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Abstract: Previous studies have shown that training guigedvidually by heart rate variability (HRV) elicitsenefits
on endurance performance. Meanwhile complex progravhich use HRV assessments to tailor exercisscpptions to
individual needs, are included in portable traingmgnputers. However, knowledge on health and férlenefits of such
training programs is still limited. Therefore, then of the present study was to investigate effe€tidRV-based training
included in a portable training computer vs genéraé-based training on aerobic fitness, half-ntayattime as well as
mood and mental states. Male (n=10) and female randa runners (n=10) were recruited and randomtygasd to
HRV-based (STAR) and predefined time-based traififi§T). At baseline and after 16 weeks of trainargincremental
exercise test with spirometry was performed to ssserobic power. Additionally, mood and mentatestavere asked.
After the training period all subjects took partimalf-marathon. Matched-pairs were selected topewe groups based on
similar relative weekly energy expenditure duringniing. With no differences between groups, STAR aBT reduced
weight (p=0.029), body fat (p=0.002) as well astalys and diastolic blood pressure<(p001). Maximal oxygen uptake
significantly increased from 43.0 + 8.3 to 46.1  ntmin™kg™ (p<0.001) and 43.2 + 4.8 to 46.7 + 4.7'mih‘kg™
(p<0.001) in STAR and TBT, respectively. Moreover,thgtoups improved maximal velocity (TBT: 0.81 +@Kmh™ vs
STAR: 0.74 + 0.39 krh"; p<0.001) and completed the half-marathon with simflaish times (01:54:35 + 00:14:02
[hh:imm:ss] vs. 01:52:42 + 00:13:45 [hh:mm:ss]; p89). Regarding mood and mental states, no majangds were
observed over the training period. In conclusioothbHRV- and time-based training elicited similanprovements in
aerobic power and body composition. ConsequentBy4dependent exercise prescriptions serve as aigahtool for
day-to-day periodization of aerobic exercise.
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1. Introducti improvements in maximal oxygen uptake has rangenh fr
- Introduction none to almost 40 % [3,4,5]. The underlying physiidal
mechanisms that cause individual differences in the

Improved aerobic fithess is associated with a tarid ! ) -
responsiveness to endurance exercise are stillfullyt

health benefits, such as reduced risk for all-cansgality - . .
and cardiovascular diseases [1,2]. Therefore, atiorel understood. To some extent individual differenaesage,

athletes seek to follow training programs that peem 9€nder and training status partly explain the vaeain the
significant improvements in health-related outcomed'@ining response [6,7,8]. This might be due taaning
Considerable heterogeneity observed in the trainingimulus that is not tailored to the individual deeof the
response shows that changes in aerobic fitnesotionty athlete.. ConsequenFIy, exercise scientists fa(_:ehlhdenge
depend on training volume and intensity. Even aftghly to provide an effective training program, whichoals the

standardized training programs, the magnitude Jepetition  of productive exercise without excessive
accumulation of stress [9].
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A key to initiate desirable changes in the cardsowdar Male (n=10) and female (n=10) recreational enduganc
system without compromising the recovery processght runners (Table 1) were recruited for a 16 weekrirgation
be individualized training based on heart rate aldlity  period via advert in a local newspaper. Subjeatstodulfill
(HRV), because daily assessment of autonomic nervothe following inclusion criteria: age 30 to 50 yar
system (ANS) activity could serve as an indicatdr onon-smokers, weekly running distance of 10 to 20nkthin
appropriate physiological condition for aerobianiiag [3].  the last 6 months, best 10 km time between 45 @nohié
Kiviniemi et al. [10] showed that a training guidedand best half-marathon time between 2 h and 2 miB0
individually by HRV (based on high frequency powled to  Exclusion criteria were any cardiovascular, metabol
higher increases in maximal running velocity than aeurological, pulmonary or orthopedic complicatichat
predefined training. Especially when there is arease or could limit the performance of the exercises. Ptmrthe
no change in instantaneous beat-to-beat varighiity experimental trial recruited subjects underwent edical
progression of exercise intensity promises enharogsrof  check-up, including a personal anamnesis, ECGsatared
endurance performance in men and women [11]. Thaeasurement of blood pressure. All eligible pagptcits
relation between the ANS activity and the respogrsdss to  were given full details (except the purposes of the
specific training stimuli is further emphasized\fgsterinen  investigation) of the study protocol and any pdssitsks or
et al. [12], who found that a high baseline HRVdites discomforts associated with the experimental trial.
desirable future exercise adaptations. Although HBV Afterwards, written informed consent was obtaingétie
usually assessed with ECG, the results of Gamehlih §13] trial received approval by the local Ethics Comedatiand
also confirm valid measurements with heart rateitoos was in accordance with the Declaration of Helsinki.

