
Does Sleep Quality between Back-to-Back Matches Influence Running Performance in  
Canadian Female University Soccer Players? A GPS-based Time-Series Analysis

David Turczyn1, Diana McMillan2, Phillip F. Gardiner1,3, Stephen M. Cornish1*
1Faculty of Kinesiology and Recreation Management, University of Manitoba, Winnipeg, Canada 
2College of Nursing, Rady Faculty of Health Sciences, University of Manitoba, Winnipeg, Canada 
3Spinal Cord Research Centre, University of Manitoba, Winnipeg, Canada
Corresponding Author: Stephen M. Cornish, E-mail: Stephen.Cornish@umanitoba.ca

ABSTRACT

Background: Soccer competitions performed with less than or equal to 24 hours of recuperation, 
including inadequate amounts of quality sleep, may adversely affect performance. Objective: The 
purpose of this research was to assess running performance between self-reported good and poor 
sleepers in female university sport soccer players (N = 12) in matches played with ≤ 24 hours 
of recovery. Methods: In this cross-sectional and observational study, twelve female university 
soccer players (mean age: 19.44 + 1.69 yr) were followed throughout one season of competition 
using a time-series analysis of running performance and comparing good (n = 7) versus poor 
(n = 5) sleepers. Global positioning systems (GPS) were used to evaluate jogging/sprinting 
performance throughout the 2016 soccer season. Good and poor sleepers were determined via 
the Pittsburgh Sleep Quality Index (PSQI). Results: There was a significant reduction (p <.05) in 
running performance from the first to the second game in the entire cohort, while post hoc analysis 
indicated that good sleepers performed better on the relative speed performance parameter when 
comparing the first game to the second game; however, there was no change in this performance 
variable in the poor sleepers between the first and second game. Conclusions: Our study indicates 
that Canadian female university soccer players may need longer than 24 hours of recovery to 
perform optimally in subsequent matches. Generally, good and poor sleepers perform similarly 
except for GPS relative speed in back-to-back matches with 24 hours of recovery.
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INTRODUCTION

Inadequate recovery due to strenuous athletic training and/
or competition has been described as overreaching which, 
if perpetuated, leads to overtraining and alterations in many 
physiological systems but, foremostly leading to underper-
formance (Budgett 1998; Meeusen et al. 2013). Both psy-
chological and physical stress from training and competition 
can lead to overreaching (i.e., imbalances in athletic perfor-
mance, school work, sleep, and work) (Kennedy, Tamminen, 
and Holt 2013). Frequent competitions and lengthy training 
requirements as well as a lack of good sleep hygiene may 
promote under-recovery in athletes (Budgett 1998; Ritchie 
et al. 2016). Thus, having good sleep hygiene and balanc-
ing training, competition, performance, and nonperformance 
strains is deemed essential for the health of the individual 
athlete. Many studies have focused on overreaching in in-
dividual endurance-based sports; however, there is minimal 
research on this topic in team sports (Meeusen et al. 2013).

The physical fitness demands of soccer are very high 
(Krustrup et al. 2005). Professional soccer athletes cover dis-
tances between 9-13 km in one game (Andersson et al. 2010; 
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Bangsbo, Mohr, and Krustrup 2006; Krustrup et al. 2005). 
Previous reports have identified that female university level 
soccer players cover distances between 8-11 km in one game 
and that high-intensity running accounts for a large propor-
tion of this total distance (McCormack et al. 2014; Vescovi 
and Favero 2014). In addition, soccer performance requires 
many eccentric muscle actions due to jumping, kicking, 
changes of direction, accelerations, and decelerations which 
produces damage to skeletal muscle (Andersson et al. 2008; 
Nédélec et al. 2015; Varley and Aughey 2013). As soccer 
games proceed, there is an amplification in dehydration, 
damage to skeletal muscle, and glycogen depletion which 
results in a decrement in running performance (Akenhead 
et al. 2013; Krustrup et al. 2011). Various athletic perfor-
mance parameters such as maximal voluntary contraction, 
sprint performance, and jump performance are negatively 
affected by up to 72 hours due to the fatigue generated with 
one soccer match (Andersson et al. 2008; Krustrup et al. 
2011; Nédélec et al. 2015).

