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Abstract Purpose of this study was to test utility of heart
rate variability (HRV) in daily endurance exercise prescrip-
tions. Twenty-six healthy, moderately fit males were ran-
domized into predefined training group (TRA, n = 8), HRV-
guided training group (HRV, n=9), and control group
(n =9). Four-week training period consisted of running ses-
sions lasting 40 min each at either low- or high-intensity
level. TRA group trained on 6 days a week, with two ses-
sions at low and four at high intensity. Individual training
program for HRV group was based on individual changes in
high-frequency R-R interval oscillations measured every
morning. Increase or no change in HRV resulted in high-
intensity training on that day. If there was significant
decrease in HRV (below reference value [10-day mean-SD]
or decreasing trend for 2 days), low-intensity training or rest
was prescribed. Peak oxygen consumption (VO,.,) and
maximal running velocity (Load,,,,) were measured in maxi-
mal treadmill test before and after the training. In TRA
group, Load,,, increased from 15.1 =13 to 15.7£ 12
km h™! (P = 0.004), whereas VO,peqk did not change signifi-
cantly (54+4 pre and 55+3mlkg 'min~! post,
P=0.224). In HRV group, significant increases were
observed in both Load,,, (from 155+1.0 to 164+
1.0kmh™, P<0.001) and VO, (from 56+4 to
60 £ 5 ml kg~' min~!, P=0.002). The change in Load,,,
was significantly greater in HRV group compared to TRA

A. M. Kiviniemi (<) - A. J. Hautala - M. P. Tulppo
Department of Exercise and Medical Physiology,
Verve Research, Kasarmintie 13, P.O. Box 404,
90101 Oulu, Finland

e-mail: Antti.Kiviniemi @verve.fi

H. Kinnunen
Polar Electro Oy, Kempele, Finland

group (0.5+0.4 vs. 0.9+ 02kmh™!, P=0.048, adjusted
for baseline values). No significant differences were observed
in the changes of VO, between the groups. We concluded
that cardiorespiratory fitness can be improved effectively by
using HRV for daily training prescription.
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nervous system - Exercise prescription

Introduction

In standardized training programs, wide heterogeneity has
been observed in the responsiveness of cardiorespiratory
fitness to physical training (Bouchard and Rankinen 2001;
Hautala et al. 2003, 2006). Age, gender, race, baseline
fitness level, and genetic factors are the known determi-
nants of individual differences in responses to endurance
training (Bouchard et al. 1999; Bouchard and Rankinen
2001; Rankinen et al. 2003). In addition, the status of the
autonomic nervous system plays an important role in the
training response. Higher cardiac vagal outflow, measured
by the high-frequency (HF, 0.15-0.4 Hz) spectral compo-
nent of heart rate variability (HRV) before the training
period, associates with a larger increase in peak oxygen
consumption (VO,,,) among sedentary subjects and ath-
letes (Hedelin et al. 2001; Hautala et al. 2003).

Since most of the known factors behind the individual
variation in the training response cannot be affected by any
treatment, individualized training programs are warranted
to gain better benefits from exercise training, particularly
for subjects susceptible to a poor training response in stan-
dard training programs. Despite the large body of studies
demonstrating an association between endurance exercise
training and HRV (al-Ani et al. 1996; Pichot et al. 2000;
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Hedelin et al. 2001; Iellamo et al. 2002; Iwasaki et al. 2003;
Tulppo et al. 2003; Garet et al. 2004; Hautala et al. 2004;
Kiviniemi et al. 2006), none have assessed prospectively
HRYV measurements as a tool for adjusting the endurance
training program.

The purpose of this study was to test prospectively the
usefulness of daily HRV measurements to dictate endur-
ance training at an individual level. The basic idea of HRV-
guided training was to decrease the training stimulus when
HRYV decreased and maintain training stimulus high when
HRYV remained the same or increased. We hypothesized
that endurance training guided by daily HRV measure-
ments would result in a more favorable training response in
cardiorespiratory fitness than a standard predefined training
program.

