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Abstract Mathematical models can be used to predict exercise performance, but the specific factors contributing
to the fatigue component of these models are unknown. This study was designed to determine the contribution of
nutrition and psychometric factors to the fatigue component of a performance prediction model for endurance
running. It was hypothesized that there would be a positive correlation between both nutritional intake and
psychometric factors, and the modeled fatigue. One experienced male marathon and ultra-marathon runner was
monitored during 18-weeks of training, involving a weekly performance test (mean + SD; distance = 10508 + 113
m), nutritional diaries, and psychometric questionnaires (POMS and RESTQ-Sport). A dose-response based model
incorporating two antagonistic components, fitness and fatigue, and training data, was used to calculate modeled
performance, which was correlated against actual performance. The performance fit was low (r*= 0.24, P = 0.05)
when modelled for the total 122 day period, however the fit was increased when the model was divided into two
separate training periods (days 1 - 66: r> = 0.55, P = 0.02; days 66 - 122: r*= 0.87, P = 0.002). There were
significant (P <0.01) positive correlations between modelled fatigue and the nutritional data (Fat r*= 0.78), POMS
(Vigour r?= 0.92), and RESTQ-Sport (General Recovery r* = 0.74; Sports Recovery r>= 0.71; Global Recovery r
= 0.78). The results indicate a high correlation between nutritional intake and scores on the psychometric
questionnaires, and the fatigue parameter of the model. Therefore, these factors should be measured and used in
models of fatigue.
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1. Introduction

In order to enhance the understanding of the association
between training and performance, a systems model was
developed to predict performance where training represented
the dose and a change in performance represented the
response [1]. This dose-response relationship uses the two
antagonistic components, fitness and fatigue, to calculate
performance-based on training data. Training is quantified
according to the athletic discipline then entered into the
model. The model employs fixed equations incorporating
constants, unique to the individual that determines
the rate of accumulation and decay of both fitness and
fatigue, to determine the performance outcome. The
pattern between these hypothesized components becomes
a valid representation of the real time course when a
significant correlation exists between actual and modeled
performance [2].

To bring physiological meaning to what is currently a
black box strategy, modeling research has attempted to
explain the fitness and fatigue components of performance
predicting models [1-10]. The complexity and longitudinal
format of this type of research have meant the majority of
studies have involved small sample size [3,6,7,8] or case
study approaches [1,2,4,5,9,10]. To date, success has only
been reported for the fitness component, whereby running
speed at the ventilatory threshold explained 88% of the
variance in modeled fitness in an endurance runner [10].
The fatigue component has also been investigated previously,
with biological indices such as elevated serum enzyme
activity [2], iron [3] and testosterone [6] providing limited
success, mostly due to the differences in the timing of the
changes in these indices as a result of training.

It is established that nutrition plays a pivotal role in
athletic performance and the attenuation of fatigue.
Carbohydrate, in particular, is important for an endurance
athlete, as adequate consumption can delay the onset of
fatigue during prolonged exercise [11]. Carbohydrate is an
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essential intermediary for the oxidation of fat and these
are the preferential energy sources for extended aerobic
exercise [12,13]. The association between nutrition and
fatigue has been referred to in many overtraining and
performance modeling studies [1,14,15,16] however this
has never been investigated in detail.

The use of psychometric questionnaires in the assessment
of fatigue has also been investigated [10,17], with mixed
results. The use of questionnaires has shown utility, with
the Fatigue scale of the Profile of Mood States (POMS)
explaining 54% of the variance in modeled fatigue for an
endurance runner [10]. It was proposed that the ability of
psychometric questionnaires to include fatigue unrelated
to training was the primary factor in this result.

Therefore, whilst mathematical models can be used
to predict exercise performance, the specific factors
contributing to the fatigue component of these models are
unknown. The specific aim of this study was to determine
the contribution of nutrition and psychometric indices to
the fatigue component of a performance predicting model,
in endurance running. It was hypothesized that there
would be a positive correlation between the modeled
fatigue and both nutritional intake and psychometric
scores.

2. Methods

2.1. Participant

The participant was one healthy 44-year-old male,
experienced (20 years of training and competition)
competitive, endurance (5 - 100 km events) runner. The
participant gave informed consent, and the study was
conducted according to the principles of the Declaration of
Helsinki.

2.2. Design

The participant was monitored during 122 consecutive
days of training and competition. During the monitoring
period the participant was training for and competed
in a half-marathon event (Day 37), a marathon event
(Day 65) and a 96 km team event (Day 78). On a weekly
basis, he completed a performance test, 3-day consecutive
food record and two different psychometric (fatigue)
questionnaires. The performance tests and questionnaires
were carried out at the same time of day, on the same day
of the week, as practical. On a monthly basis, a treadmill
fitness test was conducted the day after the performance
test. Total daily energy expenditure was estimated from
24-hour heart rate records undertaken on two separate
occasions.

2.3. Training

The participant performed his usual, self-prescribed and
monitored training programme. Training times and heart
rate were recorded by a heart rate monitor (Forerunner
405 CX, Garmin, Kansas, USA), and downloaded to
internet based computer software (Garmin Connect,
http://www.connect.garmin.com).

