
Medical Rehabilitation (Med Rehabil) 2018, 22 (2): 11-19  DOI: 10.5604/01.3001.0012.6874  eISSN 1896–3250  © AWF Krakow

11

 Heart rate recovery as a sensitive indicator of physical activity 
changes in perimenopausal and postmenopausal women

Tempo restytucji częstości skurczów serca jako czuły wskaźnik 
zmian stopnia aktywności fi zycznej u kobiet w wieku około 
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Summary
Background:Background: Heart rate recovery (HRR), which is defined as the rate of heart rate decline after cessation of exercise, is an im-
portant indicator of exercise tolerance. The aim of this study was to investigate the effect of a 4-month moderate reduction in 
physical activity on pre-exercise and exercise heart rate (HR) as well as HRR after exercise cessation in perimenopausal and 
postmenopausal women. 
Material and methods:Material and methods: 10 physically active females, 62.5±3.0 years old, participated in this study. They performed an 8-min 
constant power output (~50W) cycling exercise at an intensity corresponding to about 65% of maximal heart rate. Heart rate 
was measured continuously starting from 1 minute before exercise, during the exercise test and 3 min after exercise cessation. 
Furthermore, before and after exercise, blood pressure (BP) and tympanic temperature (Tt) were measured. The exercise test 
was performed twice, before and after a 4-month reduction in physical activity.
Results:Results: 4 months of the slight reduction in physical activity (by ~16%) did not cause any changes in pre-exercise and exercise 
HR, however, significantly higher HR during the 1st min after exercise (p=0.03), as well slower HRR (p=0.03), were report-
ed. No effects of the reduction in physical activity were observed in resting and post-exercise BP and Tt.
Conclusion:Conclusion: Even a slight reduction in physical activity is accompanied by a lower rate of HRR, which indicates a decrease in 
exercise tolerance. These results indicate that HRR is a sensitive indicator of physical capacity also in peri- and postmenopau-
sal women, since the changes in HRR in response to physical activity level occur earlier than changes in pre-exercise and ex-
ercise heart rate. 

Słowa kluczowe
częstość skurczów serca, tempo restytucji częstości skurczów serca, aktywność fizyczna osób starszych

Streszczenie
Wstęp:Wstęp: Szybkość spadku częstości skurczów serca po zakończonym wysiłku, czyli tempo restytucji częstości skurczów serca 
(HRR) jest ważnym wskaźnikiem tolerancji wysiłku. Celem niniejszej pracy było zbadanie wpływu umiarkowanej redukcji ak-
tywności fizycznej na przedwysiłkową, wysiłkową częstość skurczów serca (HR) oraz na przebieg HRR po wysiłku w grupie 
kobiet w wieku około- i pomenopauzalnym. 
Materiał i metody:Materiał i metody: W badaniach wzięło udział dziesięć aktywnych fizycznie kobiet w wieku 62.5±3.0 lat. Badane wykonywały 
8-minutowy test wysiłkowy na cykloergometrze ze stałą intensywnością (~50W) odpowiadającą ~65% maksymalnej częstości 
skurczów serca. Częstość skurczów serca mierzono w sposób ciągły, począwszy od 1 minuty przed rozpoczęciem testu, w cza-
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sie jego trwania oraz przez 3 minuty od jego zakończenia. Przed rozpoczęciem testu wysiłkowego oraz tuż po jego zakończe-
niu wykonano pomiar ciśnienia tętniczego krwi (BP) oraz temperatury tympanalnej (Tt). Test wysiłkowy wykonano dwukrot-
nie przed i po 4-miesięcznym okresie zmniejszenia aktywności fizycznej. 
Wyniki:Wyniki: 4-miesięczny okres niewielkiego zmniejszenia aktywności fizycznej (o około ~16%) nie wywołał istotnych zmian 
w przedwysiłkowym i wysiłkowym HR, jednakże zaobserwowano istotnie wyższe HR w 1 minucie po zakończeniu wysiłku 
(p=0.03), jak i wolniejsze tempo HRR (p=0.03). Redukcja obciążeń treningowych nie wywołała zmian w spoczynkowych 
i powysiłkowych wielkościach BP i Tt.
Wnioski:Wnioski: Nawet niewielka redukcja aktywności fizycznej prowadzi do spadku tempa restytucji częstości skurczów serca co 
wskazuje na pogorszenie tolerancji wysiłku. Wyniki te dowodzą, że HRR jest czułym wskaźnikiem wydolności fizycznej rów-
nież u kobiet w wieku około- i pomenopauzalnym, gdyż jego zmiana w odpowiedzi na zmianę poziomu aktywności fizycznej 
pojawia się wcześniej niż zmiany w przedwysiłkowej i wysiłkowej częstości skurczów serca.