Methods
Subjects and study protocol

Thirty healthy recreational male runners were recruited
from the local sports club (Table 1). The candidates were
interviewed with a standardized scheme to ascertain their
medical history and levels of physical activity. All smokers,
subjects with BMI > 28 kg m~2, subjects who had done
regular physical exercise training less than twice a week
during past 3 months, competing athletes, and subjects with
diabetes mellitus, asthma, or cardiovascular disorders were
excluded. The subjects were randomized into a predefined
training group (TRA, n = 10), a HRV-guided training group
(HRV, n=10), and a control group (n =10). Group size
was determined based on a priori power analysis to give
80% power to the responsiveness in the maximal running
performance. The Ethical Committee of the Northern
Ostrobothnia Hospital District, Oulu, Finland, approved the
protocol, and all subjects gave written informed consent.
The laboratory measurements were performed in the
Department of Exercise and Medical Physiology at Verve

Table 1 Characteristics of the test subjects divided into predefined
(TRA) training, heart rate variability (HRV)-guided training, and con-
trol groups

TRA HRV Control

n=_8 n=9 n=9
Age, years 32£5 31£6 35+8
Range 26-38 22-40 24-45
Height, m 1.79 £ 0.06 1.81 £0.03 1.81 £ 0.04
Weight, kg 78 £8 80+ 8 81+£5
BMI, kg m~2 24 £2 24 +2 25+1
Range 22-27 22-26 23-28

Values are means = SD. BMI—Body mass index
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(Oulu, Finland). The subjects were not allowed to eat or
drink coffee for 3 h before the tests. Physical exercise or use
of alcohol was prohibited during the test day and on the
preceding day. Before each maximal exercise test, a resting
electrocardiogram (standard 12-lead ECG) was recorded to
confirm the subject’s cardiac health status. The tests were
performed before and after the training period at the same
time of the day for each subject.

Maximal exercise test

The subjects performed a graded maximal exercise test on a
treadmill (Telineyhtymd, Kotka, Finland), starting at
8.0kmh™! and followed by an increase of 0.5kmh~!
every minute until voluntary exhaustion. Ventilation (VE)
and gas exchange (M909 ergospirometer, Medikro, Kuo-
pio, Finland) were measured and reported as the mean
value per minute. The highest 1-min mean value of oxygen
consumption was expressed as the peak oxygen consump-
tion (VO,e,) since plateau of VO, was not observed during
the test in all cases though other criteria for VO,,,., given in
the literature [i.e., respiratory exchange ratio >1.1 and max-
imum heart rate (HR) within 10 beats of the age-appropri-
ate reference value] were fulfilled (Howley et al. 1995).
The maximal running velocity (Load,,,,) was calculated as
average running velocity during the last minute of the test
and used as a measure of maximal running performance.
Ventilatory threshold (VT) was analyzed blindly from the
relation of running velocity and selected ventilatory param-
eters (VE, VE/VO, and VE/VCO, ratios) (Wasserman et al.
1987). VT could not be analyzed in for one subject in the
HRYV and one subject in the control group.

Training

The controlled 4-week training period consisted of running
sessions at either a low or a high-intensity level according to
recommendations of American College of Sports Medicine
(ACSM 1998). Low-intensity exercise consisted of 40 min
of jogging at 65% of maximal HR. High-intensity exercise
included 5-min warm-up and cool-down periods at 65% of
maximal HR before and after 30 min of running at 85% of
maximal HR. In the TRA group, weekly training started
with low-intensity exercise followed by two sessions of
high-intensity exercise on successive days. This 3-day
period was repeated before a day of rest. The subjects in the
HRYV group exercised at low or high intensity or rested
based on their daily HRV measurements at home. Subjects
exercised mainly outdoors at the time of day most conve-
nient for their daily life. Training on treadmill was allowed
occasionally during bad weather conditions outdoors.

All subjects were familiarized with the use of a HR and
running velocity monitor during the training (Polar S625X,
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Polar Electro Oy, Kempele, Finland) and during the daily
HRV measurements (Polar S810i). The subjects saved the
training and R-R interval data in their personal computer
and sent them to the laboratory by e-mail daily for verifica-
tion and further analysis.