2.4. Performance Test

The participant completed a 10508 + 113 m time trial
once a week. The trial was conducted on two courses due
to the participant travelling overseas in weeks 14-18. It
was suggested by the developers of the model that the
performance test have a major emphasis on the specific
fitness component of the chosen discipline, yet require
minimal skill [18]. Therefore 10000 m was chosen as this
was considered, the distance with the highest aerobic
energy system contribution that could be completed
comfortably on a weekly basis. Performance times and
heart rate were recorded as previously mentioned.
Performance times were converted to an average speed, to
accommodate the slightly different distances of the two
courses, then linearly, to a criterion point score out of
1000, relative to the best performance achieved by the
participant in the previous year [19].

2.5. Diet Record and Analysis

The participant completed a three-day weighed food
record, using household measures for three consecutive
days, comprising the day of the performance test and the
subsequent two days, covering two weekdays and one
weekend day every week when possible. All food diaries
were analysed using a dietary software program
(Foodworks Professional Version 4.00, Xyris Software,
Australia).

2.6. Psychometric Questionnaires

The Profile of Mood States (POMS) consists of a 5-
point scale (0 - ‘not at all’ to 4 - ‘extremely’) which the
participant uses to rate a question in relation to “how have
you been feeling for the past week including today?” The
heading was changed to ‘in the past three (3) days/nights’
to match the reference time of the Recovery Stress
Questionnaire for Athletes (RESTQ-Sport) [20]. A global
measure of mood was determined from summing the five
negative mood states (tension, depression, anger, fatigue
and confusion) and subtracting the only positive mood
state (vigour) and adding 100 to avoid negative scores [16].

The RESTQ-Sport was set out with a Likert-type scale
ranging from O (never) to 6 (always) with the response
relating to how often the participant engaged in various
activities “in the past three (3) days/nights”. The
RESTQ-Sport is comprised of 75 items within 19
subscales covering general and sport related stress and
recovery. The subscales were divided into six scores:
general stress and recovery, sport-specific stress and
recovery, and global stress and recovery which were a
combination of the general scales and the sport-specific
scales.

2.7. Treadmill Fitness Test

The treadmill test protocol started at 13.5 km/h and
1% grade with subsequent speed increments of 0.3 km/h
each minute, until exhaustion. Heart rate was recorded at
each 1-minute stage (Forerunner 405CX, Garmin, Kansas,
USA). Expired gases were collected and analysed using a
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metabolic cart (Moxus, AEl Technologies, USA).
Maximal VO, and the ventilatory threshold (VT) were
defined as previously described [21].

2.8. Energy Expenditure Test

An incremental submaximal treadmill test was conducted
to establish energy expenditure during exercise and daily
ambulation. The test comprised of six, 4-minute stages;
commencing at seated rest and continuing with 4, 6, 8, 10,
13 and 16 km/hr consecutively with 1% grade. Minute
ventilation, expired gases and heart rate were recorded as
for the treadmill fitness test. The relationship between
heart rate and VO, was represented by the following
equation (VO, (ml/min) = 30.986 * heart rate - 1136,
r> = 0.9972). Energy expenditure (EE) was measured in
kcal and calculated, as previously described [22]. This
equation was applied to heart rate data collected every
minute for 24-hours for three consecutive days. As it has
been suggested that daily non-exercise energy expenditure
(NEAT) is not compensated for by a more sedentary
lifestyle while undertaking training [23], the EE calculated
was used as an estimate of daily EE over the course of the
study. Three days following the participant’s return from
overseas the submaximal test was repeated. The equation
derived (VO, (ml/min) = 35.183* heart rate - 1598.6,
r> = 0.9835) was applied to 24-hour heart rate data,
collected while the participant was overseas, to determine
an estimate of daily EE during these four weeks.

2.9. Quantification of Training

Training was quantified using the training times and
heart rates to calculate time spent in pre-determined
training intensity zones using a modified version of the
training impulse (TRIMP) method [9,10].

2.10. Modelling

Performance at day n (pn) was calculated using
consecutive training impulses recorded from the study;
initiation through to performance day (W;) with i varying
from 1 to n-1, as shown in (Eq 1):

n-1 . n-1 .
E)n = p* + kl Z Wie_(n—l)/'cl _ k2 Z Wie—(n—l)/‘tz (1)
=1 i=1

The following parameters defined the model performances:

a positive (k;) and negative (k;) weighting factor expressed
in arbitrary units (au), decay constants expressed in days:
fitness (z;) and fatigue (z,), and an additive term (p*) that
represented the initial performance level. A default value
of 1000 was assigned to p*, and fatigue assumed to be
zero. The actual performances were converted to a criterion
point score out of 1000; with 1000 equalling the participant’s

personal best time in the preceding 12 months for 10000m.

