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ABSTRACT

Flatt, AA, Esco, MR, and Nakamura, FY. Individual heart rate

variability responses to preseason training in high level female

soccer players. J Strength Cond Res 31(2): 531–538, 2017—

The purpose of this study was to track changes in training load

(TL) and recovery status indicators throughout a 2-week presea-

son and to interpret the meaning of these changes on an individ-

ual basis among 8 division-1 female soccer players. Weekly

averages for heart rate variability (logarithm of the root mean

square of successive R-R interval differences [lnRMSSD]), TL,

and psychometrics were compared with effect sizes (ESs) and

magnitude-based inferences. Relationships were determined with

Pearson correlations. Group analysis showed a very likely moder-

ate decrease for total TL (TTL) (TTL week 1 = 1,203 6 198, TTL

week 2 = 977 6 288; proportion = 1/2/97, ES = 20.93) and

a likely small increase in lnRMSSD (week 1 = 74.26 11.1, week

2 = 78.1 6 10.5; proportion = 81/14/5, ES = 0.35). Fatigue

demonstrated a very likely small improvement (week 1 = 5.03 6

1.09, week 2 = 5.51 6 1.00; proportion = 95/4/1; ES = 0.45),

whereas the other psychometrics did not substantially change. A

very large correlation was found between changes in TL and

lnRMSSD (r = 20.85), whereas large correlations were found

between lnRMSSD and perceived fatigue (r = 0.56) and sore-

ness (r = 0.54). Individual analysis suggests that 2 subjects may

benefit from decreased TL, 2 subjects may benefit from increased

TL, and 4 subjects may require no intervention based on their

psychometric and lnRMSSD responses to the TL. Individual

weekly changes in lnRMSSD varied among subjects and related

strongly with individual changes in TL. Training intervention based

on lnRMSSD and wellness responses may be useful for prevent-

ing the accumulation of fatigue in female soccer players.
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INTRODUCTION

N
ational Collegiate Athletic Association (NCAA)
regulations for division-1 women’s soccer pro-
grams allow less than 3 weeks for teams to pre-
pare for the upcoming competitive season. This

brief preseason training period is typically comprised of
a high content of on- and off-field training, exposing the
athletes to an abrupt increase in training load (TL) that
may put individuals at risk of overreaching or sustaining
injury (19,36). Therefore, teams often use monitoring strat-
egies with their athletes to track TL and recovery status to
manage player fatigue throughout training (3,12,30).

Heart rate monitoring systems are often used to objec-
tively quantify internal TL during soccer sessions (1). This
provides information to coaching personnel regarding dura-
tion of exercise at specific intensities for individual athletes.
From these data, TL values (e.g., training impulse [TRIMP])
(24) can be derived. Recovery status indicators are also use-
ful to coaching personnel as considerable interindividual var-
iation exists in how athletes respond to training (11).
Furthermore, non–training-related factors such as sleep qual-
ity and psychological stressors are known to impact recovery
in athletes and therefore affect how one copes with training
(10,29). Thus, recovery status markers complement TL data
by helping to differentiate athletes who may not have suffi-
ciently recovered from previous training sessions and may
facilitate better decision-making with regard to program
management.

Resting heart rate variability (HRV) is an objective
physiological marker that has been used as an indicator of
recovery status in various athletic populations (37). Heart rate
variability reflects neural control of the heart via sympathetic
and parasympathetic innervations. Vagal indices of HRV
such as the logarithm of the root mean square of successive
R-R interval differences (lnRMSSDs) reflect cardiac-
parasympathetic modulation, are sensitive to fatigue, and
have been useful in evaluating individual training adaptation
in soccer players (8,16,17). The return of lnRMSSD to baseline
after exercise has been related to clearance of plasma catechol-
amine, lactate, and other metabolic byproducts in addition to
restoration of fluid balance and body temperature (37).
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Therefore, cardiac-parasympathetic activity is considered
a “global” marker of homeostasis that reflects various facets
of recovery and may explain why planning intense training
when HRV is at or above baseline may be useful for improv-
ing endurance performance (37). However, it is currently
unclear how other recovery status indicators such as testos-
terone to cortisol ratio, inflammation, and muscle damage
relate to HRV. Thus, HRV alone may not necessarily reflect
recovery of all physiological systems. Some of the appealing
attributes of lnRMSSD monitoring are that it can be accu-
rately assessed in only 2 minutes (1 minute for stabilization
and 1 minute for recording) (14,18,27,31); it can be recorded
conveniently in the field by the athletes with a Smartphone
application (15), and it may only require as little as 3 aver-
aged recordings per week to provide meaningful training
status information (16,35).

