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Abstract. Fatigue is a prevalent problem in the workplace and a common symptom of many diseases. However, its relationship with the
autonomic nervous system, specifically with sympathetic arousal, needs clarification. The objective of this study was to determine the
association between fatigue and heart rate variability (HRV). HRV is regarded as an indicator of the autonomic regulation activity of
heart rate, specifically sympathetic and parasympathetic activity. Spectral changes in low-frequency (LF; 0.04-0.15Hz) and high-fre-
quency (HF; 0.15-0.4Hz) components of HRV have been reported to be associated with distressing conditions such as hemorrhagic
shock, acute myocardia infarction, elevated anxiety, and depressed mood. While HRV changes have been found in persons with chronic
fatigue syndrome, its association with fatigue in heathy individual s still needs clarification. HRV was assessed in atotal of 50 participants
who were asked to perform a task until becoming fatigued. Low-frequency HRV activity increased, while indices of parasympathetic
modulation such as RM SSD and pNN50 remained stabl e as participants experienced fatigue, suggesting that fatiguein healthy individuals
may be associated with increased sympathetic arousal. In addition, employing multiple regression analyses, we could positively associate
the change in LF/HF HRV ratio from baseline to fatigue with factors such as emotional stability, warmth and tension and negatively

associate it with social boldness and self-reported levels of vigor.
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Introduction

Fatigue is a prevalent problem in society (Akerstedt et al.,
2004; Bultmann, Kant, Kad, & Beurskens, 2002) and is
known to be related to increased risks of accidents in the
workplace and on the road (Arnedt, Geddes, & Maclean,
2005; Connor et al., 2002; Dinges, 1995; Dingeset a., 1997;
La & Craig, 2001; Lamond & Dawson, 1999; Nilsson, Nel-
son, & Carlson, 1997; Philip et a., 2003). Fatigueisbelieved
to be amgjor factor contributing to fatal road crashesin oc-
cupational drivers (Phillip, 2005). For instance, research in
Australia has found that workers employed in the transport
and storage industries have the highest rate of work-related
road deaths (15.5 per 100,000), and fatigue isthought tobea
major factor causing these accidents (Mitchell, Driscoll, &
Healey, 2004). Fatigue is also a common complaint and
symptom associated with many di seases such assleep apnoea
(George, 2004), chronic fatigue syndrome (Boneva et al.,
2007), depressive and anxi ety-based disorders (Friedman &
Thayer, 1998; Fuhrer & Wessely, 1995), trait anxiety and
stress (Craig, Tran, Wijesuriya, & Boord, 2006), and life-
threatening diseases such as cancer and heart failure (Aker-
stedt et al., 2004; Mills, Parker, Dimsdae, Sadler, & Ancoli-
Israel, 2005).
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A promising area for understanding processes involved
with fatigue involves studying the changes in heart rate
variability (HRV) associated with fatigue. HRV is a mea-
sure of autonomic activity that describes variations in the
heart rate (Malik, 1996). As concluded by the Task Force
of the European Society of Cardiology and the North
American Society of Pacing and Electrophysiology (Malik,
1996), the power spectral analysisof HRV providesamea-
sure of the autonomic modulation of heart rate. Overall
HRV is traditionally measured by analyzing the standard
deviation of the normal to normal heart rate intervals
(SDNN). Spectral analysis of HRV provides three compo-
nents, which are very low frequency (0.003-0.04; VLF),
low frequency (0.04-0.15; LF) and high frequency
(0.15-0.40; HF). While VLF has not been considered are-
liable measure (Malik, 1996), LF reflects both sympathetic
and vagal (parasympathetic) heart rate control; HF is driv-
en by respiration and provides an estimate of parasympa-
thetic or vagal modulation of heart rate (Malik, 1996).
Studies have shown increased power in the LF band (and
sometimes simultaneous decreases in the HF component)
to be associated with distress and anxiety (Dishman et al.,
2000; Friedman & Thayer, 1998; Lucini, Norbiato, Clerici,
& Pagani, 2002) and depressive mood (Rottenberg, Wil-
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helm, Gross & Gotlib, 2002). Additionally, Kawachi, Spar-
row, Vokonas, and Weiss (1995) showed reduced HRV as-
sociated with anxiety in 581 men, while Yeragani et al.
(1993) found decreased HRV in panic-disordered patients
(Malik, 1996).