Proper sleep hygiene is a significant component 
of recovery for high performance athletes (Charest and 
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Grandner 2020; Doherty et al. 2021). Sleep quality and 
quantity can be negatively affected in high performance ath-
letes with many of them reporting sleep disturbances that 
will negatively affect athletic performance outcomes (Gupta, 
Morgan, Gilchrist 2017). Sleep, in general, and slow-wave 
sleep (SWS) or deep sleep, specifically, are deemed essential 
for athlete recovery following strenuous high-intensity ac-
tivity (Simpson, Gibbs, and Matheson 2017; Taylor, Rogers, 
and Driver 1997; Vitale et al. 2019). SWS is essential for ad-
equate growth hormone release and the promotion of anabol-
ic conditions which would aid athlete recovery (Bolin 2019; 
Juliff, Halson, and Peiffer 2015; Malhotra 2017; Shapiro 
et al. 1981). Sleep deprivation will decrease SWS, increase 
daytime tiredness, and reduce performance (Dijk 2010). If 
people spend less than seven hours asleep, psychomotor 
vigilance task performance, such as reaction time, will de-
crease substantially and progressively with increasing sleep 
restriction (Belenky et al. 2003; Dinges et al. 1997; Lim and 
Dinges 2008; Van Dongen et al. 2003). With sleep restric-
tion, neurobehavioral functions progressively decrease in 
a dose response trajectory; however, individual awareness 
of sleepiness is distorted with progressive sleep constraints 
(Simpson et al. 2016; Van Dongen et al. 2003). Restricting 
sleep will have a negative effect on athletic performance in 
a variety of athletes, including those athletes that compete 
in soccer (Bolin 2019; Malhotra 2017; Simpson et al. 2017; 
Vitale et al. 2019), and it was found that 64% of a diverse 
range of athletes have sleep disturbances the night before a 
competition (Juliff et al. 2015).

Canadian university sports require female soccer athletes 
to play two games each weekend with less than or equal 
to 24 hours of recuperation between them in a condensed 
schedule over the regular season of 7-weeks. The risk of 
overreaching or overtraining is high in these athletes due to 
the lack of recovery between games over the course of the 
season. This may be exacerbated with poor sleep between 
matches. The research aim was to describe the differences 
in various running parameters between Canadian university 
female soccer athletes deemed either good or poor sleepers 
over one competitive season. The primary hypothesis was 
that GPS assessed running performance variables would be 
significantly less when comparing the second game to the 
first game in matches played within 24 hours of one another. 
Secondarily, it was hypothesized that poor sleepers, as indi-
cated by the Pittsburgh Sleep Quality Index (PSQI) (Buysse 
et al. 1989), would perform worse when compared to good 
sleepers in higher intensity running variables as assessed by 
GPS.

MATERIALS AND METHODS

Participants and Study Design

This study used an observational and cross-sectional design 
and recruited a convenience sample of twelve university 
caliber outfield female soccer players from one Canadi-
an university team. Age (years), height (cm), weight (kg), 
and length in university (years) were all assessed at the be-
ginning of the season. The participants were tracked using 

the GPS systems for seven weekends over which the team 
participated in competitions; however, only five of those 
weekends met the criteria for inclusion in the data analysis 
as there was ≤ 24 hours between these matches. The other 
two weekends included games with > 24 hours of rest be-
tween matches and were excluded from the analysis. The 
inclusion criteria for the study was that each participant had 
to participate in a minimum of ≥ 45 minutes of game play 
in each of the matches assessed and that they had to be a 
part of the university female soccer team. Exclusion crite-
ria for the study included any musculoskeletal injuries that 
would preclude their participation in competitions and less 
than 45 minutes of playing time in each of the competitions 
where GPS variables were assessed. The lifestyle habits of 
the participants were not overtly monitored in this research; 
nevertheless, they were instructed to not deviate from their 
normal activities (i.e., drinking alcohol, smoking, medica-
tion use, and dietary intake). The independent variable in this 
study was sleep quality as assessed by the PSQI (i.e., good 
or poor sleep). The dependent variables in this study were 
various running performance parameters as assessed by the 
GPS systems the athletes wore during competition (see be-
low for explanation). The Human Research Ethics Board at 
the University of Manitoba (protocol number: HS20602) ap-
proved this study. Further, all participants provided written 
informed consent.