Previous research suggests that the weekly mean of
lnRMSSD (lnRMSSDmean) provides a better reflection of
training status than once per week recordings (25,34).
Although limited to 2 investigations, follow-up studies have
found that lnRMSSDmean derived from as few as 3 days per
week sufficiently capture 7-day mean values (16,35), making
implementation more convenient for sports teams. The coef-
ficient of variation of lnRMSSDmean (lnRMSSDcv) repre-
sents daily fluctuation, with higher CV values being
associated with lower fitness and greater training stress and
vice versa (11). A recent study involving female soccer players
showed that lnRMSSDmean and lnRMSSDcv related to per-
ceived TL and wellness during weeks of varying TL (16). In
addition, lnRMSSDmean (r = 0.50) and lnRMSSDcv (r =
20.74) changes during the first 3 weeks of a 5-week condi-
tioning program correlated with changes in intermittent run-
ning capacity in a collegiate women’s soccer team (17). Thus,
it appears that monitoring lnRMSSDmean and lnRMSSDcv
values throughout training will provide important information
pertaining to fatigue and adaptation. However, research
describing and analyzing lnRMSSD changes on an individual
basis in team sports are limited. Providing interpretation of
individual responses can provide novel insight to coaches and
sports scientists regarding the practical implementation of
lnRMSSD monitoring in field settings.

Psychometric (i.e., wellness) parameters can be acquired via
brief questionnaires that provide subjective ratings of recovery
status (e.g., fatigue, muscle soreness, mood, stress, sleep
quality) that can enhance interpretation of lnRMSSD changes
(12). This is because cardiac-autonomic activity is sensitive to
a variety of physical and perceived psychological stressors and
may therefore obscure the relationship between lnRMSSD
and TL (38). In this sense, lnRMSSDmay change unfavorably
with or without increased TL, thus necessitating interventions
for minimizing non–training-related (i.e., life-style) stressors as
opposed to reducing TLs (38).

The advancements in lnRMSSD data collection method-
ology (i.e., ultrashort recordings via Smartphone) are still new,
and research in this area is limited. Further investigation into

the efficacy of these methodological advancements for being
useful for athlete monitoring is warranted. The purpose of this
investigation was to observe the relationship between weekly
changes in TL and ultrashort, Smartphone-derived lnRMSSD
in high-level collegiate female soccer players during a pre-
season training camp. It was hypothesized that changes in
lnRMSSD would relate with changes in TL but that there
would likely be some athletes who respond well (i.e., improve
lnRMSSD despite increased TL) and vice versa. It was further
hypothesized that psychometric variables would serve as
useful markers for aiding the interpretation of lnRMSSD
changes on an individual basis. Although group data will be
discussed, particular attention will be given to individual
analysis.

METHODS

Experimental Approach to the Problem

This was a single-group observational study that monitored
objectively measured internal TL and select recovery status
variables during preseason training in division-1 female
soccer players. Waking lnRMSSD, TL and psychometrics
(i.e., perceived recovery status measures) were averaged and
compared between weeks with effect sizes (ESs) and
magnitude-based inferences. Relationships between weekly
changes in lnRMSSD, TL and psychometrics were quanti-
fied with Pearson correlations. In addition, analyses were
performed on an individual basis in attempt to interpret how
each athlete was coping with training based on the selected
recovery status variables.

Subjects

Eight female NCAA division-1 soccer players (age = 20.2 6
1.8 years; height = 167.2 6 6.3 cm; weight = 62.5 6 9.9 kg)
volunteered to participate in this investigation. All subjects
completed health history questionnaires and provided writ-
ten informed consent after being informed of the details and
risks of their involvement in this study. All subjects were free
from cardiovascular, metabolic, and orthopedic disorders.
This study was approved by the Institutional Review Board
for Human Participants.

