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Abstract
Javaloyes, A, Sarabia, JM, Lamberts, RP, Plews, D, and Moya-Ramon, M. Training prescription guided by heart rate variability vs.
block periodization in well-trained cyclists. J Strength Cond Res 34(6): 1511–1518, 2020—Predefined training programs are
common place when prescribing training. Within predefined training, block periodization (BP) has emerged as a popular meth-
odology because of its benefits. Heart rate variability (HRV) has been proposed as an effective tool for prescribing training. The aimof
this study is to examine the effect of HRV-guided training against BP in road cycling. Twenty well-trained cyclists participated in this
study. After a preliminary baseline period to establish their resting HRV, cyclists were divided into 2 groups: an HRV-guided group
and a BP group, and they completed 8 training weeks. Cyclists completed 3 evaluations weeks, before and after each period.
During the evaluation weeks, cyclists performed: (a) a graded exercise test to assess V̇O2max, peak power output (PPO), and
ventilatory thresholds with their corresponding power output (VT1, VT2, WVT1, and WVT2, respectively) and (b) a 40-minute
simulated time-trial (40 TT). The HRV-guided group improved V̇O2max (p 5 0.03), PPO (p 5 0.01), WVT2 (p 5 0.02), WVT1 (p 5
0.01), and 40 TT (p5 0.04). The BP group improved WVT2 (p5 0.02). Between-group fitness and performance were similar after
the study. The HRV-guided training could lead to a better timing in training prescription than BP in road cycling.
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Introduction

Prescribing training load to achieve optimal performance is gen-
erally based on a predetermined program that is worked back
from themoment an athlete has to peak at important sports event.
Within the different types of training approaches, block periodi-
zation (BP) has emerged as one of the most popular methods to
structure a program (20). Block periodization consists of training
cycles of well-concentrated workloads (19), and there is a large
body of research that supports its effectiveness
(1,7,16,19,20,41,42). The concentrated workloads within BP are
focused on limited target abilities, with the aim to maximize the
development of the performance while avoiding excessive fatigue
accumulation (19,20).

The BP method is used in many sports ranging from kayaking
to cycling. In kayaking (1,16) and cross-country skiing (7), BP
lead to larger improvements in fitness and performance than
multitargeted traditional training prescription. In road cycling,
BP has shown to results in greater improvements in V̇O2max,
power output at 2 mmol·L21, and 40-minute time-trial perfor-
mance (41,42,47).

However, most of the research around predefined training
programs shows interindividual variation with some subjects
responding better than others or, in some cases, subjects not
responding (4,23). In the field, the monitoring of predefined
training programs is generally performed by measures of training

load. However, changes in predefined training due to the un-
expected response of the athlete are based on subjective criteria of
the coach and the athlete. Although coaches play a vital role in
monitoring athletes and know them really well, making decision
purely based on subjective data is challenging.

With the growth of newmethodologies and technologies in the
past decade, the possibilities to objectively monitor athletes have
substantially grown. This development also has created the op-
portunity to individualize and adapt training programs to pre-
scribe the most effective training programs. One of the new
promising tools to monitor and fine-tune training is heart rate
variability (HRV). Heart rate variability has shown to be a valid
and reliable tool to assess cardiac autonomic regulation (17),
which can reflect positive and negative adaptation to training
programs (48). and to reflect fatigue induced by training or other
daily stressors (2).

Owing to the development of new methodologies (shorter
recordings) and technologies (mobile apps) for collecting HRV
(i.e., shorter recordings, simple analysis) (11,12,40), it is possible
to measure HRV on a daily basis. Heart rate variability has been
used to prescribe training in running (3,24,49), cross-country
skiing (46), and road cycling (21). It has been shown that HRV-
guided training elicited similar increments in fitness and running
performance in recreational runners with no differences in the
amount of training or in the training intensity (31). In cyclists,
Javaloyes et al. (21) showed greater increments in performance in
well-trained cyclists trained based on HRV-guided training pro-
gram compared with a standardized program without HRV.
Nuuttila et al. (31) reported similar benefits in performance when
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using either an HRV-guided or BP-guided training program in
recreational runners.

However, to the best of our knowledge, no study to date has
compared the use of an HRV-guided and BP-guided training
program in cyclists. As such, the purpose of this study was to
determine the effect of an HRV-guided and BP-guided training
program on road cycling performance in well-trained cyclists.

