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Abstract:

This study aimed to examine the influence of a weekend of passive rest on the perceived stress and heart
rate variability (HRV) in professional handball players. Fourteen elite athletes participated in the study (age
26.0+4.6 years; body mass 89.0 +£10.1 kg; body height 186.5+7.2 cm; practice 12.5£6.0 years). Stress symptoms
via the Daily Analysis of Life Demands for Athletes (DALDA) questionnaire, time and frequency-domain to
HRYV indices were measured on Friday morning of a normal training load week and again after 72 hours of
passive recovery. In response to the weekend without a scheduled match, the handball players significantly
reduced their DALDA ‘worse than normal’ responses from 6.1+£3.8 to 3.4+2.5 (ES 0.85). Further, changes
in the root-mean-square difference of successive normal RR intervals (RMSSD) and standard deviation of
all normal RR intervals (SDNN) were greater than the smallest worthwhile change over the weekend. These
results highlight the positive role of a passive rest weekend for the psychological and autonomic recovery

that should be considered during athletic training periodization.
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Introduction

It is widely recognized by coaches and athletes
that the recovery process is as important as training
stress for inducing physiological and psychological
adaptations aiming to improve sports performance.
It is also known that stress-recovery imbalance can
lead to negative states, which can culminate with the
overtraining syndrome (Kentta & Hassmen, 1998).
Among the most popular recovery methods, such
as massage, cold water immersion and nutritional
interventions, the most obvious one is passive rest.
For example, passive rest during the weekends with
no competitive matches among team-sports athletes
may act as a naturally refreshing period that can aid
to restore the stress-recovery balance. Surprisingly,
investigations on the effect of passive rest on sports
performance and recovery are scarce. Nevertheless,
as recently reviewed by Robson-Ansley, Blannin,
and Gleeson (2007), passive rest combined with
sufficient sleep may act as a ‘time-out’ period for
athletes, preventing them from becoming totally
preoccupied with their preparation and from
excessive training-related stress.

It has been suggested that heart rate variability
(HRV) and questionnaires like Daily Analyses of
Life Demands for Athletes (DALDA) may be useful
in identifying the physiological and psychological
stresses imposed by training as well as the recovery
process due to tapering (Coutts, Slattery, &
Wallace, 2007; Buchheit, et al., 2010). HRV, a non-
invasive measure of the cardiac autonomic control
(Task-Force, 1996) is positively related to fitness
improvement (Atlaoui, et al., 2007) and negatively
affected by excessive training loads (Pichot, et
al., 2002). More importantly, enhancement of pa-
rasympathetic activity can be clearly observed
during an active recovery period (taper) following
intensive training periods (Pichot, et al., 2002).
Likewise, DALDA has been shown to be sensitive
to periods of training and competitive stress, with
sources/symptoms being accentuated during inten-
sified training periods (Coutts, et al., 2007) and
after matches (Nicholls, Backhouse, Polman, &
McKenna, 2009). The reduction of training and
competitive stressors leads to a parallel reduction
of the number of “worse than normal” responses
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in DALDA (Coutts, et al., 2007). Despite the use
of these important assessment tools, the impact of
passive rest on cardiac autonomic control and per-
ceived stress in team-sport players has not been
examined.

During the competitive season, athletes typi-
cally experience passive rest over a weekend with-
out competitive matches with the physiological and
psychological benefits of this recovery practice
requiring further clarification. Thus, the aim of the
present study was to document the changes in HRV
and stress reaction symptoms of professional hand-
ball players over a typical weekend (passive rest)
with no scheduled matches. It was hypothesized
that following a normal weekly training load,
two days of passive rest over a weekend would
significantly increase HRV and reduce perceived
stress symptoms for athletes in the preparation for
a new training cycle.

Methods

Participants

Fourteen elite male handball players (age
26.0+4.6 years; body mass 89.0 £10.1 kg; body
height 186.5+7.2 cm) volunteered for this study.
They competed in the Brazilian National Division
League and finished in second place at the 2011
Pan-American Championship. The study protocol
was approved by the Institutional Ethics Committee
and the athletes signed an informed consent form
before the onset of the study.

Study design

Athletes completed the DALDA questionnaire
followed by the recording of heart rate (HR) during
10 minutes of seated rest, prior to the start of the last
training session of the week (i.e. Friday morning)
and 72 hours later, prior to the first training session
of the next week (i.e. Monday morning). There
were no scheduled matches during the weekend
and players were instructed to avoid exercise and
activities aimed at accelerating recovery. The study
was conducted at the end of the pre-season period
when all athletes were of a high and similar physical
fitness standard (e.g. Yo-Yo intermittent recovery
test level 2: 4184120 m).