Exercise program based on daily heart rate variability

All the subjects measured R-R intervals every morning after
awakening and emptying the urinary bladder at home. A HR
monitor (Polar S810i) was used to record R—R intervals at a
timing accuracy of 2 ms. Validity of Polar S810 to measure
R-R intervals has been documented previously (Gamelin
et al. 2006). The measurement started with 5 min of sitting
followed by 5 min of standing. The R—R interval data were
saved in a personal computer using the Polar software (Polar
Precision Performance SW 4.0). The software performed an
automated analysis of HRV for training prescription for the
subjects in the HRV group. Measurement errors and abnor-
mal heart beats were eliminated by an automatic process in
the software. First, the error elimination process finds poten-
tial errors with moving average based criteria using both
instantaneous HR and R—R intervals. Second, it marks each
R-R interval as an error if it deviates more than 12 bpm or
more than 4 standard deviations (SD) from the median of 7
R-R intervals in the neighborhood. Third, the previous pro-
cess is repeated until no new errors are found. In the calcula-
tion of median and SD only R-R intervals that were not
marked as errors by the previous filter are used. SD is calcu-
lated in a window of 32 R-R intervals. The errors were cor-
rected according to the length of the error sequence, taking
the previous and next normal R-R interval into account and
maintaining the local trend in the R-R interval time series.
The high-frequency (HF, 0.15-0.40 Hz) spectral component
of HRV was then extracted using an autoregressive model
(order 18) from the 5-min standing period. HRV measure-
ment during orthostatic stress was chosen to avoid the satu-
ration of HF power, expressed as plateau of HF power
despite the increased cardiac vagal outflow, susceptible at
low HR levels (Kiviniemi et al. 2004; 2006). The basic idea
was to decrease the training stimulus when HF power was
attenuated (Fig. 1). The baseline values of HF power were
measured daily during the week before the laboratory tests
without any exercise training. The 3 days following the lab-
oratory tests included rest, low-intensity exercise and high-
intensity exercise, respectively. A total of 10 daily HRV
measurements were done before the HRV guidance was
started. The standard deviation of the 10-day HF power was
subtracted from the 10-day average HF power to be used as
a daily reference value for HRV-guided training, which
moved day by day thereafter. HF power was defined as sig-
nificantly decreased if the daily value was lower than the
reference value. Additionally, a decreasing trend in HF

HRV4/- 1

Fig. 1 Heartrate variability (HRV)-guided training scheme. The basic
idea was to lower the training intensity whenever decreased high-fre-
quency (HF) oscillation of R-R intervals was observed. Maximum two
consequent high-intensity exercises (*) and resting days (1) were al-
lowed. Resting day was prescribed after nine consequent training days
despite the daily HF power. Low = exercise at 65% of maximal heart
rate; High = exercise at 85% of maximal heart rate; Rest = resting day;
HRV+ = increased or not changed HRV; HRV- = decreased HRV

power >0.1 In ms® for two successive days was considered
significant.

Increased or unchanged HF power on the 11th day and
thereafter resulted in high-intensity training. Low-intensity
exercise was prescribed despite the HF power reading after
two successive high-intensity training days. A maximum of
nine successive training days were allowed before a day of
rest was prescribed regardless of the daily HF power. Sig-
nificantly decreased HF power led to training at low inten-
sity, and a further decrease of HF power following a
diminished training stimulus resulted in a day of rest. A
maximum of two successive resting days were allowed, and
low-intensity exercise was prescribed regardless of the
daily HRV on the following day. By these rules, HRV-
guidance could lead to either more or less training than pre-
defined training program. The whole procedure was deter-
mined in advance and integrated into the software, which
automatically provided a daily training program for each
subject. A representative example of the HRV-guided train-
ing practice is presented in Fig. 2.

