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Abstract Heart rate recovery is an indirect marker of

autonomic function and changes therein may offer a prac-

tical way of quantifying the physiological effects of training.

We assessed whether per cent heart rate recovery (HRr%)

after a standardized sub-maximal running (Heart rate Inter-

val Monitoring System: HIMS) test, changed with acute

changes in training load. A total of 28 men and women (mean

age 30 ± 5 years) trained ad libitum for 2 weeks during

which their heart rate (HR) was recorded. Training load was

quantified using Training Impulse (TRIMPs). The partici-

pants were grouped based on whether they increased (Group

I, n = 9), decreased (Group D, n = 8) or kept their training

load constant (Group S, n = 11) from week 1 to week 2. Each

week, the subjects completed a HIMS test. Changes between

weeks in HR at the end of the test and HRr% were compared

between groups. Mean per cent change in TRIMPs from

week 1 to week 2 was significantly different among the

groups (Group I, 55 ± 21% vs Group S, –6 ± 6% vs Group

D, –42 ± 16%; P < 0.05). Group I had a slower HRr% and

Group D tended to have a slightly faster HRr% after HIMS 2

than after HIMS 1 (mean per cent change 5.6 ± 8.7 vs

–2.6 ± 3.9; P = 0.03). Thus a negative effect on HRr was

observed with increases in training load. Sub-maximal HR

was not affected by acute changes in training load. Whereas

HR during exercise measures cardiac load, HRr may reflect

the state of the autonomic nervous system, indicating the

body’s capacity to respond to exercise.

Keywords TRIMPs � HIMS � Exercise stimulus �
Marker

Introduction

An increasing demand for improvements in elite sports

performances and the desire for more rapid achievement of

personal fitness/sports goals require a more precise,

evidence-based method of prescribing personalized train-

ing programmes. An optimal programme would prevent

undertraining, overtraining and injury (Meeusen et al. 2006),

and produce favourable physiological adaptations towards

desired outcomes at specific times (Lambert and Borresen

2006). In order to achieve this, workloads need to be

manipulated over time to correctly balance the stress

stimulus of exercise with periods of recovery, thereby

inducing positive haemodynamic adaptations (Charlton and

Crawford 1997) that contribute to improvements in per-

formance. The ability to measure and monitor these posi-

tive and negative training effects would thus make a

valuable contribution to the design of effective training

programmes.

Endurance training induces numerous physiological

adaptations, many of which have been proposed as markers

of overtraining (Meeusen et al. 2004; Smith and Roberts

1994; Urhausen et al. 1995; Urhausen and Kindermann

2002). However, no single measure has been identified that

quantitatively assesses how an athlete is responding to

training. Ideally, this marker should be sensitive to change,

predictive, easy to quantify and require methods of mea-

surement that are non-invasive, easy to administer and

inexpensive. The nervous system, particularly the sympa-

thetic nervous system and adrenal glands, is pivotal to the

body’s response to acute training stimuli and adaptation
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(Mazzeo 1991) and has a direct effect on heart rate. Carter

et al. (2003a) reviewed studies investigating changes in

autonomic control of heart rate with endurance training and

concluded that parasympathetic activity to the heart is in-

creased and sympathetic activity is reduced at rest and

during sub-maximal exercise following endurance training.

Changes in sleeping (O’Connor et al. 1993), resting

(Bonaduce et al. 1998; Uusitalo et al. 1998; Wilmore et al.

1996, 2001), sub-maximal (Skinner et al. 2003; Swaine

et al. 1994; Uusitalo et al. 1998; Wilmore et al. 2001) and

maximal heart rate (Zavorsky 2000) have been investigated

for their potential as markers of training status. However,

conflicting results regarding the effects of training on these

indices exist, making the usefulness of these measures to

monitor training status inconclusive. Heart rate variability

(HRV) has been recognized as a means with which to

evaluate the autonomic control of heart rate (Aubert et al.

2003). However, the interpretation of heart rate variability

indices remains inconclusive due to inconsistent method-

ologies used in their measurement (Achten and Jeukendrup

2003; al Ani et al. 1996; Aubert et al. 2003; Tulppo et al.