INTRODUCTION

Cardiovascular disease is currently 
one of the most common causes of 
mortality apart from cancer1. As it 
has been shown, regular physical ac-
tivity exerts a cardioprotective effect 
on the circulatory system2 by reduc-
ing risk factors such as hypertension, 
obesity, insulin resistance3, and by 
improving functioning of the circula-
tory system4. On the other hand, lack 
of physical activity or its cessation 
increases the risk of civilization ail-
ments, including cardiovascular dis-
eases5. In elder people, regular phys-
ical activity induces many beneficial 
health effects, i.e. it, among others, 
contributes to improving the decreas-
ing cardiovascular fitness with age6. 
As a result of regular physical activity, 
along with an increase in physical fit-
ness (increase in VO2peak), reduction 
occurs in the heart rate in response to 
a given load with increased left ven-
tricular filling time, increased venous 
return, which leads to an increase in 
stroke volume of the heart7. The in-
crease in stroke volume is one of the 
benefits of regular exercises under-
taken by elder individuals7. In addi-
tion, regular exercise in the elderly 
increases the sensitivity of β-adrener-
gic receptors to noradrenaline in the 
aging process8. An important aspect 
of undertaking regular physical activ-
ity is the need to monitor the exercise 
intensity, so that the applied exercise 
is well-tolerated and safe for older 
people. Incorrect choice of training 
workloads can worsen the health sta-
tus of the training participants , espe-
cially those at an older age9. The most 
widespread, non-invasive indicators 
of cardiovascular system assessment 
used in sports medicine, sports and 
rehabilitation, cardiological in par-

ticular, include the measurement of 
heart rate (HR) during exercise9-12. As 
it is known, the beginning of exercise 
is associated with the acceleration 
of HR, and its cessation, with a de-
crease in HR13. Although the mech-
anism of regulating heart rate during 
exercise and after exercise is not ful-
ly understood14,15, the central nervous 
system reflex (central command), er-
goreceptor reflex in working muscles 
(metaboreflex) and the reflex with ar-
terial baroreceptors are considered 
significant in this process14,15. Meas-
urement of heart rate is a basic, sim-
ple indicator found in the assessment 
of physical performance11, as well 
as in monitoring training loads11,16. 
It should be emphasized that an im-
portant, although often overlooked, 
physical performance parameter 
based on HR measurement is the rate 
of decline in heart rate after exer-
cise, i.e. so-called heart rate recovery 
(HRR)17-19. It is believed that HRR, as 
well as heart rate variability (HRV), 
describing the balance between sym-
pathetic and parasympathetic inner-
vation of the heart20,21. Variability of 
sinus rhythm reflects the tonic effect 
of the autonomic nervous system on 
heart function, whereas HRR is the 
result of the return of vagus nerve ac-
tivity after cessation of physical exer-
cise21. Heart rate recovery depends on 
the level of training20-22, exercise in-
tensity 13,23 or age19,24. It is known that 
regular physical activity leads to ac-
celeration in HRR25,26, hence, faster 
HRR is observed in trained persons in 
comparison to non-trained ones18,20. 
The higher the exercise intensity, the 
faster the heart rate recovery13,23. In 
turn, along with increasing the dura-
tion of physical exertion, the longer 
the heart rate recovery time13,19. Sim-
ilarly, in a group of, i.e. cardiac pa-

tients following myocardial infarc-
tion27 or heart failure27,28, subjected 
to a systematic cardiac rehabilitation 
programme, acceleration of HRR af-
ter the period of participation in the 
rehabilitation programme was ob-
served27,28. With age, there is deteri-
oration in physical performance and 
a reduction in HRR24. The slower 
HRR observed in older people re-
sults, among others, from reduced ac-
tivity of the parasympathetic system 
appearing in the aging process24,29. 
Delayed HRR is associated with an 
increased risk of cardiovascular death 
in both healthy people30-32 as well as 
in ill-patients17,33.