Methods

Experimental Approach to the Problem

The study protocol was divided into 2 periods: (a) a baseline
period (BW) and (b) a training period (TW). The BW lasted 2
weeks that were used as a standardization period after which
a baseline HRV measurement could be developed. After the BW,
cyclists were matched into pairs according their endurance
characteristics (V̇O2max and performance) and assigned to
a HRV-guided training group (HRV-G, n 5 8) or a BP training
group (BP, n5 7). During the following 8weeks, the cyclists were
trained based on the group they were allocated to. Cyclists in the
HRV-G group were trained according to their HRV morning
values, whereas BP cyclists were trained based on a predetermined
training program. There were 3 evaluation weeks (EWs): PRE
(before BW),MID (between BW and TW), and POST (after TW).
Each EW consisted of 2 testing sessions with a 48-hour recovery
period. The first testing session included a maximal graded ex-
ercise and a 40-minute simulated time trial.

Subjects

Twenty well-trained cyclists (ranging from 18 to 46 years old)
with at least a 2-year personalized training history were recruited
for this study. To be included in the final analysis, subjects had to
complete (a) at least the 90% of the training program and daily
HRV measurements and (b) all the HRV records on the day they
had high-intensity training. The general characteristics of the
subjects that were included for analyses are shown in Table 1.
Subject characteristics were measured mean6 SD. Before taking
part in the study, all subjects were fully informed about the study
requirements and signedwritten informed consent. The studywas
approved by the ethical committee of the Miguel Hernandez
University and was conducted conforming to the recom-
mendations of the Declaration of Helsinki.

Procedures

Graded Exercise Test. V̇O2max, first ventilatory threshold (VT1),
and second ventilatory thresholds (VT2) were calculated with
a maximal graded exercise test (GXT). The test started with a 10-
minute warm-up at 50 W, followed by a 25-W increase every
minute (step protocol) until exhaustion (32). Subjects performed

all the tests on their own bike, whichwas fitted on aWahoo Kickr
Power Trainer (50). The Wahoo Kickr Power Trainer was cali-
brated in each test during the 10-minute warm-up according to
the manufacturer’s recommendation. Subjects were allowed to
cycle at their own preferred cadence. The GXT terminated when
a cyclist’s cadence dropped more than 10 rounds per minute
(rpm) below their preferred cadence for more than 10 seconds.
During the test, strong verbal encouragement was given in an
attempt to make sure that the cyclist performed to his maximal
capacity.

Maximal oxygen consumption or V̇O2max was calculated as
the highest 30-second V̇O2 average (34). For the determination of
VT1 and VT2, the 15-second O2 and CO2 averages were used.
Respiratory gas exchange was measured with the MasterScreen
CPX (Jaeger Leibniztrasse 7, 97204, Hoechberg, Germany) on
a breath-by-breath basis and after the device was calibrated. Peak
power output (PPO), power at VT1 (WVT1), and power output
at VT2 (WVT2) were also calculated derived from this test.

Simulated 40-Minute Time-Trial. The performance was assessed
using a 40-minute all-out time-trial (40 TT) in the laboratory.
Before the start of the 40 TT, a 10-minute warm-up was per-
formed at a constant work of 50 W. Calibration of the GXT was
performed as part of the warm-up. Cyclists were able to pace
themselves throughout the test and change their gear ratio and
pedal frequency as they preferred. Environmental conditions,
such as temperature and humidity, were kept standard during all
tests. Verbal encouragement during the 40 TT was given by
researchers, and all feedback during the testing was blinded from
the cyclists with the exception of accumulated time. Cyclists were
allowed to drink water ad libitum throughout the test. Perfor-
mance and endurance capacity was determined by the mean
power output during the 40 TT.

Heart Rate Variability Measurements. All subjects were instruc-
ted to measure their pulse-rate intervals upon waking up and
emptying their urinary bladder, both during the BW and the TW
period. The HRV measurements were captured with the phone/
flash over the fingertip through the HRV4Training smartphone
application (see http://www.hrv4training.com) (40). Heart rate
variability was measured in a supine position and over a 90-
second period (11). Cyclists were instructed to lie still and to not
perform any further activity during the recordings, and the last 60
seconds of the HRVmeasurement were captured (14). During the
analysis of the signal, the application processed and discarded the
artifacts and the ectopic beats. In cases where the record had
erroneous signals or too much noise (i.e., excessive movement of
the athlete’s finger), the record was discarded and repeated im-
mediately until an optimal record was obtained. The root mean-
squared differences of successive RR intervals (RMSSD) were
chosen as the vagal index, based on its greater suitability and
reliability than other indexes. TheHRVdatawere transformed by
taking the natural logarithm to allow for parametric statistical
comparisons that assume a normal distribution. A 7-day rolling
average (LnRMSSD7day-roll-avg) was calculated for the purpose of
training prescription (28). During the BW, the smallest worth-
while change (SWC) of LnRMSSD was calculated as mean6 0.5
3 SD (49). The smallest worthwhile changewas updated after the
first 4 weeks of TWbecause of the relationship between CAR and
the adaptation to training (2). Thus, the SWC for the past 4 weeks
was calculated with the LnRMSSD of the previous 4 weeks of
TW. This SWC was used for the interpretation of changes in