The model parameters were repetitively modified by
minimising the residual sum of squares (RSS) between
modelled and actual performances, initially starting with
the default parameters 1, = 45, 1,= 15, k; = 1 k,= 2, base
1000. The developers of this model indicate that the
parameters may waver after 60-90 days of training or with
changes to training protocol altering the goodness of fit

[24]. Therefore, due to the duration of the study (122 days)
the model was split at day 66 which coincided with a
change in the participant’s training, and the model
parameters recalculated using the final fitness score from
the first phase as the base and the same initial default
parameters.

The following equation (Eq 2) was used to calculate the
fatigue component (negative function, NF) and compared
to weekly questionnaire and food diary responses.

n-1 .
NF, = kp > wie ("2 (2)
i=1

2.11. Statistical Analysis

Data were tested for normal distribution using a
Kolmogorov-Smirnov test [25]. The meaningfulness of
the model was assessed as previously described [9]. The
coefficient of determination (r?) provided the percent
variation explained by the model and aided in determining
the goodness of fit for the model. The fit was considered
statistically significant if P<0.05; this was ascertained by
an analysis of variance on the residuals with associated
degrees of freedom. The Pearson Product-Moment
Correlation Coefficient was used for analyses of the
correlation between the modelled fatigue component and
the scores of the POMS, RESTQ-Sport and average
consumption of macronutrients as obtained from the food
diaries. All statistical analysis was performed using
PASW Statistics 18.

3. Results

The participant’s aerobic fitness (VO, max) improved
from 66.2 ml/kg/min to 70.9 mil/kg/min at day 75, with
corresponding ventilatory thresholds occurring at 92 and
90%, respectively. Aerobic fitness decreased slightly
(VO, max: 69.5 ml/kg/min; ventilatory threshold: 89%)
following the participant’s subsequent five weeks overseas.
The weekly time-trial performances across the 18-week
training period had average speeds ranging from 3.667 to
4.253 m/s; representing 10000m times between 39 mins
11 s and 45 min 27 s.

The model, while statistically significant, only explained
24% of the variance in the actual performance test times
(Table 1). When the training period was split into two
sections and remodelled, the ability of the model to
explain large portions of the variance in performance
improved (Model B: r? = 0.55, P = 0.02; Model C:
r’ = 0.87, P = 0.002; Table 1, Figure 1).

Table 1. Performance Fit and Model Parameters

Model A B C
Training days 1-122 1-66 66-122
7, (days) 30 30 60
1, (days) 30 30 27.74

Ky 0.0025 0.0025 0.02
ko 0.02 0.014 0.067
Kalky 8.25 5.80 2.98
r 0.24 0.55 0.87
P 0.05 0.02 0.002

7, = fitness, 7, = fatigue, k; = positive weighting factor, k. = negative
weighting factor.
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The nutritional analysis revealed an average intake,
over the entire 18 weeks, of carbohydrate 2266+526
kCal/day, fat 733+363 kCal/day, protein 417+85 kCal/day,
with total energy intake averaging 34164840 kCal/day.
When subtracting the average energy intake from the

lifestyle, -1854+503 kCal/day while the participant was
overseas and -1087+869 kCal/day for the entire study as a
whole. When comparing average dietary patterns with the
psychological analysis of the POMS and RESTQ-Sport
(Table 2), significant relationships were most commonly

estimated energy expenditure the average energy balance  found between positive mood states and recovery
was found to be -739+777 kCal/day for typical working activities.
A
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Figure 1. Model-predicted and Actual Performance, Fitness, Fatigue, and Training Impulse for Days 1 - 122: (A: Model-predicted (Models B and C)
and actual performance, B: Modeled (Models B and C) fitness and fatigue, C: Training impulse. All values are in arbitrary units (AU))
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Table 2. Correlation Matrix of Nutrition and Psychometric Factors for Days 1-122

Nutrition POMS RESTQ-Sport
CHO | Fat | PRO El TMD | TEN | DEP | ANG | VIG |Fatigue| CON | GS GR SS SR |GloS |GloR
GloR | 0.383 |0.628™| 0.229 | 0.535" |-0.672"|-0.117| -0.224 | 0.579"|0.809™" | -0.203 |-0.508"| 0.134 |0.978™| -0.296 |0.986™|-0.061| 1
GloS | 0.217 | 0.139 |-0.309 | 0.165 | 0.396 | 0.251 [0.635 | 0.240 | 0.188 |0.676™" | 0.022 |0.906™| 0.031 [0.837™| -0.132| 1
SR | 0.358 | 0.607"| 0.274 | 0.515 |-0.651"|-0.126| -0.300 |0.570"{0.786™"| -0.215 | -0.496 | 0.090 {0.931"| -0.383 | 1
SS | 0.031 | 0.012 | -0.287 | -0.005 | 0.354 |-0.064|0.676™|-0.133| -0.099 | 0.498" | 0.135 | 0.527" | -0.175| 1
GR | 0.400 |0.631"| 0.164 | 0.540" |-0.673"|-0.100| -0.120 | 0.567"|0.808™| -0.179 |-0.504"| 0.184 1
GS | 0.313 | 0.206 | -0.257 | 0.259 | 0.341 | 0.439| 0.464 | 0.475 | 0.368 [0.666™"|-0.071| 1
CON |-0.544"| -0.416 | -0.312 |-0.552*| 0.622" | 0.225 | 0.391 |-0.303|-0.540"| 0.110 1
Fatigue| -0.192 | -0.072 | -0.374 | -0.189 | 0.561" | 0.228 | 0.288 | 0.018 | -0.019 | 1
VIG |0.609"|0.780™| 0.195 | 0.739" |-0.633™| 0.057 | -0.215 | 0.375| 1
ANG | 0.287 | 0.071 | -0.004 | 0.210 | -0.002 [ 0.134| 0.138 | 1
DEP |-0.212 | -0.261 |-0.542"| -0.300 | 0.549" | 0.192 | 1
TEN | 0.155 | 0.215 | 0.055 | 0.196 | 0.402 1
TMD |-0.453 |-0.584"| -0.360 | -0.573"| 1
El |0.927"/0.816™|0.658™| 1
PRO [0.624™| 0.382 1
Fat |0550"| 1
CHO 1
** Correlation is significant at the 0.01 level (2-tailed)
* Correlation is significant at the 0.05 level (2-tailed)
Nutrition POMS RESTQ-Sport
CHO Carbohydrate TMD Total Mood Disturbance GS General Stress
PRO Protein TEN Tension GR General Recovery
El Energy Intake DEP Depression SS Sport Stress
ANG Anger SR Sport Recovery
VIG Vigour Glo S Global Stress
CON Confusion GloR Global Recovery.