2003). In addition, age (Carter et al. 2003b; Levy et al.

1998; Tulppo et al. 1998), respiration (al Ani et al. 1996;

Tulppo et al. 2003) and temperature (Carter et al. 2003b)

may influence measurements of heart rate variability.

Consensus about the effects of training on heart rate vari-

ability has also not been reached, as the disparity in

training protocols used in various studies makes the com-

parison of results difficult (al Ani et al. 1996; Bonaduce

et al. 1998; Carter et al. 2003a; Iwasaki et al. 2003; Lo-

imaala et al. 2000; Melanson and Freedson 2001; Tulppo

et al. 2003). The use of heart rate variability in the

assessment of training status may thus be impractical at this

stage, until standardized methods are adopted.

Few studies have investigated the effects of training on

the autonomic control of heart rate after the cessation of

exercise (Bunc et al. 1988; Michael et al. 1972; Short and

Sedlock 1997; Sugawara et al. 2001; Yamamoto et al.

2001). Heart rate recovery is the rate at which heart rate

decreases, usually in the first minute or two, after moderate

to heavy exercise and is a consequence of parasympathetic

re-activation and sympathetic withdrawal (Kannankeril

et al. 2004; Pierpont and Voth 2004; Savin et al. 1982;

Shetler et al. 2001). Cross-sectional studies have shown

that trained athletes have a faster heart rate recovery after

exercise at similar absolute intensities than untrained sub-

jects (Bunc et al. 1988; Short and Sedlock 1997). Bunc

et al. (1988) studied highly trained rowers and Short and

Sedlock (1997) compared untrained subjects (that had

participated in 2 h of walking or low-impact aerobics per

week for 4–6 months) with trained runners, cyclists and

swimmers who had been participating in more than 5 h of

training per week for 4–6 months before the study began.

Otsuki et al. (2007) showed that both strength- and

endurance-trained athletes have improved heart rate

recovery after 8 min of steady-state exercise at 40% of

maximal oxygen uptake compared to untrained controls. In

this study, all athletes had been competitive for at least

2 years. The endurance-trained athletes had been partici-

pating in about 5.7 sessions per week, each lasting about

2.6 h at an RPE of 15–17. The strength-trained athletes had

participated in about 5.2 sessions per week, each lasting

about 3.1 h at an average RPE of 15. Strength training

comprised weight training, throwing, sprint and plyometric

and skills training (Otsuki et al. 2007). Longitudinal studies

have found that heart rate recovery improves significantly

after moderate intensity training (Yamamoto et al. 2001)

and that this enhanced post-exercise vagal re-activation is

reversed after subsequent detraining (Michael et al. 1972;

Sugawara et al. 2001). Yamamoto et al. (2001) suggested

that endurance training-induced changes in cardio auto-

nomic regulation, partly contributes to the decrease in heart

rate during post-exercise recovery and that adaptations to

cardiac autonomic control occur sooner in immediate post-

exercise periods than at rest. These results suggest that

there may be potential in using heart rate recovery to dis-

tinguish trained from untrained individuals and to establish

an athlete’s state of training by assessing the changes in

heart rate after exercise (Bunc et al. 1988).

Previous studies have therefore shown that there are

long-term training effects on heart rate recovery. What has

not been as thoroughly investigated is whether heart rate

recovery is sensitive to small acute changes in training

workload. This is important within the framework of

optimizing training programmes, as the sensitivity of the

measure would be a pre-requisite for it to be used fre-

quently to monitor the physiological response to exercise.

Since heart rate recovery is governed by the autonomic

nervous system (Kannankeril et al. 2004; Pierpont and

Voth 2004; Savin et al. 1982), it is likely that the changes

observed in heart rate recovery may provide some infor-

mation on the current condition of the autonomic nervous

system. The autonomic nervous system interacts with all

other physiological systems; therefore, monitoring changes

in the autonomic nervous system function in response to an

exercise stimulus may reflect the body’s current capacity to

respond to such a stress. The use of heart rate recovery to

monitor training status is appealing, as it is a non-invasive

measure that can be quantified easily and frequently with

little inconvenience to the athlete.

