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Sleep Hygiene and Light Exposure Can Improve Performance
Following Long-Haul Air Travel

Peter M. Fowler, Wade Knez, Heidi R. Thornton, Charli Sargent, Amy E. Mendham,
Stephen Crowcroft, Joanna Miller, Shona Halson, and Rob Duffield

Purpose: To assess the efficacy of a combined light exposure and sleep hygiene intervention to improve team-sport performance
following eastward long-haul transmeridian travel. Methods: Twenty physically trained males underwent testing at 09:00 and
17:00 hours local time on 4 consecutive days at home (baseline) and the first 4 days following 21 hours of air travel east across 8
time zones. In a randomized, matched-pairs design, participants traveled with (INT; n = 10) or without (CON; n = 10) a light
exposure and sleep hygiene intervention. Performance was assessed via countermovement jump, 20-m sprint, T test, and Yo-Yo
Intermittent Recovery Level 1 tests, together with perceptual measures of jet lag, fatigue, mood, and motivation. Sleep was
measured using wrist activity monitors in conjunction with self-report diaries. Results: Magnitude-based inference and
standardized effect-size analysis indicated there was a very likely improvement in the mean change in countermovement
jump peak power (effect size 1.10, ±0.55), and likely improvement in 5-m (0.54, ±0.67) and 20-m (0.74, ±0.71) sprint time in INT
compared with CON across the 4 days posttravel. Sleep duration was most likely greater in INT both during travel (1.61, ±0.82)
and across the 4 nights following travel (1.28, ±0.58) compared with CON. Finally, perceived mood and motivation were likely
worse (0.73, ±0.88 and 0.63, ±0.87) across the 4 days posttravel in CON compared with INT. Conclusions: Combined light
exposure and sleep hygiene improved speed and power but not intermittent-sprint performance up to 96 hours following long-haul
transmeridian travel. The reduction of sleep disruption during and following travel is a likely contributor to improved performance.

Keywords: soccer, jet lag, team sport, travel fatigue

The interrelated impact of travel-induced fatigue and jet lag
symptoms can negatively affect cognitive and physical perfor-
mance following long-haul transmeridian air travel and is of
concern for athletic populations.1–3 Conditions encountered during
travel, such as the uncomfortable seating arrangements, noise
levels, and stopovers, may disrupt sleep and induce fatigue.2,3

Following travel, jet lag symptoms, particularly sleep disruption
and daytime fatigue, result from a misalignment in timing between
an individual’s endogenous circadian system and the light–dark
cycle at the destination.4–6 The circadian rhythms of numerous
physiological and psychological variables, that typically have an
early morning nadir and a late-afternoon peak, are expected to be
misaligned with the new local time, and could result in worse
performance.4,7 Following arrival at the destination, the circadian
system gradually aligns with the light–dark cycle of the new time

zone. Yet, until fully aligned, which takes approximately 0.5 and 1
day per time zone crossed west and east, respectively, these jet lag
symptoms and performance reductions are likely to be present.5,8

Jet lag symptoms, particularly sleep disruption, have consistently
been reported during and following simulated2,3 and actual1 long-
haul transmeridian travel, and negatively affect ensuing physical
performance, likely through increased physiological and psycho-
logical fatigue.1–3 As training and competition can occur within
24 to 48 hours after long-haul travel for elite team-sport athletes,
practical and effective interventions are required to aid preparation
upon arrival.

Several recent reviews have recommended the use of bright
light and/or melatonin ingestion at targeted times pre, during, and
posttravel to accelerate alignment of the circadian system to the
new time zone and attenuate performance reductions.6,9 Indeed,
under controlled laboratory conditions, combined light exposure
and melatonin administration were more effective at inducing
phase shifts in dim light melatonin onset compared with either
in isolation.10 However, considering the potential unfavorable side
effects of pharmacological interventions on performance,11,12 tar-
geted light exposure is currently the most suitable method of
accelerating phase shifts in athletes.6,9 Currently, there is limited
data on the efficacy of bright light to enhance the recovery of
physical performance in team-sport athletes following transmer-
idian air travel.13 This could be due to logistical commitments
reducing light exposure time and/or difficulty in preventing inci-
dental light exposure at inappropriate times.13