Across the course of the study, the participant’s
subjective mood states Vigour and Fatigue, as determined
by the POMS, had the greatest variability relative to the
standardized T-Scores. Vigour declined steadily to reach
54% of baseline levels by the end of the study, while
Fatigue declined to 61% of baseline and spiked above the
average on days 69 and 83. All other mood states remained
relatively stable over the 122 days. In comparison, all
scores of the RESTQ-Sport declined over the course of the
study, the greatest being the Sport-Specific Stress score
which declined to 19% of baseline.

The strongest relationship between the POMS and the
RESTQ-Sport (Table 2) was found between the Vigour
(POMS) and all recovery subsets of the RESTQ-Sport (r
= 0.80 - 0.81, P < 0.01). Moderate, but still significant,
correlations were found between Total Mood Disturbance

(POMS) and all recovery subsets (r = -0.65 - 0.67,
P < 0.01); Depression (POMS) and Sports Stress and
Global Stress (r = 0.64 and 0.68, P < 0.01); Anger (POMS)
and all recovery subsets (r = 0.57 - 0.58, P < 0.05);
Fatigue (POMS) and General and Global Stress
(r =0.6 - 0.68, P < 0.01) and Sport Stress (r = 0.50,
P < 0.05); and Confusion (POMS) and General and
Global Recovery (r = -0.50 - 0.51 P < 0.05).

As the second training phase (days 66-122) explained
the largest portion of the variance between modelled
and actual performance (87%), only this phase was
considered in the evaluation of the fatigue component of
the model. Correlations were determined between the
dependent variable, modelled fatigue, and the independent
variables, nutritional data and POMS, RESTQ-Sport
(Table 3).

Table 3. Correlation of Modeled Fatigue and Independent Variables for Days 66 - 122

Nutrition POMS RESTQ-Sport

CHO -0.463 TMD 0.581 GS -0.339
Fat -0.884** TEN 0.168 GR -0.862**
PRO -0.138 DEP -0.336 SS -0.826*
El -0.657 ANG 0.047 SR -0.845**

VIG -0.959** Glo S -0.593
Fatigue -0.071 GloR -0.881**

CON 0.374

** Correlation is significant at the 0.01 level (2-tailed)
* Correlation is significant at the 0.05 level (2-tailed)

Nutrition POMS
CHO Carbohydrate TMD Total Mood Disturbance
PRO Protein TEN Tension
El Energy Intake DEP Depression
ANG Anger
VIG Vigour
CON Confusion

RESTQ-Sport

GS General Stress
GR General Recovery
SS Sport Stress

SR Sport Recovery
GloS Global Stress
GloR Global Recovery.
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4. Discussion

This is the first study to utilise nutritional data and
psychometric questionnaires (Profile of Mood States
(POMS), Recovery-Stress Questionnaire for Athletes
(RESTQ-Sport)) to investigate the fatigue component of a
performance predicting model in enduran.

4.1. Model

The use of the Banister [1] model to predict
performance in an endurance runner was successful when
the training period was split into two separate phases. The
performance fit was poor (Model A) when modeled for
the total 122 day period, which could be attributed to the
parameter’s inability to accurately predict performance
beyond 60-90 days [26]. However, the fit was significantly
improved for the first (Model B) and second (Model C)
training phases respectively (Table 1, Figure 1). The
decision to divide the data from day 66 was based
on the participant entering a new training phase [27,28],
as previous reports have indicated that training phase
changes alter the athlete’s ability to retain fitness and/or
reduce fatigue [26]. Other studies have also reported
significant improvements in the fit of the model when
applying a new set of parameters to different training
phases [28,29].