STUDY AIM

The aim of this study was to exam-
ine the impact of a 4-month period 
of reduced regular physical activity 
on pre-exercise, exercise-induced and 
post-exercise heart rate and heart rate 
recovery in a group of 10 physically 
active perimenopausal and postmen-
opausal women, and in particular, to 
answer the following questions:
1. Does a 4-month period of slight 

decrease in physical activity influ-
ence the increase in pre-exercise, 
exercise-induced and post-exercise 
heart rate in the examined group 
of women?

2. Does the change in the post-exer-
cise heart rate precede changes in 
the pre-exercise and exercise-in-
duced  heart rate in the studied 
group of women?

3. Can the post-exercise heart rate, 
including the rate of HRR, be 
used to monitor exercise intensi-
ty in older people, including per-
imenopausal and postmenopausal 
women?
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MATERIAL AND METHODS

Study group

10 healthy, physically active wom-
en aged 51 to 81 participated in the 
study (Table 1). The subjects were ac-
quainted with the research methodol-
ogy and qualified for participation in 
the study after completing the ques-
tionnaire (Physical Activity Readi-
ness Questionnaire PAR-Q question-
naire)34, conducting the initial med-
ical examination and after provid-
ing written consent to participate in 
the trial. 2 women were excluded 
from the pre-qualified patients due 
to increased resting blood pressure. 
The group of women was also inter-
viewed regarding the type, frequen-
cy and duration of physical activity. 8 
women from the study group attend-
ed regular physical activity classes for 
the elderly conducted at the Universi-
ty of the Third Age (~1.5-2 hours per 
week) and declared performing addi-
tional physical activity alone, a total 
of approx. 5 hours a week (moder-
ate intensity efforts including march-
es, cycling, swimming), and the re-
maining 2 participants exercised reg-
ularly for a total of about 7 hours per 
week (including cycling, swimming, 
marches). On the basis of data from 
the interview about the time spent on 
physical activity per week, for each of 
the studied women, a weekly amount 
of energy expenditure was calculated 
using the formula:

Kilocalories = MET × body mass 
[kg] × time [hour]35 (equation 1)

Anthropometric measurements

Body mass and percentage of ad-
ipose tissue (bioimpedance meth-
od) were measured using  the TAN-
ITA scales (UM018, TANITA Europe 
GmbH). Waist and hip circumferenc-
es were measured with a centimetre 
measuring tape to the nearest 0.5 cm. 
The measurements were performed 
twice before (Pre) and after (Post) the 
4-month period of reducing regular 
physical activity.

Exercise test

The examined women performed 
8-minute exercise tests of constant 
intensity at a stable, controlled speed 
of 60 revolutions·min-1 about 2 hours 
after a light meal. The exercise tests 
were performed on a cycloergometer 
(DAUM electronic CARDIO PRO, 
Germany) allowing for the control 
of the generated power (W). 2 exer-
cise tests were performed: the first 
just after completing the 8-month 
period of regular physical activity, 
and before the 4-month period of re-
duced physical activity, i.e. in June 
(Test Pre), and the second after the 
4-month period of reducing regular 
physical activity, i.e. in September 
(Test Post) (Figure 1).

In both exercise tests, during the 
test performed before and after the 
4-month period of reduced physical 
activity (Test Pre and Test Post), the 
examined women performed exer-
cise with the same individually desig-
nated amount of power output. The 
amount of power output was cho-
sen so that the exercise-induced heart 
rate ranged from 60-70% of maxi-
mal heart rate (HRmax), which corre-
sponded to the load on the cycloer-
gometer from 50 to 65 W.

Heart rate frequency

The registration of heart rate (PO-
LAR EleCtro S810, Finland) was al-
ways started just before the exercise 
test (about 1 minute before beginning 
the test), and was continued during 
the 8-minute effort and 3 minutes af-
ter its completion. The HR measure-
ment was carried out with 5-second 
intervals. The HR value from each 
minute of the effort is presented as 
the average HR value from the last 
15 seconds for every minute of effort. 
The HR measurement during the ex-
ercise test was performed twice, both 
before and after the 4-month peri-
od of reduced physical activity. The 
course of changes in the frequency 
of heart rate during the effort per-
formed before the 4-month period 
of reduced physical activity for one 
of the examined women is shown in 
Figure 2.

