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ABSTRACT

NUUTTILA, O.-P., A. NUMMELA, E. KORHONEN, K. HÄKKINEN, and H. KYRÖLÄINEN. Individualized Endurance Training Based

on Recovery and Training Status in Recreational Runners.Med. Sci. Sports Exerc., Vol. 54, No. 10, pp. 1690-1701, 2022. Purpose: Long-

term development of endurance performance requires a proper balance between strain and recovery. Because responses and adaptations to

training are highly individual, this study examined whether individually adjusted endurance training based on recovery and training status

would lead to greater adaptations compared with a predefined program. Methods: Recreational runners were divided into predefined (PD;

n = 14) or individualized (IND; n = 16) training groups. In IND, the training load was decreased, maintained, or increased twice a week based

on nocturnal heart rate variability, perceived recovery, and heart rate–running speed index. Both groups performed 3-wk preparatory, 6-wk

volume, and 6-wk interval periods. Incremental treadmill tests and 10-km running tests were performed before the preparatory period (T0)

and after the preparatory (T1), volume (T2), and interval (T3) periods. The magnitude of training adaptations was defined based on the coef-

ficient of variation between T0 and T1 tests (high >2�, low <0.5�).Results: Both groups improved (P < 0.01) their maximal treadmill speed

and 10-km time from T1 to T3. The change in the 10-km time was greater in IND compared with PD (−6.2% ± 2.8% vs −2.9% ± 2.4%,

P = 0.002). In addition, IND hadmore high responders (50% vs 29%) and fewer low responders (0% vs 21%) comparedwith PD in the change

of maximal treadmill speed and 10-kmperformance (81%vs 23% and 13% vs 23%), respectively.Conclusions: PDand IND induced positive

training adaptations, but the individualized training seemed more beneficial in endurance performance. Moreover, IND increased the likeli-

hood of high response and decreased the occurrence of low response to endurance training. Key Words: ENDURANCE

PERFORMANCE, RUNNING PERFORMANCE, HEART RATE VARIABILITY, PERCEIVED RECOVERY, PERIODIZATION
Successful endurance training requires a proper balance
between training load and recovery. Although adequate
training stimulus is necessary to induce favorable adap-

tations, inadequate recovery between training sessions and pe-
riods may lead to excessive fatigue, and if the imbalance is ex-
tended, even to nonfunctional overreaching or overtraining
(1). It has been observed that acute responses and recovery ki-
netics to similar training sessions (2–4) as well as adaptations to
training periods (5–7) vary between individuals, and processes
r correspondence: Olli-Pekka Nuuttila, M.Sc., Faculty of Sport and
nces, University of Jyväskylä, P.O. Box 35 (VIV), 40014 Jyväskylä,
mail: olli-pekka.s.nuuttila@jyu.fi.
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or publication May 2022.
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related to adaptation could be affected by multiple factors not
connected with actual training, such as nutrition (8), sleep (9),
or psychological stress (10). Therefore, monitoring both train-
ing and recovery could help to take individual differences into
account and in this way provide useful information for the esti-
mation of proper training load in each case (11).

The evolution of wearable technology has produced more
options for the monitoring of training and recovery, which
in turn makes individual training approaches more feasible.
Lately, heart rate variability (HRV)–guided training has been
utilized in various populations, leading to more beneficial
training effects compared with predefined training in untrained
(12), recreationally trained (13–15), and well-trained (16,17)
participants. The assumption in HRV is that because it reflects
the cardiac parasympathetic nervous system activity, it would
also relate to current readiness to adapt to training stimulus
(18). The basic idea in all studies utilizing the HRV-guided ap-
proach has been similar—training intensity has been modified
based on changes in daily recorded resting HRV with respect
to the individually defined reference range. Furthermore, values
below and above the normal range have been regarded as a sign
of an abnormal state, and only low-intensity training has been
prescribed until HRV has reached the individual reference value

mailto:olli-pekka.s.nuuttila@jyu.fi
http://creativecommons.org/licenses/by/4.0/
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(14,16,17). Interestingly, none of the previous studies have tried
to manipulate training volume based on HRV, although it is an
important variable in the endurance training prescription (19).

Despite the fact that HRV-guided training has induced some
promising results, a single marker could not establish all aspects
critical to recovery. Although HRVmainly reflects cardiac au-
tonomic nervous system activity and cardiovascular homeo-
stasis, aspects such as muscle tissue repair or muscle glycogen
repletion may not necessarily be aligned with the parasympa-
thetic reactivation (18). Indeed, neuromuscular and perceptual
recovery has differed from the pattern of HRV in several stud-
ies (3,4,18,20). It can also be argued that training adaptation
and HRV (or its responses) may not be as directly associated
as sometimes it has been assumed (21), especially, when tak-
ing into consideration the challenging interpretation of HRV
after intensified training (22,23) and the possible influence
of plasma volume expansion (18). Therefore, supplementary
monitoring methods providing information on perceived fa-
tigue and musculoskeletal strain could help to gain a more
comprehensive picture of the recovery status. To the best of
our knowledge, only one previous study has considered mul-
tiple variables in the training decision scheme by analyzing
the rating of perceived exertion, the ability to reach target heart
rate (HR), and the HR recovery from a submaximal cycling
test (24). Although it seems obvious that combining both ob-
jective and subjective markers would provide the best quality
for monitoring, there certainly exists a lack of research on how
to implement such an approach in practice.

To investigate the effectiveness of individualized training
volume and intensity, the present study compared the individ-
ually adjusted training prescription based on nocturnal HRV,
perceived recovery, and estimated running performance to the
predefined training program in recreationally endurance-trained
males and females. We hypothesized that individualized training
would induce greater training adaptations in maximal running
performance compared with predefined training and decrease
the likelihood of low response.
A
PPL
METHODS

Participants.A total of 40 recreationally endurance-trained
males (20) and females (20) were recruited for the study.
The minimal sample size was determined based on the data
of Nuuttila et al. (15) where 5.1% ± 3.2% and 2.7% ± 1.6%
changes in maximal treadmill velocity were reported in
HRV-guided and predefined groups, respectively. A priori
TABLE 1. Mean ± SD baseline characteristics of the participants.

PD

Males (n = 7) Females (n = 7) All (

Age (yr) 33 ± 6 35 ± 8 3
Height (cm) 181 ± 3 168 ± 5 17
Body mass (kg) 82 ± 11 64 ± 8 7
BMI (kg·m−2) 25.0 ± 3.5 22.7 ± 3.3 23.
Fat (%) 14.9 ± 5.1 21.0 ± 7.1 17.
V̇O2max (mL·kg

1·min−1) 47.9 ± 4.2 43.4 ± 2.5 45.

Baseline characteristics were measured before the preparatory period (T0).
BMI, body mass index.