It is plausible that in addition to utilizing targeted light
exposure to accelerate time zone adaptation, jet lag symptoms
could be managed to facilitate daytime functioning. As sleep
disruption is particularly evident both during2 and following1

long-haul transmeridian travel, it may be a central factor impacting
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performance, due to resultant physiological and psychological
fatigue.1 Thus, sleep hygiene strategies that minimize sleep disruption
during and after travel may enhance performance and recovery
posttravel. Though these strategies are advocated to improve sleep,14

it is not known whether they are effective in minimizing sleep
disruption during and following long-haul transmeridian travel, par-
ticularly under conditions of circadian misalignment.3

The aim of the present study was to assess the efficacy of a
combined light exposure and sleep hygiene intervention applied
during and following travel to reduce the impact of eastward long-
haul transmeridian travel on sleep, subjective jet lag and fatigue,
and physical performance. It was hypothesized that the intervention
would be effective at reducing the impact of travel on sleep and
performance.

Methods
Participants

Twenty healthy, physically trained males were recruited to partici-
pate in the study (mean [[SD]; age 21.9 [3.6] y, height 178.3
[6.5] cm, and bodymass 77.1 [7.67] kg). All participants had recent

training history in a range of athletic events, including running,
football, rugby, and soccer and were involved in physical training
(aerobic and strength) at least 2 to 3 times per week. Prior to the
commencement of the study, participants were informed of any
associated risks and provided verbal and written informed consent.
The study was approved by the Anti-Doping Lab Qatar Institu-
tional Ethics Review Board (EXT2014000003).

Experimental Design

The full experimental design for the present study has been
previously described, including a full description of all experimen-
tal procedures for physical performance (countermovement jump
[CMJ] test, 20-m sprint test, the T test,15 and Yo-Yo Intermittent
Recovery Level 1 test) and sleep and perceptual (Liverpool John
Moore’s University jet lag questionnaire, Brunel Mood Scale,16

session of rating of perceived exertion, and physical feeling)
measures.1 The current study reports the efficacy of a practical
travel intervention on team-sport performance for the eastbound
component of the aforementioned study (Figure 1). Participants
completed a minimum of 2 familiarization sessions with all
experimental procedures. Baseline performance was assessed at

Figure 1 — Schematic outline of the study design including timeline of performance, perceptual, and sleep data collection, together with the light
exposure and avoidance schedule for the intervention group. During each washout, participants carried out “normal” daily activities, with strenuous
activity avoided 24 hours before each data-collection period.
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09:00 AM and 17:00 PM local time (deemed relevant to training
and competition) on 4 consecutive days prior to any travel. In a
randomized matched-pairs design, participants were matched based
on their age and baseline physical performance level before indepen-
dent randomization to an intervention (INT) or control (CON) group
for the duration of the study. The intervention group received a
combined light exposure and sleep hygiene intervention; the control
group was not provided with any instruction other than to maintain
normal behavior. Data were collected at the same time of day (local
time) on the first 4 days following travel from Qatar to Australia.

Sleep was measured via actigraphy (Actiwatch-64; Philips
Respironics, Bend, OR) throughout the aforementioned data collec-
tion periods and during travel, and perceptual data were collected
immediately prior to all performance testing sessions. During baseline
and following travel, participants slept at home. Participants
abstained from caffeine, alcohol, and additional strenuous activity in
the 24 hours prior to, and during, each data collection period. Food
and fluid intake were documented throughout the data collection
periods in a food diary, with participants instructed to replicate their
recorded intake during baseline as closely as possible following
travel. Participants were provided with a standardized 1.5 to 2.0 g/kg
body mass of carbohydrate, including 600 mL of fluid (Gatorade™,
Chicago, IL) immediately following all performance testing ses-
sions. Prior to all performance testing, urine specific gravity was
assessed (Digital Refractometer, Atago,WA) to determine hydration
status from a midstream urine sample.