Due to the technical progress, some portable trgini ,
computers now feature programs based on regular HR&2 udy Design
assess.m.ents. This_ allows the . e_ldjustment of exercisegy, an experimental trial with pre-post design uéted
prescriptions according to the |_nd|V|duaI needshng USer.  gubjects were randomly assigned to either a HRédbas
Unfortunately, only a few studies on the effectess of gTaR: n=10) or time-based training program (TB¥16).
such training programs are available. Ring-Dimitedal. |, contrast to TBT, training in STAR was regulated
[14] provide evidence that an exercise telemetryieed  5ccording to the individual response of the autdinom

training program elicits higher improvements of My hop0us system. At baseline and after 16 weeksaifing

performance at the aerobic threshold compared 10 4, jncremental exercise test with spirometry watopeed
non-exercise telemetry monitored group. Recentrigslby ¢ a5sess aerobic power. Additionally, mood and taten

Hottenrott et al. [15] support the effectivenessi®V-based  i5tes were asked with the validated BFS scale £16]

training included in heart rate monitors, as retio@al poseline. 6 weeks and 16 weeks. One week afterletimp
athletes increased their maximal oxygen uptake®$ % o post-test assessment all subjects took parta in

after 12 weeks of endurance exercise. HOWeVer, MOt marathon. Matched-pairs were selected to coenpa
studies are necessary to evaluate health and perfwe .6 ns hased on similar relative weekly energy edjtere
benefits of individualized, self-administered tiam and during training.

time-based, predefined approaches.
The aim of the present study was to compare tleetsfbf 2.3. Exercise Testing

a standardized, time-based training plan with anitrg ] ) ) )
based on individual HRV measurements. which isidet Prior to exercise testing, anthropometric data wellected.

in a portable training computer, on aerobic permoe, Following the measurement of weight and body coitipos
body composition and blood pressure. Additionathe With @ bio impedance device (Tanita, BC-545, Gegjan
influence of the training approaches on mood andtate subjects performed an incremental te;t with spitonf€ortex,
states were assessed. Following the interventioft!€t@lyzer 3B, Germany) on a treadmill (h/p/cosriagsar 4.0,

half-marathon performance was compared betweerpgrou Germany). Therefor_cf, the initial speed of 7'0'%”’""’,‘3
increased by 1.5 khi per 3 min until volitional exhaustion.

During the test, heart rate and respiratory parerseiere
2. Methods recorded continuously. Lactate was measured with th
2.1. Subjects enzymatic-amperometric method (Dr. Mueller, Supdr G
ambulance, Germany) in 10 ul blood taken from anase
Table 1. Subjects’ characteristics at baseline. after each stage. Collected Data was processed thvth
STAR (=10) _TBT (n=10) sqftware WinLactat 3.1_ (Mgsms, Germapy). Using the
Mean SO Mean <D P chkhuth model [17], the |nd|_\/|dual anaerobic threlsl was
Age [y] 423 72 407 99 0236 derived from the lactate-velocity curve.
Height [cm] 1722 81 1702 108 0.279 .
Weight [kg] 689 106 661 138 0544 24 Training
BMI [kg'm?] 23.1 19 227 27 0401 ) . . .
Body Fat [%] 221 79 198 66 0572 Subjects assigned to HRV-based training received a

VOouax [mImintkg’]  43.0 8.3 432 48  0.786 training computer (Polar Electro Oy, FT60, Finland)
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including STAR training program, which is compagiblith
polarpersonaltrainer.com via Polar FlowLink (Pdiectro
Qy, Finland). This training program is based onspaal
information (weight, height, age, sex), fitnesselewactivity
level as well as training goal and sets intensiig &ime
targets in accordance with the response of thenant
nervous system. Therefore, data collected fronetegcise
test were saved in the settings of the portablaitg
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training effects on performance and body compasitkeor
primary outcomes time effects and interactionsetignoup)
were reported. As mood and mental state variablésifed
a non-normal distribution, the Wilcoxon test wagplagd to
analyze differences between measurements withiopgro
For all statistical tests a p level §f0.05 was considered
statistically significant. The following variablesvere
selected to investigate significant changes witlaind

computers. For the experimental trial the STAR groubetween the groups: maximal oxygen uptake {¥§),
trained with the program’s option “maximize perfamnee”. velocity at the individual anaerobic threshold Y,
The STAR program provides three different intengitpes maximal velocity (\Miax), blood lactate (La), heart rate (HR),
(I=60-70 % HRyax; 1I=70-80 % HRyax; 111=80-90 %  weight, body fat, blood pressure, rating of mocatest as
HRwuax ). When the target is set to “maximize performance”well as half-marathon finish time.