Table 1

Subject characteristics.*

BP (n 5 8) HRV-G (n 5 7)

Years 30.8 6 10.5 28.1 6 13.2

Training experience (y) 11.4 6 3.1 11.3 6 3.0

Height (m) 1.78 6 0.05 1.74 6 0.05

Body mass (kg) 72.6 6 10.4 73.8 6 4.6

VȮ2max 59.0 6 6.2 58.9 6 5.6

*BP 5 block periodization.
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LnRMSSD7day-roll-avg and the subsequent training prescription
during the following 4 weeks.

Heart Rate Variability Vs. Block Periodization Training. Subjects
maintained their weekly training volume during the BW and TW.
During the EW, subjects were encouraged to not perform any
vigorous training session and to rest 24 hours before each test.
BW served as a preparatory period for familiarization with the
training sessions and their intensities. Nevertheless, all subjects
were accustomed to high-intensity training before the beginning
of the study. The training sessions and periodization of the BP
group are shown in Figure 1, including low training sessions (low;
intensity , VT1), high-intensity training ($VT2), and high-
intensity interval training (HIIT; .VT2). The training blocks
consist of 3 blocks of high-intensity training (4 high-intensity
training sessions and HIITs per week followed by a block of low-
intensity training (4 low-intensity training sessions and 1 HIIT
session).

For the HRV-G group, training in TW was prescribed
according to their HRV morning values following a decision-
making schema (24) (Figure 2). Cyclists only performed 2 con-
secutive sessions of high-intensity training and did not accumu-
late more than 2 consecutive days of rest. When LnRMSSD7day-

roll-avg fell outside the SWC, training intensity changed from high-
intensity training to low-intensity training or rest. Typical train-
ing sessions are displayed in Figure 1; high-intensity training
sessions were performed with a 45–60 minute warm-up and 20
minutes of cooling-down period.

Training load was calculated (in arbitrary units [AU]) with
a training impulse formula (28) that takes volume (time) and
intensity into account: TRIMP (AU)5 (Time [s] below VT13 1)
1 (time [s] between VT2 and VT2 3 2) 1 (time [s] above VT2).
Training sessions were daily monitored by specific training soft-
ware (TrainingPeaks, Boulder, CO, USA).

Statistical Analyses

The homogeneity of the data was tested with a Levene’s test,
whereas the normal distribution was checked using a Shapiro-
Wilk test. Based on the normal distribution, the data are

presented asmean6 SD. A repeated-measure analysis of variance
(ANOVA) followed by a Bonferroni post hoc test was performed
to detect both, within-, and between-group changes in the TW
and to assess possible changes in all subjects during the BW. In
addition, data were analyzed for practical significance using
magnitude-based inferences (MBI) both within- and between-
group comparison (18). The smallest worthwhile difference in
means in standardized units (Cohen’s d) was set at 0.2, repre-
senting the hypothetical smallest difference within and between
groups. Furthermore, chances that any change was greater/
similar/smaller than the other group were calculated (using effect
size and its 90% confidence limits [CL]). The qualitative assess-
ment of the magnitude of change was as follows: most unlikely
(,0.5%); very unlikely (0.5–5%); unlikely (5–25%); possible
(25–75%); likely (75–95%); very likely (95–99.5%); and most
likely (.99.5%) (18). If the 90%CL overlapped small positive or
negative values, the magnitude of change was labeled unclear.
Results were analyzed with IBM SPSS Statics v.24 (SPSS, Inc., IL,
USA) for the repeated measure of ANOVA and Microsoft Excel
2016 (Microsoft Corporation, WA, USA) for the MBI analysis
calculated by specific spreadsheet “compare to groups means”
(www.sportsci.org).

Results

A total of 15 cyclists completed the study. Five subjects dropped
out because of injuries (n 5 1) and insufficient compliance
(,90%) with the training program or the HRV measurements (n
5 4).