INDIVIDUALIZED ENDURANCE TRAINING
power analysis suggested that 15 subjects were required
for both groups to achieve 80% power and a significance
level of 5%. The participants were healthy and accustomed
to regular running (at least 4 times a week). Before the final
acceptance to participate, a cardiologist checked the electro-
cardiography of all participants. During the study period,
seven dropouts occurred (three during volume period, four
during interval period). Dropouts in the predefined (PD)
and individualized (IND) groups occurred because of per-
sonal reasons (n = 1/IND), illnesses (n = 2/PD, 1/IND), or
injuries of the lower extremities (n = 2/PD, 1/IND). In addi-
tion, three participants that finished the study were excluded
from the final analysis because of insufficient training adher-
ence (<90% of the main sessions, n = 1/PD), prolonged train-
ing interruption during the interval period (>2 wk, n = 1/IND),
or prolonged illness between the end of the interval period and
the last testing week (>2 wk, n = 1/PD). The baseline charac-
teristics of the participants that were included in the final anal-
ysis are presented in Table 1. One participant got sick between
the last incremental treadmill test and the 10-km running test,
and that is why in 10-km performance, n = 13 in PD. All par-
ticipants gave their written consent to participate, and the
study protocol was approved by the ethics committee of the
University of Jyväskylä.

Study protocol. The study period consisted of a 3-wk
preparatory period (PREP), which was followed by 6-wk vol-
ume (VOL) and interval periods (INT). After PREP, the par-
ticipants were matched into pairs based on sex, endurance per-
formance (maximal treadmill speed, 10 km), and endurance
training volume (h); and after that, they were randomized into
a PD group and an IND group. PD trained according to the
predefined program, whereas the program of INDwas adapted
based on measured training and recovery data. In both groups,
all the programmed sessions were performed by running. The
participants were allowed to continue other regular activities
(e.g., cycling, muscular fitness) with a similar proportion they
were accustomed to. However, only a marginal number of
such sessions were reported during the study (0.2 ± 0.3 ses-
sions per week). Laboratorymeasurements and endurance per-
formance tests were performed four times during a testing
week before PREP (T0), between PREP and VOL (T1), be-
tween VOL and INT (T2), and after INT (T3). In addition, all
participants collected HR and Global Positioning System data
from endurance exercises, recorded daily their nocturnal HR
and HRV, and filled questionnaires on perceived recovery.
Training was performed in field conditions and mainly
IND

n = 14) Males (n = 8) Females (n = 8) All (n = 16)

4 ± 7 37 ± 5 38 ± 9 37 ± 7
4 ± 8 180 ± 5 167 ± 8 174 ± 9
3 ± 13 77 ± 12 59 ± 4 68 ± 13
9 ± 3.5 23.7 ± 3.7 21.3 ± 1.2 22.5 ± 3.0
9 ± 6.7 12.0 ± 5.6 19.8 ± 4.8 15.9 ± 6.5
7 ± 4.0 50.6 ± 6.2 42.3 ± 4.3 46.5 ± 6.7

Medicine & Science in Sports & Exercise® 1691
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outdoors. Data collection was executed between late spring
and autumn to ensure the most suitable conditions for running.
The average daily peak temperature during the data collection
was 17.3°C ± 7.5°C in the local weather station (FMI catalog,
assessed 12.5.2022). Individuals were not given any specific
guidelines regarding nutrition or fluid intake during the study
period, and the aim was to maintain usual nutritional habits.

Training protocol. During the 3-wk PREP, participants
were familiarized with the intensity zones and training modes
of the following periods. The PREP period also facilitated the
assessment of the regular training volume of the participants
and the representative individual baseline for the measured re-
covery variables. The participants were advised to continue
their regular training in terms of volume and frequency. How-
ever, they were asked to exercise only at low intensity (LIT)
except for one weekly predefined moderate-intensity session
(MOD). To ensure sufficient recovery before the testing week
that preceded the training intervention (T1), the participants
were asked to decrease training volume by 25% during their last
week of PREP. The training volume and training frequency
were analyzed from this period for each individual and used
as a basis in the following training programs.

After PREP, the PD and IND groups trained according to
their programs. The first 6-wkVOL period focused on the pro-
gression of LIT volume, whereas the second 6-wk INT period
focused on high-intensity interval training (HIT). The training
program of PD was individually scaled based on the training
frequency and volume during PREP. The basic structure of
the program is presented in Table 2. The training modes dur-
ing VOL included LIT sessions where HR was below the first
lactate threshold (HRzone1) and continuous MOD sessions
where HR was between the first and second lactate thresholds
(HRzone2). The training was periodized in a way that 2 inten-
sive weeks were followed by 1 recovery week. The training
volume progression was similar to previous studies (7,25):
during intensive weeks, it increased by 10% compared with
TABLE 2. The training program of the PD group during the preparatory (PREP1–3), volume (VOL1

Week LIT (Basic), 30–90 min LIT (Long), >90 min MOD, 30 mi

T0 1–3�
PREP1 2–4� 1� 1�
PREP2 2–4� 1� 1�
PREP3 1–3� 1� 1�

T1 1–3�
VOL1 2–4� 1� 1�
VOL2 2–4� 1� 1�
VOL3 1–3� 1� 1�
VOL4 2–4� 1� 1�
VOL5 2–4� 1� 1�
VOL6 1–3� 1� 1�

T2 1–3�
INT1 1–3�
INT2 1–3�
INT3 2–4�
INT4 1–3�
INT5 1–3�
INT6 2–4�

T3 1–3�
All MOD and HIT sessions also included low-intensity warm-up and cool-down.
BL, baseline; LIT, low-intensity training (HRzone1); MOD, moderate-intensity training (HRzone2); HI
test.

1692 Official Journal of the American College of Sports Medicine
the baseline level (2 first weeks of PREP). To ensure sufficient
recovery, training volume was always decreased by 25% after
2 intensive weeks (26).

During INT, the weekly main session was 6 � 3 min per-
formed at the maximal sustainable effort with 2-min recovery in-
tervals in between (27). Basically, the running speed during the
intervals was between the second lactate threshold and maximal
treadmill test speed and at the end of intervals, HR reached values
above the second lactate threshold (HRzone3). Other endurance
training was executed as LIT where HR was below the first
lactate threshold (HRzone1). The duration of these sessions
was individually defined based on the basic sessions` average
values during PREP. Similar to VOL, the training was periodized
into 2 intensive weeks (three HIT sessions) followed by 1 re-
covery week (one HIT session and 25% decreased training
volume). The weekly HIT frequency was based on previous
studies using 2–3 weekly HIT sessions (28,29).