Global Positioning System
Global Positioning System (GPS) equipment containing an 
accelerometer capable of attaining movements at 100Hz 
(SPI HPU, 15 Hz, GPSport, Canberra, Australia), were acti-
vated and secured in the outdoor docking station 30 minutes 
prior to warm-ups of games so that individual athletes could 
retrieve their specific device. A tight-fitting vest was used 
to secure the GPS devices to the mid-back of the athletes 
for all the participants before the match so they could be 
tracked by the device throughout the game. The participants 
returned their respective GPS units and vests to the investi-
gator after each match was complete. Each participants data 
was downloaded and split into the different game compo-
nents (i.e., warm-up, first-half, half-time, and second-half). 
This data was then exported to a spreadsheet using Excel 
software. Previous techniques completed by McCormack et 
al. (2015), were used to breakdown the data for each one of 
the matches similarly for the current study. For all players 
that participated in at least 45 minutes for each game was 
averaged over the entire season (i.e., for the five weekend 
back-to-back matches).

The zones of speed were classified as low-intensity run-
ning (Zone one: 0-11.9 km/hr), moderate intensity run-
ning (Zone two: 12-15.9 km/hr), high-intensity running 
one (Zone three: 16-17.9 km/hr), high-intensity running 
two (Zone four: 18-19.9 km/hr), high-intensity running three 
(Zone five: 20-22.9 km/hr) and high-intensity running four 
(Zone six: > 23 km/hr). The number of sprints performed in 
each game was the principal dependent variable used from 
the GPS devices in the data analysis as this involves the key 
performance quality needed to create and stop scoring chanc-



Does Sleep Quality between Back-to-Back Matches Influence Running Performance in  
Canadian Female University Soccer Players? A GPS-based Time-Series Analysis 11

es during a soccer match (Di Salvo et al. 2009, 2010; Reilly, 
Bangsbo, and Franks 2000; Varley and Aughey 2013). A sprint 
was expressed by a running velocity ≥ 23 km/hr lasting a mini-
mum of one second. Secondary running performance variables 
evaluated in this research included: the total number of decel-
erations and accelerations, the high-intensity running distance 
(m), the relative distance covered (in m·min-1), and the total 
running distance (m). The entire cohort of athletes was able to 
reach the sprint speed running velocity of 23 km/hr based on a 
40-meter sprint speed test at the beginning of the season. Run-
ning in zones three or higher (i.e., ≥ 16 km/hr) was delineated 
as running at high-intensity. We summated any high-intensity 
running that was ≥ 16 km/hr, which included zone 3-6.

Using previous research by Akenhead et al. (2013), the 
deceleration and acceleration counts were defined using the 
thresholds of high acceleration (HA; Zone three; >3 m∙s-2), 
medium acceleration (MA; Zone two; from 2 to 3 m∙s-2), low 
acceleration (LA; Zone one; from 1 to 2 m∙s-2), high decel-
eration (HD; Zone three; > -3 m∙s-2), medium deceleration 
(MD; Zone two; from -3 to -2 m∙s-2), and low deceleration 
(LD; Zone one; from -2 to -1 m∙s-2). The summation of all 
zones of the number of accelerations were calculated to give 
a total acceleration number. Total number of decelerations 
were calculated in the same manner.

Sleep Assessment
The assessment of global sleep quality and quantity was per-
formed by using the Pittsburgh Sleep Quality Index (PSQI).
It is an instrument that effectively assesses sleep and per-
sistent sleep disturbances in research participants (Buysse 
et al. 1989). The PSQI assesses seven areas related to sleep: 
daytime dysfunction, use of sleeping medications, sleep dis-
turbances, habitual sleep efficiency, sleep duration, sleep la-
tency, and subjective sleep quality. A global PSQI score is 
assigned by calculating the sum of the seven components 
of the questionnaire, which ranges from 0-21, with higher 
scores indicative of poorer sleep quality. PSQI scores > 5 
indicate that there are moderate to severe difficulties with 
sleep hygiene. We used previously published data to indi-
cate “good” (≤ 5 on PSQI) or “poor” (> 5 on PSQI) sleepers 
(Buysse et al. 1989).

Statistical Analyses
All data was collected and reported as mean ± SD for each 
day evaluated and for all performance variables as assessed 
by the GPS units. Differences between the minutes played, 
number of decelerations and accelerations performed at dif-
ferent zones, number of sprints performed, high intensity run-
ning, and mean relative distance rate (total distance travelled 
divided by the total minutes played) during the first match 
(Game 1: G1) and second match (Game 2: G2) throughout 
the regular season were analyzed using a two-factor group 
(poor versus good sleepers) by time (G1 versus G2) repeated 
measures analysis of variance (ANOVA). TIBCO STATIS-
TICA version 13.3 (StatSoft, Tulsa, Oklahoma, USA) soft-
ware was used to statistically analyze all the data. Signifi-
cance was set at p ≤.05.