A few studies have examined the association between
HRV and fatigue. Disturbance in autonomic function inthe
sympathetic component of the HRV has been linked to fa-
tigue in persons with multiple sclerosis (Flachenecker et
al., 2003) and with chronic fatigue syndrome (Yoshiuchi,
Quigley, Ohashi, Yamamoto, & Natelson, 2004). Sluiter
and colleagues found reproducibility in HRV variables in
chronic fatigue participants. Verwey and Zaidel (1999)
conducted a study in which 26 drivers performed a simu-
lated driving task for over 2 h. They found that the LF com-
ponent of HRV (0.1 HZz) was related to drowsiness. Ahs-
berg, Gamberal e, and Gustafsson (2000) performed a study
in which 20 male and 20 female adults participated in a
vigilance task. Among many other measures they found
that HRV increased more when associated with avigilance
task compared to aproofreading task. Egelund (1982) stud-
ied HRV in 8 participants while they drove for around for
4 h (comprised of short 2-km drivesinterspersed with short
breaks) on a highway in the afternoon and found that the
LF spectrum component of the HRV (that is, 0.04-0.15 Hz)
increased as the subjects became fatigued, though he found
no association between fatigue and overall HRV. Apparies,
Riniolo, and Porges (1998) studied HRV during driving in
24 truck drivers over a period of 8 to 10 h. Heart rate in-
creased and HRV decreased over the period of the driving
shift, suggesting also an increase in sympathetic activity.

The majority of studies that have investigated HRV
changes associated with fatigue suggest that fatigue is as-
sociated with reduced HRV or an increased LF component
and thus perhaps increased sympathetic activity. However,
most of these studies have utilized low numbers of partic-
ipants, lowering the confidence one would have in their
conclusions, and few have studied spectral changesof HRV
associated with fatigue in healthy subjects. Furthermore,
few if any have investigated factors that contribute to
changes in HRV as a person fatigues. Therefore, the aims
of this study were (1) to investigate HRV spectral changes
that occur in healthy participants as they fatigued during a
boring simulated driving task; and (2) to investigate psy-
chological and demographic determinants that contribute
to HRV change associated with fatigue.

Methods

Participants

A total of 50 participants (23 females and 27 males) were
randomly selected from a large group of university stu-
dents, staff, and general community. The participants’
mean age was 32 years (SD = 12.5 years, range 18 and 55
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years). Participants were only admitted into the study if
they were currently healthy (as determined by the preinter-
view), held a current drivers license, and reported having
had no prior brain disease or seep disorders (self-reported).
They were asked to refrain from alcohol consumption for
24 h and caffeine consumption for 12 h prior to the study,
which was approved by the institution’s research ethics
committee. Participants were entered into the study only
after informed consent.

Procedure

The design of the study involved an experiment in which
the electrocardiogram (ECG) of participants was assessed
at baseline (measure 1 or M1), after 5 min of driving (mea-
sure 2 or M2), and immediately after the subjects showed
first signs of fatigue (measure 3 or M3). Following M3, the
task (simulated driving task) was terminated.