Travel

Participants travelled in economy class for all flights. The departure
and arrival times were 18:25 hours Arabia Standard Time and
22:20 hours the next day Australian Eastern Standard Time (Arabia
Standard Time +8 h). In total, there were 3 flights, with 21 hours of
travel (17 h total flight duration and 4 h total transit time) across 8
time zones:

1. Doha, Qatar (18:25 h local time) to Abu Dhabi, United Arab
Emirates (20:20 h)

2. Abu Dhabi, United Arab Emirates (22:20 h) to Perth, Australia
(13:50 h + 1 d)

3. Perth, Australia (16:00 h) to Sydney, Australia (22:20 h)

Interventions

SleepHygieneDuring Travel. Participants in the INT group were
provided with ear plugs (Mack’s Pillow Soft® Silicone Putty
Earplugs; McKeon Products Inc, Warren, MI), noise-cancelling
headphones (Sony MDR-10RNC; Sony, Tokyo, Japan), a sleep
mask (Sweet Dreams Eye Mask; Dream Essentials, Paradise Point,
Queensland, Australia), and a neck pillow (Traveler’s Pillow;
Therapeutic Pillow International, Cheltenham, Victoria, Australia).
Participants were instructed to utilize these products to maximize
sleep from 23:30 to 08:30 hours Gulf Standard Time on Flight 2.
Thus, participants were encouraged to sleep when it was night time
in the city of departure (ie, during biological night time when the
circadian system is promoting sleep). Furthermore, in the hour
prior to attempting to sleep, participants were instructed to restrict
computer, TV, and phone use. These specific interventions were
based on evidence that exposure to light and noise can reduce sleep
quality and aimed to increase comfort and induce the physiological
state required for sleep onset, without pharmacological aids.14

Finally, to ensure participants in the INT group could maximize

their sleep in the aforementioned “sleep window,” they were
instructed to avoid the evening meal on the plane and instead
ate at the airport prior to departure. While no instructions on
activity levels outside of the “sleep window” were provided to
the INT group, the CON group was not provided with any
instructions regarding behavior during travel (ie, sleep, activity,
or eating patterns). Participants were seated in various places on the
plane, but individuals in different groups were not seated together.

Light Exposure and Sleep Hygiene Following Travel. The INT
group’s exposure to, and avoidance of, light was controlled
following arrival. Specifically, participants were instructed and
supervised to seek natural outdoor light or utilize wraparound
sunglasses to minimize exposure to light (Contractor Smoke Safety
Glasses; DeWalt,Melbourne,Australia) at specific times (Figure 1).
This pattern of light exposure/avoidance provides an “advance”
signal and facilitates the adjustment of the circadian system so that
it is aligned with the new time zone.17–19 If natural outdoor light
was not available at these specific times (ie, participants were
indoors), artificial bright light emitting glasses (Re-Timer™, Bedford
Park, Australia) were used instead. These glasses provide 506 lux of
blue–green 500-nm dominant wavelength, ultraviolet-free light at
12 mm and have previously been reported to induce phase shifts
of circadian rhythm.19 Sleep hygiene recommendations14,17 were also
provided to participants in the INT group. Specifically, in the hour
prior to bed, participants were instructed to limit computer, TV, and
phone use and to dim their bedroom lights. Cool, quiet, and dark
conditions were ensured throughout the sleep period, utilizing ear
plugs and sleep masks if necessary. Participants slept in their own
room at home. The INT group were instructed and supervised to
increase their time in bed compared with normal by going to bed
earlier. In contrast, the participants in the CON group were not
provided with the aforementioned instructions other than to maintain
normal behavior.

Statistical Analysis
Normality of the observed data was initially assessed using quantile–
quantile (Q–Q) plots and was deemed plausible in all instances.
As reported elsewhere,1 no significant (P < .05) differences were
observed for any measures between baseline day 1 and pretravel
eastwards day 1; therefore, the baseline was considered appro-
priate for all posttravel comparisons. The raw change in all perfor-
mance variables on each of the 4 days following travel were calculated
from the corresponding day at baseline (ie, posttravel day 1 was
compared with baseline day 1). Raw values for each of the 4 days at
baseline and following travel were used for all perceptual variables.
Raw values for 3 nights at baseline (days 1–3) and the first 4 nights
following travel (day of arrival and days 1–3) were used for all sleep
variables. Differences between condition (INT and CON) within each
study period (baseline and posttravel), and between study periods
within each condition were analyzed using linear mixed models. This
type of analysis is preferred, as it allows for missing data and can
model between-subject variability.20 Specifically, in these models, an
unstructured covariance structure was used, using the lme4 package in
R Studio statistical software (version 0.99.446, Boston, MA). Athlete
identificationwas included as the randomeffect in themodels, and day
or condition was included as fixed effects, either independently, or as
an interaction. Following this, the least squares mean test was used to
identify the mean difference in the outcome variable depending on the
comparison being made.