Procedures

Training Structure. Preseason training began on Wednesday
of week 1 and lasted until Thursday of week 3, at which
point, regular season competitions began. Week 1 (i.e.,
Wednesday–Sunday) was excluded from analysis, as this
time was used to familiarize the subjects with measuring
HRVvia their Smartphone and the accompanying hardware.
Details of the training structure for weeks 2 and 3 of the
preseason period can be viewed in Table 1. Practice sessions
lasted between 90 and 120 minutes and consisted of skill
development, technical/tactical drills, and small-sided
games. Scrimmages were intersquad matches involving
30-minute halves. Regeneration sessions were held on days
following scrimmages or competitions and involved a 30-
minute session consisting of low-intensity aerobic work on
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an Airdyne cycle, mobility drills, self-myofascial release, and
static stretching. Resistance training (RT) sessions lasted
30 minutes and involved total-body workouts consisting of
power cleans, squats, dumbbell presses, inverted rows, and
unilateral lower body exercises. Subjects were familiar with
all RT exercises from off-season training.

Fitness Testing. Intermittent running capacity was evaluated
on the opening day of preseason training (i.e., Wednesday of
week 1) as part of standard player evaluations that are
routinely conducted each year by the coach. Fitness was
evaluated via the Yo-Yo Intermittent Recovery Test, level 1
(Yo-Yo IRT-1). The YoYo IRT-1 test was administered on an
indoor turf field in the same facility that off-season training
took place. All athletes were familiar with the test from
previous evaluations. The test was administered over porta-
ble speakers in accordance with established guidelines (5).
The test involves progressive 2 3 20-m shuttle runs with 10-
second relief periods (2 3 5-m walking) between shuttles.
The total distance accumulated in meters by each athlete
was recorded.

Training Load. Before all training sessions, subjects moistened
and fitted a heart rate monitor around their chests at the level
of the xyphoid process, against their skin, underneath the
elastic of their sports bra. Heart rate data during training were
recorded via radio telemetry (Polar Team2, VantageNV; Polar
Electro, Kempele, Finland, Europe) and were uploaded to
a laptop computer after the final session of each day using the
accompanying Polar Team2 software. A TL value (i.e., Polar
TRIMP) is calculated automatically by the Polar Team2
software. Polar TRIMP (28) uses a modified formula origi-
nally proposed by Banister (6) and has been used previously
for TL quantification in female soccer players (2). Training
load data was transferred to a spreadsheet for analysis.

Heart rate variability. Subjects were provided with the ithlete
application and accompanying pulse-wave finger sensor
(PWFS) (HRV Fit Ltd., Southampton, United Kingdom)
that inserts into the headphone slot of a Smartphone or

tablet device. The PWFS used in this study has been cross-
validated in a previous investigation using a modified version
of the ithlete application that allowed for raw data extraction
for comparison with an electrocardiogram (21). The ithlete
HRV application uses a 1-minute recording to calculate
lnRMSSD. One-minute lnRMSSD measures have been
shown to be sufficient for valid assessment compared with
standard 5-minute measures in athletes (14,18,31) and are
sensitive to training-induced lnRMSSD changes (27). The
application provides automatic pulse interval processing that
corrects for irregular heartbeats (i.e., intervals ,500 ms and
.1,800 ms). The lnRMSSD value provided by the applica-
tion is modified to fit a ;100-point scale by multiplying the
lnRMSSD by 20 (15).

Subjects were instructed to perform their HRVmeasures in
the seated position (37) after waking and elimination and to
allow 1-minute for stabilization before the recording period
(18,27). Once seated, the subjects would insert the PWFS into
their Smartphone and then insert their left index finger into
the PWFS and initiate the ithlete application. Holding the left
hand stable and within 20 cm of their chest, the subjects
would then begin an HRV recording. The subjects were in-
structed to breathe spontaneously (7) throughout the
1-minute recording period, as this was preferred over paced
breathing among a team of female soccer players in a previous
study (16). Upon completion of an HRVmeasure, the subjects
completed a wellness questionnaire on the application (dis-
cussed in Psychometrics). Immediately upon completion of the
waking-HRV measure, the data were automatically uploaded
to a web-based interface (ithlete Team System) for analysis by
the coach and researchers. Wednesday–Sunday of week 1
served as a trial period for the subjects with the ithlete system
for familiarization of the procedures. Weekly lnRMSSDmean
values were derived from a minimum of 4 measures per week
(8,16,35), with the actual number of acquired recordings being
5.6 6 1.0 and 5.5 6 0.76 for weeks 2 and 3, respectively.