the program mainly prescribes exercise in zone&STAR

training is progressive, as weekly training target® 3 Results

adjusted according to the current fitness level.

Subjects in TBT followed a well-known structured, 3.1. Training
time-based training plan designed to make non-elit@ers
finish a half-marathon in less than 2 h [18]. Adjscts
already had running experience, the first 4 weekshe
original plan were skipped. The training programuiesd
two short 30 to 45 min runs (Tuesday and Thursdag)one
long run (Sunday) per week. As the training wagpssive,
time and distance of the endurance exercises wereased
over the intervention period.

In both groups training data was recorded withaiing
computer and followed up online o}
www.polarpersonaltrainer.com. Within the interventi
period the display of the training computer wasezed in
TBT to prevent subjects from controlling the heate.

Both TBT and STAR had similar relative energy
expenditure of 35.2 kcal-(kg-we@kpluring training. As
displayed in figure 1, mean exercise intensity edodation
was different between groups. While runners in SR a
higher training volume, their mean exercise intgnaias
lower in comparison to TBT. No differences betwgesups
were observed in training adherence, as STAR andl TB
achieved 87 % and 90 % of the weekly training tege

n respectively.
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[ Zone 1 (70-80 % HRyx)
[ Zone | (6070 % HRyyax)
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The statistical analysis was performed with SPS® 21
(IBM Statistics, USA) for Windows. Gaussian distriton
of the data was tested with the Shapiro-Wilk-Te3y.

N
o

=y
[4,]

Elapsed training duration [h]

10 A
applying a one-way ANOVA, baseline values and 5
half-marathon finish times were compared betweewgs. 0
Repeated-measures analysis of variance (ANOVA) e TBT STAR
by Bonferroni as post-hoc test was used to assessihbe Figure 1. Training intensity and duration in TBT and STAR.

Table 2. Effect of HRV- (STAR; n=5 f/ 5 m) vs time-basathing (TBT; n=5 f/ 5 m) on aerobic performancidd lactate and heart rate.

G Pre Post Pre vs Post
roup Mean SD Mean SD p
Vir kb STAR 11.09 1.50 12.01 1.47 <0.001
TBT 11.75 0.97 12.55 0.99 <0.001
Ve [kmh] STAR 13.87 1.51 14.54 1.53 <0.001
TBT 14.65 1.50 15.46 1.53 <0.001
VOamax [mImin kg ] STAR 43.00 8.25 46.12 9.02 <0.001
TBT 43.20 4.83 46.70 4.24 <0.001
Lawax [Mmol-] STAR 8.43 2.45 8.39 2.71 0.864
TBT 8.59 2.40 9.24 2.29 0.111
Ry [Min‘] STAR 185.40 9.95 184.44 11.46 0.578
TBT 185.40 12.20 185.20 12.67 0.883

(p<0.001) over the intervention period (Table 2). Aere
were no significant time*group interactions (M§ax:

Both groups increased maximal oxygen uptake, viloci P=0:504, Miax: p=0.739, Vur: p=0,540), changes in
at individual anaerobic threshold and maximal vigoc S€lected performance parameters did not differ eetw

3.2. Aerobic Performance and Half-Marathon
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STAR and TBT. Furthermore, maximal heart rate (STARgroup, the magnitude of reductions in body fat (850),
p=0.578; TBT: p=0.883) and blood lactate conceiutnat weight (p=0.850) as well as systolic (p=0.550) drabtolic
(STAR: p=0.864; TBT: p=0.111) was not altered b th blood pressure (p=0.831) were not significantlyfeddnt
exercise intervention. Following the training pekio between STAR and TBT.

subjects in STAR and TBT completed the half-mamatho

with similar finish times (01:54:35 + 00:14:02 [mm:ss] 4. Discussion

vs. 01:52:42 + 00:13:45 [hh:mm:ss]; p=0.789).