In the IND group, the training frequency and timing of differ-
ent types of sessions within a week were determined according
to similar principles as in the PD group. Only the duration of the
sessions (VOL) or the number of HIT sessions (INT) were ad-
justed based on the training and recovery state. The execution
of the training was individually adjusted twice a week on evalu-
ation days (Monday and Thursday), which were always recovery
days (rest or active recovery) as well. Basically, the training load
of the following 3- to 4-d block was either increased, maintained,
or decreased from the current level set for the individual. During
VOL, the current level referred to the coefficient of the session
duration compared with baseline, and similar to PD, it started
from +10% (1.10 � baseline duration). During INT, the current
level referred to the number of HIT sessions performed within
a block and started from one HIT, like in PD. The adjustment
logic for the training load is illustrated in Figure 1. The partici-
pants were not informed about the exact model behind the train-
ingmodification to avoidmanipulation of the results in away that
would not be related to the actual recovery and training state.
–6), and interval (INT1–6) training periods.

n HIT, 6 � 3 min Tests V̇O2max, 10 km Volume

x
BL
BL
0.75 � BL

�
1.1 � BL
1.2 � BL
0.75 � previous wk
1.3 � BL
1.4 � BL
0.75 � previous wk

�
3� BL (basic sessions)
3� BL (basic sessions)
1� 0.75 � previous wk
3� BL (basic sessions)
3� BL (basic sessions)
1� 0.75 � previous wk

�

T, high-intensity interval training (maximal sustainable effort); V̇O2max, incremental treadmill

http://www.acsm-msse.org

http://www.acsm-msse.org


FIGURE 1—Determination logic of the training load in the IND group. Training load was adjusted twice a week on evaluation days (Monday and Thurs-
day). If the training load was maintained, nomodifications were made compared with the current level. The training load was increased via adding volume
(VOL) by 5% (e.g., 1.10 � baseline level to 1.15� baseline level) or via increasing the number of HIT sessions (INT). The training load was decreased via
reducing volume by 25% compared with the current level (VOL), or via reducing volume by 25% from the current level and excluding HIT sessions (INT).
After the recovery block, the training continued from the level preceding the recovery block (two-thirds of the markers within normal range) or the next
level (VOL). During INT, the progression always started from one HIT. After reaching a maximum number of HIT sessions within a block (two or three
sessions), no additional sessions were performed. After the last evaluation day of INT, a maximum of one HIT session was performed to ensure sufficient
recovery before final tests.
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The variables affecting the training load and their desirable
ranges were determined in conformity with previous studies.
In the nocturnal HRV, a 4-wk rolling average ±0.5 � SD
was chosen, which meant that the values above or below the
range were regarded as negative. Similar cutoff values have
been used in studies utilizing HRV-guided training (14,16).
Fatigue was expected to be sensitive for the (too high) changes
in the training load (22,23) and to increase as a sign of possible
overreaching (30,31). Muscle soreness has also increased after
periods of intensified training (23,27,32), and high values may
relate to overtraining (30). Hooper et al. (30) suggested that in a
1–7 scale, values >5 would be associated with staleness. Be-
cause the present study used a similar scale, the respective value
was chosen as a cutoff for “normal” value. HR–running speed
index (HR–RS index) was chosen as the third factor affecting
the training load, because it is not straightforward how recovery
state itself translates into training adaptation, and changes in this
marker have previously correlated with the change in maximal
running performance measured in the laboratory (33). Because
HR–RS index was not measured in laboratory conditions and
exercise HR has a certain natural day-to-day variation (34), the
maximum decrement of 0.50 compared with previous 2-wk
INDIVIDUALIZED ENDURANCE TRAINING
average, equivalent to 3- to 4-bpm increase in HR at the same
running speed, was defined as “normal.” The smallest worth-
while change (SWC) of 0.50 has also been used with the same
marker previously (21).

Performance and laboratory tests. The testing week
included 2 testing days, which were separated by at least
48 h. The first testing day consisted of fasting measurements
(blood samples and anthropometrics) and incremental tread-
mill test. On the second day, a 10-km running test was exe-
cuted. The tests were performed at the same time of the day
(±2 h) within-participant. The last day before the test was a rest
day and no HIT or long-distance sessions were performed
on 2 d preceding any test.

Serum free testosterone and cortisol concentrations as well
as creatine kinase activity were assessed after a 12-h fast in
the morning (7:15–9:15 AM) preceding the incremental tread-
mill test. Samples were taken from the antecubital vein into
6-mL serum tubes, and standard laboratory procedures were
followed. Whole blood was centrifuged at 2250 G (Megafuge
1.0 R; Heraeus, Hanau, Germany) for 10 min, and after that
the serum was removed and frozen at −20°C until the final
analysis. Serum cortisol concentration was analyzed with a
Medicine & Science in Sports & Exercise® 1693
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chemical luminescence technique (Immulite 2000XPi; Siemens,
New York City, NY). The sensitivity of the cortisol assay was
5.5 nmol·L−1, and the intra-assay coefficient of variation (CV)
was 5.3%. Free testosterone concentration was analyzed with
enzyme-linked immunoassay method (DYNEX DS 2 ELISA
processing system; DYNEX Technologies, Chantilly, VA). The
sensitivity of the free testosterone assay was 0.6 pmol·L−1, and
the intra-assay CV was 6.0%. Serum creatine kinase activity was
analyzed with Indiko Plus Clinical Chemistry Analyzer (Thermo
Fisher Scientific, Vantaa, Finland). The sensitivity of the creatine
kinase assay was 2.2 U·L−1, and the intra-assay CV was 0.9%.
At the same laboratory visit, body mass and body fat percentage
were measured with bioimpedance device (InBody770-analyser;
Biospace Co. Ltd., Seoul, Korea).

An incremental treadmill test was performed on a treadmill
(Telineyhtymä Oy, Kotka, Finland). The starting speed was
7 km·h−1 for women and 8 km·h−1 for men. Three-minute stages
were used, and the speed increased by 1 km·h−1 after every stage.
Between the stages, the treadmill was stopped (15–20 s) for
drawing blood samples from the fingertip for lactate analyses.
The inclinationwas kept constant at 0.5° angle through thewhole
test. The oxygen consumption was measured breath by breath
with Jaeger Vyntus CPX (CareFusion Germany 234 GmbH,
Hoechberg, Germany), and HR was monitored with Polar
Vantage V2 (Polar Electro Oy, Kempele, Finland). The max-
imal oxygen uptake (V̇O2max) was defined as the highest 60-s
average of oxygen consumption. The maximal running speed
(vMax) of the test was defined as the highest speed in the last
completed stage, or if the stage was not finished, as the speed
of the last completed stage (km·h−1) + (running time (s) of the
unfinished stage − 30 s)/(180 − 30 s)� 1 km·h−1. The first lac-
tate threshold (LT1) and the second lactate threshold (LT2)
were determined based on blood lactate changes during the
test. The LT1 was set at 0.3 mmol·L−1 above the lowest lactate
value. For the determination of LT2, two linear models were
drawn: 1) between LT1 and the next measured lactate value
and 2) for the lactate points, which were preceded by a lactate
increase of at least 0.8 mmol·L−1. Finally, LT2 was set at the
intersection point between these two linear models. The tread-
mill and threshold assessment protocols were adopted from
previous studies (5,14,27).