After giving the participants time to relax and adjust to
the environment of the laboratory, participants were given
psychological and physiological premeasures. A battery of
questionnaires were given to participantsto complete. This
included the Chalder Fatigue Scale (CFS; Chalder et al.,
1993), which measures aspects of mental and physical fa-
tigue and provides an overall indicator of fatigue. It was
used to assess fatigue before and after the monotonoustask.
The scale has been shown to have high reliability and va-
lidity. They also completed the Profile of Mood States
(POMS; McNair, Lorr, & Droppleman, 1971) before the
driving task. An assessment of personality was also con-
ducted using the primary factors of the 16 Personality Fac-
tor (16PF) questionnaire (Cattell, Eber, & Tatsuoka, 1986).
To determine the health status of the group, an assessment
of lifestyle health was measured using the Lifestyle Ap-
praisal Questionnaire (LAQ; Craig, Hancock, & Craig,
1996), and sleepiness propensity was measured by the Ep-
worth Sleepiness Scale (ESS; Johns, 1991). All these ques-
tionnaires have been shown to be reliable and to have ac-
ceptable validity.

The completion of the psychological battery was fol-
lowed by physiological premeasures such as height, weight
(BMI), blood pressure, and a 5-minute assessment of rest-
ing ECG to establish resting baseline HR and HRV (M1).
The participants were then given time to familiarize them-
selves with the task by undertaking a practice run on the
driving simulator. Once participantsfelt confident that they
were able to steer the simulated car and no longer felt the
task to be novel, the task was begun. Throughout the task,
the faces of the participants were captured on video.

Participation in the task was terminated 5 min after the
participants began to show physical signs of fatigue (such
as head nodding and eyeblink duration). Immediately after
thetask, participants completed the CFS again to determine
the extent of self-reported fatigue. Each participant was
tested individually in atemperature- (2023 °C) and light-
controlled room. All participants were tested during one of
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two periods of the day (9.00-12.00 am. and
2.00-5.00 p.m.) in order to control the potential confound-
ing influence of circadian rhythms. These two periods have
been shown to be similar in circadian rhythm influence
(Bear, Connors, & Paradiso, 2001). However, it is impor-
tant to note that the subjects who were assessed in the
9.00-12.00 a.m. period were found to have lower levels of
pretask self-reported fatigue than those assessed in the
2.00-5.00 p.m. period (difference in the Chalder Fatigue
Scale of 9.4 in the morning compared to 13.9 in the after-
noon session; p < .05). This difference in aertness level
over timeissimilar to what has been predicted by the Three
Process Model of Alertness Regulation (Akerstedt & Folk-
ard, 1995). Although both groups may have started at dif-
ferent levels of self-reported fatigue, the change in the lev-
els of self-reported fatigue during the monotonoustask was
not significantly different between the morning and after-
noon groups, and the mean timeit took the groupsto fatigue
was also not significantly different (Wijesuriya, Tran, &
Craig, 2007). In addition, repeated measures ANOVA from
M1 to M3 found no significant differencesin HR, LF, HF,
and L F/HF between the groups assessed in the morning and
afternoon sessions (p = .33, .52, .49 and .38, respectively).

Heart Rate Variability Analysis

In this study, the electrocardiogram was recorded using the
Biosemi Active Two dataacquisition system (Biosemi.com).
Two surfaceflat-type Ag-AgCl Biosemi™ Active (Biosemi.
com) electrodes were placed on the |eft side of the chest re-
gion. The ECG signal was acquired at a sample rate of
2048 Hz. A resting baseline ECG of 5 min was recorded for
each participant before the commencement of the driving
task. The R-R interval (ms) was detected from each ECG
recording by using an adaptive QRS compl ex detection algo-
rithm. All analyzed R-R data segments were selected so that
they were 5 min in length (300 s) in order to avoid variance
in results. The low frequency trend was removed from each
R-R segment by using a smoothness priors based detrending
method with smoothing parameter A = 500 (Tarvainen, Ran-
taraho, & Karjalainen, 2002). The R-R interval sequenceisa
nonequidistantly sampled time sequence and must be con-
verted to an equidistantly sampled sequence before spectral
analysis. This was accomplished by utilizing a 4 Hz cubic
splineinterpolation.