Psychometrics. After their HRV measures, subjects completed
a brief questionnaire adapted from McLean et al. (26)

TABLE 1. Microcycle structure for week 2 and week 3 of training camp.*

Monday Tuesday Wednesday Thursday Friday Saturday Sunday

Wk 2
AM RT, Pr Regen Pr Regen Pr Scrm
PM Scrm Scrm Pr

Wk 3
AM Regen RT, Pr Pr RT, Pr Regen
PM Comp Comp

*AM = morning; PM = evening; RT = resistance training; Pr = soccer practice; Regen = regeneration; Scrm = Scrimmage; Comp =
competition.
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TABLE 2. Individual fitness level and changes in lnRMSSDmean and training load across the 2-week training camp.*

YoYo IRT-1
(m)

lnRMSSDmean
Effect size,
Qualitative
inference

Daily TL (au)
Effect size,
Qualitative
inference

Total TL (au)

Wk 2, Mean 6 SD
(CV)

Wk 3, Mean 6 SD
(CV)

Wk 2,
Mean 6 SD

Wk 3,
Mean 6 SD Wk 2 Wk 3

Subject 1 1,640 92.3 6 3.9 (4.2) 90.6 6 7.6 (7.5) 20.30, small 165.4 6 97.6 201.0 6 124.8 0.32, small 1,158 1,005
Subject 2 1,520 84.2 6 7.5 (8.9) 87.0 6 2.9 (3.4) 0.55, small 204.5 6 138.7 267.6 6 166.5 0.41, small 1,432 1,388
Subject 3 1,680 82.2 6 3.7 (4.5) 82.6 6 3.6 (4.3) 0.09, trivial 195.5 6 70.4 203.6 6 98.2 0.09, trivial 1,173 1,018
Subject 4 1,120 76.1 6 10.3 (13.5) 73.6 6 9.0 (12.2) 20.26, small 194.8 6 97.3 272.8 6 170.0 0.58, small 1,364 1,364
Subject 5 840 67.2 6 4.0 (7.8) 86.9 6 5.6 (6.5) 4.07, very large 183.1 6 47.3 115.2 6 68.8 21.17, moderate 1,282 576
Subject 6 1,240 66.6 6 3.6 (5.4) 76.8 6 4.5 (5.9) 2.50, very large 139.5 6 49.2 127.6 6 70.2 20.20, small 977 638
Subject 7 1,480 63.8 6 3.9 (6.2) 63.3 6 5.3 (8.3) 20.12, trivial 196.1 6 93.6 209.4 6 131.9 0.11, trivial 1,373 1,047
Subject 8 1,200 61.4 6 6.8 (11.2) 63.9 6 2.4 (3.8) 0.54, small 132.3 6 77.3 167.2 6 115.1 0.36, small 872 836

*lnRMSSDmean = weekly mean logarithm of the root mean square of successive R-R interval differences; CV = coefficient of variation; TL = training load; m = meters; au =
arbitrary units; Wk, week.

TABLE 3. Comparison of the weekly mean psychometric variables.*

Sleep

ES

Fatigue

ES

Stress

ES

Soreness

ES

Mood

ESWk 2 Wk 3 Wk 2 Wk 3 Wk 2 Wk 3 Wk 2 Wk 3 Wk 2 Wk 3

S 1 6.00 6.20 0.17 3.70 4.60 0.97 5.14 3.80 21.57 5.0 4.80 20.49 5.28 4.80 20.49
S 2 7.40 6.33 20.93 6.60 6.66 0.03 6.60 5.66 20.70 6.40 6.33 20.06 7.20 6.33 21.0
S 3 7.00 6.75 20.13 6.16 6.50 0.37 6.66 6.75 0.10 4.83 5.75 0.64 7.16 7.75 0.75
S 4 6.20 6.60 0.19 6.00 5.80 20.13 6.00 6.80 0.69 6.00 5.80 20.12 6.20 7.40 1.2
S 5 4.57 5.50 0.69 4.14 5.00 1.33 5.28 4.75 0.50 3.85 4.50 0.95 5.14 4.50 0.65
S 6 6.00 5.75 20.09 5.00 6.50 2.00 5.00 6.25 1.80 4.75 6.25 3.22 5.75 6.75 0.94
S 7 4.66 4.80 0.21 4.66 5.00 0.92 5.33 5.40 0.13 4.66 4.40 20.29 5.50 6.00 1.17
S 8 5.25 4.25 20.90 4.00 4.00 0 5.50 5.25 20.46 4.50 3.75 20.95 6.25 5.50 20.76
Mean 6
SD