4.1. Aerobic Performance
3.3. Mood and Mental States

o ) . Based on a similar relative energy expenditureh A@&T
Over the training period mood and mental states By STAR elicited comparable improvements in aerobi
STAR were not altered m_the asse_ss_ed dlmen5|(_1a[tﬂ_€('[3). power and maximal velocity after 16 weeks of trapi
In comparison to baseline, _excitation was Signifiba  5jthough previous studies have shown that highercise
reduced after time-based training (p=0.047). Furtioge,  jiensities are more effective for improving cardipiratory
anger decreased from the intermediate assessmeét afiaqg [19]. According to Midgley, McNaughton and
weeks to post-test in TBT only (p=0.034). Changes i\yjiinson [20], increased stroke volume due to ctueal
fr_ustratlon over the intervention period were siigaintly changes of the myocard as well as improved caion
different between STAR and TBT (p=0.023). For aled 5y oxidative capacity of type Il skeletal muscibefs
domains of mood and mental states no interactibrisne highly contribute to an enhancement of maximal exyg
and group were observed. uptake. Additionally, metabolic adaptations, whiatprove
Table 3. Subjects’ mood and mental states at baseline. éksvand 16 rates of fat oxidation and reduce the utilizatidnnuscle

weeks of HRV- (STAR, n=5 f / 5 m) and time-bassding (TBT; n=5 f/  dlycogen at submaximal exercise (“glycogen spagifiect”),
5m). benefit endurance performance [21] and might emplae

rightward shift of the lactate velocity curve ohaat in the

Baseline 6 weeks 16 weeks .
Group — T V2 D MV present trial.
Whereas the training plan of TBT was designed tkena
Acti- STAR 343 060 320 083 347 0.70

non-elite runners finish a half-marathon in lesmtR h, the
STAR program included in the portable training comeps
STAR 110 023 117 023 113 033 a5 originally not meant to prepare for running rése
TBT 113 033 133 053 107 013  Neyertheless, subjects assigned to STAR compleied t
Positive STAR 353 070 337 097 363 070 half-marathon with a time comparable to TBT. Presio
Mood"  TBT 363 090 4.07 0.70 3.67 0.63 studies have shown that the training response s/arngng
Cam- STAR 347 0.67 330 093 337 097 subjects, because it is influenced by age, gestless, rest,
nes$ TBT 360 097 4.07 057 367 063 prior training and baseline fithess [6,7]. Hencée t
Exci- STAR 167 063 160 063 177 0.73 effectiveness of the STAR program might be explibg
taton  TBT 177 057 163 047 147 043 the fact that the training load was regulated icoagance
Frustra- STAR 110 023 130 053 1.10 0.30 with these factors. Especially the individual opsation of
tion* TBT 127 033 107 017 110 047 recovery periods was a significant strength of the
—_ STAR 137 047 150 073 137 043 Einl—bgsed training as Fh_e recovery from exerci;esst
TBT 133 043 140 037 140 0.60 ghly influences the training response [3]. In @amson

vation  TBT 357 067 360 053 367 070

Anger*

to STAR runners in TBT followed a highly structured
*p<0.05 in comparison to baselin<0.05 in comparison to assessmenttraining plan, which did not pay attention to indival
at 6 weeks;'5-point scale (1=not correct at all; 5=fully comecémean training needs. Nonetheless, this particular trajminethod
values fulfilled its purpose, so that subjects were abldinish the
3.4. Body Composition and Blood Pressure marathon in the predefined time. To some exteit,rtight
be due to the structured progression of trainiragi$oand a

Training significantly reduced body fat from 19.88 to  sufficient variability within the intervention ped, as
18.5+6.6 % and from 21.3 + 6.8 t0 19.7 £ 6.6 %¥0(P01) subjects performed both endurance runs and interval
in TBT and STAR, respectively. Over the interventio sessions.
period subjects’ weight also decreased signifigaimtlboth In line with the present findings, Kiviniemi et §L.0] also
groups (STAR: -0.7 £ 1.7 kg; TBT: -0.9 + 1.4 kg;(603). found similar improvements of cardiorespiratoryndiss
Furthermore, the training interventions reducedobBlo after an individualized training guided by daily YAR
pressure from 139.0 £ 18.2 / 88.5 + 12.1 to 132772 / measurements and a structured training. Some aushomw
83.8 + 10.4 mmHg in STAR (systolic: p=0.046 ; didist that individualized training prescriptions elicitigher
p=0.027) and from 138.5 +15.9/86.5 +10.2 t0.42711.4 improvements in aerobic power [14,22] and foster
[ 79.9 + 7.2 mmHg in TBT (systolic: p=0.009 ; dialgt: motivation to subsequent physical activity [23]. $ome
p=0.028). As there were no interaction effectsimietand extent, this heterogeneity among studies mightdpéamed
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with differences
standardized and individualized
Additionally, the basis for tailoring exercise tadividual
needs varied among the trials.
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in energy expenditure between thgroups, the comparability of the training programas
training approachedimited. Therefore, the authors proceeded withspaiatched