Figure 1
Research design including: a) 8-month period of regular physical activity at the Third Age University; b) exercise test performed af-
ter completing the 8-month period of regular physical activity (Test Pre); c) 4-month reduction in physical activity; d) exercise test 
performed after the 4-month period of reduction in physical activity (Test Post)
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Blood pressure measurements

In each of the subjects, systolic (BPs) 
and diastolic blood pressure (BPd) 
were measured before and after the 
exercise test using a blood pressure 
measuring device with an individu-
ally selected cuff width (WelchAllyn, 
New York, USA). The measurement 
of blood pressure was performed 
both before and after the 4-month 
period of decreased physical activity.

Tympanic temperature
measurements

Tympanic temperature (Tt) measure-
ments were performed during rest as 
well as before and after the exercise 
test (Braun 6020 Kronberg, Germa-
ny). The measurement of tympanic 
temperature was performed both be-
fore and after the 4-month period of 
decreased physical activity.

Analysis of research results

Body mass index (BMI) and waist-
to-hip ratio (WHR)
For each of the studied women, body 
mass index [kg·m-2] = body mass 
[kg] × body height-2 [m] (equation 2) 
and the ratio of waist-to-hip circum-

ference, WHR = waist circumfer-
ence [cm] × hip circumference-1 [cm] 
(equation 3) were calculated.

Estimated maximal heart rate (HRmax),
heart rate during exercise (HRex) 
post-exercise heart rate (HRpostex) and 
heart rate recovery (HRR)
For each of the examined wom-
en, HRmax was estimated based on the 
Tanaka formula10: HRmax = 208 - (0.7 
age in years) (equation 4). The heart 
rate during exercise (HRex) is present-
ed as the average HR value from thes-
teady-state period of exercise , i.e. from 
the 5th, 6th, 7th and 8th min of exercise. 
Heart rate after exercise (HRpostex) is 
shown as the mean HR value from 3 
minutes after physical exercise (Fig-
ure 2). In addition, for each of the 
studied women, the following were 
calculated: a) the difference in the 
heart rate  heart rate measured dur-
ing exercise (HRex) and HR measured 
just before beginning the exercise test 
(HRrest) (Δ1HR = HRex − HRrest); b) 
heart rate recovery (HRR) as the dif-
ference between post-exercise heart 
rate (HRpostex) and the  heart rate  re-
corded just before beginning physical 
exercise (HRR = HRpostex − HRrest).

Statistical analysis
For all of the presented parameters, 
the following descriptive statistics 

were calculated: minimum and max-
imum value (min ÷ max), arithmetic 
mean and standard error (x

_
   ± SEM).

Due to the small number of partici-
pants in the studied group (n = 10), 
the significance of differences in 
mean values in two groups of relat-
ed variables was checked using the 
non-parametric Wilcoxon test. Anal-
ysis of changes in heart rate during 
exercise performed before and after 
the 4-month period of decreased reg-
ular physical activity was done using 
analysis of variance (ANOVA with re-
peated measurements). Significance 
of differences was at the level of p = 
0.05. Statistical analysis was per-
formed using the STATISTICA 9.0 
programme.

RESULTS

Characteristics of the study
participants

The basic characteristics of the stud-
ied group of women x

_
  ±SEM: age 

62.5±3.0 years; height 161.2±0.02 
cm) are shown in Table 1.

In the studied group of women 
(n = 10), the number of hours devot-
ed to physical activity during the pe-
riod of regular physical activity class-
es (8 months) was 6.2±1.1 hours per 
week, while during the 4-month peri-
od of reducing regular physical activi-
ty, it was about 16% lower (p = 0.64, 
5.2±1.8 hours per week). The aver-
age calculated amount of energy de-
voted to physical activity during the 
period of regular physical activi-
ty (8 months) totalled approx. 1,574 
kcal·week-1 and was about 12% higher 
than during the 4-month period of re-
duced regular physical activity, on av-
erage (p = 0.88; 1,401 kcal·week-1). 
The 4-month period of reduced phys-
ical activity did not significantly affect 
body mass, percentage of body fat, 
BMI and WHR (p> 0.05; Table 1).