A possible consideration for the moderate fit in Model
B is that relative to training load, training intensity was
not great enough to produce the desired performance
improvements [1]. While the fit between modeled and
actual performance seen in Model C (Table 1, Figure 1), is
comparable to other studies using aerobic disciplines and
similar training durations [2,5,9,10,28,29,30]. On day 78
the participant competed in a 96km event which was
associated with an increase in fatigue and a smaller
elevation in fitness, resulting in a dramatic drop in modeled
performance, mirrored by a reduction in actual performance.
As training impulses remained at their lowest for the
122-day period and in combination with an overseas trip,
fatigue began to subside and performance improved
(Days 66-105, Figure 1). However, despite the fitness
component doubling (Model C, Table 1), performance
times still remained the slowest of the 122-day period,
and began to decline steadily again at day 105 when
training impulses began to increase (Days 66-105,
Figure 1). This is an interesting finding and could
be attributed to performance improvements typically
being more closely related to significant reductions in the
negative influence of training (fatigue) rather than
increases in the positive (fitness) [19]. These fatigue
dominated performances could therefore be the result of
consecutive days of intense training as was found in
previous studies [19,27,28], where fatigue was possibly
being retained through the absence of adequate recovery
(i.e. non-training days).

4.2. Nutrition

Average energy intake was similar to studies reporting
dietary analysis data for endurance athletes using the same
type of survey [31,32,33]; however energy intake relative
to energy expenditure was inadequate, especially during

the second training phase. A large proportion of this
deficit could be explained by the limitations of the
measurement tools used, as food diaries are known to
underestimate energy intake and 24-hour heart rate
monitoring generally overestimates energy expenditure
[34], in addition to the participant’s weight remaining
stable.

Table 2 shows the correlations between nutrition and
questionnaires, and although casual relationships cannot
be interpreted from these results certain inferences can be
made. Increases in recovery activities, as determined by
the RESTQ-Sport, related to significant increases in the
consumption of fat and overall energy intake (Table 2).
The Vigour subset of the POMS had stronger significant
relationships with fat and energy intake as well as with
carbohydrate (Table 2). This could be interpreted as the
more time the participant spent engaging in recovery
activities, the more opportunity there was to increase
food intake, thereby contributing to increased levels of
vigour.

4.3. Psychometric Factors

Previous reports using the POMS to assess the mood of
athletes have found that active individuals usually score
below the population average for Tension, Depression,
Anger, Fatigue and Confusion scales, and one standard
deviation above the population average for the Vigour
scale, commonly referred to as the “lceberg” profile
[16,35]. On three occasions (days 29, 36 and 44) the
participant’s POMS profile sheet resembled this “lceberg”
profile, which in support of the literature, also followed
the second, third, and seventh best performances of the
study.

On all other occasions the profiles failed to resemble
this “lceberg” profile, yet neither did they represent
overtraining, symbolized by an inverted “Iceberg” profile
[16]. This is due to Tension, Depression, Anger, Fatigue
and Confusion scores all oscillating between the
population norm and one standard deviation below with a
trend for Total Mood Disturbance to increase, although
not exceeding norms [36]. In addition, the Vigour scale
declined without a reciprocal increase in Fatigue scores,
conflicting with the results of other studies using cyclists
[37], swimmers [38] and ballet dancers [39], where
progression through intensive training resulted in an
inverse relationship between the two scores.

Overall the physiological performances of the
participant indicated that overreaching or overtraining was
present, yet the psychological responses to the training
load were positive rather than negative. This disconnect
between the expected physiological and psychological
responses to training has also been previously reported
[40], whereby an athlete was physiologically in good
health yet considered overtrained by the POMS. The
decline in Vigour as training progressed could also be
indicative of the Vigour and Fatigue scales being more
related to the physiological state rather than the
psychological [37]. This notion works in favor of the
current study attempting to give physiological meaning to
a training model.

The second phase of training had a similar unpredicted
effect on the participant’s recovery-stress state (RESTQ-Sport);
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where recovery activity was reduced and stress increased
despite a reduction in total training volume. An improvement
in performance was evident on days 100, 105, and 110
(Figure 1) possibly due to the reduced training stress;
however, recovery activities were also reduced, contributing
to the failure for performance to improve to at least
baseline levels. Hence the relevance of this questionnaire
is indicated, identifying that the absence of adequate recovery
will prevent performance improvements despite reductions in
stress. It is this incorporation of frequency of recovery
activities into the psychological assessment that differentiates
the RESTQ-Sport from the POMS [20] Alternatively, the
participant may have perceived training itself as a
recovery activity; as he was a non-professional athlete
with a full time job and a family. This is supported by the
significant relationships found between certain recovery
scales of the RESTQ-Sport and the weekly training load
(r’ = 0.25 - 0.36, P = 0.005). Increases in the weekly
TRIMPS resulted in the participant reporting improved
feelings of general well-being, being in shape, and
self-efficacy and a reduction in general and emotional
stress.