5.88 6
1.02

5.77 6
0.88

20.12 5.03 6
1.09

5.51 6
1.00

0.45 5.69 6
0.65

5.58 6
1.02

20.13 5.01 6
0.82

5.20 6
0.96

0.22 6.06 6
0.80

6.13 6
1.17

0.07

Prop QI 18/33/49 unclear 95/4/1 very likely 21/35/44 unclear 59/28/13 unclear 40/36/24 Unclear

*S = subject; ES = effect size; QI = qualitative inference; Wk = week.
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regarding the subjects’ perceived sleep quality, muscle sore-
ness, mood, fatigue, and stress using the ithlete application.
The questionnaire asks the subjects to rate each variable on
a 9-point scale. A rating of 5 represented feeling “Okay”
while higher and lower ratings than 5 represented better
or worse perceptions of the given parameter, respectively.
Psychometric data were automatically uploaded to the
Web-interface upon completion for analysis.

Statistical Analyses

Data are expressed as mean and SD. Standardized differen-
ces (i.e., ESs) (13) were calculated for individual and group
changes in daily mean TL that excluded rest days (DDTL),
total weekly TL (DTTL), and lnRMSSDmean (DlnRMSSD)
using the following qualitative thresholds: 0–0.2 was trivial;
0.2–0.6 was small; 0.6–1.2 was moderate; 1.2–2.0 was large;
and .2.0 was very large (22). Magnitude-based inferences
were also used to compare DDTL and DTTL, and
DlnRMSSD group changes using the spreadsheet available
at http://www.sportsci.org/index.html. The quantitative
chances for a weekly change in TL and lnRMSSD having
higher, similar, or lower values were assessed qualitatively as
follows: ,1%, almost certainly not; 1–5%, very unlikely;
5–25%, unlikely; 25–75%, possible; 75–95%, likely; 95–99%,

very likely; and .99%, almost certain (22). If the chance of
higher or lower differences was .5%, then the true differ-
ence was assessed as unclear (22). Pearson product moment
correlation coefficients were used to quantify the relation-
ship between DTL and DlnRMSSD as well as for
DlnRMSSD and changes in psychometric variables. An
r-value between 0 and 0.30 was considered small, 0.31 and
0.49 as moderate, 0.50 and 0.69 as large, 0.70 and 0.89 as very
large, and 0.90 and 1.00 as near perfect (22).

RESULTS

Group analysis showed an unclear small increase for DDTL
(daily TL [DTL] week 2 = 176.4 6 27.6, DTL week 3 =
195.5 6 57.7; proportion = 74/19/7, ES = 0.45) and a very
likely moderate decrease for DTTL (total TL [TTL] week
2 = 1,203 6 198, TTL week 3 = 977 6 288; proportion =
1/2/97, ES = 20.85). A likely small increase (lnRMSSD
week 2 = 74.2 6 11.1, lnRMSSD week 3 = 78.1 6 10.5;
proportion = 81/14/5, ES = 0.35) was found for
DlnRMSSD. Fatigue demonstrated a very likely small
improvement from week 2 to week 3, whereas the other
pyschometric parameters did not meaningfully change
(Table 3). Individual changes for lnRMSSD, TL, and

Figure 1. Scatterplot’s representing relationships between DlnRMSSD and DDTL, DTTL and psychometric variables. DlnRMSSD = weekly mean change in log
transformed root mean square of successive R-R interval differences; DDTL = weekly mean change in daily training load; DTTL = weekly change in total training load.
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psychometrics varied and can be viewed in Tables 2 and 3.
Very large negative correlations were found between DDTL,
DTTL, and DlnRMSSDmean while small to large correla-
tions were found between DlnRMSSDmean and changes in
psychometric variables (Figure 1).

DISCUSSION

The main finding of the current study for the group analysis
was that weekly changes in TL showed very large relationships
with the weekly changes in lnRMSSDmean. Increased TLwas
associated with decreased lnRMSSDmean; decreased TL was
associated with increased lnRMSSDmean; and unchanged TL
resulted in no substantial changes in lnRMSSDmean. Of the
psychometric parameters, changes in fatigue and soreness
showed the strongest relationships with DlnRMSSD.