The countermovement jump (CMJ) test was performed on a
contact mat before the incremental treadmill test and after a
short 5-min low-intensity warm-up. The participants were ad-
vised to keep their hands on their hips and jump as high as pos-
sible. The lowest knee angle during the take-off was instructed
to be about 90°. The jump height (h) was calculated based on
the measured flight time with the formula: h = g · t2 · 8−1,
where t is the recorded flight time in seconds and g is the accel-
eration due to gravity (9.81 m·s−2) (35). Three attempts were
performed with a 30-s recovery, and the highest jump (in cen-
timeters) was used in the final analysis.

The running performance was also assessed by the 10-km
field test, which was run in small groups on a flat 1.6-km
asphalt loop (+400-m starting line). A standardized 15-min
low-intensity warm-up including 2–3 accelerations to the
1694 Official Journal of the American College of Sports Medicine
target speed was performed before the test. The running time,
average HR, and peak HR were analyzed from the tests.

Training and recovery monitoring. The participants
used an HR monitor (Polar Vantage V2, H10 sensor; Polar
Electro Oy) in all endurance exercises. The training intensity dis-
tribution based on HR values (time below the LT1 = HRzone1;
between LT1 and LT2 =HRzone2; above the LT2 =HRzone3),
distance covered, HR–RS index (33), and average running speed
from the interval sessions were analyzed from the data. To estab-
lish a fair comparison between the sessions of varying duration
and terrain, the HR–RS index was primarily calculated from
the beginning of running sessions (5:00–10:00). The participants
were advised to run the first 10min of each session as a warm-up
on flat terrain at an intensity of LIT. The data were manually an-
alyzed in Polar Flow software (Polar Electro Oy) to ensure suf-
ficient data quality and flat terrain requirement (not more than
5 m ascent or descent). In cases where the criteria were not
met in the original 5:00–10:00 segment, the 5-min segment
was either moved until fulfilling the criteria (continuous ses-
sions), or the longest possible segment (of at least 2 min) meet-
ing the criteria was used (interval sessions) instead.

The HR–RS index was calculated based on the average run-
ning speed (Savg) and HR (HRavg) with the following equation:

HR-RS index ¼ Savg − HRavg −HRstanding

� �
=k

k ¼ HRmax −HRstanding

� �
=Speak

HRstanding was estimated by adding 26 bpm to the resting HR
(average nocturnal HR during the PREP period) similar to
Vesterinen et al. (33). Speak and HRmax were determined based
on the incremental treadmill test results at T1.

Subjective recovery was estimated daily on a 1–7 scale,
which was modified from the questionnaires of Schäfer Olstad
et al. (32) andHooper et al. (30).Muscle soreness of the lower limbs,
fatigue, sleep quality, and stress were ranked from 1 (very much
below/better than normal) to 7 (very much above/worse than
normal), whereas 4 represented normal perception. The items
were analyzed separately and as a sum index, which was de-
fined as the “staleness score.” Recovery was estimated in the
morning before any exercise via Coach4Pro mobile application
(Coach4Pro Oy, Espoo, Finland).

The nocturnal HR and HRVwere measured via wrist-based
photoplethysmography (Polar Vantage V2) every night through-
out the whole study. The validity of the device has been reported
previously (36). Automatically formed results from a 4-h period
starting half an hour after the beginning of the detected sleep
onset were used in the analysis. Values provided by the watch
included the average HR and the average root mean square of
successive differences, which was log-transformed (LnRMSSD)
for the analysis.

Statisticalanalysis.The results are presented asmean±SD.
The normality of the data was assessed with the Shapiro–Wilk
test. To examine the main effects (time, group) and their inter-
action (time–group), repeated-measures ANOVA was applied
in the performance and laboratory tests (T1, T2, T3), normally
http://www.acsm-msse.org
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distributed monitoring variables (PREP vs 1–12 wk), and the
running speed of the interval sessions (INT1 vs INT2–6 wk).
In the case of a significant main effect or interaction, a
Bonferroni post hoc test was used for within-group compari-
sons and simple contrasts for between-group comparisons. To
exclude any possible effects of different baseline levels in per-
formance parameters (treadmill test, 10-km test), a T0 test result
was used as a covariant (ANCOVA) in the between-group
analysis. In parameters that were not normally distributed, the
Wilcoxon signed rank test with Bonferroni correction was used
for within-group comparisons and the Mann–Whitney U-test
for between-group comparisons (changes from PREP). For
the markers used in training adjustment (HR–RS index, 3-d
HRV, muscle soreness, and fatigue), unpaired-samples t-test
was used to analyze the between-group differences in the per-
centage of data points being within individual SWC during
the training intervention. The magnitude of improvements
in the main parameters (vMax, 10 km) was analyzed based
on the CV between T0 and T1 tests, and it was stated as trivial
(<0.5�CV), moderate (0.5–2�CV), or high (>2�CV). Be-
cause only a relatively short period of regular training was per-
formed between the T0 and T1, CV was expected to illustrate
the typical error of the test caused by day-to-day variation in
performance and/or environmental factors. The present divi-
sion formagnitudewas adapted from the study byDüking et al.
(7), but as an exception, the SWC was defined as 0.5 � CV
(37), similar to the cutoff value used in the recovery markers.
To further investigate possible reasons behind different re-
sponses, individuals defined as high responders for both of
the tests (n = 8) and individuals defined as trivial responders
for either of the tests (n = 9) were compared (age, baseline fit-
ness, training volume, perceived stress, and recovery during
the intervention period) with Mann–Whitney U-test. To exam-
ine the effect size (ES) of observed changes, Cohen’s d for
within-group (difference of the means divided by the pooled
SD), and between-group (difference of the means divided by
the SD of the mean difference) comparisons and 95% confi-
dence intervals were calculated for the laboratory and perfor-
mance tests. After nonparametric tests, ES was calculated by a
formula: ES = Z · (√n)−1, where Z is the z-score, and n is the
number of observations on which Z is based. The ES was
FIGURE 2—Training volume, running distance, and training intensity distribu
across the volume (VOL1–VOL6) and interval (INT1–INT6) training periods in

INDIVIDUALIZED ENDURANCE TRAINING
categorized as <0.2 trivial, 0.2–0.5 small, 0.5–0.8 moderate,
and >0.8 large. The statistical significance level was set to
P < 0.05. Analyses were performed with Microsoft Excel
2016 (Microsoft Corporation, Redmond, WA) and IBM SPSS
Statistics v.28 programs (SPSS Inc., Chicago, IL).
RESULTS