The relationship between the two psychometric
questionnaires (Table 2) was similar to what has been
previously reported [20,41] with all recovery and stress
scales of the RESTQ-Sport significantly correlating with
the Vigour and Fatigue scales of the POMS respectively.
The POMS Anger scale had weak yet significant positive
correlations with all recovery scales of the RESTQ-Sport,
which demonstrates the possibility of anger being a
desirable quality of endurance athletes. A comparable
finding was reported in a study attempting to predict race
placement from mood states in a group of cross-country
runners, where performance times improved as Anger (POMS)
increased [35]. This and the data of previous studies
[42] suggests that both questionnaires are sensitive to the
dose-response relationship between training load and
mood.

4.4. Modeled Fatigue Component

The second training phase (Model C, Table 1) was
selected as the evaluation time period as it had the
strongest and most significant relationship between actual
and modeled performance. During this training phase the
Vigour subset of the POMS accounted for 96% of the
variance in modeled fatigue (Table 3); a vastly improved
result when compared to the previous best fit where
POMS Fatigue explained only 56% of the variance [10].
This study however found POMS Fatigue to be unrelated
to modeled fatigue (Table 3). This lack of relationship
indicates that the participant did not perceive the training
as fatiguing as defined by the POMS; indicating, as
previously reported that athletes may psychologically
adapt to training loads [43,44]. Athletes have also been
reported to have accentuated positive mood states [45,46],
which could explain the subjective decline of Vigour
rather than an increase in the negative mood state of
Fatigue. Relating this idea to the model, it implies
that training intensity was insufficient to produce a
subjectively fatiguing response, and it was possibly
training frequency that was interfering with recovery,
therefore reducing the participant’s perceived Vigour.

This supports the finding of this study whereby through a
lack of recovery, fatigue was being retained thus
preventing performance improvements.

An interesting finding was the explanation of variance
in modeled fatigue made by the macronutrient fat (Table 3).
Fat was also significantly correlated to all the recovery
scores of the RESTQ-Sport and Vigour (POMS) and
negatively correlated to Total Mood Disturbance (Table 2).
This suggests that in the energy deficient state elevated fat
intake could assist in the recovery of endurance athletes,
enhancing vigor, while reduced intake contributes to
fatigue. Whether this relationship exists because fat has a
greater energy density and therefore a greater impact on
energy balance per gram of food consumed or purely
because the participant selected foods with a high-fat
content as part of a recovery routine cannot be determined.
Nevertheless, this result indicates the utility for nutritional
data to be another avenue for predicting modeled fatigue.

From the literature it was assumed that carbohydrate
intake would influence the fatigued state as it has limited
storage capacity within the body, facilitates fat oxidation
during aerobic exercise, and is required from an exogenous
source to replace muscle glycogen [47,48]. However,
carbohydrate was not significantly correlated to modeled
Fatigue but was significantly correlated with POMS
Vigour (Table 2). This lack of significance could be
indicating the fatiguing effect of commitments unrelated
to energy expenditure like work and family stressors,
which would not be relieved by the consumption of
carbohydrate.

5. Conclusion

The results of this study indicate an excellent relationship
between the fatigue parameter of the model, the
participant’s dietary fat intake, and scales of the
psychometric questionnaires. Performance improvements
appear dependant on the ratio of training load to
appropriate recovery and decreased participation in
recovery activities also appears to remove the opportunity
for the athlete to meet nutritional requirements, further
contributing to fatigue.

References

[1] E.w. Banister, T. W. Calvert, M. V. Savage, and T. M. Bach, "A
Systems Model of Training for Athletic Performance,” Australian
Journal of Sports Medicine, vol. 7, no. 3, pp. 57-61, 1975.

[2] E. w. Banister, R. H. Morton, and J. Fitz-Clarke, "Dose/response
effects of exercise modeled from training: physical and
biochemical measures," The Annals of physiological anthropology
vol. 11, no. 3, pp. 345-56, 1992.

[3] E. w. Banister and C. L. Hamilton, "Variations in iron status
with fatigue modelled from training in female distance runners,"”
(in English), European Journal of Applied Physiology and
Occupational Physiology, vol. 54, no. 1, pp. 16-23, 1985.

[4] T. Busso, R. Candau, and J. R. Lacour, "Fatigue and fitness
modelled from the effects of training on performance," European
journal of applied physiology and occupational physiology, vol.
69, no. 1, pp. 50-4, January 1, 1994 1994.

[5] T. Busso, C. Denis, R. Bonnefoy, A. Geyssant, and J.-R. Lacour,
"Modeling of adaptations to physical training by using a recursive
least squares algorithm," The American Physiological Society, vol.
82, no. 5, pp. 1685-1693, May 1, 1997 1997.



(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Journal of Physical Activity Research 98

T. Busso et al., "A systems model of training responses and its
relationship to hormonal responses in elite weight-lifters,” (in
English), European journal of applied physiology and
occupational physiology, vol. 61, no. 1-2, pp. 48-54, 1990.

P. Hellard, M. Avalos, L. LaCoste, F. Barale, J.-C. Chatard, and G.
P. Millet, "Assessing the limitations of the Banister model in
monitoring training," Journal of Sports Sciences, vol. 24, no. 5,
p. 509(12), 2006.