Being relatively ‘‘unchartered’’ territory, a number of

questions arise about what heart rate recovery represents

and how it should be interpreted: Are the changes that have

been observed in heart rate recovery with endurance

training an indication of an athlete’s chronic, cumulative

state of fitness and/or fatigue (adaptation)? If so, could
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changes in heart rate recovery detect or predict overtraining

or is it merely another symptom of the syndrome? Further,

does heart rate recovery also change acutely in response to

changes in the training stimulus (load)? If so, could

changes in heart rate recovery be a marker of overreaching,

a more acute physiological response to increased training

load, or even indicate if an athlete is undertraining? To

begin to answer these complex questions, one first needs to

establish whether heart rate recovery remains stable if

training load is maintained at a level to which the body has

already adapted, and whether it changes with acute de-

creases or increases in training load. It was therefore the

aim of this study to assess whether acute changes in

training load were reflected in heart rate recovery after a

standardized sub-maximal exercise test.

Methods

Study design and subjects

A total of 34 physically active participants were recruited

for a 2-week trial. This prospective observational cohort

study was approved by the University of Cape Town Ethics

and Research Committee and the participants gave their

written informed consent after the testing protocol was

explained to them. Before the start of the trial body com-

position, maximal oxygen consumption and maximal heart

rate of the participants were measured. Participants were

asked to maintain during the trial the same type and

quantity of ad libitum training that they had been doing for

3 weeks prior to the trial. The ad libitum training of the

subjects during the 2-week trial was quantified. Participants

were excluded from the trial if they were injured or ill or

had other reasons which prevented them from training to

their normal capacity during the study (n = 6). Thus the

data from 28 participants (12 men, 16 women; mean age

30 ± 5 years) were analyzed. There are no gender differ-

ences in heart rate recovery; therefore, we believed it

appropriate to use both men and women in the study

(MacMillan et al. 2006; Mahon et al. 2003).

The 28 participants selected for this study exercised

regularly, but varied in the average amount of training they

did each week. For example, the subject that performed the

least amount of training in the study did 2–3 sessions per

week, with each session ranging between 20 and 30 min at

an RPE of 5–7, using the Borg CR 0–10 scale (Williams

and Eston 1989). Whereas, a highly trained athlete who

performed the most training in the study participated in 7–8

sessions per week that ranged in duration (30–190 min)

and intensity (RPE 2–8). Exercise modes included running,

cycling and/or interval-type cardiovascular gym training,

which combined stepping, elliptical machines, super circuit

and rowing machines. The heterogeneity of the partici-

pants’ training strengthens the study design as it reduces

the risk of sample bias and enabled us to evaluate the ef-

fects of relative, rather than absolute, changes in training

volume.

The sample size was determined using the data of

Lamberts et al. (2004), which showed that the day-to-day

variability of sub-maximal heart rate and recovery heart

rate after exercise was about 5–6 beats min–1 and 7–

8 beats min–1, respectively (defined as the 95% confidence

intervals of within subject range), with a standard deviation

of 3 beats min–1. In the study of Lamberts et al. (2004) the

subjects maintained their training load over the period of

the study, whereas in the current study changes in training

load were observed over the 2-week trial. Therefore, in the

current study the smallest meaningful difference was taken

to be 9 beats min–1 and a standard deviation of 6 beats

min–1 was estimated to accommodate the possible effects

of variations in training load on heart rate recovery. The

sample size required for this study, in order to achieve a

statistical power of 80% and a significance level of 5% was

therefore n = 7 for each group (Altman 1991).

Methodology

Body composition and physiological measurements

Body fat per cent was assessed with a near infrared (NIR)

measurement on the right bicep using the Futrex-6100A/

ZL (Kett Electric Laboratory, Futrex Inc., Gaithersburg,

MD, USA). Body mass was recorded on a calibrated scale

(Seca model 708, Germany) and recorded to the nearest

100 g. The stature of each athlete was recorded to the

nearest millimetre using a stadiometer (Seca model 708,

Germany). Resting heart rate, recorded immediately after

waking in the morning with a Vantage XL heart rate

monitor (Polar Electro, Kempele, Finland), was taken at

least three times during the trial.