These findings agree with previous research in collegiate
female soccer players who showed small increases in
lnRMSSDmean (ES = 0.29) after a reduction in weekly per-
ceived TL (16). The changes in lnRMSSDmean were inter-
preted as a positive response due to a concomitant
improvement in wellness variables (ES = 0.72). Relationships
between HRV and TL have also been observed in other
sports disciplines where lnRMSSD decreased with greater
TL but increased with reduced TL (23,32). Cardiac-
parasympathetic activity can take between 24 and 72 hours
to return to baseline after intense training (37). As such, sup-
pressed lnRMSSDmean would indicate that full recovery of
cardiac-parasympathetic activity was unattained while base-
line or elevated lnRMSSDmean would indicate that recov-
ery was adequate. Thus, a reduced lnRMSSDmean implies
incomplete restoration of homeostatic balance, at least with
regard to cardiac-parasympathetic activity (37). Further-
more, suppressed indices of cardiac-parasympathetic activity
have been associated with overtraining (33,38). Finally, in-
creases in lnRMSSD recovery after training may be associ-
ated with improved fitness in soccer players (9). Thus,
ensuring that lnRMSSD values that do not remain chroni-
cally suppressed may help prevent fatigue accumulation and
facilitate greater training adaptation (17).

The following interpretations of the individual HRV and
wellness responses to the preseason training camp are based
on findings from previous research and our observation of the
subjects. We caution the reader that this is partly speculative
given that additional markers of TL and recovery status were
not evaluated to provide confirmation. Nevertheless, subjects
2 and 8 demonstrated opposite lnRMSSD responses com-
pared with the rest of the team. These subjects showed small
increases in lnRMSSDmean despite small increases in DTL.
This may suggest that the increase in DTL was well tolerated
by these individuals. This interpretation is supported by the
considerable decrease in lnRMSSDcv observed in these
subjects. Previous research found that increases in
lnRMSSDmean and decreases in lnRMSSDcv within the
first 3 weeks of a training program in collegiate female soccer
players were associated with greater eventual improvements

in YoYo IRT-1 (17). Therefore, subjects 2 and 8 appeared to
adapt positively to the training camp based on these
lnRMSSD changes. Perceived fatigue did not change in either
subject; however, decreases in the other psychometric cate-
gories were observed. Although the lnRMSSD changes in
subjects 2 and 8 may be interpreted as a positive coping
response to training, some psychometric variables suggest that
further increases in TL should be done with caution.

Subject 1 showed small decreases in lnRMSSDmean and
a considerable increase in lnRMSSDcv in response to small
increases in DTL. These changes are particularly concerning
because this subject was the second most fit athlete in the
study (YoYo IRT-1 values in Table 2) and a veteran player.
Increased lnRMSSDcv values have been shown to occur in
low-fit or fatigued soccer players (11,16). An underlying vari-
able that may potentially explain the lnRMSSD changes
observed in subject 1, apart from TL, might be the greater
perceived stress levels during week 3, which showed the
largest decrease (i.e., negative change, ES = 21.57) in any
wellness parameter observed in the entire group. Perceived
stress has been shown to be a contributor to non-functional
overreaching along with decreases in RMSSD among elite
female athletes (38).

Subject 4 demonstrated small decreases in lnRMSSDmean
in response to small increases in DTL in addition to having the
highest lnRMSSDcv of the group in both weeks. This is likely
explained by the TL increase along with relatively low fitness
(11). Low fitness levels may make athletes susceptible to
greater homeostatic perturbation in response to training, re-
flected by large fluctuation in lnRMSSD (11). Although
lnRMSSD changes were similar among subjects 1 and 4, we
suggest that the changes for subject 1 may be more due to
perceived stressors, whereas the changes in subject 4 may be
attributable to her relatively low fitness and high TL. Based on
a previous finding that a reduced lnRMSSDmean along with
a reduced lnRMSSDcv was related to non-functional over-
reaching (33), we interpret a reduced lnRMSSDmean and
increased lnRMSSDcv (demonstrated by subjects 1 and 4) to
be a less severe negative change in cardiac-parasympathetic
activity. This is because increased lnRMSSDcv indicates that
lnRMSSD oscillated upward and downward throughout the
week, potentially reflecting changes in fatigue and recovery
(33). This is in contrast to a reduced lnRMSSDmean concur-
rent with a reduced lnRMSSDcv that has been associated with
non-functional overreaching (33), which indicates that cardiac-
parasympathetic activity remained suppressed with no return
or recovery toward baseline throughout the week (i.e., chronic
suppression). Thus, it is possible that the progression of going
from moderately fatigued to overreached may be character-
ized first by a decrease in lnRMSSDmean and increased
lnRMSSDcv followed by a reduced lnRMSSDcv while
lnRMSSDmean remains suppressed. Further research is
required to support this hypothesis.