for the relative weekly energy expenditure to corapée

Especially trainingffects of HRV-based and time-based training orolzer

prescriptions based on regular assessments of R H performance. Unfortunately, this method led to duced

might be recommended to recreational endurancetathiis
A) HRV is a strong predictor of the exercise resmofY] and
B) prevents insufficient training as well as ovairting [24].

4.2. Mood and Mental Sates

In elite athletes assessments of mood and meatabksire
used to detect functional and non-functional owerhéng
[25]. Especially anger, vigor and fatigue are idka
indicators of overtraining [26] as those mood Saterrelate

sample size, which is known to affect the statidtiesults.
Despite this limitation, the effects of the traigiprograms on
performance still reached the level of significan&aother
methodological concern was the lack of half-manatfiaish
times at baseline. Nonetheless, the comparison
half-marathon performance after the training perigds
based on the assumption that finish times at beselere not
different between groups. This is supported byralai initial
aerobic fitness in STAR and TBT.

of

with training volume [27]. In TBT and STAR mood and Regarding mood and mental state, time-based tgalath

mental states remained relatively stable overrttevention
period, although there was a progression of exerci

to marginal increases in anger and frustration. lBle& of

Jurther changes might have been due to the linmitedber of

intensity and duration. The absence of major cmmgéhe assessments. In future, more frequent measoteroé

implies that both training programs provide a tiragnload,
which benefits aerobic performance in recreationahers
while overstrain is avoided. However, exercise BilTand
STAR failed to elicit enhancements in positive moatich
are usually associated with endurance training.[28]s
might be due to the fact that subjects in both gsoalready
had a very positive mood at baseline and greatercese
benefits are expected among individuals
symptoms of depressed mood [29]. Furthermore, #diy®s

mood and mental state might lead to a higher eserci

adherence in the long-term. According to Williamsle[30]

reportin

mood and mental state over the training periodctbeluseful
to track differences between groups. Furthermbeeabsence
of group-related changes could be due to the tmini
adherence in TBT. Subjects were expected to exexmis
Tuesday, Thursday and Sunday. In some cases runfieB3
still followed the training prescriptions for tinaad distance,
but rescheduled the training days. Consequentlgy th
aﬁdividualized training to some extent, althoughThBas not
meant for own adjustments.

6. Conclusion

the affective response to an acute moderate-itjensi

exercise stimulus predicts self-reported physictiviy 6
and 12 months later. Consequently, the maintenafce
positive mood over the training period in STAR ar8T
might be the key for performing exercise on a ragbhbsis
after the study.

4.3. Body Composition and Blood Pressure

Exercise leads to improved health benefits by $igeci
biological mechanisms, such as improved
composition (e.g., through reduced abdominal adipos
and improved weight control), enhanced lipid lipaipin
profiles and reduced blood pressure [31,32]. Ia thspect,
the decrease of body fat observed in this studgseciated
with a lower risk of type 2 diabetes [33] and allise
mortality [1]. Additionally, HRV-based and time-teab

Both HRV- and time-based training elicited
improvements in aerobic power and body composition,
which are associated with a risk reduction for @arascular
diseases. Although the performance-enhancing sffgete
similar between the groups, especially the HRV-base
training included in portable training computersghti be
recommended to recreational athletes, as it is rfitexile,
easy to follow and pays attention to individual dee
Progression of exercise intensity and durationnaitiaffect

bOd3é\nger and fatigue, so that HRV-based training presve

overstrain by controlling regeneration processes
continuously. Consequently, HRV-dependent exercise
prescriptions can serve as a practical tool for-tdagay
periodization of aerobic training.

training were both efficient in reducing systolimda
diastolic blood pressure. Especially the lowerihgystolic References
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