Variables

The training in the week preceding the weekend
analyses was performed at the end of the 7-week
pre-season, three weeks before the Pan-American
Championship and was aimed at improving single
and repeated sprint ability, muscular power and
technical-tactical skills (Figure 1). Players under-
took three sessions of power training on Monday,
Wednesday and Friday mornings. On Monday and
Wednesday afternoon the repeated sprint training

was performed along with technic-specific activities
(i.e. small-sided games with fast transitions to attack
and defense). The technical-tactical sessions were
administered in the afternoon of Tuesday, Thursday
and Friday by the team’s coach. There were no
practice or competition games during the week.

BPower Training

800 1

SRepeated Sprint Training 9 Technical-tactic Training

Monday  Tuesday Wednesday Thursday Friday

Note: AU: arbitrary units.

Figure 1. The internal training load related by kind of training
in the week preceding the weekend analyses.

To obtain the weekly training loads the rate
perceived exertion of the session (session-RPE)
method was used. For this purpose, the Portuguese
version of the CR10 Borg scale (Borg, 2000) was
used. The training loads were obtained daily by
multiplying the duration (volume) of the session
by the RPE (Foster, et al., 2001) reported by the
athlete (intensity), assessed with a precision of 0.5.
The RPE was obtained 30 minutes after the end of
each session to minimize the influence of the last
exercise bout intensity on the evaluation (Foster, et
al., 2001). All athletes were previously familiarized
with the use of the RPE scale as they had been using
the method for approximately two months before
the study. This method has been shown to be valid
to measure training loads of athletes participating
in team sports (Impellizerri, Rampinini, Coutts,
Sassi, & Marcora, 2004).

The autonomic modulation of the sinoatrial node
was assessed by HRV. For this purpose, HR and RR
interval recordings were obtained from each athlete
with a portable heart rate monitor (Polar RS800,
Polar Electro, Kempele, Finland) at a sampling rate
of 1,000 Hz (Gamelin, Berthoin, & Bosquet, 2006).
The recordings were downloaded via commercial
software (Polar Pro Trainer) and exported for later
analysis of time and frequency domain measures
of HRV. The time domain indices examined were:
the root-mean-square difference of successive
normal RR intervals (RMSSD), which reflects
vagal modulations, and the standard deviation of
all normal RR intervals (SDNN), which comprises
both sympathetic and vagal cardiac modulations
(Task-Force, 1996). During the 10-minute resting
period, athletes remained seated with a spontaneous
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breathing frequency (Bloomfield, et al., 2001). The
final 5-minute stationary period was analyzed for
HRYV with all RR intervals visually inspected, and
ectopic beats (<3%) manually removed and replaced
by the interpolation of adjacent RR intervals. The
RR interval data was then exported for analysis of
HRYV using Kubios Heart Rate Variability software
2.0 (Biosignal Analysis and Medical Imaging Group
at the Department of Applied Physics, University
of Kuopio, Kuopio, Finland).

In order to measure athletes’ perceived stress
and recovery, athletes completed DALDA ques-
tionnaire on Friday and Monday at the same time
of the day. Briefly, DALDA is divided into two parts
(parts A and B) aimed at assessing the general stress
sources and stress-reaction symptoms, respectively
(Rushall, 1990). Part A contains nine general stress
sources such as ‘training and exercise’, ‘diet’, and
‘health’; and part B contains 26 stress-reactions
such as ‘muscle pain’, ‘tiredness’, ‘need for a rest’,
‘recovery time’, ‘between-sessions recovery’, and
‘training effort’. Athletes were asked to label, for
all source and reaction symptoms, how they felt ac-
cording to three possibilities: ‘worse than normal’,
‘normal’ and ‘better than normal’. For analysis, the
number of responses labeled ‘worse than normal’®
was retained and analyzed separately for part A
and B. The Portuguese version of DALDA ques-
tionnaire was translated and validated by Moreira
and Cavazzoni (2009).

Statistical analysis

Data are presented as mean and standard devia-
tions (SD). The effect size principle (Cohen, 1998)
was used to interpret the difference in means
between the days. The scale modified by Hopkins
(www.sportsci.org/resource/stats) was used for the
interpretation: <0.2: trivial; 0.2—0.6: small; 0.6—1.2:
moderate; >1.2: large. The practical inference based
on magnitudes (Hopkins, Marshall, Batterham, &
Hanin, 2009) was applied to analyze the chance that
the true value was beneficial, harmful or trivial.