An incremental exercise test to volitional exhaustion

was conducted on a motor driven treadmill to determine the

subject’s maximal oxygen uptake _VO2 max
� �

; peak tread-

mill running speed (PTRS) and maximum heart rate

(HRmax) according to the protocol of Noakes et al. (1990).

A face mask was secured over the athlete’s nose and mouth

to collect expired O2 and CO2 and the Oxycon Alpha

(Jaeger/Mijnhardt, Groningen, Netherlands) was used to

measure _VO2 during the test. A 5-min warm-up at

8–10 km h–1 and 0% gradient preceded the start of the test.

The subject began the test running at 10–12 km h–1, after

which the speed was increased by 0.5 km h–1 every 30 s

until the subject was unable to maintain the pace. The test

was terminated at volitional exhaustion, and maximal

achievement was accepted if the subject reached two of the
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following: (1) a rating of 8–10 on the RPE scale; (2) an

estimated maximal age-predicted heart rate; (3) an RER of

>1.15. _VO2 max (ml kg–1 min–1), PTRS (km h–1) and

HRmax (beats min–1) were defined as the highest respec-

tive measurements recorded during the last full 30 s

interval completed.

Protocol

An outline of the 2-week protocol and the timing of the

measurements taken during the 2-week period are shown in

Fig. 1.

Quantification of training load

During the 2 weeks of the trial, each participant wore a

heart rate monitor for each exercise training session to

record the heart rate (beats min–1) and exercise duration

(min). Average heart rate during each training session

(HRex), resting heart rate (HRrest) and maximal heart rate

(HRmax) were used in the Training Impulse (TRIMPs)

equation to quantify the training load for each exercise

session performed during the trial (Eq. 1). Session training

loads were added for each subject to calculate the total

training load for each week.

TRIMPsðmenÞ ¼ duration HRex� HRrestð Þ=½
HRmax� HRrestð Þ�0:64e1:92x

TRIMPsðwomenÞ ¼ duration HRex� HRrestð Þ=½
HRmax� HRrestð Þ�0:86e1:67x

ð1Þ

where e = 2.712,

x ¼ HRex� HRrestð Þ= HRmax� HRrestð Þ½ �

(Banister 1991). Participants were then divided into three

groups based on whether they increased (Group I, n = 9),

decreased (Group D, n = 8) or kept their training load the

same (Group S, n = 11) in week 2 compared to week 1 of the

trial. This was done by calculating the per cent difference in

weekly TRIMPs (Eq. 2). A variation of 20% was selected as

a reasonable range with which to account for normal intra-

individual variation. As such, those subjects who kept their

training load within a 20% range were regarded as having

kept their training constant over the 2 weeks.

% difference ¼ TRIMPs week 2�TRIMPs week 1ð Þ
TRIMPs week 2

� 100

ð2Þ

Quantification of per cent heart rate recovery

Heart rate recovery was assessed during the first minute

after a standardized sub-maximal shuttle test at the end of

each week of the trial. The sub-maximal heart rate shuttle

test (Heart rate Interval Monitoring System: HIMS)

developed in this laboratory consists of four running stages

of increasing intensity interspersed with recovery periods

(Lamberts et al. 2004). The subjects ran on a rubberized

indoor floor between two lines drawn 20 m apart. The

ambient air temperature was maintained between 17 and

21�C. The pace of each of the four running stages (8.4, 9.6,

10.8 and 12.0 km h–1, respectively) was set by a pre-

recorded auditory signal recorded onto compact disk. Each

running stage lasted 2 min and was separated by 1 min rest

periods in which the subjects stood upright and motionless

with their hands by their sides. The subjects rested for

2 min after the fourth stage. Therefore, the total duration of

the test is 13 min and the intensity of the test is controlled

and constant for each test. The HIMS test was designed to

be sub-maximal and non-invasive for athletes so that it can

be administered frequently during different phases of

training. Furthermore, the test is quick, easy to administer

to a number of athletes simultaneously and may form part

of a warm-up before a training session. In a previous study,

the intra-class correlation coefficient of the heart rate on a

day-to-day basis during the four stages and recovery peri-

ods ranged between R = 0.94 and 0.99 in a group of sub-

jects who maintained a constant training load (Lamberts

et al. 2004). Heart rate was recorded at 5 s intervals during

the HIMS test and heart rate recovery was assessed by

expressing the heart rate 1 min after the fourth running

stage as a percentage of the heart rate attained at the end of

the fourth running stage of the test (HRr%; Eq. 3).