In the BW, there were no statistical differences in volume or
intensity distribution in either group during this period following
the same training prescription (3:1). In the TW, the weekly vol-
ume for both groups was 11 hours 06 minutes 6 3 hours 04
minutes for HRV-G and 11 hours 22 minutes 6 3 hours 07
minutes for BP (p 5 0.88; d 5 0.06 [20.78; 0.90]; unclear). In
addition, the percentages of time in the different intensity zones
(below VT1/between VT1 and VT2/above VT2) were 49/39/12%
and 54/33/13% for the HRV-G and the BP group, respectively.
The between-group difference in percentage of time expended
below VT1 (p 5 0.62; d 5 20.26 [21.35; 0.83]; unclear),

Figure 1. Description of the training program during baseline weeks and for the block periodization group during training
weeks.
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between VT1 and VT2 (p 5 0.30; d 5 0.56 [20.55; 1.67]; un-
clear), and above VT2 (p 5 0.77; d 5 20.15 [21.24; 0.94];
unclear) did not differ between groups. Between-group training
load (AU) weekly average did not differ: 1,033.28 6 312.51 AU
and 1,028.81 6 214.48 AU (p 5 0.98; d 5 0.03 [20.77; 0.75];
unclear) for HRV-G and BP, respectively.

In the TW, within-group differences and practical significance
are presented in Table 2, whereas standardized change is showed
in Figure 3. The HRV-G group improved V̇O2max (36 3%; p5
0.03; likely beneficial), PPO (7 6 5%; p 5 0.01; very likely
beneficial), WVT2 (17 6 15%; p 5 0.02; very likely beneficial),
WVT1 (266 18%; p5 0.01; very likely beneficial), and 40 TT (6
6 6%; p 5 0.04; likely beneficial). In contrast to HRV-G, BP-G
only improved WVT2 (12 6 12%; p 5 0.02; very likely benefi-
cial), whereas V̇O2max, PPO, WVT1, and 40 TT remained un-
changed. However, MBI reported likely beneficial effects for
V̇O2max (Table 2).

Individual changes in endurance performance (40 TT) showed
that only 1 subject in the HRV-G group decreased his perfor-
mance (20.5%), whereas in the BP group, 3 subjects reported
lower power output during 40 TT by 211.6%, 29.1% and 2
2.7%. Furthermore, most substantial individual changes were for
the HRV-G group (Figure 3).

For all the variables measured during the EW (V̇O2max,
PPO, WVT1, WVT2, and 40 TT), there were no differences
between groups in PRE, MID, and POST. In addition,
between-group practical significance and qualitative assess-
ment during the TW showed unclear results, with the 90% CL
overlapping small positive or negative values in V̇O2max
(d 5 0.10 [20.86; 0.87]), PPO (d 5 0.15 [20.72; 1.01]),
WVT1 (d 5 20.56 [21.44; 0.31]), WVT2 (d 5 0.17 [20.72;
1.07]), and 40 TT (d 5 20.10 [20.87; 0.86]).

LnRMSSD did not differ between BW and TW in both groups.
However, LnRMSSD showed significant decrease in BP (4.01 6
0.76) compared with HRV-G (4.57 6 0.56) in TW despite
comparable values in BW (4.44 6 1.15 and 4.61 6 0.61 for BP
and HRV-G, respectively) (Figure 4). By contrast, coefficient of
variation (CV) showed a significant increase in BP from BW (7.11
6 4.59%) to TW (10.54 6 4.91%), whereas HRV-G showed
similar values in BW (5.19 6 3.48%) and TW (6.10 6 3.37%).
Furthermore, BP showed significant CV than HRV-G in TW
(Figure 4).

Discussion

This study was to compare the day-to-day training prescription
based on daily HRV measurements with traditional BP in well-
trained road cyclists. Importantly, these data show that HRV-
guided training prescription presented amore positive response at
improving fitness and performance than a BP.Also, this studywas
conducted with new technology that facilitates daily monitoring
of HRV.

Training volume was similar between groups and training in-
tensity distribution. Also, TRIMP remained similar between
groups in TW. Similarly, other studies (31) have also reported
equal intensity distribution and amount of training in an HRV-
guided training group and a BP group in recreational runners.
Accordingly, in this study, the amount of training (volume,
training intensity, and TRIMP) cannot explain the observed
improvements in fitness and performance for the HRV-G group
compared with the BP. Previous research has reported a lower
proportion of time in moderate intensity (between VT1 and VT2)
when comparing HRV-guided training and a traditional period-
ization in both untrained (10) and well-trained athletes (21).
However, these studies are performed with multitargeted training
sessions, including low-, moderate-, and high-intensity training.
The discrepancy could be attributed to training sessions that were
focused on high-intensity training targets ($VT2) in this study.