G. P. Millet, R. B. Candau, B. Barbier, T. Busso, J. D. Rouillon,
and J. C. Chatard, "Modelling the transfers of training effects on
performance in elite triathletes,” (in English), International
Journal of Sports Medicine, vol. 23, no. 1, pp. 55-63, 2002.

R. H. Morton, J. R. Fitz-Clarke, and E. W. Banister, "Modeling
human performance in running," Journal of Applied Physiology,
vol. 69, no. 3, pp. 1171-1177, September 1, 1990 1990.

R. E. Wood, S. Hayter, D. Rowbottom, and I. Stewart, "Applying
a mathematical model to training adaptation in a distance runner,"
(in English), European Journal of Applied Physiology, Article vol.
94, no. 3, pp. 310-316, Jun 2005.

G. McConell, R. J. Snow, J. Proietto, and M. Hargreaves, "Muscle
metabolism during prolonged exercise in humans: influence of
carbohydrate availability," Journal of Applied Physiology vol. 87,
no. 3, pp. 1083-1086, September 1, 1999 1999.

J. A. Romijn et al, "Regulation of endogenous fat and
carbohydrate metabolism in relation to exercise intensity and
duration,” (in eng), Am J Physiol, vol. 265, no. 3 Pt 1, pp. E380-91,
Sep 1993.

"Position of the American Dietetic Association, Dietitians of
Canada, and the American College of Sports Medicine: Nutrition
and Athletic Performance,” Journal of the American Dietetic
Association, vol. 109, no. 3, pp. 509-527, Mar 2009.

I. Zalcman et al., "Nutritional status of adventure racers,” (in
English), Nutrition, Article vol. 23, no. 5, pp. 404-411, May 2007.

T. W. Calvert, E. W. Banister, M. V. Savage, and T. M. Bach, "A
Systems Model of the Effects of Training on Physical
Performance.,” IEEE Transactions on Systems, Man, and
Cybernetics, vol. 6, no. 2, pp. 94-102, 1976.

1. M. Cockerill, A. M. Nevill, and N. Lyons, "Modelling mood
states in athletic performance,” (in English), Journal of Sports
Science, vol. 9, no. 2, pp. 205-12, 1991.

W. P. Morgan, D. R. Brown, J. S. Raglin, P. J. O'Connor, and K.
A. Ellickson, "Psychological monitoring of overtraining and
staleness,” (in English), British Journal of Sports Medicine, vol.
21, no. 3, pp. 107-14, 1987.

G. P. Millet, A. Groslambert, B. Barbier, J. D. Rouillon, and R. B.
Candau, "Modelling the relationships between training, anxiety,
and fatigue in elite atletes,” (in English), International Journal of
Sports Medicine, Article vol. 26, no. 6, pp. 492-498, Jul-Aug
2005.

E. W. Banister and T. W. Calvert, "Planning for Future
Performance: Implications for Long Term Training," Canadian
Journal of Applied Sports Science, vol. 5, no. 3, pp. 170-176, 1980.
I. Mujika, T. Busso, L. Lacoste, F. Barale, A. Geyssant, and J. C.
Chatard, "Modeled responses to training and taper in competitive
swimmers," (in English), Medicine and Science in Sports and
Exercise, Article vol. 28, no. 2, pp. 251-258, Feb 1996.

M. Kellmann and K. D. Gunther, "Changes in stress and recovery
in elite rowers during preparation for the Olympic Games," (in
English), Medicine and Science in Sports and Exercise, Article vol.
32, no. 3, pp. 676-683, Mar 2000.

I. B. Stewart and R. L. Pickering, "Effect of Prolonged Exercise
on Arterial Oxygen Saturation in Athletes Susceptible to Exercise-
Induced Hypoxemia," Scandinavian Journal of Medicine and
Science in Sports, vol. 17, no. 4, pp. 445-451, 2007.

I. B. Stewart and K. L. Stewart, "Energy balance during two days
of continuous stationary cycling,” Journal of the International
Society of Sports Nutrition, vol. 4, pp. 15-15, 2007.

N. Almeras, N. Mimeault, O. Serresse, M. Boulay, and A.
Tremblay, "Non-exercise daily energy expenditure and physical
activity pattern in male endurance athletes.," European Journal of
Applied Physiology vol. 63, pp. 184-187, 1991.

E. W. Banister, G. Good, G. Holman, and C. Hamilton, "Modeling
the Training Response in Athletes,” in The 1984 Olympic
Scientific Congress Proceedings. Sport and Elite Performers,
Champaign,IL, 1986, vol. 3, pp. 7-23: Human Kinetics.

O. Neubauer, D. Konig, and K. Wagner, "Recovery after an
Ironman triathlon: sustained inflammatory responses and muscular

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

(38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

stress," european Journal of Applied Physiology vol. 104,
pp. 417-426, 2008.

E. W. Banister, "Modeling Elite Athletic Performance," in
Physiological Testing of the High-Performance Athlete, D.
MacDougall, H. A. Wenger, and H. J. Green, Eds. 2nd ed.
Champaign, Illinois: Human Kinetics Books, 1991.