HRr% ¼ HR at 1 minute of recovery =ð
HR at end of Stage 4 of HIMSÞ � 100:

ð3Þ

In addition, the heart rate reached at the end of the fourth

running stage of the HIMS test was expressed as a per cent

BASELINE         Week 1  HIMS 1        Week 2  HIMS 2 

body     TRIMPs wk1  - HRr%     TRIMPs wk2 - HRr%  

composition,     - HRS4%    - HRS4%   

physiological

measurements 

Fig. 1 Schematic representation of 2-week study protocol and

measurements taken during this period. Training load calculated

using TRIMPs (Eq. 1). HIMS, sub-maximal shuttle running test;

HRr%, 1-min recovery heart rate expressed as a per cent of the heart

rate reached at the end of the fourth running stage of the HIMS test

(Eq. 3). HRS4%, heart rate at the end of the fourth running stage of

the HIMS test expressed as a per cent of maximal heart rate (Eq. 4 )
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of maximal heart rate (HRS4%, Eq. 4) determined in the

treadmill test to exhaustion.

HRS4% ¼ HR at end of Stage 4 of HIMS=HRmaxð Þ � 100:

ð4Þ

Statistical analyses

A Pearson’s product moment correlation assessed the

relationship between the first and second week’s training

load (TRIMPs), HRr% and HRS4%. The 95% confidence

intervals around the correlation coefficient were calculated

using a spreadsheet for this purpose downloaded from

http://www.newstats.org (accessed 3 December 2006). An

analysis of variance with repeated measures was used to

determine whether there were differences between heart

rate at the end of the sub-maximal test and recovery at week

1 compared to week 2 within groups. A Kruskal–Wallis test

was used to compare changes in TRIMPs, HRr% and

HRS4% from week 1 to week 2 between the three groups

(Group I, D and S). The use of non-parametric statistics was

required for these comparisons as the data had unequal

variance and were not always normally distributed (Kol-

mogorov-Smirnov one-sample test for normality). Statisti-

cal analysis was performed using STATISTICA 7.0 data

analysis software system (StatSoft, Inc. Tulsa, OK, USA).

All data are expressed as the mean ± standard deviation and

statistical significance was accepted at P < 0.05.

Results

Subject characteristics

The 28 participants (mean age 30 ± 5 years) selected for

this study trained regularly, but varied in the amount of

training they habitually did each week (range 82–747 min

week–1). Baseline measurements and selected physiologi-

cal measurements calculated during the trial are shown in

Table 1.

Relationship between TRIMPs week 1 and TRIMPs

week 2

Figure 2a depicts the relationship between training load

(TRIMPs) in week 1 and TRIMPs in week 2 for all subjects.

Figure 2b illustrates how each of the groups differed with

respect to the per cent change in weekly TRIMPs from week

1 to week 2. Group D significantly decreased their TRIMPs

compared to Group S (P = 0.04) and Group I significantly

increased their TRIMPs compared to Group S (P = 0.02),

who maintained their training load within a 20% range

(Fig. 2b). The mean per cent change in TRIMPs was also

different between Group D and I (P < 0.05; Fig. 2b).

Changes in per cent heart rate recovery from HIMS 1

to HIMS 2

Table 2 includes the absolute heart rate at the end of the

sub-maximal test and after 1 min of recovery (week 1 and

week 2), and the mean per cent heart rate recovery (HRr%)

after HIMS 1 and HIMS 2 for all groups. There were no

differences between groups for heart rate measured at ei-

ther the end of the sub-maximal test (week 1 vs. week 2) or

after recovery (week 1 vs. week 2). The heart rate in Group

I was significantly higher after recovery week 2 vs. week 1

(121 ± 23 vs. 112 ± 34 beats min–1; P = 0.017).