Retrospective analysis of heart rate variability

HF power values from daily R-R interval measurements at
home were verified retrospectively by separate HRV analysis
software (Heart Signal Co., Oulu, Finland) to ensure valid
training prescription based on daily HRV. Data were edited
by deleting artefacts (<10% for all measurements). HF power
was analyzed by using autoregressive spectral method (model
order 18). One subject in HRV group was excluded from final
analysis since training prescription could not verified by retro-
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Fig. 2 Daily heart rate variabil-
ity (HRV), expressed as high-
frequency (HF) power, and exer-
cise prescription during prede-
fined (a, b) and HRV-guided
training (c, d). The in HRV
group, training stimulus was
lowered if HF power was less
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spective analysis. Three-day average values were obtained
separately for sitting and standing position at pre- and post-
training conditions for all subjects to assess changes in HF
power and mean HR during the intervention.

Training load and fatigue sensation

Training load was assessed by measuring running distance
(Polar S625X, Polar Electro Oy, Kempele, Finland) and by
calculating training impulse (TRIMP) using following for-
mula: TRIMP = A-B-C, in which A is exercise time (min),
B is HR (proportionally of HR reserve), and C is 0.64e'**®
(Banister 1991). Additionally, the subjects filled a question-
naire where a subjective feeling of fatigue was estimated after
each training session (Pichot et al. 2000). The fatigue sensation
was plotted on a visual scale between 0 and 10, O representing
the lack of fatigue and 10 the maximal feeling of fatigue.

Statistical methods

Gaussian distribution of the data was verified by the Shapiro-
Wilk goodness-of-fit test. The effects of training were ana-
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lyzed by two-factor ANOVA with time and interventions fol-
lowed by post hoc analysis between pre- and post-training
values within each group (paired Student’s r-test). Data for
VT was not normally distributed and Wilcoxon’s test was
used instead. ANCOVA with the Bonferroni post hoc test was
used to compare the differences in the changes in VO,
Load,,,, and HRV between the groups using baseline value as
covariate. Kruskal-Wallis analysis with the Mann—Whitney
U-test as post hoc was used to analyze differences in the
changes in VT between the groups. The differences in training
realization between TRA and HRV groups were analyzed by
unpaired Student’s t-test. The data were analyzed using the
SPSS software (SPSS 14.0, SPSS inc., Chicago, USA). P-
value <0.05 was considered statistically significant.

Results

The final series consisted of eight subjects in the TRA
group, nine in the HRV group, and nine in the control
group. Three subjects dropped out due to personal reasons.
One subject was excluded from final analysis since valid
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training prescription based on daily HRV could not be
guaranteed. Significant main effects of training were found
in Load,,,, absolute and relative VO,,,, and running
velocity at VT (P<0.001, P=0.045, P=0.014, and
P =0.009, respectively). No significant changes were
observed in weight or BMI (P=0.192 and P =0.201,
respectively). In the TRA group, Load,,, increased during
the training (P = 0.004, Table 2), whereas absolute or rela-
tive VO, ey Or running velocity at VT did not change sig-
nificantly (P=0.430, P=0.224, and P =0.058,
respectively). In the HRV group, significant increases were
observed in Load,,,,, absolute and relative VO, and run-
ning velocity at VT (P <0.001, P =0.007, P=0.002, and
P =0.026, respectively). No significant changes were
observed in the control group. Significant differences were
found in the changes in Load ,, between the TRA and

max

Table 2 Peak oxygen consumption (VO,,,,,), maximal running velocity (Load,

HRV group (0.5+0.4 vs. 0.9+ 02kmh™!, P=0.048,
Fig. 3a) but not in the changes in VO, (69 £232 vs.
242 4+ 201 ml min~}, P =0.321, Fig. 3b) or running veloc-
ity at VT (0.4 + 0.4 vs. 0.7 £0.5kmh~!, P =0.279). No
significant differences were observed in the pre-training
values of Load,,, VOjye and running velocity at VT
between the groups.