Time- and frequency-domain variables of HRV (HR,
RR, SDNN, pNN50, RMSSD, LF, HF, and LF/HF) were
then calculated (Malik, 1996). All the calculations were
done by using Matlab® (The MathWorks, Inc.) environ-
ment. In the frequency domain, the power spectrum esti-
mates were calculated using both an FFT-based method
(Welch's periodogram) and an autoregressive (AR) model -
ing-based method (Marple, 1987). In Welch’s periodo-
gram, a 100-s window with 50% overlap was used. In AR
spectrum estimate, amodel order 20 was used (the decision
of which was made based on three common model order
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selection criterid). In both spectrum estimation methods,
the spectrum was divided into three frequency bands, i.e.,
very low frequency (VLF): 0-0.04 Hz, low frequency (LF):
0.04-0.15Hz, and high frequency (HF): 0.15-0.4Hz. VLF
was not used in the analysis. The LF and HF data are also
presented in a normalized format, that is, the individual
spectraisdivided by thetotal spectral band, asthishasbeen
shown to optimize the LF and HF data (Jaffe, Fung, &
Behrman, 1994). The LF/HF ratio was also used to indicate
sympathovagal balance.

The Simulated Driving Task

Vigilance level or aertness/arousal has proved to decrease
with fatigue (Campagne, Pebayle, & Muzet, 2004). A sim-
ulated driving task was used in this study as a vigilance
task. Simulated driving tasks are used in fatigue studies,
bothin clinical and research settings asthey provide amea-
sure to detect fatigue by means of decreased vigilance
(George, 2004). In thisstudy we used the Divided Attention
Steering Simulator (DASS) (Stowood Scientific Instru-
ments, Oxford, UK), according to the manufacturer’s in-
structions. The DASS has been used reliably in other stud-
ies (Phillip et al., 2003). The program measures decreasing
vigilance/fatigue by means of increased deviation of steer-
ing the car and poor reaction time. The aim of the task was
to steer an image of a car down the center of the road using
a game steering wheel (Grandprix 1, Thrustmaster, Alta
Loma, CA, USA). During the task, the digits, which
changed randomly, were displayed at the corner of the
screen. To test vigilance and reaction time, we required the
subjects required to identify the number “2” when it ap-
peared by pressing abutton on the same side of the steering
wheel asit appeared on the screen (Turkington, Sircar, All-
gar, & Elliott, 2001). The task was considered monotonous
because the participants were required to drive at slow
speeds for an extended period of timeinanoise-, stimulus-,
and temperature-controlled laboratory.

Fatigue Symptoms

Asin our prior related studies (Craig et a., 2006; Wijesu-
riya, et al., 2007), fatigue was defined as the consistent
appearance of physical facial symptoms such as nodding
and yawning (validated by video analysis), or when eye
closure during blinking became prolonged (at least
400ms). A Biosemi Active Two system (Biosemi.com)
was used to measure eye activity via an electrooculogram
(EOG). Two pairs of active electrodes were placed across
the eyes diagonally to measure EOG activity. Other studies
(Caffier, Erdmann, & Ullsperger, 2003) have found that
alert eye closure during a blink occurs for around 200 ms
(range: 100 to 300 ms) increasing to around 300 ms during
fatigue (range: 200 to 450 ms). Therefore, closure times of
at least 400 ms during eyeblinks were considered evidence
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that the subject was definitely experiencing fatigue. Behav-
ior and facial expressions of the participants were also ob-
served during the task through video monitoring, for signs
of fatigue, such as tired eyes, prolonged eye closure, and
head nodding. This experiment was set up to be a 2-h task,
whereby the participants were stopped by the researcher
5 min after subjects began to show definite signs of fatigue
(i.e., nodding off, prolonged eye closure, or when a subject
drove off the road for more than 15s). As stated above,
subjects were video recorded during the task and detection
of the fatigue related state was independently assessed by
two trained observers. A 90% agreement on video moni-
toring occurred between the two raters, suggesting that the
video analysis component of the physiological measure
was a reliable assessment.