The effect of single bout, constant 
power output, moderate-intensity 
exercise on heart rate, blood pressure 
and tympanic temperature
Exercise-induced changes in heart 
rate and blood pressure were dis-
cussed on the basis of the exercise 

Figure 2
Heart rate during exercise performed by one of the individuals from the studied group 
of women
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test performed just after completing 
regular physical activity in the stud-
ied group of women, and before the 
4-month period of reduction in phys-
ical activity (Test Pre).

Heart rate frequency during moder-
ate-intensity exercise
In the examined group of women, 
heart rate during exercise (HRex) in-
creased by approx. 38% in relation to 
HR measured just before beginning 
the test (HRrest) (p = 0.005), and was, 
on average, 109±3.7 bpm.

The average heart rate measured 
within 3 minutes after completion of 
exercise (HRpostex) was about 23% (p = 
0.005) lower than the value measured 
during exercise (HRex) (Figure 3).

Blood pressure and tympanic tem-
perature during moderate-intensity 
exercise
Table 2 presents the changes in sys-
tolic and diastolic blood pressure as 
well as tympanic temperature for the 
studied group of women.

Systolic blood pressure (BPs) at the 
end of exercise was about 12% higher 
than (p = 0.005) BPs at rest. The di-
astolic blood pressure did not change 
significantly during the exercise in re-
lation to resting values (p = 0.79; Ta-
ble 2). In the studied group of wom-
en, no changes (p> 0.05) in tympan-
ic temperature (Tt) recorded after the 
exercise test in relation to resting val-
ues were observed (Table 2).

Influence of the 4-month period of 
reduction in regular physical activity 
on pre-exercise, exercise-induced and 
post-exercise heart rate
Figure 4A shows the average heart rate 
before and after the 4-month period 

of reduction in regular physical activi-
ty among women (n = 10). As a result 
of a slight decrease in the weekly time 
(i.e. about 16%) devoted to physical 
activity, there were no changes in the 
heart rate measured just before begin-
ning the exercise test (p = 0.72; Fig-
ure 4B) or in the heart rate recorded  
during exercise (p = 0.94, Figure 4C). 
In turn, the frequency of heart rate 
registered during the first minute fol-
lowing exercise (HRImin) performed af-
ter the 4-month period of decreased 
physical activity (Test Post) was signif-
icantly higher (p = 0.03) than the HR 
measured during the first minute af-
ter completing the exercise before that 
period (Figure 4D).

Moreover, in the examined group 
of women, the difference between 
the exercise-induced heart rate and 
HR in the first minute after cessation 
of exercise was, on average, 21±2.6 
bpm in the Pre Test and was signif-
icantly higher (p = 0.047) than in 
the test performed after the 4-month 
period of reduced physical activity 
(15±1.9 bpm).

The exercise-induced increase 
in heart rate versus resting state 
(Δ1HR) in the Post Test was approx-
imately 40%, and did not differ sig-
nificantly (p = 0.28) from the in-
crease in HR  during exercise per-
formed in the Pre Test (by about 
38%; Figure 5A ).

Table 1
Selected anthropometric parameters in the studied group of women (n = 10) before (Pre) and after (Post) the peri-
od of reduction in physical activity 

Anthropometric parameters
Pre Post

p
x
_
   ± SEM min ÷ max x

_
   ± SEM min ÷ max

Body mass [kg] 69.3 ± 3.0 56.2 ÷ 89.2 69.2 ± 3.1 56.0 ÷ 89.1 0.58

Body fat content [%] 35.2 ± 1.2 30.5 ÷ 43.7 36.1 ± 1.4 30.2 ÷ 45.0 0.10

BMI [kg·m-2] 26.6 ± 0.9 22.7 ÷ 32.4 26.6 ± 0.9 22.5 ÷ 32.3 0.65

WHR 0.87 ± 0.02 0.8 ÷ 0.95 0.86 ± 0.02 0.78 ÷ 0.92 0.33

BMI – body mass index; WHR – waist to hip ratio; SEM – standard error

Figure 3
The effect of constant power output, moderate intensity exercise performed before the 
4-month reduction in physical activity (Test Pre) on heart rate measured just before 
exercise test (HRrest), exercise heart rate (HRex) and post-exercise heart rate (HRpostex)
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The effect of the 4-month period of 
reduced physical activity on blood 
pressure and tympanic temperature
The 4-month period of reduction in 
regular physical activity did not lead 
to changes in resting or post-exercise 
values of systolic and diastolic blood 
pressure or tympanic temperature 
(p> 0.05; Table 2).