The mean training frequencies were six times a week for
both training groups. The mean training HR was 66 £ 1%
of maximal HR for low-intensity exercise and 80 & 1% for
high-intensity exercise for both groups. No significant
differences were found in the mean running velocity during
low-intensity exercises (7.8 + 1.0 and 8.3+ 1.2kmh™',
P =0.398) and during high-intensity exercises (10.8 £ 1.0
and 11.0 + 1.0 kmh™!, P =0.789) between the TRA and
HRV group, respectively. Significant differences were

running velocity at ventilatory threshold (VT) and HRV vari-

max)’

ables from home measurements before and after the training period in the test subjects divided into predefined (TRA) training, heart rate variability

(HRV)-guided training, and control groups

TRA,n=38 HRV,n=9 Control,n=9

Pre Post P-value  Pre Post P-value  Pre Post P-value
VOopeat,
1 min~! 429+0.29 436+0.34 0430 435£0.60 4.59 £0.62 0.007 440+£032 438+£039 0.79%4
ml kg ~'min~! 54+4 55+3 0.224 56 +4 60+5 0.002 54+5 54+6 0.822
Load,,,,, km ' 151413 15712 0.004 155+ 1.0 164 £ 1.0 <0.001 149+14 149+ 1.5 0.934
VT, km h™!* 11.8£0.9 122+ 0.9 0.058 12.0 + 0.6 12.7+£0.5 0.026 12.1+£14 120+ 1.5 0414
HR;,, bpm 62+ 38 55+8 - 66 £9 59+6 - 62+5 60 £7 -
HF;, In ms? 6.6 +0.9 6.6 + 1.0 - 5.8+ 1.1 6.5+ 1.1 - 64+12 63+14 -
HR,.4 bpm 86 + 11 77+9 - 877 80+L5 - 81 £ 10 77+6 -
HF, 4 In ms? 47+04 55408 0.004 4.8+ 0.6 52408 0.049 52+1.1 50+1.0 0.471

Values are means =+ SD. VO,,,.,, maximal oxygen consumption, Load

max

maximal running velocity, VT running velocity at ventilatory threshold,

HR heart rate, HF high-frequency power of R-R interval, P-value statistical significance in differences between pre- and post-training values from

post hoc analysis. *n = 8 for HRV and control groups

a 1s- * p<0.001
p=0.003 p=0.048
1)
—~ 101 o
< [o] @ [e)
€ (e}
=3
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057 450034  p=0004 p<0.001
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Fig. 3 The changes in maximal running velocity (Load,,,, a) and
peak consumption (VOy,. b) during the training intervention in the
heart rate variability guided training (HRV), predefined training
(TRA), and control groups. A better response to endurance training
was observed in Load,,, in the HRV group compared to TRA group in

max

b 600 * p=0.048
o
p=1.000 p=0.321
o
_ 400
c
£ b % &
E 2001 80 o
. Jli
g
| o
¢ g Pl
< o
-200 %
4007 tp0794 p=0.430 p=0.007
Control TRA HRV

the terms of Load,,,. The values are means & SE. * = statistical sig-
nificances of difference between the groups from post hoc analysis;
+ = statistical significances of changes within the groups from post hoc
analysis
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found in the mean frequency of high-intensity exercises
between TRA and HRV groups (4 vs. 3 times week !,
P <0.001, respectively). Weekly TRIMP tended to be
higher among TRA group than HRV group (529 49
[range 455-605] vs. 463 £+ 74 [range 363-589], P = 0.063).
No differences were found in the weekly running distance
(38 &+ 6 [range 31-45] vs. 36 £4 [range 29-43] km,
P =0.597) or mean fatigue sensation after training sessions
(4.8 £ 1.0 [range 3.6-6.4] vs. 4.3 + 1.3 [range 2.6-6.0],
P =0.374) between the TRA and HRV groups.

In HRV analysis, significant main effect of training was
observed in HF power measured at standing position
(P =0.004) but not in HF power and mean HR at sitting
position or mean heart during standing (P =0.065,
P =0.058, and P = 0.260, respectively). HF power at stand-
ing position increased in the TRA and HRV groups but not
in the control group (P =0.004, P =0.049, and P =0.471,
respectively, Table 2). No significant differences were
found in the change of HF power at standing position
between the TRA and HRV groups (0.8 +0.6 vs.
0.3 £ 0.5 In ms?, P = 0.240, respectively).