A common denominator of high-level endurance athletes is
a high value of V̇O2max (22,29). In this study, the HRV-G group
improved V̇O2max (3 6 3%; p 5 0.03). Qualitative assessment
based on the standardized change reported likely beneficial effects
for both groups (Table 2). This result matches that observed in
earlier studies reporting increments in V̇O2max for untrained
(10), recreationally (31,48), and elite (46) endurance athletes who
followed anHRV-guided training. However, Javaloyes et al. (21),
also in well-trained cyclists, did not report increments in V̇O2max
for HRV-guided training. These observed differences may be
because cyclists completed a higher proportion of time at high
intensities ($VT2) in this study, obtaining greater increments in

Figure 2. HRV-guided training decision-making schema (19).
HRV 5 heart rate variability.

Table 2

Within-group differences and practical significance in TW.*

BP (n 5 8) HRV-G (n 5 7)

MID POST Chances Qualitative assessment MID POST Chances Qualitative assessment

VȮ2max 58.96 6 6.23 62.65 6 6.65 88/11/1 Likely beneficial 58.94 6 5.62 61.04 6 6.01† 82/18/0 Likely beneficial

PPO 388 6 42 407 6 51 65/24/11 Possibly beneficial 395 6 39 423 6 28‡ 54/28/18 Very likely beneficial

WVT2 280 6 27 323 6 52† 97/2/1 Very likely beneficial 288 6 52 349 6 30† 97/2/1 Very likely beneficial

WVT1 188 6 29 190 6 42 29/40/31 Unclear 170 6 37 234 6 30† 99/1/0 Very likely beneficial

40 TT 262 6 30 264 6 33 24/64/12 Possibly trivial 261 6 28 280 6 39† 91/8/1 Likely beneficial

*BP 5 block periodization; PPO 5 peak power output; WVT2 5 power output at VT2 intensity; WVT1 5 power output at VT1 intensity; 40 TT 5 power output during the 40-min time-trial.

†p , 0.05.

‡p , 0.01.
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this variable. Regarding BP, our results are in line with those
reported in cyclists of similar training status (41,42). It can
therefore be assumed that both periodization models led to
improvements in V̇O2max. This explains around the unclear
between-group results when using the MBI statistical method.

Peak power output in this study was obtained at V̇O2max in-
tensity, which has been shown to be another strong determinant
of aerobic performance of endurance athletes (22,35). In this
study, PPOonly improved in theHRV-G groupwith no change in
the BP group. Also, the HRV-G group reported very likely ben-
eficial effects with a 98% chance of benefit; in comparison, the BP
group exhibited possible beneficial effects (65% chance of bene-
fit, Table 2). These findings are in line with those reported pre-
viously (21), which found greater increments in this variable in
well-trained cyclists. Although there were similar proportions of
time expended .VT2 for both groups, one possible explanation
for these differences could be that in HRV-G, cyclists only per-
formed high-intensity training when their LnRMSSD7day-roll-avg

daily value remained inside smallest worthwhile change limits.
This allowed training at high intensities to only be conducted in
optimal recovery conditions, favoring positive adaptations.

WVT2 was another key variable assessed in this study. In road
cycling, a large proportion of the event (e.g., time trials and mass-

start road races) is performed around this intensity. In this study,
WVT2 likely improved in both groups (Figure 3). It has been pre-
viously reported that both, a day-to-day training prescription based
on HRV measurements and a traditional periodization, lead to
increments regarding these parameters in well-trained cyclists (21).

WVT1 increased in the HRV-G but not in the BP group. Fur-
thermore, MBI reported more considerable improvement in the
HRV-G group than in the BP group in this variable with very likely
beneficial and unclear assessment for the HRV-G and the BP
groups, respectively (Figure 3). Both groups expended similar
amounts of time at this intensity. Although the differences were not
statistically relevant, it is possible that the differences in moderate
intensity (33 vs. 39% for the BP and the HRV-G groups, re-
spectively) may explain part of the large increments for HRV-G.

Performance (40 TT) increased in the HRV-G but not in the BP
group. Furthermore, the qualitative assessment showed likely
beneficial effects for the HRV-G, whereas in the BP group, it
reported possibly trivial effects. In a recent study (21), HRV-G
showed similar improvements in performance. The results
obtained in the BP groupdiffer fromother results (41) that reported
improvements in performance in well-trained cyclists. A possible
explanation is the mentioned study was conducted during a 12-
week period, whereas the TW lasted 8 weeks. Thus, a longer

Figure 3.Standardized change for both groups (Cohen’s d). PPO5 peak power output;WVT25 power
output at VT2 intensity; WVT1 5 power output at VT1 intensity; 40 TT 5 power output during the 40-
minute time-trial.