Training.No differences were observed between the groups
in the mean weekly training volume during the PREP (PD,
4.6 ± 1.0 h; IND, 4.3 ± 0.8 h), VOL (PD, 5.7 ± 1.3; IND,
5.3 ± 0.9), or INT (PD, 3.8 ± 0.9; IND, 3.8 ± 0.6 h). Compared
with PREP, the training volume was higher during VOL and
lower during INT in both groups (P < 0.01). The training inten-
sity distribution was similar in both groups across the study. In
addition, the proportion of HRzone1 decreased and HRzone3
increased from PREP to INT similarly in both groups (P < 0.01).
The weekly mean training frequency slightly increased in
IND from PREP (4.2 ± 0.6) to VOL (4.4 ± 0.6, P < 0.001)
and INT (4.3 ± 0.6, P = 0.007), whereas no significant differ-
ences were found in VOL (PREP, 4.2 ± 0.9; VOL, 4.5 ± 1.0;
INT, 4.3 ± 0.9). The number of HIT sessions did not differ be-
tween the groups during INT (PD, 13.6 ± 0.5 sessions; IND,
15.8 ± 4.3 sessions), although the range was greater in IND
(PD, 13–14 sessions; IND, 10–25 sessions). The weekly train-
ing volume and intensity are illustrated in Figure 2. The total
accumulated training volume during the VOL and INT was
56.9 ± 13.0 h (range, 43.7–83.9 h) in PD and 54.7 ± 9.0 h
(range, 40.3–69.1 h) in IND, and the volume was distributed into
52 ± 11 sessions (range, 42–80 sessions) in PD and 53 ± 7 ses-
sions (range, 46–71 sessions) in IND. Regarding the training
adjustments of IND during the intervention, 55% ± 12%main-
tained the training load, 35% ± 10% increased the training
load, and 10% ± 8% decreased the training load.

Performance and laboratory tests. No between-group
differences were observed in any of the performance-related
variables at T1. A significant main effect of time was observed
in vLT2, vMax, and V̇O2max (P < 0.001; Table 3). Both groups
improved (P < 0.001) their maximal treadmill performance
from T1 to T3 (PD, 3.0% ± 2.4%; IND, 4.0% ± 1.9%;
between-group P = 0.322; ES = 0.46; −0.27 to 1.18), and T2
tion (time in HRzone1, HRzone2, and HRzone3) at baseline (PREP) and
the PD (A) and IND (B) training groups.

Medicine & Science in Sports & Exercise® 1695

A
PPLIED

SC
IEN

C
ES



TA
BL

E
3.

M
ea
n
±
SD

pe
rfo

rm
an
ce

an
d
la
bo
ra
to
ry
te
st
re
su
lts

be
fo
re
th
e
VO

L
(T

1)
be
tw
ee
n
th
e
VO

L
an
d
IN
T
(T

2)
,a
nd

af
te
rt
he

IN
T
(T

3)
pe
rio
ds
.

PD
(n

=
14
)

IN
D
(n

=
16
)

T 1
T 2

T 3
T 1

T 2
T 3

vL
T1

(k
m
·h
−1
)

10
.7
±
0.
9

10
.8
±
1.
1
(0
.1
0;
−0
.4
3
to

0.
63
)

11
.1
±
1.
2
(0
.3
3;
−0
.2
1
to

0.
87
)

10
.6
±
1.
1

10
.8
±
1.
0
(0
.2
3;
−0
.2
7
to

0.
72
)

10
.8
±
1.
3
(0
.1
4;
−0
.3
6
to

0.
63
)

vL
T2

(k
m
·h
−1
)

13
.3
±
1.
4

13
.5
±
1.
5
(0
.1
5,
.−
38

to
0.
67
)

13
.6
±
1.
6*

(0
.1
8;
−0
.3
5
to

0.
70
)

13
.1
±
1.
6

13
.3
±
1.
4
(0
.1
6;
−0
.3
3
to

0.
65
)

13
.5
±
1.
6*
*
(0
.2
3;
−0
.2
7
to

0.
72
)

vM
ax

(k
m
·h
−1
)

16
.1
±
1.
8

16
.3
±
2.
0
(0
.1
1;
−0
.4
2
to

0.
63
)

16
.6
±
2.
1*
**

,†
(0
.2
6;
−0
.2
8
to

0.
79
)

16
.0
±
2.
0

16
.2
±
2.
0
(0
.1
0;
−0
.3
9
to

0.
59
)

16
.6
±
1.
9*
**

,†
†
(0
.3
2;
−0
.1
9
to

0.
82
)

V̇O
2m

ax
(m

L·
kg

−1
·m
in
−1
)

46
.7
±
3.
9

47
.8
±
5.
2
(0
.2
6;
−0
.2
8
to

0.
78
)

50
.7
±
6.
1*
**

,†
†
†
(0
.8
0;
−0
.1
8;
1.
39
)

47
.3
±
7.
2

47
.0
±
7.
2
(−
0.
03
;−
0.
49

to
0.
44
)

50
.3
±
7.
6*
*,
†
†
†
(0
.4
0;
−0
.1
2
to

0.
90
)

CM
J
(c
m
)

28
.0
±
5.
2

28
.8
±
4.
7
(0
.1
5;
−0
.3
8
to

0.
67
)

28
.6
±
4.
4
(0
.1
1;
−0
.4
1
to

0.
64
)

30
.3
±
6.
3

30
.6
±
6.
8
(0
.0
5;
−0
.4
4
to

0.
54
)

30
.0
±
6.
2
(−
0.
05
;−
0.
54

to
0.
44
)

fT
es
to

(p
m
ol
·L
−1
)

27
.0
±
26
.6

26
.9
±
25
.5
(0
.0
0;
−0
.6
9
to

0.
69
)

27
.3
±
23
.3
(0
.0
0;
−0
.6
9
to

0.
69
)

18
.6
±
17
.5

18
.2
±
16
.8
(−
0.
01
;−
0.
75

to
0.
73
)

18
.6
±
16
.4
(0
.0
0;
−0
.7
4
to

0.
74
)

Co
rti
so
l(
nm

ol
·L
−1
)

38
2
±
10
2

43
9
±
10
7
(0
.5
0;
−0
.0
7;
1.
04
)

41
1
±
96

(0
.2
4;
−0
.3
0
to

0.
76
)

46
4
±
14
5

46
8
±
14
5
(0
.0
2;
−0
.4
7
to

0.
51
)

45
6
±
12
5
(−
0.
06
;−
0.
55

to
0.
43
)

CK
(u
m
ol
·L
−1
)

13
0
±
63

14
8
±
90

(0
.0
6;
−0
.6
3
to

0.
75
)

11
5
±
54

(−
0.
07
;−
0.
76

to
0.
62
)

11
8
±
55

13
0
±
65

(0
.0
5;
−0
.6
9
to

0.
79
)

12
9
±
79

(0
.0
5;
−0
.6
9
to

0.
79
)

Va
lu
es

in
th
e
pa
re
nt
he
se
s
ar
e
ES

(C
oh
en
’s
d
)a
nd

th
e
95
%

co
nf
id
en
ce

in
te
rv
al
s
fo
rt
he

w
ith
in
-g
ro
up

ch
an
ge
s
fro

m
T 1
.

