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Circadian Rhythms and tnhanced Athletic performance in the 
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Summary: Circadian rhythms produce daily changes in critical elements of athletic performance. We explored 
the significance of performing at different circadian times in the National Football League (NFL) over the last 25 
seasons. West Coast (WC) NFL teams should have a circadian advantage over East Coast (EC) teams during Monday 
Night Football (MNF) games because WC teams are essentially playing closer to the proposed peak athletic per­
formance time of day. Retrospective data analysis was applied to all games involving WC versus EC teams playing 
on MNF with start times of 9:00 p.m. Eastern Standard Time (EST) from the 1970-1994 seasons. Logistic regression 
analysis of win-loss records relative to point spreads and home-field advantage was examined. West Coast teams 
win more often (p < 0.01) and by more points per game than EC teams. West Coast teams are performing 
significantly (p < 0.01) better than is predicted by the Las Vegas odds (the point spread). This apparent advantage 
enhances home-field advantage for WC teams and essentially eliminates the beneficial effects of home-field advan­
tage for EC teams during MNF games. These results support the presence of an enhancement of athletic performance 
at certain circadian times of the day. Key Words: Athlete-Performance-Advantage-Football-Circadian­
Rhythm. 

Many physiologic processes follow a circadian 
rhythm of oscillation from peak to nadir throughout a 
24-hour period (circa-about, dies-a day) (1,2). Hu­
man circadian rhythms are primarily generated by the 
paired suprachiasmatic nuclei located in the hypothal­
amus (3). An obvious manifestation of these circadian 
rhythms is the sleep-wake cycle. Less obvious circa­
dian rhythms cause daily fluctuations in measures of 
cognitive and physical performance (2). There are fluc­
tuations in human performance relative to the time of 
day (4). 

Studies that have examined fragments of athletic 
performance such as strength, flexibility, and reaction 
times, have suggested enhanced abilities in the late 
afternoon (5-11). Athletes subjectively perceive that 
their peak athletic performance often occurs in the af­
ternoon (12). Some athletic teams show improved per­
formance during night games (13). Human studies 
have also demonstrated adverse effects on physiologic 
and performance measures secondary to alteration or 
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disruption of circadian rhythms (14-18). This infor­
mation suggests the possibility of a circadian advan­
tage or an enhancement of athletic performance when 
competing at certain times of the day. 

To examine the possibility of a circadian advantage 
in meaningful, competitive athletic events we per­
formed a 25-year retrospective study in the National 
Football League (NFL). We hypothesized that West 
Coast (WC) teams should have had an advantage over 
East Coast (EC) teams during Monday Night Football 
(MNF) games. The basis of this hypothesis is that re­
gardless of game location, or the direction of travel of 
either team, MNF games begin at 9:00 p.m. Eastern 
Standard Time (EST) (ABC Sports). Relative to their 
endogenous circadian clocks (3-hour time difference 
between coasts) the WC teams essentially start these 
games at 6:00 p.m. The WC teams should theoretically 
demonstrate an advantage because they are playing 
closer to the proposed peak athletic performance time 
(late afternoon). On the other hand, EC teams essen­
tially start playing at 9:00 p.m. and frequently play to 
12:00 midnight, which is closer to the human perfor­
mance nadir (late night, early morning) (3). 

To reduce the confounding variables in this study, a 
comparison was made with the Las Vegas point spread 
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for each game. The point spread essentially makes 
both teams equal by adding a certain number of points 
to the weaker team's score to ensure that an equal 
amount of money will be wagered on each team (19). 
Prior to each game, the point spread is carefully cal­
culated by weighing the variables affecting each 
team's predicted performance (team record, injury re­
ports, home-field advantage, winning streaks, playing 
surface, etc.) (20). The distribution of the margin of 
victory over the point spread is approximately Gauss­
ian and can be computed from a table of standard nor­
mal distribution (21). Therefore, important confound­
ing variables are frequently nullified by the point 
spread. 

METHODS 

Retrospective data analysis was applied to all games 
involving EC versus WC teams playing on MNF with 
start times of 9:00 p.m. EST over the last 25 years 
(1970-1994 seasons) (22). East Coast teams were de­
fined as those teams whose home field was within the 
Eastern Standard time zone. Likewise, WC teams were 
defined by the Pacific time zone. Twelve different EC 
teams have played five different WC teams over the 
25-year period for a total of 63 games (22). 