Figure 4.Mean Ln RMSSD and coefficient of variation (CV) for HRV-G and BP during baseline weeks (BW) and training weeks
(TW). *p , 0.05; **p , 0.01. BP 5 block periodization.
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duration could produce greater improvements in performancewith
BP in well-trained subjects. For this reason, it seems that the length
needed to achieve meaningful increases in performance with
a training prescription guided by HRV could be shorter than BP
because of greater training quality. Individual changes in 40 TT
reported only 1 subject with a decrease in performance for the
HRV-G,whereas the BP group presented3 subjectswith less power
output in POST (Figure 5). In addition, the mean change was 6 6
6%, and it has been suggested that changes lower than 4.4% could
be due to normal day-to-day variation (26,27). As such, these well-
trained cyclists have more probability to increased his performance
in a 40-minute all-out effort by following a day-to-day training
based on HRV measurements.

Heart rate variability was different in both groups. First,
LnRMSSD reported lower values for BP thanHRV-G during TW.
Furthermore, during TW LnRMSSD was greater in BP than
HRV-G. LnRMSSD, and CV has been proposed as a potential
tool for the evaluation of training response (13,37,38). A decrease
in LnRMSSD is associated with an overload training period or
negative training response (25). Increases in CV are associated
with poor response to training (5,8,15). In this study, the BP
showed lower LnRMSSD than HRV-G in TW despite similar
values in BW. These results are in accordance with those reported
previously that found higher variation in predefined training
programs than HRV-guided training (19,39).

In this study, the time-domain measure LnRMSSD7day-roll-avg

assessed in the morning upon awakening was the variable chosen
for the daily training prescription. The selection of this vagal-
related measure was based on the recommendations of Plews et al.
(36,37,39) and Buchheit (9) and on methodological characteristics
such as the facilities of data acquisition through smartphone

applications (12,40), the possibility of shorter recordings (30,33),
and because it is less affected by breathing patterns than frequency-
domain variables (43). Other authors chose the frequency-domain
analysis of HRV for the purpose of training prescription (24,46).
The frequency domain has been suggested as ameasure of different
types of “fatigue” (45), whereas the time-domain rMSSD may
identify a global “fatigue” (44). Thus, the frequency-domain
analysis may help to obtain a correct adjustment of the training
program. Nevertheless, frequency domain requires more method-
ological considerations than the time-domain analysis,which could
be more complex to implement in the daily monitoring of athletes.
First, the time-domain analysis is less affected by breathing patterns
than the frequency-domain analysis (43). Second, the frequency-
domain analysis requires a longer window duration than time-
domain analysis (6). Although a longer recording could provide
more information, cyclists are more likely to perform shorter
measurements with normal breathing patterns because they pro-
duce fewer disturbances in their daily routine.

Periodization theories and, consequently, predefined training
programs based on these theories offer a rational explanation of the
distribution of stress (training load imposed to the athlete) and
recovery periods with the goal of a peak in performance in main
competitions. However, most of the strategies undertaken by
coaches are integrated based on beliefs and traditions with limited
scientific support (23). Block periodization consists of training
cycles of concentrated and specialized workloads (20). Despite the
beneficial effects reported by BP models, concentrated workloads
without valid and reliable measures of the response to training
could lead to an overreached state that limits training adaptation.
In this study, HRV was used to determine whether athletes were
able to perform high-intensity training. If HRV decreased below

Figure 5. Percentage of change in performance (40 TT) in HRV-G (A) and BP (B) for each subject during MID and POST.
Horizontal dashed lines are the zero levels. Horizontal solid lines represent mean change in each group. C) Absolute change in
both groups. *p , 0.05. BP 5 block periodization.
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smallest worthwhile change, high-intensity training was ceased
until HRV returned inside the smallest worthwhile change. Heart
rate variability–G showed greater magnitude of change than BP in
fitness andperformancewith a similar training load but varying the
training sessions’ distribution between groups. Therefore, it seems
that individualizing high-intensity training when the athlete is in
optimal cardiac autonomic homeostasis could lead to an improved
adaptive response to training.

MonitoringHRVonadaily basismay provide useful information
on adaptation and fatigue in athletes. The validity observed in ul-
trashort recordings of time-domain indices (12) and the development
of validated mobile applications (12,40) have allowed for the daily
monitoring ofHRV.The recordingswere performedwith themobile
application HRV4Training that used photoplethysmography tech-
nology of the smartphone cameras. This avoids having to use a heart
rate strap. This application reported almost perfect correlation and
trivial standardized differences when compared with electrocardio-
gram (40). Thus, the combination of ultrashort measurements and
easy-of-use applications could mean that athletes would be much
more likely to comply with daily recordings (39).