*P
<
0.
05

w
ith
in
gr
ou
ps

co
m
pa
re
d
w
ith

T 1
.

**
P
<
0.
01

w
ith
in
gr
ou
ps

co
m
pa
re
d
w
ith

T 1
.

**
*P

<
0.
00
1
w
ith
in
gr
ou
ps

co
m
pa
re
d
w
ith

T 1
.

†
P
<
0.
05

w
ith
in
gr
ou
ps

co
m
pa
re
d
w
ith

T 2
.

†
†
P
<
0.
01

w
ith
in
gr
ou
ps

co
m
pa
re
d
w
ith

T 2
.

†
†
†
P
<
0.
00
1
w
ith
in
gr
ou
ps

co
m
pa
re
d
w
ith

T 2
.

CK
,s
er
um

cr
ea
tin
e
ki
na
se
.f
Te
st
o,
se
ru
m

fre
e
te
st
os
te
ro
ne
;v
LT
1,
th
e
sp
ee
d
at
th
e
fir
st
la
ct
at
e
th
re
sh
ol
d;
vL
T2
,t
he

sp
ee
d
at
th
e
se
co
nd

la
ct
at
e
th
re
sh
ol
d;
vM

ax
,m

ax
im
al
sp
ee
d
of

th
e
in
cr
em

en
ta
lt
re
ad
m
ill
te
st
.

1696 Official Journal of the American College of Sports Medicine

A
PP

LI
ED

SC
IE
N
C
ES

D
ow

nloaded from
 http://journals.lw

w
.com

/acsm
-m

sse 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

K
G

K
V

0Y
m

y+
78=

 on 09/16/2022
to T3 (PD, 1.8% ± 2.5% (P = 0.022); IND, 2.7% ± 2.8%
(P = 0.001); between-group P = 0.421; ES = 0.34; −0.39 to
1.06). No significant main effects or interactions were observed
in the anthropometrics or blood-derived markers (Table 3).

A significant main effect of time (P < 0.001) and group–
time interaction (P = 0.006) was observed in 10-km running
time (Fig. 3). PD (−2.9% ± 2.4%, P = 0.004; ES = 0.20;
−0.35 to 0.75) and IND (−6.2% ± 2.8%, P < 0.001; ES = 0.46;
−0.07 to 0.97) improved the 10-km running time from T1 to
T3, and the respective change differed between the groups
(P = 0.002; ES = 1.23; 0.42 to 2.02). The running time
was improved from T1 to T2 only in IND (−2.6% ± 3.1%,
P = 0.001; ES = 0.19; −0.31 to 0.68), whereas in PD, it re-
mained unchanged (−0.8% ± 2.1%, P = 0.534; ES = 0.08;
−0.47 to 0.62). However, the change was not different be-
tween groups (P = 0.125; ES = 0.64; −0.12 to 1.38). The
improvement was also significant between T2 and T3 in
IND (−3.7 ± 2.2, P < 0.001; ES = 0.27; −0.23 to 0.76) and
tended to be significant in PD (−2.0% ± 3.3%, P = 0.051;
ES = 0.14; −0.41 to 0.68) with no between-group differences
(P = 0.087; ES = 0.61; −0.15 to 1.35).

Significant main effects of time were also observed in aver-
age HR (P = 0.035) and peak HR (P = 0.002) during the run-
ning test. The average HR values at T1, T2, and T3 were
93.1 ± 2.1, 93.3 ± 1.6, and 92.6 ± 2.5%/max for PD and
93.1 ± 1.6, 93.4 ± 1.9, and 92.5 ± 2.1%/max for IND, respectively.
At the same time points, peak HR values were 99.0 ± 2.3,
98.5 ± 1.6, and 97.7 ± 1.9%/max for PD and 99.2 ± 2.0,
99.0 ± 2.0, and 97.5 ± 2.2%/max for IND, respectively.
In the post hoc analysis, the only significant difference was
found in peak HR, which decreased in IND from T1 to T3
(P = 0.011).

In addition to statistical analysis, the individual response
magnitudes in the maximal treadmill performance and 10-km
running performance from T1 to T3 were examined (Fig. 4). In
the vMax, the percentage distributions for high, moderate, and
trivial responders were 29%/50%/21% for PD and 50%/50%/
0% for IND, respectively. Meanwhile, in the 10-km running
test, the percentage distributions for high, moderate, trivial,
and moderate negative responders were 23%/54%/15%/8%
for PD and 81%/6%/13%/0% for IND, respectively.

Monitoring variables. Significant main effects of time
were observed in the HR–RS index (Fig. 5) and the average
running speed of interval sessions (P < 0.001). The run-
ning speed in the intervals increased in IND from week 1
(14.4 ± 1.6 km·h−1) toweek 3 (14.8 ±1.8 km·h−1,P=0.023),week
4 (14.8 ± 1.8 km·h−1, P = 0.005), and week 6 (14.9 ± 1.8 km·h−1,
P = 0.023), whereas no change was observed in PD (14.6 ±
2.0 vs 14.7–14.9 km·h−1). In addition, some significant
within-group differences were found in the staleness score
and nocturnal HR (Fig. 5), which were analyzed with nonpara-
metric tests. IND had significantly higher proportion defined
as “normal” in HR–RS index (82% ± 6% vs 75% ± 7%,
P = 0.015) and LnRMSSD (52% ± 5% vs 45% ± 5%,
P = 0.046) when the percentage of data points being within indi-
vidual SWC was analyzed, whereas in fatigue (68% ± 11% vs
http://www.acsm-msse.org
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FIGURE 3—Running time in the 10-km test before the VOL (T1), be-
tween the VOL and INT (T2), and after the INT (T3) periods in the PD
and IND training groups. **P < 0.01, ***P < 0.001 within groups com-
pared with T1 +++P < 0.001 within groups compared with T2.
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75% ± 14%) and muscle soreness (69% ± 17% vs 69% ± 24%),
no differences were observed.