E. W. Banister, J. B. Carter, and P. C. Zarkadas, "Training theory
and taper: validation in triathlon athletes,” (in English), European
Journal of Applied Physiology, Article vol. 79, no. 2, pp. 182-191,
Jan 1999.

T. Busso, "Variable dose-response relationship between exercise
training and performance,” Medicine and science in sports and
exercise, vol. 35, no. 7, pp. 1188-95, 2003.

T. Busso, H. Benoit, R. Bonnefoy, L. Feasson, and J. R. Lacour,
"Effects of training frequency on the dynamics of performance
response to a single training bout,” (in English), Journal of
Applied Physiology, Article vol. 92, no. 2, pp. 572-580, Feb 2002.
T. Busso, C. Carasso, and J. R. Lacour, "Adequacy of a systems
structure in the modeling of training effects on performance.,"
Journal of Applied Physiology, vol. 71, no. 5, pp. 2044-2049, 1991.
A. C. Grandjean, "Macronutrient intake of US athletes compared
with the general population and recommendations made for
athletes,” American Journal of Clinical Nutrition, vol. 49, pp.
1070-6, 1989.

A. Johnson et al., "Psychological, nutritional and physical status
of olympic road cyclists," British Journal of Sports Medicine, vol.
19, pp. 11-14, 1985.

C. S. Khoo, N. E. Rawson, and M. L. Robinson, "Nutrient intake
and eating habits of triathletes,” Annals of Sports Medicine, vol. 3,
pp. 144-50, 1989.

J. Seale, "Energy expenditure measurements in relation to energy
requirements,” Am. J. Clinical Nutrition, vol. 62, no. 5, pp. 1042S-
1046, November 1, 1995 1995.

D. McNair, M. Lorr, and L. Droppleman, Profile of Mood States
Manual. San Diego, CA: EdITS/Educational and Industrial
Testing Service, 1992.

D. T. Martin, M. B. Andersen, and W. Gates, "Using Profile of
Mood States (POMS) to monitor high-intensity training in cyclists:
Group versus case studies,” (in English), Sport Psychologist,
Article vol. 14, no. 2, pp. 138-156, Jun 2000.

P. J. O'Connor, W. P. Morgan, J. S. Raglin, C. M. Barksdale, and
N. H. Kalin, "Mood state and salivary cortisol levels following
overtraining in female swimmers,” Psychoneuroendocrinology,
vol. 14, no. 4, pp. 303-310, 1989.

M. Liederbach, G. W. Gleim, and J. A. Nicholas, "MONITORING
TRAINING STATUS IN PROFESSIONAL BALLET
DANCERS," (in English), Journal of Sports Medicine and
Physical Fitness, Article vol. 32, no. 2, pp. 187-195, Jun 1992.

W. P. Morgan, D. L. Costill, M. G. Flynn, J. S. Raglin, and P. J.
O'Connor, "Mood disturbance following increased training in
swimmers," Medicine and Science in Sports and Exercise, vol. 20,
no. 4, pp. 408-14, August 1, 1988 1988.

M. Kellmann, D. Altenburg, W. Lormes, and J. M. Steinacker,
"Assessing stress and recovery during preparation for the world
championships in rowing," (in English), Sport Psychologist,
Article vol. 15, no. 2, pp. 151-167, Jun 2001.

M. Kellmann and K. W. Kallus, Recovery-stress questionnaire for
athletes: User manual (Recovery-stress questionnaire for athletes:
User manual.). Champaign, IL US: Human Kinetics, 2001.

M. L. O'Toole, "Overreaching and Overtraining in Endurance
Athletes," in Overtraining in Sport, R. B. Kreider, A. C. Fry, and
M. L. O'Toole, Eds. Champaign, IL: Human Kinetics, 1998.

B. G. Berger, R. W. Motl, B. D. Butki, D. T. Martin, J. G.
Wilkinson, and D. R. Owen, "Mood and cycling performance in
response to three weeks of high-intensity, short-duration
overtraining, and a two-week taper,” (in English), Sport
Psychologist, Article vol. 13, no. 4, pp. 444-457, Dec 1999.

P. Terry, "THE EFFICACY OF MOOD STATE PROFILING
WITH ELITE PERFORMERS - A REVIEW AND SYNTHESIS,"”
(in English), Sport Psychologist, Article vol. 9, no. 3, pp. 309-324,
Sep 1995.

P. C. Terry and A. M. Lane, "Normative values for the profile of
mood states for use with athletic samples,” Journal of Applied
Sport Psychology, vol. 12, no. 1, pp. 93 - 109, 2000.

L. Burke, "Nutrition for recovery after training and competition,"
in Clinical Sports Nutrition, L. Burke and V. Deakin, Eds. 3rd ed.
NSW: McGraw-Hill, 2006.



99 Journal of Physical Activity Research

[48] L. M. Burke, G. R. Cox, N. K. Cummings, and B. Desbrow, Them?," Sports Medicine, vol. 31, no. 4, pp. 267-299, 2001.
"Guidelines for Daily Carbohydrate Intake: Do Athletes Achieve

@ @ © The Author(s) 2020. This article is an open access article distributed under the terms and conditions of the Creative Commons
Ev Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).