Although HRr% was not significantly different from

week 1 to week 2, within each group there was a tendency

for the mean per cent heart rate recovery in Group I (the

group that increased their training load) to be slower after

HIMS 2 than after HIMS 1 (Table 2). Conversely, there

was a tendency for heart rate recovery in Group D (who

decreased their training load during week 2) to be slightly

faster after HIMS 2 than after HIMS 1 (Table 2). The mean

change in HRr% in Group I (which showed an increase)

was significantly different from the decrease in HRr% in

Table 1 Subject characteristics

(n = 28)

Data are expressed as

mean ± SD

AU arbitrary units

Subject Characteristics (N) Group S

(5 men, 6 women)

Group D

(4 men, 4 women)

Group I

(3 men, 6 women)

Age (years) 29 ± 5 30 ± 6 30 ± 5

Mass (kg) 68 ± 17 66 ± 11 64 ± 6

Stature (cm) 167 ± 7 172 ± 10 169 ± 8

Body fat (%) 22 ± 7 18 ± 7 20 ± 8

_VO2 max (ml min–1 kg–1) 55 ± 7 58 ± 9 57 ± 8

Maximum HR (beats min–1) 189 ± 7 192 ± 8 191 ± 11

Peak treadmill running speed (km h–1) 16 ± 2 17 ± 2 17 ± 2

Resting HR (beats min–1) 54 ± 7 57 ± 7 57 ± 7

Training Impulse week 1 (AU) 671 ± 380 584 ± 283 429 ± 215

Training Impulse week 2 (AU) 620 ± 346 359 ± 213 664 ± 353
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Group D (P = 0.03, Fig. 3a). Mean heart rate recovery in

Group S remained the same after each HIMS test (Fig. 3a).

Repeatability of HIMS Stage 4 heart rate

There were no differences between groups on comparing

changes from HIMS 1 to HIMS 2 in the heart rate attained

at the end of Stage 4 (Fig. 3b). All groups showed strong

correlations between heart rate attained at the end of Stage

4 of HIMS 1 and HIMS 2: Group S, r = 0.88 (95% CI =

0.62–0.97); Group I, r = 0.95 (95% CI = 0.74–0.99); and

Group D, r = 0.96 (95% CI = 0.79–0.99).

Discussion

Changes in per cent heart rate recovery

from HIMS 1 to HIMS 2

The first finding of this study was that the heart rate

recovery was slightly slower after the second week of the

trial in subjects who increased their training load. There

was no change in heart rate recovery for those subjects who

maintained their training load or the subjects who de-

creased their training load through the trial. A decrease in

heart rate recovery, as observed in Group I in this study,

may represent the negative training response to an increase

in training load/exercise stimulus. The basis for training is

the manipulation of workloads over time to induce positive

haemodynamic adaptations (Charlton and Crawford 1997)

that contribute to improvements in performance. The aim

of this manipulation is to produce the correct balance be-

tween stress (exercise) stimuli and rest (recovery) periods,

since an imbalance in these factors could lead to an over-

trained state (Uusitalo 2001). We propose that the use of

heart rate recovery may contribute to a better understand-

ing of these positive and negative training effects.

Other studies have investigated the effect of training,

detraining and taper on heart rate recovery specifically.

Sugawara et al. (2001) reported that 8 weeks of training in

previously untrained men improved 30 s heart rate recov-

ery. Two weeks of subsequent detraining maintained the

improved heart rate recovery; however, by the fourth week

of detraining, heart rate recovery had returned to baseline

levels (Sugawara et al. 2001). The heart rate recovery of

ten track and field high school girls, who had been training

daily for 3–4 months, was recorded before and after

3 weeks of detraining. In this case, heart rate recovery was

assessed as a ‘‘score’’ consisting of the sum of the heart

rates at 1, 2 and 3 min of recovery. Using this method,
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Fig. 2 a Relationship between TRIMPs calculated for week 1 and

week 2; b per cent change in weekly TRIMPs (mean ± SD) from

week 1 to week 2 for Group I (n = 9), Group S (n = 11) and Group D

(n = 8). *Group S significantly different from Group I and Group D,

and Group I significantly different from Group D (P < 0.05)