DISCUSSION

In the present study, it was shown that 
in the group of women aged 50-80, 
the 4-month period of slight decrease 
in physical activity (about ~ 16%, 
p = 0.64) did not induce significant 
changes in pre-exercise heart rate (Fig-
ure 4B) or heart rate recorded during 
exercise (Figure 4C). Nonetheless, the 
reduction of physical activity (by ap-
prox. 16%) caused significant chang-
es in post-exercise heart rate; name-
ly, a higher  heart rate was observed 1 
minute after completion of exercise (p 
= 0.03; Figure 4D), as well as slower 
heart rate recovery (p = 0.03; Figure 
5B). In addition, it was shown that the 
reduction of physical activity in the 
4-month period did not cause signif-
icant changes in resting or post-exer-
cise blood pressure values or tympan-
ic temperature (Table 2). In the de-
scribed period, no significant chang-
es in body mass or percentage of adi-
pose tissue were observed in the stud-
ied group of women (Table 1).

The effects of a single bout, constant 
power output, moderate-intensity 
exercise on heart rate, blood pres-

sure and tympanic temperature in the 
studied group of women (n = 10)
In the studied group of perimenopau-
sal and postmenopausal women, the 
constant power output exercise test 
(about  53±4 W) performed before 
the 4-month period of physical ac-
tivity reduction led to an increase in 
heart rate by about 40% (Figure 3 ) as 
well as to an increase in systolic blood 
pressure (by approx. 12%) compared 
to the pre-exercise values   of these pa-
rameters in the absence of changes 
in diastolic blood pressure (Table 2). 
Similar changes (heart rate and blood 
pressure) in response to exercise of 
the same intensity were observed in 
the exercise test performed after the 
4-month period of decreased phys-
ical activity (see: Results). The exer-
cise-induced changes in blood pres-
sure and heart rate registered in this 
study do not differ from the results 
obtained by other authors regarding 
moderate-intensity efforts for mid-
dle-aged and elderly patients36, 37. Ad-
ditionally, the applied exercise did not 
cause changes in tympanic tempera-
ture (Table 2). These results indicate 
that in the studied group of women, 
the applied exercise did not constitute 
a significant burden for the body.

The effects of the 4-month period 
of reduced physical activity on heart 
rate
Regular physical activity decreases 
resting heart rate13,38, the frequency 
of contractions recorded in the case 
of a given load13,38, and leads to ac-
celeration of HRR38,39. In turn, the 
reduction or discontinuation of reg-

ular physical activity leads to an in-
crease in heart rate recorded at  rest, 
during exercised and after cessation 
of exercise (including slowdown in 
HRR)22,40. It is believed that the cause 
of changes in the  heart rate after ces-
sation of regular physical activity is 
the reduction in the increased para-
sympathetic activity induced by reg-
ular training22. In addition, a higher 
increase in catecholamine concentra-
tions during exercise22,38, as well as an 
exercise-induced increase in the con-
centration of metabolites such as hy-
drogen ions and potassium ions22,38 
also have an impact on higher exer-
cise-induced heart rate after discon-
tinuing regular physical activity. In 
this study, in the group of perimen-
opausal and postmenopausal wom-
en, the 4-month period of reducing 
physical activity by about 16% did 
not induce changes in resting heart 
rate  (Figure 4B) or heart rate re-
corded during exercise  (Figure 4C). 
In studies by other authors, there 
was an increase in heart rate meas-
ured at rest and during exercise af-
ter discontinuation of regular physi-
cal activity. Hardman and Hudson41, 
in a group of middle-aged wom-
en (about 47 years old), observed 
a higher heart rate during exercise  
performed 3 months after complet-
ing a 12-week walking training pro-
grammed41. Similarly, Giada et al.42 
demonstrated in a group of elder 
(about 55 years of age), physically ac-
tive men an increase in resting HR by 
about 12% and greater heart rate re-
corded during exercise by about 6% 
after a 2-month period of lack of reg-