Win-loss records, relative to the point spreads 
(23,24) and to home-field advantage, were examined 
using logistic regression analysis. This regression anal­
ysis utilized the response variable of whether or not 
the WC teams beat the point spread. In the first logistic 
regression, we included home games as the indicator 
variable for home-field advantage. In the second lo­
gistic regression, we included the point spread as a 
predictor variable in addition to including home games 
as the indicator variable for home-field advantage. 
Point spreads from 1970 to 1972 could not be located. 
Therefore, these seven games were excluded from the 
point-spread logistic regression. 

All-time winning percentages for home and away 
games in the NFL, as well as overall win-loss records 
since 1970, were calculated for each NFL team in­
cluded in this study. These winning percentages were 
compared to those demonstrated on MNE Winning 
percentages for MNF games involving teams from the 
same time zone were also calculated (92 total games). 

RESULTS 

West Coast teams won more often (p < 0.01) and 
by more points per game than EC teams. West Coast 
teams won 63.5% of the games and EC teams won 
only 36.5% of the games. West Coast teams won 
games by an average of 14.7 points per game, whereas 
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FIG. 1. MNF, Monday Night Football games; WIE, West Coast 
teams versus East Coast teams; H, home games; A, away games. 

EC teams won by an average of 9.0 points per game. 
West Coast teams won 59.3% of all their home games 
and 71.0% of their MNF home games. In contrast, EC 
teams won 56.5% of their home games, but only 
43.8% of their MNF home games. When EC teams 
playa team other than a WC team on MNF, their home 
winning percentage increases by 23.7 percentage 
points, to 67.5%. Likewise, when WC teams play 
someone other than an EC team on MNF, their home 
winning percentage decreases by 12.9 percentage 
points to 58.1 %. A comparison of winning percentages 
for WC and EC teams are .illustrated in Fig. 1. 

The first logistic regression, which examined wheth­
er or not the WC teams beat the point spread and in­
cluded home games as the indicator variable for home­
field advantage, demonstrated a clearly significant 
edge to the WC teams with a p value of less than 0.01. 
The second logistic regression included the point 
spread as a predictor variable in addition to including 
home games as the indicator variable for home-field 
advantage, and it also revealed a highly significant re­
sult in favor of the WC teams (p < 0.01). In this 
25-year sample, simply selecting a WC team without 
considering any other variable successfully predicted 
the winner against the point spread 67.9% of the time. 
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TABLE 1. Other possible explanations for the observed 
West Coast advantage demonstrated on Monday Night Foot­

ball 

West Coast team superiority 
Home-field advantage 
Playing surface 
Winning streaks 
Jet lag (circadian rhythm disruption) 
Sleep homeostatsis (sleep deprivation) 
Travel 
East Coast teams play poorly on Monday Night Football 
West Coast teams play closer to the time of day they train 

West Coast and EC teams played nearly equal num­
bers of home games in the point-spread comparison 
(26 and 30, respectively) and in the general compari­
son (31 and 32, respectively). Overall, WC team rec­
ords since 1970 are 4.4 percentage points better than 
EC team records (0.542 vs. 0.498). However, when 
WC teams play EC teams during MNF games, WC 
team records are 27.0 percentage points better than EC 
team records (0.635 vs. 0.365). 

DISCUSSION 

Over the last 25 years of MNF, WC teams have won 
more often (p < 0.01) and by more points per game 
than EC teams. The WC teams .have also performed 
significantly (p < 0.01) better than predicted by the 
Las Vegas point spread. These findings support our 
hypothesis and suggest the possibility of a circadian 
advantage or an enhancement of athletic performance 
when competing at certain times of the day. 

Other possible explanations for these results are un­
likely (Table 1). The WC teams may simply be better 
than the EC teams. However, although the overall WC 
team records are slightly better than EC team records 
since 1970 (0.542 vs. 0.498, respectively), this is no­
where near the 27 percentage point advantage dem­
onstrated by WC teams on MNF. 

Confounding variables potentially affecting other 
research (13,25) were essentially nullified in this study 
by the logistic regression analysis involving the point 
spread. These variables include the team's past and 
present record, injury reports, home-field advantage, 
winning streaks, playing surface, etc. (see explanation 
of point spread in Introduction). 