For this analysis, the minimal worthwhile change
was calculated (0.20 times the between-subject
variations in the first analyses) based on the Cohen’s
effect size principle (Cohen, 1998). The magnitude
of change was expressed as a percentage (%) change
with 90% confidence intervals. The chances of a
beneficial increase in HRV parameters were asses-
sed as follows: <0.5%: almost certainly not; 0.5-5%:
very unlikely; 5-25%: unlikely; 25-75%: possible;
75-95%: likely; 95-99.5%: very likely; >99.5%:
almost certain. If the chance that an increase was
10% for both the beneficial and harmful trends the
true difference was assessed as “unclear’. The effect
size and the magnitude-based inferences were
calculated by spreadsheets (Batterham & Hopkins.,
2006) available at http:/www.sportsci.org/.

Results

During the training week, players accumulated a
total training load of 2,591+108 arbitrary units (AU)
as quantified by the session-RPE method (Figure
1). There were no substantial changes in ‘worse
than normal’ responses in Part A of the DALDA
between the Friday and Monday sessions (ES 0.11).
The number of ‘worse than normal’ responses in
Part B of the DALDA was substantially reduced
from Friday to Monday (Friday: 6.1+£3.8; Monday:
3.4£2.5; ES 0.84). On Friday, the most common
complaints in Part B of the DALDA were problems
associated with between-session recovery, recovery
time, need for a rest, tiredness and muscle pains.

Changes in HRV indices prior to and following
the 2-day rest weekend are shown in Table 1. A
large ES for changes was detected for SDNN.
Small ES for changes was detected for RMSSD.
The magnitude of changes was considered ‘almost
certainly beneficial’ for SDNN and ‘likely bene-
ficial’ for RMSSD.

The magnitudes of change for the RMSSD and
SDNN were greater than the smallest worthwhile
change (Figure 2) and therefore practically import-
ant.

Table 1. Means (standards deviations) and magnitude of change for cardiac autonomic modulation indices before and after the

rest weekend (n=14)

Variable Friday Monday ES (90% CI) Rating % Beneficial /trivial/ % change
harmful (90% CI)
SDNN (ms) 45.8 (16.4) 69.7 (12.3) 1.36 (0.77 — 1.94) 100/0/0 67.8
Large Almost certain (33.1-93.4)
RMSSD (ms) 34.7 (20.0) 42.5 (16.4) 0.40 (-0.14 - 0.94) 7712113 38.9
Small Likely (10.4 — 47.6)

ES: effect size. Cl: confidence interval. %: percentage. SDDN: standard deviation of the normal RR intervals. RMSSD: the square
root of the mean of the sum of the squares of differences between adjacent RR intervals.
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Note: SDDN: standard deviation of the normal RR intervals,
RMSSD: the square root of the mean of the sum of the squares
of differences between adjacent RR intervals.

Figure 2. Percentage changes (+ 90% confidence interval)
for RMSSD and SDNN during a weekend of passive rest. The
grey shadowed area corresponds to the smallest worthwhile.

Discussion and conclusions

Our findings indicate that professional handball
players benefited significantly from passive rest
over a typical weekend with no scheduled matches
by increasing HRV indices and reducing perceived
stress symptoms. This was evident by the large and
very likely increase in the SDNN and ‘likely bene-
ficial” improvement of RMSSD. Further, Part B of
the DALDA revealed less ‘worse than normal’ res-
ponses after the weekend. These results suggest that
after a 2-day passive rest, players were in an enhan-
ced physiological and psychological state for the
training ahead compared to the end of the previous
week.

The training load (2,591£108 AU), accumulated
by the handball players during the week of obser-
vation, was in agreement with the values report-
ed in the literature for team-sport athletes under-
taking normal (habitual) training (Manzi, et al.,
2009; Milanez, et al., 2011). However, during inten-
sified training periods, the training loads can
double in sports like futsal (Milanez, et al., 2011).
The training loads in the current study were re-
presentative of a normal training routine and
therefore unlike to be experienced during an over-
load period. Nevertheless, the number of ‘worse
than normal’ responses (6.143.8) for Part B of the
DALDA on Friday morning were consistent with
those reported during intensified training periods
in endurance (Coutts, et al., 2007) and team-sport
athletes (Moreira, de Freitas, Nakamura, & Aoki,
2010). This higher response number appeared
to be the result of several consecutive weeks of
pre-season preparation and highlights significant
stresses despite a normal training workload.
Consequently, indicators of recovery (e.g. HRV,
DALDA responses) and appropriate implementation
of recovery practices are essential for athletes re-
gardless of training workload. However, the lack

of sensitivity of monthly HRV and psychometric
measurements to track performance in handball
athletes indicates that an approach using daily or
weekly measurements is desirable for this popu-
lation (Buchheit, 2014a).

