
















































































































































































































































































































































































































































































between acute and chronic effects and the positive results produced in both cognitive
and physical performance. Furthermore, it highlights the confounding factors that may

have influenced the results.
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Figure 9.1: Schematic representation of the major findings presented within the present
thesis.
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9.4 Methodological consideration and limitations

There are several noteworthy strengths in the methods of the current thesis. Firstly, the
use of time-trials oppose to time to exhaustion as a measure of physical performance
allows for the results to be compared in actual sporting events. Secondly, the use of an
isolation chamber in Chapters 4, 5 and 6 meant that participants were subjected to a
standardised environment which minimised the exposure to exogenous masking factors
allowing for a more accurate measure of the treatment effect. Thirdly, the use of baseline
covariate control in the statistical analysis of Chapters 4, 5, 6 and 7 eliminates the
possibility of differences detected via interventions being masked or enhanced by the

differences between groups at baseline.

Nevertheless, limitations are still apparent within this thesis. In Chapter 7 the timing of
the treatment period was scheduled in line with suggestions from previous reviews
(Waterhouse et al., 2007). This meant that the treatment group were exposed to the light
box during day light hours, during which time the control group had the option to be
exposed to the natural light, although they were asked, if possible, not to go outdoors.
Also, restricting individuals to isolated dark conditions, such as the controls during the
intervention period, is not realistic to the usual field setting; therefore, a true indication
of the effects of supplementary bright light on jet-lag would not be ascertained.
Furthermore, the use of one light box between two individuals is not ideal; however,
logistic restrictions meant that this was inevitable. In Chapter 8 the sample size is
inadequate to generalise the results to the whole population. Data collection is planned
beyond this thesis to allow results to be explored in-depth and perhaps a model of jet-lag
and its recovery to be formulated. Furthermore, the observation period may need to be

extended to get a full understanding of the jet-lag time course.
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In Chapter 6 EEG was not adopted as a measure. This would have allowed for the sleep
stage at waking to be deduced, which could explain the differences in sleep inertia at
waking. Moreover, it would have allowed quantification of whether the participant was
actually asleep during the intervention phase prior to waking. Although the actiwatch
data shows no significant difference between conditions, the variables measured are
indirect and not as accurate as those produced by EEG. Finally, the issue of blinding
participants to interventions during light exposure remains problematic. In dawn
simulation studies this could be masked to an extent by using rapid vs. gradual increase in
illuminanace, although participants would still be exposed to some degree of light. In
studies utilising light boxes a true “control” is difficult to ascertain as weil as whether

bright light exposure alone is enough to produce changes in performance (i.e. a hawthorn

effect).

Placebo effects have long been recognised as an issue in all types of research and have
led to the development of sophisticated research designs in an attempt to minimise or
eliminate erroneous results. A recent systematic review (Beedie and Foad, 2009) on this
topic relating to sport performance reported that administrating a placebo manipulated
performance by -1.9% to 50.7% compared with baseline/control data, with the magnitude
of the effect usually falling between 1-5%. Therefore, as no true placebo was presented in
any of the present intervention studies, the results might be affected. This issue is much
discussed within the bright light literature (reference??) and presents a major on-going
hurdle in the attempt to produce accurate and reliable results.

Comparing data collected between studies is compounded by the use of different

methods of measurement for the same variable. For example, both intestinal and intra-
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aural temperature act as surrogate measures for core body temperature within the
present thesis. Although the results were not directly compared the ability to do so is
limited. A short study to determine the variability between the two methods would
negate this issue and allow for reliable comparisons between data. In addition the
method of saliva collection undertaken in Chapters 4, 5 and 6 has not been validated
against the manufactures guidelines. Although internal validity was maintained as the

collection method used was closely controlled.

9.5 Directions for future research

There are several potential areas of future research that have emerged from the studies
reported in this thesis. These are primarily concerned with unravelling the physiological
mechanisms pertaining to the interactions between bright light exposure and
performance manipulation. Additionally, further work on jet-lag alleviation techniques is
required in an applied setting, however, prior to this work methodologically sound and

valid techniques may need to be developed.

Firstly, a consensus within the literature needs to be reached on what lighting protocol
stimulates the optimal response from the circadian system whilst still been viable for a
participant to complete on a regular basis (i.e. not excessively time consuming).
Components that need to be assessed, along with duration, are intensity, spectral
composition and whether prior dark episodes are a worthwhile addition in light protocols
(i.e. is the treatment effect greater after a dark episode or is this time better spent in light

exposure?).
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Due to the heterogeneous nature of jet-lag developing techniques to aid with its
alleviation is difficult. Future research should initially develop a protocol within a
laboratory setting, to assess efficacy. Once this is established work in the field can be
undertaken using the same model, this would allow for direct comparisons to be made
between laboratory findings and real-world effectiveness. Furthermore, in the field to get
a true understanding of circadian phase; temperature should be monitored at regular
intervals, this would enhance profiling and increase the ability to deduce specific within
measure variables such as acrophase, amplitude and mesor values. Secondly, a greater
range of performance measures (e.g. reaction time tests), including pre-flight baseline
measures, would allow for a greater understanding of how jet-lag exerts its effects and

how, if at all, supplementary bright light and/or other interventions effect these variables.

Finally, for the results found in Chapter 5 and Chapter 6 to be endorsed as credible
interventions for elite sports performance further data needs to be collected using
professional athletes. Thus, research investigating phototherapy and its effects on

performance need to be assessed in specific target populations.
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