Furthermore, standardized effect sizes were calculated as
previously described21 using the P value and t statistic provided

(Ahead of Print)
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from the linear mixed models categorized using the thresholds of
<0.2 trivial, 0.21 to 0.60 small, 0.61 to 1.20 moderate, 1.21 to 2.0
large, and >2.0 very large.22 Furthermore, a magnitude-based
approach was adopted,22 where differences were considered real
if there was a >75% likelihood of exceeding the smallest worth-
while difference (0.20) and are described as: 75% to 95%, likely;
95% to 99.5%, very likely; and 99.5%, most likely.21 Descriptive
statistics are presented as mean (SD), whereas all other data are
reported as ES, ±90% confidence limits, unless otherwise stated.

Results
Performance

At both 09:00 and 17:00 hours, INT had a very likely (1.10, ±0.55)
and likely (0.70, ±0.71) beneficial effect on the mean change across
the 4 days in CMJ peak power and height, respectively, compared
with CON (Figure 2). At 17:00 hours, INT had a likely beneficial
effect on mean change across the 4 days in 5-m (0.54, ±0.67) and
20-m (0.74, ±0.71) sprint time compared with CON (Figure 2). No
substantial effects (ES < 0.20) between conditions were observed
for the mean change in T-test time or Yo-Yo Intermittent Recovery
Level 1 test distance (Figure 3).

Morning (AM) Testing (09:00 h Local Time). INT had a very
likely beneficial effect on the change in CMJ peak power on days 2
(0.87, ±0.54) and 4 (0.51, ±0.54), respectively, compared with
CON (Figure 2). INT also had a likely (0.63, ±0.65) beneficial
effect on the change in CMJ height on day 3 compared with CON.

Afternoon (PM) Testing (17:00 h Local Time). INT had a likely
beneficial effect on the change in CMJ peak power on days 1 (0.41,
±0.46) and 3 (0.46, ±0.45), and a most likely beneficial effect on
day 2 (1.01, ±0.46) compared with CON (Figure 2). INT also had a
likely beneficial effect on the change in CMJ height on days 1 to 3
(0.52, ±0.60; 0.59, ±0.60; and 0.51, ±0.56) compared with CON.
INT had a likely beneficial effect on the change in 5-m sprint time
on days 2 to 4 (0.51, ±0.59; 0.66, ±0.56; and 0.60, ±0.57) and the
change in 20-m sprint time on all 4 days (0.48, ±0.67; 0.72, ±0.67;
0.49, ±0.63; and 0.53, ±0.64) compared with CON (Figure 2).

Sleep

During travel, sleep duration was most likely greater (1.61, ±0.82) in
INT compared with CON (06:18 [01:00] vs 03:54 [01:36] h). How-
ever, no substantial differences in sleep efficiency (ES < 0.20) were
observed between INT and CON (79.8% [6.5%] vs 73.8% [16.2%])
during travel. Across the 3 nights following travel, mean time in bed,
sleep duration, and sleep efficiency was very likely, most likely,
and likely greater (1.28, ±0.58; 0.99, ±0.55; and 0.64, ±0.54),
whereas mean sleep onset was very likely earlier (0.95, ±0.61) in
INT compared with CON (Table 1). Specifically, on nights 1 and
2, time in bed was likely greater (0.58, ±0.48 and 0.54, ±0.49)
and sleep onset was likely earlier (0.53, ±0.54 and 0.72, ±0.56)
in INT compared with CON. Sleep duration was likely greater on
nights 1 and 3 (0.58, ±0.51 and 0.43, ±0.55), and very likely greater
on night 2 in INT compared with CON (0.78, ±0.53).

Perceptual

Mean motivation was likely reduced at 09:00 hours (0.64, ±0.87)
and 17:00 hours (0.63, ±0.87), and mean mood was likely worse
(0.73, ±0.88) across the 4 days following travel in CON compared
with INT. No substantial differences (ES < 0.20) between condi-
tions were observed for subjective jet lag ratings (Table 2).