RESULTS

There was a total of 12 female University Sport soccer play-
ers from the University of Manitoba that participated in this 
study (Mean ± SD: age 19.44 ± 1.69 years old, height 162.41 
± 4.56 cm, weight 60.38 ± 4.39 kg, years in university 2 
± 1.04, PSQI score 6.17 ± 3.49). Based on PSQI scores, 5 
of 12 players, or 41.7% of participants were considered to 
have poor sleep. Athlete baseline data which is separated by 
self-reported “good” versus “poor” sleepers is presented in 
Table 1.

A significant group × time interaction effect (p ≤ 0.05; see 
Table 2) was noted for relative speed when comparing the 
differences in GPS variables between poor and good sleep-
ers by repeated measures ANOVA. According to the post 
hoc analysis, good sleepers (n = 7) had significantly higher 
mean relative speed in G1 (113.22 + 3.32 m∙min-1) compared 
to G2 (109.16 + 4.33 m∙min-1) while poor sleepers (n = 5) 
did not change in this performance variable (G1: 107.81 + 
11.23 m∙min-1 versus G2: 108.25 + 9.25 m∙min-1). Thus, good 
sleepers generally performed at higher mean relative speed 
when “fresh” but became similar to poor sleepers follow-
ing a subsequent match ≤ 24 hours later. There was no main 
effect for group in this data set (all p >.05); however, there 
were significant time main effects (p ≤.05; see Table 2) for 
all GPS variables analyzed except for deceleration in zone 
one (p >.05; see Table 2) where the GPS performance vari-
ables all decreased from G1 to G2.

DISCUSSION

The use of GPS tracking systems to evaluate multiple run-
ning performance variables in a team of university caliber 
female soccer athletes with only 24 hours of recovery be-
tween two games, while at the same time evaluating self-re-
ported sleep quantity and quality, makes this study unique. 
To our knowledge, this is the first study that evaluated the 
performance of various running parameters as assessed by 
GPS from G1 to G2 with ≤ 24 hours of recovery between 
soccer games. Running performance variables were signifi-
cantly reduced between G1 and G2 for the entire cohort in 
support of our primary hypothesis. Our second hypothesis 
was partially supported where good sleepers performed at 
a higher mean relative speed in G1 when they were likely 
better rested as compared to G2. Further, it is interesting to 

Table 1. Baseline data of female university soccer 
players
Variable Good Sleepers Poor Sleepers

(n = 7) (n = 5)
Age (years) 19.01±0.99 20.94±1.81*
Height (cm) 163.71±5.06 160.6±3.44
Weight (kg) 60.77±5.12 59.84±3.62 
Years in University 1.57±0.79 2.60±1.14
PSQI scores 2.80±0.84 8.57±2.37*
* Significantly higher than good sleepers, p < 0.05; all values are 
displayed as mean±standard deviation 
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Table 2. Comparison of mean global positioning system (GPS) running variables from game 1 (G1) to game 2 (G2) in 
good and poor sleepers within female university sport soccer players
Variables G1 G2 P‑Value

Time Group Time × Group
Duration (min)

Good 84.82±7.43 82.51±9.81 0.009* 0.701 0.094
Poor 89.49±4.98 81.03±5.17

Relative speed (m∙min-1)
Good 113.22±3.32 109.16±4.33 0.040* 0.460 0.015**
Poor 107.81±11.23 108.25±9.25

Total Distance (m)
Good 9576.15±625.32 9019.49±729.16 <.001* 0.847 0.198
Poor 9641.41±716.74 8778.82±1081.18

Distance Zone one (m)
Good 6736.92±534.75 6554.67±726.39 0.004* 0.665 0.082
Poor 6807.24±290.85 6221.08±356.8

Distance Zone two (m)
Good 1902.50±124.61 1679.86±107.65 <.001* 0.534 0.404
Poor 1775.54±390.19 1605.21±422.45

Distance Zone three (m)
Good 448.63±38.35 381.19±36.96 <.001* 0.707 0.212
Poor 459.76±151.32 417.35±169.73

Distance Zone four (m)
Good 263.06±28.00 214.27±34.81 <.001* 0.442 0.133
Poor 287.22±100.15 258.54±119.42    