Regarding DALDA responses, studies have
suggested that the DALDA’s part B is highly sen-
sitive to changes in training loads. For instance,
Milanez, Ramos, Okuno, Boullosa, and Nakamura
(2014) have investigated the effects of alteration in
training loads on the number of ‘worse than normal
responses’ from DALDA’s part B. The authors have
shown a high non-linear relationship (R*=.64—.89)
between training load and the number of ‘worse
than normal’ responses. In addition, Robson-
Ansley et al. (2007) have observed increases in
the symptoms of stress following periods of inten-
sified training loads. Interestingly, increases in
the number of ‘worse than normal’ responses of
DALDA questionnaire were followed by changes in
inflammatory markers suggesting that the question-
naire is more sensitive to acutely reflect the effects
of highly intense training loads (Robson-Ansley, et
al., 2007). Similar responses have been observed for
endurance and team-sports athletes (Coutts, et al.,
2007; Moreira, et al., 2010). Those results highlight
the applicability of DALDA to measure stress in
situations of accumulated training loads, which are
essential for athletic performance.

Indeed, accumulated training load has been
associated with the degree of physical fitness and
performance improvement (Manzi, et al., 2009;
Castagna, Impellizzeri, Chaouachi, Bordon, &
Manzi, 2011). However, appropriate recovery has
also been reported as necessary for stress-recovery
balance for further physiological and psychological
adaptations (Kentta & Hassmen, 1998; Kellmann,
2010). Accordingly, it appears intuitively that
weekends without matches or other stressful com-
mitments may provide a functional break that should
be considered as an essential component of training
plans. Similar to the current results, Nicholls, Jones,
Polman, and Borkoles (2009) reported reduced
stress symptoms on rest days when compared to
training days for professional rugby union players.
The reduction of stress-related symptoms in Part B
of the DALDA confirms the role of passive rest for
psychological well-being and readiness to begin a
new training cycle.

The reduction of stress-related symptoms asses-
sed by DALDA was also accompanied by improves
in HRV. Studies have shown that HRV decreases
during training periods with high training loads
(Manzi, et al., 2009; Pichot, et al., 2002), and high
baseline values of HRV are related to aerobic
adaptability in team-sport players and individual
athletes (Hautala, Kiviniemi, & Tulppo, 2009;
Buchheit, 2014b). The SDNN, a global measure
of both cardiac sympathetic and parasympathetic
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modulations (Task-Force, 1996), was significantly
higher on Monday compared with Friday and re-
presented a significant recovery of the cardiac
autonomic nervous system within 72 hours. This
recovery of the cardiac autonomic nervous system
was further supported by the effects of passive rest
‘likely beneficial’ on RMSSD. Similar findings have
been reported by Al-Haddad, Laursen, Ahmaidi,
and Buchheit (2009), who showed that reduced
night-time SDNN and high frequency (HF) after
supramaximal intermittent exercise recovered 24
hours later to values similar to that exhibited prior
to the exercise. Similarly, cross-country skiers
demonstrated an accentuated rebound of vagal-
related HRV indices two days after a 75 km race
(Hautala, et al., 2001). In team sports, a recent study
has shown that in young soccer players HF was
lower on the match day when compared to the rest
day (Bricout, Dechenaud, & Favre-Juvin, 2010).
Jointly, the current and prior results emphasize the
importance of passive rest during weekends for
significant improvement of cardiac autonomic mo-
dulation and athletes’ recovery.

As previously documented, excessive training
and poor recovery can lead to non-functional over-
reaching and overtraining (Kentta & Hassmen,
1998) that may be manifested by the reduced HRV
indices (Mourot, et al., 2004). Therefore, main-
taining high levels of vagally mediated HRV for
prolonged periods may exert a positive effect
in the prevention of performance losses related
to inappropriate overload (Pichot, et al., 2002;
Atlaoui, et al., 2007; Manzi, et al., 2009). Thus,
HRYV monitoring may provide an important tool for
the identification of training stresses and recovery
course for optimal training adaptations of athletes.
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