Table 2
Systolic (BPs) and diastolic (BPd) blood pressure, tympanic temperature (Tt) at rest and at the end of the exer-
cise test, before (Pre) and after (Post) the 4-month reduction in physical activity

Pre Post p

Blood pressure [mmHg]

BPs at rest 121 ± 4 120 ± 4 0.73

BPs after test 135 ± 4* 135 ± 3* 0.83

BPd at rest 71 ± 2 71 ± 3 0.83

BPd after test 71 ± 3 69 ± 2 0.3

Tympanic temperatur [oC]

Tt at rest 36.9 ± 0.1 36.7 ± 0.2 0.24

Tt after test 36.9 ± 0.1 36.9 ± 0.1 0.83

*p < 0.05 significant difference between value measured at rest and just after exercise
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ular physical activity compared to the 
values   of the mentioned parameters 
before the period of discontinuing 
training42. Lack of changes in rest-
ing heart rate (Figure 4B) and heart 
rate measured during exercise (Figure 
4C) observed in the studied group of 
women may result from the fact that 
in the analysed period (4-month pe-
riod of reducing regular physical ac-
tivity), the decrease in physical ac-
tivity was small and was only about 
16% (i.e. about 1 hour less a week), 
because the surveyed women im-
plemented their own physical ac-
tivity programmes. Despite the lack 
of changes in heart rate measured 
at rest and during exercise  changes 
in post-exercise heart rate were ob-
served in response to the 4-month re-
duction in physical activity. Name-
ly, the heart rate recorded during 
the first minute after ending exer-

cise in the exercise test performed af-
ter the period of reduced physical ac-
tivity was significantly higher (by ap-
prox. 7%, p = 0.03, Figure 4D) com-
pared to the HRImin measurement be-
fore this period. It should be noted 
that the return of heart rate to rest-
ing values is mainly caused by the re-
activation of the parasympathetic sys-
tem and the reduction of the activi-
ty of the sympathetic system after the 
completion of exercise13,14,22,25. The 
initial, rapid decrease in heart rate af-
ter exercise (the first 60 seconds) pri-
marily depends on the reactivation of 
the parasympathetic system11,13,43, as 
demonstrated in research with par-
asympathetic blockers38,40. In turn, 
the second, slower phase of HRR is 
a consequence of the cooperation of 
the parasympathetic and sympathet-
ic systems, and on the one hand, re-
sults from the reactivation of the par-

asympathetic system and on the oth-
er, from the still active sympathet-
ic system stimulated by the metab-
olites produced during the effort, 
i.e. hydrogen ions, potassium ions, 
adenosine, bradykinin, phosphates, 
arachidonic acid metabolites11,13,43. 
In the post-exercise period, the re-
flex of metaboreceptors along with 
the slowly removed circulating cat-
echolamines in the blood reflexively 
strengthen the activity of the sympa-
thetic nervous system11,13,38. This per-
sistent, slower decline in the frequen-
cy of heart rate after exercise protects 
the body against post-exercise faint-
ing, as it prevents the sudden fall in 
blood pressure resulting from pe-
ripheral vasodilation during exer-
cise13. One of the important param-
eters assessing the rapid phase of re-
activation of the parasympathetic sys-
tem in the post-exercise period is the 
size of the decrease in the heart rate 
during the first minute after complet-
ing physical exercise17,33. The results 
of the study show that the decrease 
in the heart rate in the first minute 
after cessation of exercise in healthy 
people should be ~15-20 bpm·min-1  
compared to the value obtained dur-
ing exercise19,30,31. The decrease in 
HR in the first minute after exercise 
less than 12 bpm·min-1 is associated 
with an increased risk of cardiovascu-
lar-related death17,19.