Morning (AM) Testing (09:00 h Local Time). Sleep symptoms
were likely better (0.64, ±0.49) on day 1, but motivation was likely
worse (0.58, ±0.73) on days 3 and 4 in CON compared with INT.

Afternoon (PM) Testing (17:00 h Local Time). Function, mood,
and motivation were all likely worse (0.42, ±0.45; 0.45, ±0.49; and
0.68, ±0.53) on day 3 in CON compared with INT.

Discussion
Results from the present study suggest that a combined light exposure
and sleep hygiene intervention reduced sleep disruption during and
following travel, improved perceived mood and motivation, and
ultimately enhanced posttravel lower body power. These improve-
ments have implications for any training or competition requirements
within 48 to 72 hours following long-haul travel.

The combined intervention improved CMJ performance com-
paredwith the control condition up to 4 days posttravel, with the largest
difference between conditions noted on day 2. In addition, 5- and 20-m
sprint times were faster in the intervention group on all 4 days
posttravel, with performance returning to baseline earlier (72 h) in
the intervention compared with the control (96 h) group. Accordingly,
the intervention was successful in facilitating adjustment to the new
time zone; however, in the absence of ameasure of circadian adaptation
it is not possible to confirm this assumption. It is also possible that the
acute effect of light exposure on alertness and/or the improvement
in sleep, perceived mood and motivation,6,13,24 independent of
any circadian adaptation, resulted in performance improvements.
Regardless, the results of the present study show combining light
and sleep hygiene can limit the reduction in lower body power
typically observed following transmeridian travel.1,4,5

Negligible effects of a similar light exposure intervention were
observed on daily changes in grip-strength performance and body
temperature in the 4 days following long-haul travel east across
5 time zones in elite female soccer players.13 One potential
explanation for the lack of efficacy is the difficulty encountered
when implementing such interventions in the field with elite
athletes.25 On some occasions, the duration of light exposure was
reduced to accommodate training, whereas on other occasions, it
was difficult to prevent incidental light exposure at the incorrect
times for inducing a circadian phase advance.13,25 In the present
study, exposure to, and avoidance of, bright light at appropriate
times was tightly controlled and may have contributed to the faster
performance adjustment to the new time zone.

Previous research highlights sleep disruption, together with
greater perceived fatigue and reduced motivation, as a reason for
reduced performance following long-haul travel.1,2 Therefore, the
greater sleep duration and reduced perceived fatigue evident in the
intervention group could also explain the noted improvements in
lower body power, despite no effect on intermittent-sprint capacity.
Previous evidence suggests that individuals are able to overcome
the effects of sleep loss to complete short-duration/explosive
exercise, yet are unable to maintain performance in sustained or
repeated exercise bouts, probably due to reduced motivation to
maintain high-intensity performance.26 Thus, the level of improve-
ment in sleep during and after travel in the intervention group may
have not been large enough to prevent the reductions observed in
prolonged intermittent-sprint performance.

One of the main causes of travel-induced fatigue and perfor-
mance reductions following arrival can be sleep loss during
prolonged flights that span a night time sleep episode.1,2 Indeed,
mean sleep durations of ∼3 hours have been reported during both
simulated2,3 and actual1 long-haul transmeridian travel due to the
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Figure 3 — Left column:Mean (SD) changes from baseline in agility (A) andYYIR1 (B) performance,mean (SD) sRPE (C), and physical feeling (D) on days 1
to 4 posttravel at 17:00 local time for CON (white circles) and INT (black circles). Gray-shaded area indicates the typical error of each measure. Right column:
Standardized differences (±90% CIs) between CON and INT at 17:00, overall (average of days 1–4) and days 1 to 4 posttravel for mean change from baseline in
agility (A) and YYIR1 (B) performance, mean sRPE (C), and physical feeling (D). Gray-shaded area represents the smallest important difference. Quantitative
chances of INT being beneficial or detrimental compared with CON for each measure are evaluated according to the thresholds identified in statistical analysis:
*likely, **very likely, and ***most likely. CI indicates confidence interval; CON, control group; INT, intervention group; sRPE, session of rating of perceived
exertion; YYIR1, Yo-Yo Intermittent Recovery Level 1 test.
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schedule, uncomfortable sleeping position, and/or cabin condi-
tions. The sleep hygiene “devices” (ear plugs, eye masks, and neck
pillows) and guidelines (electronic device use restrictions),
together with providing specific advice on when to sleep, increased
mean sleep duration during travel by 2.5 hours. Previous recom-
mendations suggest that sleep during a flight should be scheduled
to coincide with night time in the destination city to prevent the
sleep/wake cycle from “anchoring” to the departure time zone.17,24