Discussion

The novel finding of the present study is that cardiorespira-
tory fitness can be efficiently improved during a training
intervention by using vagally mediated HRV for exercise
prescription on a daily basis. HRV measurements may help
to determine the timing of intensive training sessions based
on the status of autonomic regulation. In the presence of
declined vagally mediated beat-to-beat HRV, a decrease in
the training stimulus might be beneficial to gain favorable
endurance training response.

Standardized endurance training according to the current
guidelines is an effective way to improve cardiorespiratory
fitness at the population level (ACSM 1998). Nevertheless,
wide heterogeneity in the responsiveness to endurance
training exists at the individual level revealing even nega-
tive changes in small portion of population, which was
observed in the present study, as well (Bouchard and
Rankinen 2001; Hautala et al. 2003, 2006). Although there
are some known factors behind the individual training
response (Bouchard et al. 1999; Bouchard and Rankinen
2001; Rankinen et al. 2003), an individualized training pro-
gram remains the only practical tool to avoid unfavorable
responses to exercise training.

Several cross-sectional and longitudinal studies indicate
the association between endurance training and cardiac
vagal outflow, as measured by HRV techniques (Goldsmith
etal. 1992; al-Ani et al. 1996; Jensen-Urstad et al. 1997,
Tulppo et al. 2003; Hautala et al. 2004; Kiviniemi et al.
2006). In athletes, an intense endurance training period
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results in decreased HRV which is followed by rebound of
HRYV beyond pre-training level during subsequent lighter
training period (Pichot etal. 2000; Iellamo et al. 2002;
Garet et al. 2004). The rebound of HRV is associated with
improved performance in athletes (Garet et al. 2004). Simi-
larly, vagally mediated HRV attenuates during acute endur-
ance exercise and the early phase of recovery and rebounds
above the pre-exercise level during the following days of
recovery (Tulppo et al. 1996; Hautala et al. 2001). Interest-
ingly, vagally mediated HRV before a training period is
also associated with the responsiveness of cardiorespiratory
fitness to endurance training (Hedelin et al. 2001; Hautala
et al. 2003). Taken together, these studies suggest that HRV
includes important information concerning the physiologi-
cal recovery processes after training stimulus and could
serve as an indicator of appropriate physiological condition
for training.

HF oscillation of R—R intervals is a widely accepted index
of cardiac vagal outflow (Pomeranz et al. 1985; Hayano et al.
1991). In the present study, the main idea was to lower train-
ing load in the case of attenuated HF power on the morning
following exercise. Decreased HF power reflects insufficient
recovery from the previous endurance exercise (Hautala et al.
2001), which may indicate unfavorable physiological condi-
tion for high-intensity endurance exercise on that day. The
practice of HRV-guided training resulted in better endurance
training response in maximal running performance, com-
pared to predefined standard training according to current
guidelines. No significant differences were found in the
changes in VO, and running velocity at VT between the
groups. However, VO, and running velocity at VT
increased significantly during HRV-guided training but not
during predefined standard training, which may partly
explain the differences in the change in maximal running per-
formance, as well. No differences were found in weekly run-
ning distance and subjective feeling of fatigue between the
HRV-guided and predefined standard training. However,
HRV-guided training resulted in lower frequency of high-
intensity exercises compared to predefined standard training
which was shown also as a tendency of lower weekly train-
ing load according to TRIMP. Based on this data, HRV-
guided training may adjust both the timing and amount of
high-intensity exercises at individual level. Importance of
macrocycle (weeks or months) training periodization is well-
recognized in endurance training interventions (Iellamo et al.
2002; Garet et al. 2004; Zaryski and Smith 2005). However,
the significance of microcycle (day-to-day) periodization of
training is not well known. The present study suggests the
importance of adjusting high-intensity endurance training
stimulus on day-to-day basis, in which HRV measurements
may provide a practical tool.