The evidence from this study gives further supports to the
notion that HRV is a valid and reliable tool to detect the daily
recovery/fatigue and subsequently prescribed training in well-
trained cyclists. Thus, the implementation of daily HRV meas-
urements and practical methodologies to change the training
prescription on a daily basis could lead to better timing in pre-
scription, thereby giving greater insight into the programming
puzzle and optimizing training regimes to enhance both fitness
and performance. The optimization of training programs using
tools to understand the individual response to training plays
a vital role in the success during competition, especially in in-
dividual sports where physical condition is the leading perfor-
mance factor. Day-to-day training gives insights into the use of
objectivemeasurements of the response to training and, therefore,
allows to adjust training on a daily basis with greater precision.

Practical Applications

The practical application for coaches and athletes worthy of
mention. First, theHRVmeasurementswere takenwithultrashort
recordings; this implies cyclists are more likely to perform daily
measurements during a long period of time (10 weeks for this
study). Second, these measurements were performed using pho-
toplethysmography technology with a validated smartphone ap-
plication (HRV4Training). This fact makes the measurement
more comfortable for the athletes than the former alternative
methods such as heart rate straps and electrocardiogram. Third,
this study has been performed in an ecological context, where the
evaluations were performed in controlled laboratory conditions,
but training was performed outdoors. The data were collected
daily using cloud service of the applications both for HRV
measurements (HRV4Training) and the training process (Train-
ingPeaks). This is an essential part in the cyclists because training
normally occurs without the direct supervision from coaches on
a daily basis. Accordingly, this study clearly shows the possibilities
and usefulness of day-to-day training using HRV measurements.

Acknowledgments

The authors acknowledge Marco Altini, PhD, for providing and
facilitating the HRV4Training coach application. The authors
thank the cyclists for their participation.

The authors declare that they do not have any potential conflict of
interest.

References

1. Alecu A. Importance of using periodization in blocks in quality de-
velopment in kayak biomotrice. Marathon 5: 127–133, 2013.

2. Bellenger CR, Fuller JT, Thomson RL, et al. Monitoring athletic training
status through autonomic heart rate regulation: A systematic review and
meta-analysis. Sports Med 46: 1461–1486, 2016.

3. BotekM,McKune A, Krejci J, Stejskal P, Gaba A. Change in performance
in response to training load adjustment based on autonomic activity. Int J
Sports Med 35: 482–488, 2013.

4. Bouchard C, Rankinen T. Individual differences in response to regular physical
activity.Med Sci Sports Exerc 33: S446–S451, 2001. discussion S452–3.

5. Boullosa DA, Abreu L, Nakamura FY, et al. Cardiac autonomic adapta-
tions in elite Spanish soccer players during preseason. Int J Sports Physiol
Perform 8: 400–409, 2013.

6. Bourdillon N, Schmitt L, Yazdani S, Vesin JM, Millet GP. Minimal win-
dow duration for accurate HRV recording in athletes. Front Neurosci 11:
456, 2017.

7. Breil FA, Weber SN, Koller S, Hoppeler H, Vogt M. Block training peri-
odization in alpine skiing: Effects of 11-day HIT on VO2max and per-
formance. Eur J Appl Physiol 109: 1077–1086, 2010.

8. Buchheit M, Mendez-Villanueva A, Quod MJ, Poulos N, Bourdon P.
Determinants of the variability of heart ratemeasures during a competitive
period in young soccer players. Eur J Appl Physiol 109: 869–878, 2010.

9. Buchheit M. Monitoring training status with HR measures: Do all roads
lead to rome? Front Physiol 5: 73, 2014.

10. Da Silva DF, Verri SM, Nakamura FY, Machado FA. Longitudinal
changes in cardiac autonomic function and aerobic fitness indices in en-
durance runners: A case study with a high-level team. Eur J Sport Sci 14:
443–451, 2014.

11. Esco MR, Flatt AA. Ultra-short-term heart rate variability indexes at rest
and post-exercise in athletes: Evaluating the agreement with accepted
recommendations. J Sports Sci Med 13: 535–541, 2014.

12. Flatt AA, EscoMR. Validity of the ithleteTM smart phone application for
determining ultra-short-term heart rate variability. J Hum Kinet 39:
85–92, 2013.

13. Flatt AA, Esco MR. Smartphone-derived heart-rate variability and
training load in awomen’s soccer team. Int J Sports Physiol Perform, 2015
10: 994–1000.

14. Flatt AA, Esco MR. Heart rate variability stabilization in athletes: To-
wards more convenient data acquisition. Clin Physiol Funct Imaging 36:
331–336, 2016.