Comparison between high and trivial responders.
When the individuals defined as high or trivial responders were
compared, no differences were observed in the age (34.3 ± 8.6 vs
36.0 ± 6.5 yr), baseline fitness (vMax, 15.5 ± 1.9 vs
15.9 ± 2.0 km·h−1), training volume (56.1 ± 6.5 vs 56.6 ± 13.3 h),
or perceived stress (3.5 ± 0.5 vs 3.8 ± 0.6) during the study pe-
riod. Regarding the monitoring variables, high responders had a
higher proportion (P = 0.03) of “normal” HR–RS index values
compared with trivial responders (82% ± 6% vs 73% ± 8%),
whereas in LnRMSSD (53% ± 7% vs 49% ± 14%), fatigue
(76% ± 16% vs 72% ± 12%), or muscle soreness (76% ± 15%
vs 70% ± 16%), no such differences were observed.
FIGURE 4—Magnitude of individual responses andmean changes (black rectangle)
set based on the CV of the parameter between T0 and T1. High + andModerate + in
erate −, impaired performance.

INDIVIDUALIZED ENDURANCE TRAINING
DISCUSSION

The main findings of the study were that the predefined
and individualized training protocols improved endurance
performance from the baseline in the incremental treadmill test
and 10-km running test, and the most significant improvements
occurred after the interval period. Although both groups had
similar training characteristics on average, the change in the
10-km running performance was greater in IND. In addition,
the proportion of high responders in the maximal treadmill
and 10-km running performance was greater and the proportion
of low responders smaller in IND comparedwith PD. These dif-
ferences suggest that individualized training may increase the
likelihood of positive endurance training adaptations.

Training characteristics. Despite different training periodi-
zation models, no significant differences were found between the
groupswhen training periods were analyzed as a whole. However,
as can be seen from Figure 2, the weekly execution of the training
was quite different. In IND, similar types of recovery weeks as in
PDwere not observed, because the timing and length of such pe-
riods were individually defined. Interestingly, only ~10% of the
training load adjustments led to a recovery block. This may il-
lustrate that in recreational runners with quite a low training
frequency, specific recovery periods may not be particularly
critical when the training load is being increased (sufficiently)
moderately. The findings may also relate to somewhat strict
limits for the recovery block, at least in some individuals.

Previously, HRV-guided training has led not only to a lower
volume ofMOD orHIT (13,14,16) but also to a higher volume
of MOD (17). In the present study, there was rather a slight
tendency for a higher proportion of HIT during INT (IND vs
PD, 15.6 vs 13.6 sessions), but the difference was not signifi-
cant because there were also many individuals who performed
fewer HIT sessions than PD. Although it has been previously
found that the same (or superior) adaptations could be induced
with lower training demands of HRV-guided training (13,14,16),
one may argue that the training characteristics should be, on
inmaximal treadmill speed (A) and 10-km running time (B).Magnitudeswere
dicate improved performance; Trivial ±, unchanged performance; andMod-
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FIGURE 5—Mean ± SDbaseline values (PREP) andweekly changes (VOL1–6, INT1–6) in nocturnal HR (A), nocturnal LnRMSSD (B), staleness score (C),
and HR–RS index (D). Gray area represents the SWC of the parameter based on individual average values during PREP. In A and B = 0.5� CV, in C and
D = 0.5 � SD. *P < 0.05, **P < 0.01, ***P < 0.001 within groups compared with PREP. #P < 0.05 between groups at respective time point.
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average, similar between the two groups to indicate that also
the PD group has a suitable program.

Training adaptation. Both groups improved significantly
their maximal performance in the incremental treadmill test and
10-km running test. The magnitudes of improvements in the
vMax (PD, 3.0% ± 2.4%; IND, 4.0% ± 1.9%) (5,21) and
10-km running tests (PD, −2.9% ± 2.4%; IND, −6.2% ± 2.8%)
(38,39) were in line with the aforementioned previous studies,
which suggests that the training programs were appropriate for
the target population of recreational runners. Themost interesting
finding among the performance tests was the significant differ-
ence between PD and IND in the change of 10-km running time.
Regarding the greater between-group difference in 10 km com-
pared with the treadmill test, one possible explanation could be
related to the timing of the test. Because IND did not have a
predefined recovery or tapering period before the test week, it
is possible that, during the latter test day of the week, (10 km),
the training adaptations and the actual performance were better
realized. Although maximal treadmill and 10-km running per-
formance are strongly linked (40), the 10-km test may provide
information from slightly different aspects of endurance perfor-
mance by requiring “durability” of high intensity for a prolonged
period (41), which is quite a critical ability in most endurance
events. It can also be speculated that maximal treadmill perfor-
mance could be limited by neuromuscular factors (42), espe-
cially in recreational runners, since the 10-km running speed
was, on average, 82% of the peak treadmill speed.

The greater number of high responders and the lower num-
ber of trivial or negative responders in the IND group were an-
other interesting findings regarding the training adaptations in
1698 Official Journal of the American College of Sports Medicine
vMax and 10 km. This is in line with the hypothesis that indi-
vidualizing the training load would decrease the likelihood of
negative responses. Similar findings have also been proposed
by Vesterinen et al. (14), who suggested that HRV-guided
training would decrease the variation in the training adaptation
and lead to more consistent improvements in performance. On
the other hand, the lack of changes in the treadmill performance
after the volume period was rather an unexpected result. For op-
timal performance after VOL, the current protocol would possi-
bly have required longer tapering or a greater decrease in volume
before the tests. In the study by Bellinger et al. (25), using quite a
similar volume progression, the running performance was signif-
icantly improved after a 1-wk taper duringwhich the training vol-
ume was exponentially decreased by 55%.

Monitoring variables. In the monitoring variables, only a
few differences were observed between the groups, and none
of the markers responded negatively at the group level. Fur-
thermore, the resting concentrations of serum hormones and
CMJ performance remained unaffected. Therefore, the train-
ing load seemed tolerable for both groups. Regarding the
between-group differences in the monitoring variables, IND
had a higher proportion of “normal” values in HR–RS index
and nocturnal HRV, which was an expected outcome of the
training model. Although both groups improved the HR–RS
index, only IND was able to increase the running speed signifi-
cantly during the interval sessions. Because maximal sustainable
effort intervals could be regarded as a marker of the current per-
formance level (27), the finding may illustrate a compromised
training state in some individuals of PD, probably because of
too high interval frequency. The importance of maintaining an
http://www.acsm-msse.org
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appropriate training state was also demonstrated by a greater pro-
portion of “normal” values in HR–RS index in high responders
compared with trivial responders.

Although a positive state of recovery is in general desirable,
at least a slight variation in these markers might be necessary
at certain points of training periods to reflect a sufficient train-
ing load needed for long-term improvements. It is important to
acknowledge that individualized training may allow not only
sufficient recovery but also sufficient loading to induce desir-
able adaptations. This could also relate to the lesser occurrence
of low responders in the current study. Montero and Lundby
(43) have previously found that individuals stated as nonre-
sponders improved their endurance performance when the
training dose was increased. Gaskill et al. (44) illustrated the
same phenomenon from a different perspective, and in their
study, the individuals who were stated as low-responders to
previous training improved their performance once the train-
ing was significantly intensified.