Analysis

All analyseswere performed using Statistica software (Ver-
sion 7, Statsoft, Tulsa, OK, USA). Statistical power for the
study was determined to be in the range of 50% to 98%
given the moderate to large effect sizes found (e.g., effect
size for overal CFS = .7; for HRV normalized LF = .43;
for HRV normalized HF = .54). High statistical power of
around 80% increases confidence in the study findings.
Factorial repeated measures ANOVAS were conducted in
order to determine spectral differencesin HRV for the 50
participants between baseline (M 1), 5 min after the start of
the task (M2), and when the subjects were found to have
fatigued (M3). All three measures consisted of periods of
5 min of HRV data. While HR was continuously measured
throughout the task, only the above three periods (baseline
or M1, 5minintothetask or M2, and after subjectsfatigued
or M3) of 5 min were reported and analyzed in order to
determine the effect of fatigue on HRV activity. Data for
two participants were removed from the time interval M2
and one from the time interval M3 due to poor HR signals.
Their HRV data were substituted with means for the mul-
tiple regression analyses. To determine the unique contri-
bution of the demographic and psychological factors to
HRV, all psychological and relevant demographic variables
were then entered into a series of forward deletion multiple
regression analyses (entry criteriaset at F of 1.5), with the
dependent variable being change in LF/HF (calculated as
LF/HF M3 minus LF/HF M1). The aim of the performing
aregression analysis was to establish the strongest combi-
nation of factorsthat contributed to HRV variation. Certain
factors were not entered because of the problem of multi-
collinearity (Tabachnik & Fidell, 1996), in which variables
that are highly correlated should not be entered together
into the regression. Therefore, the Total POM S score (high-
ly correlated with the POMS subcomponent scores), the
secondary 16PF factors (highly correlated with the 16PF
Primary factors), and the POMS Fatigue score were not
entered into the regression analysis.
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Results

Premeasure psychologica and physiological results found
that the LAQ scores (mean = 13.8, SD = 6; 95%Cl:
12.1-15.6) for the sample suggest that the group of 50 driv-
ers was within the normal healthy range with the LAQ
mean and 95% confidence intervals, falling well below the
unhealthy range (> 20 for people aged 20 to 50 years)
(Craig et al., 1996). This is also suggested by the mean
scores for blood pressure (mean systolic/diastolic BP =
118/70; SD = 10/11), heart rate (mean HR = 71, SD = 11),
and body mass index (mean BMI = 23.9, SD = 3.5). The
group was aso found to have “normal” levels of mood
statesas measured by the POMS (McNair et a., 1972). This
was the case for anxiety (sample mean = 10.6, SD = 6;
POM S norm of around 13-14 for adult males and femal es),
depressive mood (sample mean = 9.7, SD = 11; POMS
norm of around 13-15 for adult males and females), and
fatigue (sample mean = 10, SD =5; POM S norm of around
10-11 for adult males and females). The group’s mean
sleepiness score (mean ESS = 8.1; SD = 3.9) was found to
be similar to normative values (Johns, 1991). Age was not
found to correlate significantly with any of the HRV mea-
sures. Furthermore, testing for differences between males
(n=27) and females (n = 23) using t-test procedures on the
normalized LF and HF measures did not result in any con-
sistent significant differences.

Table 1 shows the mean self-reported Chalder Fatigue
Scale (CFS) broken into its subtraits of mental and physical
fatigue. CFS scoresincreased as the subjects completed the
simulator task, and thisincrease was significant (e.g., over-
al CFS: t=4.1, df = 49, p < .05), suggesting the partici-
pants fatigued as a consequence of simulated driving over
the time period of the task. Furthermore, blink rates (blinks
per minute) of the group taken at 5 min into the task and at
the time they were asked to stop driving was shown to have
significantly increased from 15.98 to 24.5 (t = -5.11, p<
.001).