It is unlikely that the results of this study were due 
to jet lag. The adverse effects of jet lag on either coast­
al team should be nearly equal because they are trav­
eling across the same number of time zones. If any­
thing, the EC teams should demonstrate an advantage 
because they would experience a more rapid adjust­
ment to the new time zone due to their flight in the 
westward direction (14). Homeostatic sleep mecha-
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nisms or sleep deprivation would not account for the 
findings in this study for the same reasons. 

Likewise, travel in and of itself should not differ­
entially affect the WC and EC teams to the degree seen 
in this study. When EC teams travel to other destina­
tions in the same time zone for a MNF game, they 
demonstrate a winning percentage of 44.8%. This is in 
contrast to a winning percentage of 29.0% when they 
travel to the West Coast for MNF games. West Coast 
teams traveling to play an EC team for a MNF game 
actually demonstrate an 8.8 percentage point improve­
ment in their record relative to all-time away games. 

The results in this study were not secondary to the 
EC teams simply playing poorly on MNF as they ex­
perienced a home winning percentage of 65.2% when 
their MNF opponent was from the same time zone. 
One possible contributing explanation for the results 
is that WC teams may be competing closer to the time 
they typically train each day. Enhanced athletic per­
formance has been suggested when competition and 
training times coincide (26). 

The degree of this advantage appears to be substan­
tial when compared to other advantageous positions in 
competitive sports. For example, home-field advantage 
is subjectively regarded as a clearly favorable position 
that objectively represents a home winning percentage 
of approximately 55-60% (Fig. 1) (25,27). The home 
winning percentage for WC teams was 71 % during 
MNF games with EC teams (Fig. 1). Conversely, the 
beneficial effects of home-field advantage were essen­
tially eliminated for EC teams during MNF games 
with WC teams (Fig. 1). Therefore, the effect of per­
forming at certain times of the day can be at least as 
beneficial or detrimental as playing a home or away 
game, respectively. 

The exact circadian time of each athlete at game 
time and the idiosyncrasies of adjustment to time zone 
changes for each athlete could not be determined in 
this retrospective study. However, the impact of these 
potential confounding variables is minimized in light 
of the 25 years of data and the large numbers of ath­
letes involved. Another limitation of this retrospective 
study is that the travel strategies of each team have 
undoubtedly changed over the years. However, when 
traveling across three time zones, it is unlikely for 
complete circadian acclimation to occur in 1-2 days 
and may take even longer than 3 days (14,28). 

Present travel strategies employed by the NFL teams 
(four WC and nine EC teams surveyed) demonstrate 
some use of circadian rhythm knowledge. West Coast 
teams now travel to the East Coast 2 days prior to 
game time, and most EC teams presently travel to the 
West Coast 1 day prior to game time. Although other 
factors help determine travel plans (e.g. practice-field 
availability) most teams' travel plans were based on 
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jet lag recommendations that imply a longer period to 
acclimate to the new time zone when traveling in the 
eastward direction (14). Based on circadian rhythm 
physiology, the present travel strategies of we and Ee 
teams allow approximately equal degrees of acclima­
tion. Our results indicate that it may be more advan­
tageous to perform closer to one's peak: performance 
time of day rather than try to acclimate to an oppo­
nent's time zone. For example, Ee team athletes may 
consider phase delaying their endogenous circadian 
clocks by 3 hours prior to MNF games with we 
teams. 

CONCLUSIONS 

Research on circadian rhythm physiology, frag­
ments of athletic performance, and meaningful com­
petitive athletic events suggests the possibility of an 
enhancement of athletic performance when competing 
at certain times of the day. This advantage appears to 
be substantial relative to the margin of victory in to­
day's elite athletic competition. The challenge of future 
research will lie in constructing study designs with suf­
ficient specificity, but noninterference with, the ath­
letes' performances during meaningful competitive 
events. 

Acknowledgement: Supported in part by NIA grant 
5T32 AGOOI64. 

REFERENCES 

1. Aschoff J. Exogenous and endogenous components in circadian 
rhythms. In: Cold Spring Harbor symposium on quantitative 
biology. New York: Long Island Biological Association, 1960: 
11-27. 