In the present study, no significant increases in VO, .,
were observed during predefined standard training despite
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the improved maximal running performance. It is known
that improving VO, by training is more difficult in the
subjects at already high aerobic fitness level (Saltin 1990).
However, the maximal running performance can be
improved without changes in VO, (Paavolainen et al.
1999), which was supported by the present data. One expla-
nation for lack of increases in VO, during predefined
standard training might be the inappropriate periodization
or too high total amount of high-intensity exercises. There-
fore, it is possible that the training could have resulted in
short-term overreaching compromising the performance
during the running test in some subjects. In the present
study, VO,., Was evidently improved during the HRV
guided training, which included similar exercises than the
predefined standard training but with individual periodiza-
tion and frequency. This manifests the importance of car-
diac autonomic function in endurance training responses.
The training groups were homogenous in terms of baseline
fitness and demographic variables and, therefore, differ-
ences in the training responses are unlikely to be explained
by pre-training fitness level in the present study.

In the present study, we assessed HF power during
orthostatic stress at standing position since HRV is suscep-
tible to saturation when measured at low HR (Goldberger
etal. 2001; Kiviniemi et al. 2004). Saturated HF power,
expressed as a plateau regardless of the lengthening of the
R-R interval, is a common phenomenon among healthy
subjects (Kiviniemi et al. 2004). Thus, HF power, when
measured at low HR level, may be unable to detect changes
in cardiac vagal outflow in training intervention studies
(Kiviniemi et al. 2006). Additionally, vagal and sympa-
thetic regulation operates in reciprocal fashion during sym-
pathetic orthostatic stimulus (Malliani et al. 1991; Montano
et al. 1994). Therefore, standing position might be practical
condition to measure cardiac autonomic function since it
could detect attenuated vagal outflow related to increased
sympathetic activity, as well. Possibly for these reasons,
changes in athletic performance has shown to associate to
changes in HRV during orthostatic stress rather than at
supine rest (Hedelin et al. 2001). In the present study,
endurance training increased HF power measured at stand-
ing position but did not change HF power measured at sit-
ting position. This supports our notions that orthostatic
stimulus may be more favorable condition than sitting or
supine positions to obtain specific information on the status
of cardiac autonomic regulation in exercise intervention
settings among relatively high fit subjects.

In the present study, both training regimen resulted in
similar improvements in HRV among fit healthy subjects.
In the clinical point of view, withdrawn cardiac vagal out-
flow, expressed as decreased HRV, indicates an increased
risk for cardiovascular morbidity in various patient popula-
tions (Kleiger et al. 1987; Liao et al. 1998; Adamson et al.

2004; Bauer et al. 2006; Kiviniemi et al. 2007) as well as
among the normal healthy subjects (Liao et al. 1995, 1996;
Tsuji etal. 1996; Dietrich etal. 2006). Adamson et al.
observed that the decreasing trend of day-to-day HRV is
associated with following hospitalization or death among
the cardiac patients (Adamson et al. 2004). Thus, monitor-
ing of the daily status of cardiovascular autonomic function
by HRV measurements may provide useful information on
the physiological responses to training among various
patient populations, as well. Future studies will show
whether regular HRV monitoring provide new insights for
exercise training in improving risk factors among patient
populations.

Limitations

The measurements made at home may not be considered as
highly standardized as those made in laboratory conditions.
This was a trade-off to acquire daily HRV data practically
and to avoid some confounding psychophysiological effects
of laboratory conditions on cardiovascular measurements
(Grassi et al. 1999). Additionally, even though the subjects
performed the measurements in the morning, when the con-
dition is easiest to control, there may be other factors apart
from endurance training affecting the daily HRV, such as
the insufficient nighttime sleep or other psychological and
physiological stressors. Finally, the present study applies
only to relatively fit male subjects. More studies are war-
ranted to test the applicability of HRV in optimizing endur-
ance training among different populations.

Conclusion

Cardiorespiratory fitness can be effectively improved dur-
ing endurance training by using daily HRV for exercise
prescription. A lower-intensity training stimulus, whenever
attenuated vagally mediated HRV occurs, might be benefi-
cial to gain favorable response in endurance training.
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