15. Flatt AA, EscoMR, Nakamura FY, Plews DJ. Interpreting daily heart rate
variability changes in collegiate female soccer players. J Sport Med Phys
Fitness 57: 907–915, 2017.

16. Garcı́a-Pallarés J, Garcı́a-Fernández M, Sánchez-Medina L, Izquierdo
M. Performance changes in world-class kayakers following two differ-
ent training periodization models. Eur J Appl Physiol 110: 99–107,
2010.

17. Heart rate variability standards of measurement, physiological in-
terpretation, and clinical use. Task force of the European Society of
Cardiology and the North American Society of pacing and electrophysi-
ology. Eur Heart J 17: 354–381, 1996.

18. Hopkins WG, Marshall SW, Batterham AM, Hanin J. Progressive sta-
tistics for studies in sports medicine and exercise science. Med Sci Sports
Exerc 41: 3–13, 2009.

19. Issurin V. Block periodization versus traditional training theory: A review.
J Sports Med Phys Fitness 48: 65–75, 2008.

20. Issurin VB. Benefits and limitations of block periodized training approaches
to athletes’ preparation: A review. Sports Med 46: 329–338, 2016.

21. Javaloyes A, Sarabia JM, Lamberts RP, Moya-Ramon M. Training pre-
scription guided by heart rate variability in cycling. Int J Sports Physiol
Perform 14: 23–32, 2019.

22. JoynerMJ, Coyle EF. Endurance exercise performance: The physiology of
champions. J Physiol (Lond) 586: 35–44, 2008.

23. Kiely J. Periodization paradigms in the 21st century: Evidence-led or
tradition-driven? Int J Sports Physiol Perform 7: 242–250, 2012.

24. Kiviniemi AM,Hautala AJ, KinnunenH, TulppoMP. Endurance training
guided individually by daily heart rate variability measurements. Eur J
Appl Physiol 101: 743–751, 2007.

25. Kiviniemi AM, Hautala AJ, Kinnunen H, et al. Daily exercise prescription
on the basis of HR variability among men and women. Med Sci Sports
Exerc 42: 1355–1363, 2010.

Day-to-Day Training Vs. Block Periodization in Cycling (2020) 34:6 | www.nsca.com

1517

Copyright © 2019 National Strength and Conditioning Association. Unauthorized reproduction of this article is prohibited.

D
ow

nloaded from
 http://journals.lw

w
.com

/nsca-jscr by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

4/O
A

V
pD

D
a8K

2+
Y

a6H
515kE

=
 on 01/23/2024

www.nsca.com


26. Lamberts RP, Swart J, Richard W, et al. Measurement error associated
with performance testing in well- trained cyclists : Application to the
precision of monitoring changes. Int Sport J 10: 33–44, 2009.

27. Lamberts RP. Predicting cycling performance in trained to elite male and
female cyclists. Int J Sports Physiol Perform 9: 610–614, 2014.

28. Lucı́a A, Hoyos J, Santalla A, Earnest C, Chicharro JL. Tour de France
versus Vuelta a Espana: Which is harder? Med Sci Sport Exerc 35:
872–878, 2003.

29. Lundby C,Montero D, JoynerM. Biology of VO2max: Looking under the
physiology lamp. Acta Physiol 220: 218–228, 2017.

30. Nakamura FY, Flatt AA, Pereira LA, et al. Ultra-short-Term heart rate
variability is sensitive to training effects in team sports players. J Sports Sci
Med 14: 602–605, 2015.

31. Nuuttila OP, Nikander A, Polomoshnov D, Laukkanen JA, Häkkinen K.
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48. Vesterinen V, Häkkinen K, Hynynen E, et al. Heart rate variability in
prediction of individual adaptation to endurance training in recreational
endurance runners. Scand J Med Sci Sports 23: 171–180, 2013.

49. Vesterinen V, Nummela A, Heikura I, et al. Individual endurance training
prescription with heart rate variability. Med Sci Sports Exerc 48:
1347–1354, 2016.

50. Zadow EK, Kitic CM, Wu SSX, Smith ST, Fell JW. Validity of power
settings of theWahoo KICKR power trainer. Int J Sports Physiol Perform
11: 1115–1117, 2016.

Day-to-Day Training Vs. Block Periodization in Cycling (2020) 34:6

1518

Copyright © 2019 National Strength and Conditioning Association. Unauthorized reproduction of this article is prohibited.

D
ow

nloaded from
 http://journals.lw

w
.com

/nsca-jscr by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

4/O
A

V
pD

D
a8K

2+
Y

a6H
515kE

=
 on 01/23/2024