2. Winget CM, DeRoshia CW, Holly DC. Circadian rhythms and 
athletic perfonnance. Med Sci Sports Exerc 1985;17:498-516. 

3. Edgar DM. Functional role of the suprachiasmatic nuclei in the 
regulation of sleep and wakefulness. In: Guilleminault C, ed. 
Fatal familial insomnia: inherited prion diseases, sleep, and the 
thalamus. New York: Raven Press, 1994:203-213. 

4. Klein KE, Wegmann HM, Athanassenas G, et al. Air operations 
and circadian perfonnance rhythms. Aviat Space Environ Med 
1976;47:221-30. 

5. Baxter C, Reilly T. Influence of time of day on all-out swim­
ming. Br J Sports Med 1983;17: 122-7. 

6. Bonnet MH. Dealing with shift work: physical fitness, temper­
ature, and napping. Work Stress 1990;4:261-74. 

7. Conroy RTWL, O'Brien M. Diurnal variation in athletic per­
fonnance. J Physiol 1974;236:51P. 

8. Hill DW, Smith Je. Circadian rhythm in anaerobic power and 
capacity. Can J Sports Sci 1991;16:30-2. 

9. Reilly T, Baxter e. Influence of time of day on reactions to 
cycling at a fixed high intensity. Brit J Sports Med 1983;17: 
128-30. 

10. Rodahl A, 0' Brien M, Firth PGR. Diurnal variation in perfor­
mance of competitive swimmers. J Sports Med Phys Fitness 
1976;16:72-6. 

11. Shephard RJ. Circadian rhythms and the athlete. Can J Sports 
Sci 1991;16:5-6. 

12. Smith RS, Jamieson M, Dement W. A comparison of peak per­
fornlance, competition, and training times in elite athletes. Sleep 
Res 1996;25:574. 

13. Jehue R, Street D, Huizenga R. Effect of time zone and game 
time changes on team perfonnance: National Football League. 
Med Sci Sports Exerc 1993;25:127-31. 

14. Graeber Re. Jet lag and sleep disruption. In: Kryger MH, Roth 
T, Dement WC, eds. Principles and practice of sleep medicine. 
Philidelphia: WB Saunders, 1994:463-70. 

15. Monk TH, Moline ML, Fookson JE, Peetz SM. Circadian de­
tenninants of subjective alertness. J Bioi Rhythms 1989;4:393-
404. 

16. Monk TH. Coping with the stress of shift work. Work Stress 
1988;2: 169-72. 

17. Monk TH. Human factors implications of shift work. Int Rev 
Ergonom 1989;2: 111-28. 

18. Redfern P, Minors D, Waterhouse J. Circadian rhythms, jet lag, 
and chronobiotics: an overview. Chronobiollnt 1994;11:253-
65. 

19. Woodland BM, Woodland LM. The effects of risk aversion on 
wagering: point spread versus odds. J Polit Econ 1991 ;99:638-
53. 

20. Ignatin G. Sports betting. Ann Am Acad Polit Soc Sci 1984;474: 
168-77. 

21. Stem H. On the probability of winning a football game. Am Stat 
1991;45:179-83. 

22. Hardart C, ed. The official National Football League 1995 rec­
ord andfact book. New York: Workman Publishing, 1995:339-
40. 

23. Feist J, ed. Jim Feist's 1986 football workbook. Las Vegas: Na­
tional Sports Services Inc., 1986. 

24. Feist J, ed. Jim Feist's 1995 football workbook. Las Vegas: Na­
tional Sports Services Inc., 1995. 

25. Recht LD, Lew RA, Schwartz WJ. Baseball teams beaten by jet 
lag. Nature 1995;377:583. 

26. Hill DW, Cureton KJ, Collins MA. Circadian specificity in ex­
ercise training. Ergonomics 1989;32:79-92. 

27. Pollard R. Home advantage in soccer: a retrospective analysis. 
J Sports Sci 1986;4:237-48. 

28. Monk TH, Moline ML, Graeger RC. Inducing jet lag in the 
laboratory: patterns of adjustment to an acute shift in routine. 
Aviat Space Environ Med 1988;59:703-10. 

Sleep, Vol. 20, No.5, 1997 