Table 2 Changes in absolute heart rate, heart rate recovery (HRr)

and per cent heart rate recovery (HRr%) during the standardized sub-

maximal running (HIMS) test at week 1 and 2 for Group I, Group S

and Group D

Subject

Characteristics N
Group S 11 Group D 8 Group I 9

HIMS 1

Stage 4 HR (beats min–1) 176 ± 12 175 ± 12 173 ± 17

HRr (beats min–1) 120 ± 19 122 ± 19 112 ± 34

Absolute decrease

in HR (beats min–1)
55 ± 13 53 ± 11 61 ± 20

HRr% after HIMS 1 68 ± 8 69 ± 7 64 ± 15

HIMS 2

Stage 4 HR (beats min–1) 174 ± 11 174 ± 13 174 ± 17

HRr (beats min–1) 119 ± 16 117 ± 24 121 ± 23a

Absolute decrease

in HR (beats min–1)

56 ± 12 57 ± 13 53 ± 13

HRr% after HIMS 2 68 ± 7 67 ± 9 69 ± 9

Data are expressed as mean ± SD

HRr, heart rate after 1 min of recovery; HRr%, 1 min recovery heart

rate expressed as a per cent of the heart rate reached at the end of the

fourth running stage of the HIMS test (Eq. 3)
a Group I, week 1 HRr vs. week 2 HRr (P < 0.017)
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Michael et al. (1972) reported a slower heart rate recovery

after 3 weeks of detraining. Results from these studies

suggest that extended periods of detraining reverse train-

ing-induced improvements in heart rate recovery. Since the

current study did not investigate the long-term effects of

training, nor the effects of complete cessation of exercise

(detraining) on heart rate recovery, we cannot compare our

results with those reported in the above studies.

In a study by Brynteson and Sinning (1973), 21 men

were trained for 5 weeks (5 days per week, 30 min exer-

cise session per day), which resulted in an improvement in

the 5 min heart rate recovery (Brynteson and Sinning

1973). Subsequently, training was decreased to 1, 2, 3 or

4 days per week for a further 5 weeks. This study found

that the larger decrease in training from 5 to 1–2 days per

week (perhaps comparable with detraining) reversed the

training-induced improvement in heart rate recovery,

whereas the smaller reduction in training to 3–4 days per

week (possibly comparable to tapering) improved heart

rate recovery slightly more (Brynteson and Sinning 1973).

This slight improvement in heart rate recovery after a

relatively small decrease in training load is similar to our

results in which there was a tendency for improved heart

rate recovery in Group D, who had decreased their training

load by 42%.

In contrast, Houmard et al. (1989) found that the 1 and

2 min heart rate recovery was slower after sub-maximal

treadmill running in five highly trained runners after a 10-

day taper that followed 3 months of intensive training.

Mujika et al. (2004) suggested that the content of pre-taper

training might have an effect on heart rate indices during

the taper period. For example, 2 weeks of high intensity

training before a 2-week taper produced increases in sub-

maximal and maximal heart rate and decreases in resting

heart rate post-taper compared to pre-taper (Jeukendrup

et al. 1992). However, post-taper values were comparable

to baseline measurements before the start of the high-

intensity training period (Jeukendrup et al. 1992). These

changes in heart rate indices during taper contradict other

studies involving tapering, but are credited by Mujika et al.

(2004) to a reversal of the physiological effects of the high-

intensity training immediately prior to the taper. This may

be the case as well in the study by Houmard et al. (1989)

where subjects had participated in 3 months of high-

intensity training before the taper. In our study and in the

study of Brynteson and Sinning (1973), the subjects were

more likely in an adapted state before the decrease in

training and subsequent tendency for improvement in heart

rate recovery. However, this suggestion remains incon-

clusive due to limitations such as insufficient data being

available or the use of many different methods of training,

tapering and measuring heart rate recovery. Participants in

our study who maintained their training load (i.e. Group S)

were probably already adapted to the amount of training

they performed each week, which may have been repre-

sented by the stability of their heart rate recovery during

the trial. To our knowledge, no studies have specifically

examined the effects of small acute increases in training

load (as occurred in Group I in our study) on heart rate

recovery. We are therefore not able to compare our results

to previous research.