Table 1. Descriptive values (mean [SD] ClI) for the Chalder
Fatigue Scale (CFS), total CFS score, and physical
and mental CFS breakdowns

Measure Pretask (SD) Posttask (SD) p
95%CI 95% ClI
Chalder 12.08 (6.92) 16.78 (7.91) .00015
10-14 14519
Chalder Physical 7.82(4.43) 11.20 (5.18) .00003
6.6-9.1 9.7-12.7
Chalder Mental 4.42 (3.03) 5.58 (3.31) .0105
3553 4.6-6.5

Table 2 shows mean valuesfor the R-R, SDNN, pNN50,
RMSSD, the LF/HF ratios, the absolute and normalized
valuesfor LF and HF spectrum for baseline (M1), after the
first 5 min in the task (M2), and when subjects began to
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Table 2. Descriptive values (Mean [SD] ClI) for HR and HRV measures for M1 (pretask), M2 (5 min into task) and M3

(onset of fatigue symptoms)
Measure Pretask(SD) 5min (SD) Posttask(SD) p
95%Cl 95%Cl 95% ClI
R-R (ms) 865.7 (144) 862.6 (125) 8455 (131) 0122
824-906 827-898 808-882
SDNN 46.7 (29) 43.6 (22) 49.4 (25) 1472
38-55 37-50 42-56
pNN50 20.1 (22.0) 19.0(18.1) 18.1(18.0) 1736
13.9-26.4 13.7-24.2 12.9-233
RMSSD 50.1 (41.4) 46.1 (32.0) 50.2 (36.8) .3492
38.3-61.8 36.8-55.4 39.7-60.8
LF (ms) 1179 (1520) 1037 (1217) 1581 (1792) .0180
748-1612 683-1390 1067-2096
LF normalized score 50.1 (15) 52.8 (15) 56.6 (15) .0030
45-54 483-57 52-61
HF (ms) 1415 (2612) 980 (1639) 1218 (1789) 1274
673-2157 504-1456 704-1732
HF normalized score 43.6 (16) 40.6 (15) 35(17) .0002
3948 3645 3040
LF/HF retio 15(1.3) 1.7(15) 2.4 (2.3) .0081
12-19 1322 17-31

Table 3. Multiple regression summary for change in LF/LH (from M1 to M3). R= 0.58, R>= 0.33; F(5, 44) = 447, p<
.01. Semipartial correlations are shown (Spc), asisthe amount each factor individually contributes to the depend-

ent variable (Spc?)
Persondlity traits B SEB B t vaue p value Spc Spc?
16 PF A (warmth) 021 0.13 0.27 1.6 A1 0.20 3.9%
16 PF C (emotional stability) 0.34 0.14 0.50 2.4 .02 0.29 8.5%
16PF H (social boldness) -0.46 0.13 -0.52 -35 .001 -0.43 18.6%
16PF Q4 (tension) 0.28 0.15 0.40 1.9 07 0.23 5.3%
POMS Vigor —0.25 0.14 -0.11 -1.8 .07 -0.23 5.1%

show definite signs of fatigue (M3). The R-R valuesin the
time domain over the monotonous task significantly de-
creased (F = 4.6, df = 2.94; p < .05), and significant differ-
ences existed between baseline R-R and R-R taken during
M3 (Scheffé test p < .05). The significant R-R decrease
means that heart rate increased as fatigue increased. The
overall HRV (SDNN) scores and parasympathetic indices
pNN50 and RMSSD, did not significantly change from pre
to post over the fatiguing task. Absolute and normalized L F
both showed significant increasesfromM1to M3 (F =4.2,
df = 2.94; p< .05 and F = 6.2, df = 2.94; p < .05, respec-
tively). Scheffé test showed significant differences be-
tween M1 and M3. Absolute HF was not significantly dif-
ferent from pre- to postfatigue task; however, normalized
HF did show a significant decrease between M1 and M3
and M2 and M3 (F = 6.1, df = 2.94; p< .05). Figure 1
shows the significant influence of the fatiguing task on LF
and HF values (Wilks A = 0.74, F(4, 44) = 4.44, p = .009).
The LF/HF ratio significantly increased over the task (F =
5.1, df = 2.94; p < .01), and the significant differences ex-
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isted between baseline LF/HF ratio (M1) and the LF/HF
ratio when subjects fatigued (M3) (Scheffé test p < .05).