Subjects 5 and 6 both experienced very large increases in
lnRMSSDmean along with moderate and small decreases in
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DTL, respectively. These subjects did not receive much
playing time during competitions in week 3 which is why
their TLs decreased so much relative to the other subjects.
Perceived fatigue and soreness levels improved in both
subjects. The increases in lnRMSSDmean were therefore
attributed to a reduction in physical stress (16). Training
status and fitness appear to be factors effecting lnRMSSD
changes (37). These athletes were not starters and had low
fitness relative to the rest of the group, possibly explaining
their low lnRMSSDmean values during week 2 and subse-
quent very large rebound (i.e., increase in lnRMSSDmean) in
week 3 when loads were reduced.

Last, subjects 3 and 7 showed trivial changes in both
lnRMSSDmean and DTL along with similar lnRMSSDcv
values. Psychometric values for subjects 3 and 7 also
remained relatively unchanged and therefore these individ-
uals appeared to be adequately coping with training.
Collectively, the interpretations of lnRMSSD changes across
the training camp described above suggest that subjects 1
and 4 may benefit from reduced TL to prevent over-
accumulation of fatigue and further worsening of lnRMSSD
values in the forthcoming week. Subjects 5 and 6 may benefit
from increased TLs, as they appeared well recovered based
on the very large increase in lnRMSSDmean, improved
psychometric indices, and to compensate for the lack of
playing time during competitions. The TLs for subjects 2, 3,
7, and 8 showed no change or small increases in
lnRMSSDmean and no change or decreases in lnRMSSDcv,
and the subjects appeared to be tolerating training ade-
quately and likely required no intervention.

Frequent quantification of TLs and physiological/psycho-
logical adaptations to training can potentially be used to
guide training and prevent excessive fatigue accumulation on
an individual basis. Since it has been recently shown that
functional overreaching (reduced performance with con-
comitant high perceived fatigue) is not a necessary strategy
to improve performance, even after TL reduction (i.e.,
tapering) (4), implementation of field-based monitoring sys-
tems may be helpful in preventing prolonged fatigue states.
This may be achieved with adequate program management
by monitoring the imposed TL and subsequent recovery
status indicators of each athlete (20).

The soccer team was inaccessible to the researchers
before training camp which prevented acquisition of baseline
lnRMSSD data and is a limitation of the current study.
Additionally, the small sample size is a limitation; however,
the individual analysis of the subjects may provide novel
insight that cannot be gained when evaluating grouped
averages from large samples. As only internal TL was
quantified in the current study, non-fatiguing performance
tests such as countermovement jumps and external TL (i.e.,
time-motion analysis) should be considered for future
research to compare with lnRMSSD changes. Other indica-
tors of fatigue and recovery (e.g., neuroendocrine changes,
inflammatory markers, and muscle damage) should also be

evaluated along with lnRMSSD and wellness in future studies
to improve upon the current interpretation of individual
responses. Finally, relying on self-reported measures to
account for non-training stress may be considered a limitation.
In conclusion, weekly lnRMSSDmean correlated with
changes in TL. Individual analysis suggests that small TL
modification for 50% of the subjects may support training
adaptations and prevent the accumulation of excess fatigue.

PRACTICAL APPLICATIONS

Monitoring individual lnRMSSD responses to training in
conjunction with TL and psychometrics may provide
objective rationale for coaches to strategically manipulate
TLs on an individual basis to manage fatigue in female
soccer players. Decreased lnRMSSDmean was associated
with increased training stress. Reducing TL for individual
athletes who demonstrate unfavorable psychometric and
lnRMSSD changes (e.g., reduced lnRMSSDmean and
increased lnRMSSDcv) in response to intense training may
help prevent excess fatigue accumulation. Large increases in
lnRMSSDmean in response to reduced TL along with
improved psychometrics may indicate that higher TLs
would be well tolerated. Individuals who demonstrate no
changes in lnRMSSD and psychometric values would
appear to be tolerating training adequately and may require
no modification to TL.
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