Distance Zone five (m)
Good 174.32±32.31 147.03±27.08 0.002* 0.258 0.239
Poor 212.05+88.62 197.80±98.63

Distance Zone six (m)
Good 50.73±11.23 42.46±5.91 0.003* 0.178 0.131
Poor 99.59±84.89 78.83±73.64

Distance Zone three through six (m)
Good 936.73±101.27 784.95±96.94 <.001* 0.365 0.160
Poor 1058.62±374.94 952.53±415.87

Sprint Count (#)
Good 5.61±1.39 3.98±0.33 <.001* 0.198 0.811
Poor 8.05±4.71 6.28±4.38

Sprint Distance (m)
Good 257.63±67.03 199.40±17.18 0.004* 0.217 0.741
Poor 357.45±203.81 309.09±216.64

Accelerations Zone one (#)
Good 340.50±34.35 330.75±35.86 0.010* 0.592 0.139
Poor 341.41±17.79 311.51±23.65

Accelerations Zone two (#)
Good 93.53±12.86 86.54±10.38 <.001* 0.640 0.668
Poor 97.32±9.75 89.04±12.16

Accelerations Zone three (#)
Good 22.57±6.72 19.66±4.04 0.003* 0.272 0.629

(Contd...)
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Table 2. (Continued)
Variables G1 G2 P‑Value

Time Group Time × Group
Poor 26.45±5.74 22.64±3.77  

Total Accelerations (#)
Good 456.61±47.82 436.95±39.63 0.002* 0.909 0.173
Poor 465.19±28.59 423.19±38.32

Decelerations Zone one (#)
Good 276.90±33.43 273.73±29.46 0.071 0.689 0.171
Poor 279.37±20.31 258.97±18.83

Decelerations Zone two (#)
Good 92.33±12.30 85.66±9.13 0.001* 0.814 0.835
Poor 90.71±15.76 83.37±19.89

Decelerations Zone three (#)
Good 37.10±9.70 31.80±6.75 <.001* 0.363 0.321
Poor 44.03±14.21 35.83±9.95

Total Decelerations (#)
Good 406.33±45.03 391.19±35.70 0.003* 0.906 0.161
Poor 414.11±27.48  378.17±44.02

All values are displayed as mean ± standard deviation. G1 = Game 1; G2 = Game 2
aGood sleepers n = 7.
bPoor sleepers n = 5.
*Indicates significant main effect of time p < 0.05
**Indicates significant reduction in good sleepers p ≤ 0.05

note that 41.7% of our cohort reported poor global sleep (i.e., 
were poor sleepers) which is an interesting finding as these 
athletes were young and healthy adults and it would not be 
expected to find such a high incidence of poor sleep in this 
cohort.

A previous study (McCormack et al. 2015) found that 
high intensity running/minute of competition in female uni-
versity soccer players was reduced when evaluated between 
two games played with approximately 42 hours of rest be-
tween them. Although our study evaluated soccer games 
played with ≤ 24 hours of recovery between them, we did 
not evaluate HIR/min; however, we did evaluate HIR as an 
absolute value and it significantly decreased from G1 to G2 
thus, providing further evidence of the decrease observed in 
running performance when matches are played with short-
ened recovery times between them. The current study found 
that the number and duration of sprints as well as relative 
speed were all lowered significantly from G1 to G2; though, 
McCormack et al. (2015), indicated that sprint number, rel-
ative speed, and duration did not significantly differ from 
Friday to Sunday games. The differences between the two 
studies may be explained by the length of recovery between 
games (24 hours versus 42 hours) and contrasting methods 
between GPS HIR speed zones. McCormack et al. (2015) 
used 12.9 km/hr to delineate a cut-off for HIR while our 
study was set to ≥ 16 km/hr.