A stepwise multiple regression analysis was performed
to isolate possible demographic and psychological deter-
minants of the HRV. The dependent variable was the
change in LF/HF ratio (from M1 to M3). The forward de-
letion multiple regression was run until the strongest five
variables had been isolated that contributed to fatigue.
Semipartial correlations (Spc) and the amount of variance
that each variable contributed to the fatigue outcome mea-
sures (Spc? as a percentage value) are also provided. Table
3 shows the regression statistics for change in LF/HF with
the five variables contributing 34% to the L F/HF ratio from
baseline to alert (R= .58, R?= .34, F(5, 44) = 447, p<
.01). Only two of these variableswere significant: emotion-
al stability (contributing 8.5% with high emotional stability
scores relating to greater change in LF/HF ratio from M1
to M3) and socia boldness (contributing 18.6% with high
levels of social boldness related to lower levels of change
in LF/HF ratio from pre- to posttask).
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Figure 1. Normalized values for LF
versus HF components of theHRV da-
| taover the time of the fatiguing task.
Time M 1isthe pretask measure, Time
M2isthe5 min measureand TimeM3
] isthe posttask HRV measure.
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Discussion

The participantsin this study were found to experience sig-
nificantly increased levels of fatigue asaresult of complet-
ing the monotonous driver simulator task. This conclusion
was supported by the significantly and substantially in-
creased self-reported CFS levels of fatigue as well as the
increased physical symptoms of fatigue (such as increased
eyeblinks). A major purpose of this study wasto determine
whether healthy participants experienced changes in spec-
tral HRV asthey fatigued. The findings provide strong ev-
idence that fatigue is associated with increased LF values
(both absolute LF and normalized LF) and decreased nor-
malized HF values. There was also a significant increase
in the LF/HF ratio (M1 to M3). However, absolute HF as
well as other parasympathetic indices such as pNN50 and
RMSSD were shown to be stable from pre- to posttask (see
Table 2). These findings suggest that sympathetic activity
is associated with increased fatigue. The study also found
that the R-R interval significantly decreased, meaning that
heart rate increased during the fatiguing task, and increased
heart rate usually accompanies increased autonomic ner-
vous system (ANS) sympathetic activity. Similar HRV
findings were found in adolescents with chronic fatigue
syndrome. Compared to control participants, chronic fa-
tigue adolescents were found to have increased absolute
and normalized L F and decreased absolute and normalized
HF activity during mild orthostatic stress (Wyller, Barbeiri,
Thaulow, & Saul, 2008; Wyller, Saul, Amlie, & Thaulow,
2007). Another study examined 59 indicators for unex-
plained fatigue in patients including multiple symptoms,
gene and clinical variables, and found oxidative stress, im-
mune system dysfunction, and potassium imbalance were
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M3