However, in the present study, participants were instructed to sched-
ule sleep according to when it was night time in the departure city.
This approach not only reduced sleep disruption during travel, but
also did not have any negative consequences on sleep or subjective jet
lag symptoms posttravel. However, further investigations regarding

the specific timing of sleep during travel and its subsequent impact on
posttravel outcomes are required.

A common symptom of jet lag following long-haul travel east
is sleep disruption due to delayed sleep onset.1,27 In the present
study, the intervention was effective at preventing the reduction in
sleep duration observed posttravel in the control group, through
increased time in bed and an earlier sleep onset, particularly on
nights 1 and 2. Indeed, one of the specific sleep hygiene guidelines
was to “increase time in bed compared with normal by going to bed
earlier.” Despite this, sleep durations were still relatively short (5–
7 h) in both groups. This is likely a result of having to get up early
for the morning testing, which mirrors the requirements for players
contracted to teams located in large cities, who are required to get

Table 1 Sleep Patterns, Quantity, and Quality During Baseline (BASE) and Following Travel (EAST) for INT
and CON

Arrival 1 2 3 Mean (days 1–3)

Time in bed, h:min

BASE CON 07:13 (01:06) 07:23 (01:22) 07:21 (00:58) 07:19 (01:03)

INT 07:44 (00:58) 07:27 (00:54) 07:44 (00:35) 07:38 (00:40)

EAST CON 07:20 (00:43) 06:04 (01:29)c,e 06:11 (01:52)c,e 06:24 (01:22)e 06:04 (01:22)b,e

INT 07:05 (01:43) 07:13 (00:53)f 07:41 (02:30) 07:09 (01:20)e 07:27 (01:24)

Sleep onset, hh:mm

BASE CON 23:20 (01:07) 23:11 (01:20) 23:04 (01:10) 23:12 (01:09)

INT 23:01 (01:00) 23:14 (00:50) 22:56 (00:42) 23:04 (00:40)

EAST CON 01:07 (01:14) 00:22 (01:24)c,e 00:27 (01:46)c,e 23:54 (01:41)e 00:21 (01:25)b,e

INT 01:21 (01:19) 23:37 (00:59)f 22:52 (02:01) 23:36 (00:38)f 23:15 (01:14)

Sleep offset, hh:mm

BASE CON 06:26 (00:28) 06:20 (00:28) 06:09 (00:38) 06:19 (00:28)

INT 06:29 (00:36) 06:22 (00:22) 06:25 (00:26) 06:25 (00:25)

EAST CON 08:25 (01:20) 06:25 (00:30) 06:35 (00:30)f 06:14 (00:45) 06:23 (00:32)

INT 08:25 (01:22) 06:50 (00:29)f 06:32 (00:50) 06:42 (01:12) 06:41 (00:33)

Sleep duration, h:min

BASE CON 06:25 (01:10) 06:12 (01:19) 06:21 (00:54) 06:19 (01:03)

INT 06:49 (00:49) 06:30 (00:47) 06:50 (00:23) 06:43 (00:32)

EAST CON 06:30 (00:52) 05:14 (01:19)b,d 05:16 (01:45)b,f 05:36 (01:23)c,e 05:15 (01:18)a,e

INT 06:19 (01:43) 06:20 (00:47)f 07:01 (02:19) 06:36 (01:16) 06:45 (01:17)

Sleep efficiency, %

BASE CON 90.2 (3.3)c 86.5 (2.8)c 89.6 (3.2) 88.8 (2.6)c

INT 91.4 (3.5) 91.3 (5.0) 91.5 (2.0) 91.4 (3.3)