As for the significant time × group interaction that was 
noted in our study for relative speed, where poor sleepers’ 
relative speed did not decrease between matches but, good 
sleepers relative speed did decrease between G1 and G2, it 

should be highlighted that good sleepers had a relative speed 
performance that was higher when compared to poor sleepers 
(on average 4.7% higher in G1 and 0.8% higher in G2). This 
could translate into approximately between 82 to 487 me-
ters more distance travelled in a 90-minute match. Although 
speculative, this increased distance that a player could travel 
in a game may result in more scoring opportunities for the 
good sleepers. Further, based on relative speed performance, 
sleepers deemed good were likely better rested for G1 and 
thus performed better than poor sleepers. The good sleepers 
performed better in G1 versus G2 thus, suggesting that bet-
ter self-reported sleep may effectively improve performance 
in at least the first game of two played with approximately 
24 hours of rest between them. Also, although not statistical-
ly significant, the good sleepers performed better in regard to 
relative speed throughout both games suggesting that good 
sleepers may potentially recover more effectively between 
matches played with 24 hours of rest between them. It may 
be that good sleepers did not properly pace themselves be-
tween G1 and G2 thus, demonstrating a significant decrease 
in relative intensity between the two games. The number of 
first year players in the good sleep categorization was higher 
than the number of first year players in the poor sleep cate-
gory (four versus one, respectively; data not shown) thus, 
this could indicate an increased deficiency in the technical 
or tactical aspects of the game, increasing the likelihood 
of making errors in performance, which could result in in-
creased distance run throughout the match. Finally, Di Salvo 
et al. (2009) recognized that running distance that a soccer 
athlete runs is position specific thus, as our study contained 
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an uneven distribution of good sleepers that were attacking 
players (data not shown) versus poor sleepers, the relative 
speed results could be explained by this factor.

There are several mechanisms that exist explaining the 
G1 to G2 decrease in running performance in this study. Pri-
marily, one mechanism that could be influencing the loss of 
performance from G1 to G2 is that partial sleep deprivation 
between games could be influencing the repair and recov-
ery processes to ensure optimal performance in the second 
game as compared to the first game. It is well known that 
poor sleep affects the ability of athletes to recover from the 
strenuous exercise they participate in and will negatively af-
fect performance (Malhotra 2017; Nédélec et al. 2015; Vitale 
et al. 2019). It may be that both the good and poor sleepers 
in this study had poor sleep between the two games played 
with minimal rest between them. Thus, partial sleep depri-
vation may explain some of the decreases observed between 
G1 and G2 in running performance.

Secondly, a 2% body weight loss due to dehydration (flu-
id loss) has been previously noted in female soccer players 
that are highly trained (Andersson et al. 2008; Krustrup et al. 
2005, 2011). According to Shirreffs et al. (1996) it takes ~6 
hours to rehydrate after fluid loss of this extent. Rehydration 
strategies after prolonged exercise should include consum-
ing 150% of the sweat lost with fluids and consuming fluids 
that contain 61 mmol/L sodium concentration to ensure ad-
equate recovery. Thus, it is highly unlikely that dehydration 
plays a major role in fatigue between matches played with 
24 hours of recovery between them as most athletes con-
sume adequate amounts of fluids in this time-period. A more 
plausible explanation is that glycogen re-synthesis is affect-
ed by rehydration as it plays a role in increasing intracellular 
fluid volume, thus directly influencing the rates of glycogen 
and protein synthesis (Keller et al. 2003; Waller et al. 2009). 
Thus, low intracellular volume will mean lower re-synthesis 
rates while high cell volume may accelerate the re-synthesis 
rates.

Thirdly, glycogen depletion throughout a soccer match 
likely influences the quantity of high-intensity running that 
can be accomplished (Bangsbo et al. 2006; Krustrup et al. 
2011). Regardless of the level of competition, soccer specific 
studies indicate that muscle glycogen stores are decreased 
substantially after a match and remain so for up to between 
48 to 72 hours post-match (Jacobs et al. 1982; Krustrup et al. 
2011). Furthermore, Asp et al. (1998) reported that damage 
to skeletal muscle induced by eccentric muscle action re-
sulted in low muscle glycogen content when compared to 
controls. The lower glycogen storage is attributed to delayed 
glycogen re-synthesis due to the muscle damage caused by 
the eccentric exercise. The complete restoration of muscle 
glycogen stores following a soccer match with ≤ 24 hours 
of recovery is deemed very difficult. Skeletal muscle actions 
producing movements such as sprinting and high-intensity 
running are likely negatively affected for up to 72 hours after 
a soccer game (Fatouros et al. 2010; Mohr et al. 2016). Fur-
ther, it is known that sleep deprivation negatively affects glu-
cose metabolism which may influence exercise performance 
in an adverse manner (VanHelder and Radomski 1989).

