garret, R. 1995. Effects of time of day 
on self-paced performances of prolonged 
exercise. J. Sports Med. Phys. Fitness., 
35: 99-102 



Journal of Exercise Science and Physiotherapy, Vol. 6, No. 1: 1-6, 2010 

 6 

Reilly, T., Atkinson, G. & Budgett, R. 1997. Effect 
of temazepam on physiological and 
performance variables following a 
westerly flight across five time zone. J. 
Sports Sci., 15: 62 

Reilly, T., Maughan, R. J., Budgett, R. & Davies, 

B. 1997. The acclimatization of 
international athletes. In Robertson SA, 
ed. Contemporary ergonomics. London: 
Taylor & Francis: 136140. 

Reilly, T., Waterhouse, J., Atkinson, G 1997. 
Ageing, & Rhythms of physical 
performance and adjustment to changes 

in the sleep-activity cycle. Occup. 
Environ. Med.; 54: 812-816. 

Reilly. T., Atkinson, G. & Waterhouse, J. 2000. 
Chronobiology and physical 
performance. Exercise and Sport Science, 
351-372. 

Snnerton, S. & Reilly, T. 1992. Effect of sleep loss 
and time of day in swimmers. In: 
MacLaren D, Reilly T Lees A, eds. 
Biomechanics and medicine in 
swimming: swimming science VI London 
E and FN Spon: 399-405. 

 
  

 

 

 