EAST CON 88.8 (5.8) 86.5 (3.4)e 86.4 (10.6) 88.3 (3.4)f 87.2 (5.2)c

INT 89.2 (2.7) 88.1 (4.4)f 91.2 (3.2) 92.9 (1.1) 90.9 (1.2)

Subjective sleep quality, AU

BASE CON 2.6 (4.3) 1.8 (4.6) 3.4 (4.8)c 2.9 (4.3)

INT 1.3 (2.6) 1.5 (1.6) 0.4 (2.4) 1.4 (2.3)

EAST CON 3.8 (6.4)c 4.9 (5.3) 2.7 (7.8) 1.2 (3.8) 2.9 (5.9)

INT 10.2 (8.6)d 6.6 (8.3)e 2.0 (3.9) −0.3 (3.3) 2.8 (6.1)e

Abbreviations: CON, control group; INT, intervention group. Note: Time in bed (h:min): the period between going to bed and getting up. Sleep onset (hh:mm): the time at
which a participant first fell asleep after going to bed. Sleep offset (hh:mm): the time at which a participant last woke before getting up. Sleep duration (h:min): the amount of
time spent in bed asleep. Sleep efficiency (%): sleep duration expressed as a percentage of time in bed. Subjective sleep quality (AU): These ratings were taken from the
responses from the “sleep” subscale of the Liverpool John Moore’s University jet lag questionnaire23; whereby there are 5 questions related to sleep quality in comparison
with normal. Answers from each question are then pooled for summation into an overall sleep quality rating, with a greater overall value indicating worse sleep quality. Data
are presented as mean (SD).
a Most likely different to INT. b Very likely different to INT. c Likely different to INT. d Almost certainly different to baseline. e Very likely different to baseline. f Likely
different to baseline.
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up at similar times to attend morning training. A similar acute sleep
hygiene intervention increased sleep duration during, and follow-
ing, 24 hours of simulated air travel in physically trained males.3

Although adherence to the prescribed interventions in INT was
difficult to record, participants verbally confirmed regular use.
However, the impact of chronotype was not assessed, which is
recognized as a potential limitation.28 Moreover, while no differ-
ences in sleep quality were observed between the groups, subtle yet
important differences may have been detected through polysom-
nography, which was unavailable in the present study. Regardless,
these results suggest that sleep hygiene guidelines may be effective
at reducing sleep disruption following travel.

Inducing phase shifts to accelerate the alignment of the
circadian system with external day–night cycles can theoretically
help to minimize the symptoms of jet lag.17 In the absence of a
measure of phase shift in the present study, subjective symptoms of
jet lag were used as a “proxy” for measuring circadian adaptation.23

It was hypothesized that the greatest differences in subjective jet lag
between the groups would occur on day 4—as theoretically, by day
4, the participants in the intervention group should be more adapted
to the new time zone compared with those in the control group.
However, comparable with the findings of Thompson et al,13 who
performed a similar study with elite female soccer players, there
were no differences in subjective jet lag ratings between the
intervention and control conditions on day 4. Instead, mean mood
and motivation across the 4 days were improved at 17:00 hours (local
time), with function (fatigue, alertness, and mood) and motivation
better on day 3. These differences align with the greater sleep
duration observed in the intervention group for the first 2 nights
and given previous observations that sleep loss itself can exacerbate
subjective ratings of fatigue, mood, and motivation,1,2,29 it may be
that sleep interventions are worthy of further exploration for com-
bating the negative effects of transmeridian travel.

Practical Applications
Given the negative impact of both the demands of travel itself and
the ensuing jet lag upon arrival, unless appropriate travel strategies
are implemented, then athlete health, well-being, and performance
are likely to suffer. The present study provides evidence to suggest
that practitioners should use sleep hygiene and light exposure
following travel to reduce the impact of long-haul transmeridian
travel on athlete sleep, mood, and performance. These guidelines
will assist athlete’s preparedness for both training and competition
following arduous international travel.

Conclusions
The present study demonstrates the efficacy of a practical inter-
vention for reducing sleep disruption during, and following, long-
haul transmeridian travel; together with enhancing mood, and
performance for up to 96 hours postarrival. Collectively, this study
provides coaches and practitioners with an evidence-based, practi-
cal strategy for aiding athlete arrival following transmeridian travel
and ensuing preparation for training and competition.
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