Finally, the high-intensity activities involved in soccer, 
including the many eccentric muscle actions, results in skel-
etal muscle damage (Nédélec et al. 2015; Opar, Williams, 
and Shield 2012). Muscle damage results in alterations to 
the banding patterns of myofibrillar proteins, damage to the 
muscle fiber, and damage to the sarcolemma all of which 
culminates in loss of force production by the skeletal muscle 
(Clarkson, Nosaka, and Braun 1992). As mentioned, muscle 
actions that are eccentric in nature result in decreases in mus-
cle performance, increases in indirect blood biomarkers of 
muscle damage (for example: creatine kinase and myoglobin), 
and delayed onset of muscle soreness which negatively affects 
exercise ability (Howatson and van Someren 2008; Krustrup 
et al. 2011; Mohr et al. 2016; Nédélec et al. 2015). This is 
the first study, to our knowledge, that has reported significant 
decreases in running performance as assessed by GPS devices 
when games are played with ≤ 24 hours of recovery.

There are several strengths associated with our study. 
First, tracking female university soccer athletes using the 
GPS devices throughout an entire competitive season is 
viewed as a strength as we did not simulate matches to col-
lect our data. This has the strength of being extremely gener-
alizable to the population of university female athletes who 
participate in soccer matches with ≤ 24 hours of recuperation 
between them. Second, using the PSQI questionnaire to sub-
jectively evaluate our participants as good or poor sleepers 
is relatively unique in an athletic population. This allowed 
us to observe if good or poor sleepers would perform differ-
ently in relation to the GPS running variables we analyzed 
in this study. Finally, our study collected in-season data in 
a longitudinal fashion which provides a broader picture of 
how athletes perform throughout an entire season versus 
just a snapshot of the season (i.e., 1 or 2 games). Practically, 
our study has a few implications. Coaches should be aware 
of their athletes sleep hygiene as it may influence relative 
speed performance between games played back-to-back 
with ≤ 24 hours of recovery. Further, coaches should con-
sider substituting players into the first and second games 
more frequently to account for the decrease in performance 
observed between games played with ≤ 24 hours of rest be-
tween them. This may aid the team in improving the perfor-
mance observed in the second match when compared to the 
first. Overall, coaches should try to implement good sleep 
hygiene practices for their athletes and implement player 
rotation more frequently to account for performance decre-
ments in the second match when games are played with ≤ 24 
hours of recuperation between them.

This research is not without limitations. One limitation is 
that only one retrospective questionnaire was used to evalu-
ate sleep quality in our entire cohort. While this is viewed as a 
limitation, the PSQI measurement tool offers a reliable meth-
od of evaluating global sleep hygiene but may have failed to 
capture the immediate effects of a poor night’s sleep on soc-
cer game performance. Studies offering both global and daily 
sleep assessments, as well as objective and subjective sleep 
evaluations, may enhance our understanding of the effects 
that sleep hygiene may have on performance in female uni-
versity soccer athletes. Secondly, we just collected data over 
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10 games that were played with ≤ 24 hours of recuperation 
between them over a complete regular season in one female 
university soccer team. Our sample size is low and we have a 
limited amount of game data that was collected for this study; 
however, this is common practice in athletic populations. In 
the future, studies should evaluate a larger number of athlete 
participants and include a variety of teams and/or increase 
the number of seasons that are evaluated within the context 
of this congested competition schedule. Improving on the sta-
tistical power by collecting data over multiple seasons and 
increasing the number of participants that could be analyzed 
is suggested as a future research priority. Also, this study did 
not include analysis of video performance to evaluate if tac-
tical or technical errors made by the athletes may have con-
tributed to our results. Finally, we did not collect performance 
data from the opponents in each of the respective games thus, 
we are unable to evaluate if opponents outperformed the ath-
letes on our team of interest in each match.

CONCLUSION

In summary, female university soccer athletes show a de-
crease in running performance, as assessed by GPS, between 
two weekend matches played with ≤ 24 hours of rest be-
tween them. Relative speed was demonstrated to be high-
er in “good” sleepers in the first match of two played over 
the weekend but, this variable decreased to levels similar 
to “poor” sleepers’ performance by the second match. No 
other running performance variables were different between 
“good” and “poor” sleepers in our cohort. Further research 
evaluating “good” and “poor” sleepers in an assortment of 
athletic events is warranted to understand the effects that 
poor sleep may have on athletic performance outcomes. By 
rotating players between soccer halves and between matches, 
practitioners and coaches may be able to reduce the risk of 
declining running performance observed in a second match 
played with ≤ 24 hours of recovery from the first match.
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