Methodological considerations. The current study
setting was novel, and no previous recommendations exist re-
garding the multitargeted training model of the IND group.
Therefore, several considerations based on the observations
made in the present study may be beneficial for future studies
or individuals implementing such an approach into practice.

First, the markers used in the recovery evaluation play a crit-
ical role, and therefore, the selection of proper markers should
be considered carefully. HRV was chosen as an evaluation
marker based on previous studies utilizing individualized train-
ing prescription. In all previous studies using the HRV-guided
approach, morning recordings (13–17) or day-time recordings
(12) have been used instead of nocturnal recordings. In the
present study, nocturnal recordings were chosen because of
feasibility, as they did not demand any additional measure-
ments. Although sleep is not necessarily a stable period in
terms of the autonomic nervous system function and HRV
(45) when data are being averaged for a sufficient period
(e.g., 4 h), a very good day-to-day reliability has been reported
(46) and within-week variation could be even lower compared
with morning recordings (47). Furthermore, nocturnal HRV
seems to be sensitive and demonstrate internal responses to
training load (46). Subjective markers are typically suggested to
be useful tools in the detection of overreaching or overtraining
(30,31) and helpful in distinguishing positive and negative re-
sponses in HR-based markers, such as resting HRV and sub-
maximal exercise HR (22,23). Fatigue and muscle soreness
were used in the present study, because both of these have pre-
viously been associated with staleness (30) and responded to a
significant increment in the training load (23). Themost useful
subjective markers would probably be those that provide in-
formation from a point of view that could not be assessed
via objective measures, and simple assessments consisting of
only a few aspects of subjective recovery could be the most
suitable and practical option (32).

In addition to the recovery state, the estimations of perfor-
mance provide information on the training adaptation, which
is the ultimate goal of the whole training process. In the current
INDIVIDUALIZED ENDURANCE TRAINING
study, the submaximal performance was assessed at the begin-
ning of each exercise via the HR–RS index. Previously, simi-
lar types of warm-up settings (5–10 min) have been able to
capture acute (4) and chronic (38) changes in HR in the stan-
dardized conditions. Despite the fact that the current setting
was not similarly standardized by treadmill or beep sounds,
the use of the HR–RS index was expected to equalize slight
variations in speed or HR. In addition, Vesterinen et al. (48)
have found that a 15-min HR-based warm-up in field condi-
tions was able to track training adaptation in the laboratory
test. Although submaximal performance correlates with the
maximal performance with a decent accuracy, especially
HR-based tests have certain challenges in terms of interpre-
tation. In the present study, it was expected that if submax-
imal HR decreased because of overreaching, this type of
parasympathetic hyperactivity would be revealed via in-
creased perceived fatigue and HRV (22,23). Another option
to exclude HR-based challenges would be testing running
speed in relation to fixed rating of perceived exertion (49),
for example, with a similar warm-up setting compared with
the present study.

Another important aspect to consider when assessing recov-
ery is the limits/normal range within each variable. Although,
in subjective markers, the desirable values may remain quite
permanent, in the HR-based and performance-related markers,
there is an occasional need for reevaluation, because these may
change because of positive training adaptations (38). The fre-
quency of such evaluations has varied in previous studies from
constant updating (12,13) to updating once per week (17) or
once every 4 wk (14,16). In the current study, constantly up-
dated limits were used, and some individuals illustrated slow
downward slipping of the limits (e.g., in HR–RS index), which
would not be desirable. Therefore, if using constantly updating
SWC in particular, one way to avoid such an effect would be
to set a short-term limit (e.g., 2-wk) and a long-term limit
(e.g., 8-wk), and both of them should be met. Regarding the
exact cutoff values for each variable, it is possible to set a de-
sirable “risk level,” which could vary, for example, depending
on the training phase or fitness level.

The final step of the individualization consists of the fol-
lowing question: how training should be adjusted based on
the results? In previous studies, individualized training pre-
scriptions have been utilized purely via adjustment of intensity
(12–17,24). The training volume, however, is a critical vari-
able in the long-term development of endurance performance
(19,50), and consequently, a model that only estimates whether
an individual should train at high- or low-intensity could be
regarded as somewhat incomplete. Therefore, we argue that
also the training volume should be considered in the training
decision scheme. Regarding the training execution, previous
HRV-guided studies have mainly utilized “day-by-day-ap-
proach” (13,14,16,17). Based on the results of the current
study, a 3- to 4-day evaluation period seemed a relevant op-
tion in terms of feasibility (individuals know the session of
the following day) and training load that would not lead to a
serious state of fatigue or overreaching, where the recovery
Medicine & Science in Sports & Exercise® 1699
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period would be extended (1). Nevertheless, it should be noted
that, in the present study the average training frequency was
only slightly greater than four sessions per week, thus allowing
always fairly decent recovery periods between sessions in most
of the participants.

Finally, although the idea behind individualized training is
that the training is adjusted based on data collected, in the long
term, predefined recovery periods (e.g., every fifth week) may
secure exclusion of excessive fatigue. It could also be benefi-
cial for the perceptual aspects of recovery, which are likely
to get impaired during intensive training (22,23,27). Even if
the training was adapted, there probably should always be up-
per and lower limits for the acute and long-term progression of
the training load, and these should be determined based on the
individual’s background and target.

Limitations. In the current study, males and females were
analyzed within the same group, because the number of partic-
ipants did not allow meaningful separate comparisons. Further
studies are needed to investigate possible sex differences and
to elaborate current findings to cover untrained and competi-
tive athletes, although it can be argued that a similar necessity
for the balance between training load and recovery exists across
the fitness-level spectrum. The study was performed in “field
conditions”; thus, training conditions or factors such as nutrition
or hydration status could not be fully controlled. In addition, the
10-km running test was performed outdoors where environ-
mental factors could not be standardized at similar precision
1700 Official Journal of the American College of Sports Medicine
as in the laboratory. However, similar fluctuations in the con-
ditions concerned both groups, and therefore, environmental
factors most likely did not affect significantly within-group
comparisons. It could also be argued that the current field setting
reflects the conditions of the “real” training of recreational run-
ners and thus the usefulness of both training models.
CONCLUSIONS

In conclusion, the current study provided evidence that, al-
though predefined training improves endurance performance,
individualized endurance training may induce greater improve-
ments in running performance and increase the probability of
high response while decreasing the occurrence of low or nega-
tive responses to endurance training. In the future, the most suit-
able markers to be used in monitoring as well as the exact
method of how training load could be manipulated during dif-
ferent types of periods should be examined in more detail.
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