common in chronic fatigue patients. They concluded that
this leads to an impaired sympatho-vagal balance and re-
flects strongly in abnormal HRV (Broderick et al., 2006).
Asargued above, fatigueis a prevalent problem in soci-
ety that is known to present serious risksin society such as
road- and work-related accidents, and evidence also sug-
gests fatigue can increase chances of complicationsin dis-
eases such as depression and heart disease (Fuher & Wes-
sely, 1995). Nevertheless, it is aso recognized that, as a
condition, fatigue is not well understood and therefore
needs further research in order to clarify its nature in order
to effectively manage associated complications (Bultmann
et al., 2002). Fatigue states have been found to be associ-
ated with distressing feelings, depressive mood, and anxi-
ety (Bultmann et al., 2002; Craig et a., 2006; Pawlikowska
et a., 1994). Latest research suggests that fatigue and psy-
chological distressare highly correlated with shared symp-
toms (Bultmann et al., 2002). However, research that em-
ployed principal components analysis found the constructs
“distress’ and “fatigue” to bedistinctly independent factors
(Bultmann et al., 2002). In addition, prior research has
found preliminary evidence that fatigue is associated with
increased levels of sympathetic activity (Egelund, 1982).
The research presented in this paper provides evidence that
fatigue occurring as a result of a monotonous task in
healthy individuals is associated with increased levels of
sympathetic activity. Autonomic nervous system sympa-
thetic activity is known to play a prominent role in the hu-
man stress response (Black & Garbutt, 2002). Therefore, it
is quite possible that many of the subjects were experienc-
ing unpleasant or distressing feelings when fatiguing. For
example, we know from the data that, as the subjects ex-
perienced increased levels of both mental and physical fa-
tigue, they experienced increased heart rate, and the fre-
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guency of their eyeblinks increased as they struggled to
keep their eyes open. Because of the demands of partici-
pating in the simulated driving task, they would have men-
tally and physically struggled to remain alert. This could
well be the reason why peopl e become aroused sympathet-
icaly. While it has been thought that fatigue experienced
during a demanding task is a condition resulting in a more
relaxed or pleasantly sleepy state (Lal & Craig, 2001), the
findings of this study suggest quite the reverse.

This study addressed a further question focusing on the
demographic and psychol ogical determinantsof the change
in the LF/HF ratio associated with the increased levels of
fatigue. A number of factors were found to contribute: The
personality trait social boldnesswasfound to contributethe
most (18.6%) to change in LF/HF ratio associated with fa-
tigue. Thisfinding suggests that a person more likely to be
sympathetically aroused when they fatigue islow in social
boldness — an introversion factor. Therefore, introversion
is a potential risk factor for experiencing higher levels of
distress during fatigue. Interestingly, in prior paperswe re-
ported findings that suggest that extroverted persons are
more at risk of experiencing fatigue (Craig et al., 2006;
Wijesuriya et al., 2007). This raises the possibility that,
while extroverted people may have agreater risk of becom-
ing fatigued during monotonous tasks, introverted people
are more likely to become distressed as a result of becom-
ing fatigued. Emotional stability also significantly contrib-
uted to the change in LF/HF ratio with higher emotional
stability scores associated with greater changes in LF/HF
ratio. This finding will need replication, as Liu and col-
leagues (2004) found that people scoring higher in emo-
tional stability had lower normalized LF and HF activity
during areaction timetask, but araised normalized LF and
HF during an actual flying task. Although not significant
(p =.07), 16PF tension factor and POM S Vigor contributed
5.3% and 5.1%, respectively, to changein LF/HF ratio, sug-
gesting that people with higher tension and lower vigor
scores are also more likely to show greater LF/HF change
from pre- to posttask. This is supported by our previous
finding that fatigue is associated with a predisposition to
be anxiouswith lower vigor levels(Wijesuriyaet a ., 2007).
However, it must be noted that these findings need to be
treated with some caution as recent evidence questions the
relationship of the LF/HF ratio asamarker for sympathetic
control (Goedhart, Willemsen, Houtveen, Boomsma, &
Geus, 2008).

Clearly, the association of fatigue and HRV needs fur-
ther investigation. The results of this study suggest fatigue
is associated with increased sympathetic activity in a
healthy population, and that psychological factors contrib-
ute to this process. One feature that may need attention in
future studiesis controlling circadian rhythm influences by
assessing fatigue in the same period during the day. While
we did not control for this factor in the present study, there
were no significant differences in the HRV variables be-
tween the morning and afternoon experimental sessions.
Additionally, future studies should control for theinfluence
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of factors that may affect autonomic regulation and circu-
latory physiology, including medications such as antihy-
pertensive drugs and pharmaceuticals such as the contra-
ceptive pill. Given the risk of morbidity and mortality asa
consequence of fatigue-related accidents and the negative
involvement of fatigue in serious disease, it is imperative
that we better understand its complex nature and its asso-
ciation with a person’s psychophysiology.
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