Repeatability of HIMS Stage 4 heart rate

The HIMS test, designed in this laboratory, is a sub-max-

imal shuttle test that is easily administered and provides a

controlled workload, which precedes the measurement of

heart rate recovery data (Lamberts et al. 2004). In this

study, there were no differences between or within groups

when comparing changes in the heart rate attained at

the end of Stage 4 from HIMS 1 to HIMS 2. The intra-

individual heart rate responses to the test have been shown

to be repeatable over 5 days in subjects who kept their

training constant, with a variation of about six beats

occurring in the sub-maximal heart rate attained at the end

of the fourth stage of the test (Lamberts et al. 2004). The
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Fig. 3 Per cent change in: a heart rate recovery (HRr%); b stage 4

heart rate (HRS4%; mean ± SD) from HIMS 1 (end of week 1) to

HIMS 2 (end of week 2) in Group S, Group I and Group D. HRr%,

1-min recovery heart rate expressed as a per cent of the heart rate

reached at the end of the fourth running stage of the HIMS test

(Eq. 3). HRS4%, heart rate at the end of the fourth running stage of

the HIMS test expressed as a per cent of maximal heart rate (Eq. 4).

*Group D significantly different from Group I (P < 0.05)
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repeatability of the heart rate measurement at this sub-

maximal stage has been supported by results in the current

study, even with acute changes in training load. A com-

prehensive review by Mujika et al. (2004), of the physio-

logical changes occurring during pre-event taper, includes

studies that vary in taper duration from 6 to 35 days. The

authors concluded that resting, maximal and sub-maximal

heart rates do not change during taper, whereas increases in

blood and red cell volume, haemoglobin and haematocrit

indicate a positive red cell balance during this phase

(Mujika et al. 2004). Similarly, the stability of the heart

rate reached at the end of the HIMS test in our study

suggests that sub-maximal heart rate represents something

different from that being represented by heart rate recov-

ery, which did change with increases and decreases in

training load. Whereas heart rate during exercise may be a

measure of cardiac load, heart rate recovery may represent

the adaptive state or the ability of the autonomic nervous

system to respond to that cardiac load. If the HIMS test is

administered frequently, a profile of changes in heart rate

recovery after the test can be established for each indi-

vidual, thereby monitoring the athlete’s physiological

capacity to respond positively to subsequent training.

While the heart rate recovery test on its own may not be

diagnostic, if the data are interpreted in conjunction with

other data it may provide useful information with which to

design and prescribe optimal and personalized training

programmes.

In conclusion the current study shows that heart rate

recovery responds to acute changes in training load. Heart

rate recovery slowed slightly after increases in training

load, whereas heart rate recovery tended to improve in

subjects who decreased their training load. There was no

change in heart rate recovery for those subjects who

maintained their training load through the 2-week trial.

Since heart rate recovery is governed by the autonomic

nervous system (Kannankeril et al. 2004; Pierpont and

Voth 2004; Savin et al. 1982), it is likely that the changes

observed in heart rate recovery may represent negative

and positive responses of the autonomic nervous system

to training/exercise stress. Further, since the autonomic

nervous system interacts with all other physiological

systems, the condition of this system may give a global

indication of the physiological state of the whole body.

So, while changes in sub-maximal heart rate may be a

measure of physiological stress during exercise, heart rate

recovery recorded under standardized conditions may be

interpreted as a practical, reliable and quantifiable mea-

sure of the body’s current capacity to respond to stress.

Prospective studies that include controlled increases and

decreases in weekly training load, along with analysis of

the relationship between parasympathetic and sympathetic

systems during exercise and recovery, are required to

confirm these suggestions and develop a better under-

standing of what the changes in heart rate recovery rep-

resent, and whether it can be used practically to monitor

and prescribe training.
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