In this research, the HR decrease 
during the first minute after the ces-
sation of exercise, compared to the 
exercise-induced HR, was 21 bpm, 
and 15 bpm, respectively for the ex-
ercise test performed before and af-
ter the 4-month reduction in physi-
cal activity (p = 0.047). These values   
indicate proper reactivation of the 
post-exercise parasympathetic sys-
tem30,31 in both exercise tests (Test Pre 
and Test Post), however, they further 
indicate delayed reactivation of the 
parasympathetic system in the exer-
cise test performed after the 4-month 
period of physical activity, which in-
dicates deterioration of physical ca-
pacity21,25. In the present study, in ad-
dition to the evaluation of heart rate 
in the first minute after the comple-
tion of exercise (Figure 4D), heart 
rate recovery was tested during 3 
minutes from the completion of the 

Figure 4 A-D
Heart rate during exercise performed before ( ) and after ( ) 4-month reduction in 
physical activity in the studied group (n = 10) (panel A). The effect of 4-month reduc-
tion in physical activity on heart rate measured just before exercise (HRrest, panel B), 
heart rate during exercise (HRex, panel C) and heart rate measured during the 1st min 
after exercise cessation (HRImin, panel D)
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effort compared to the values   record-
ed before activity (Figure 5B) in the 
exercise test taken both before and 
after the 4-month period of physi-
cal activity reduction. In the exam-
ined group of women at perimeno-
pausal and postmenopausal age, after 
the 4-month period of reduced phys-
ical activity, reduced HRR rate was 
observed (Figure 5B) which may in-
dicate worsening of the interaction of 
the parasympathetic-sympathetic sys-
tem after a period of reduced physi-
cal activity11,13,43. The slower rate of 
HRR (Figure 5B), despite the absence 
of the changes in heart rate record-
ed at rest (Figure 4B) and during ex-
ercise (Figure 4C) reflect a decrease 
in physical performance. This is con-
sistent with the reports of other au-
thors, pointing to the fact that chang-
es in post-exercise heart rate occur 
much earlier than changes in resting 
or heart rate recorded during exer-
cise 25 in response e.g. to increasing 
or reducing training loads25.

CONCLUSIONS

1. The 4-month period of slight de-
crease in physical activity in the 
studied group of perimenopausal 
and postmenopausal women does 
not affect the heart rate measured 

at rest and during exercise how-
ever, it leads to an increase in the 
post-exercise HR.

2. The post-exercise heart rate is 
a sensitive indicator of even a small 
reduction in physical activity, as its 
changes appear earlier than chang-
es in the heart rate recorded at rest 
and during exercise. 

3. Recording and analysing the 
post-exercise HR, including the 
rate of HRR, may be used to mon-
itor physical training or rehabilita-
tion (e.g. cardiac) in older people 
also in perimenopausal and post-
menopausal women.
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References

1. Pagidipati N.J., Gaziano T.A. Estimating de-
aths from cardiovascular disease: a  review 
of global methodologies of mortality measu-
rement. Circulation 2013; 127(6): 749-756.

2. Padilla J., Simmons G.H., Bender S.B., Ar-
ce-Esquivel A.A., Whyte J.J., Laughlin M.H. 
Vascular effects of exercise: endothelial ada-
ptations beyond active muscle beds. Physio-
logy (Bethesda) 2011; 26(3): 132-145.

3. Ignarro L.J., Balestrieri M.L., Napoli C. 
Nutrition, physical activity, and cardiovascu-
lar disease: an update. Cardiovasc Res 
2007; 73(2): 326-340.

4. Laughlin M.H., Newcomer S.C., Bender S.B. 
Importance of hemodynamic forces as si-
gnals for exercise-induced changes in endo-
thelial cell phenotype. J Appl Physiol 2008; 
104(3): 588-600. 

5. Durstine J.L ., Gordon B.,  Wang Z.,  Luo X. 
Chronic disease and the link to physical ac-
tivity. JSHS 2013; 2(1): 3-11.

6. Vigorito C., Giallauria F. Effects of exercise 
on cardiovascular performance in the elder-
ly. Front Physiol 2014; 5(51): 1-8.

7. Libonati J.R. Cardiac effects of exercise tra-
ining in hypertension. ISRN Hypertension 
2013; 2013: 1-9.

8. Roh J., Rhee J., Chaudhari V., Rosenzweig 
A. The role of exercise in cardiac aging: from 
physiology to molecular mechanisms. Circ 
Res 2016; 118(2): 279-295.

9. Fletcher G.F. How to implement physical ac-
tivity in primary and secondary prevention. A 
statement for healthcare professionals from 
the Task Force on Risk-reduction, American 
Heart Association. Circulation 1997; 96(1): 
355-357.

10. Tanaka H., Monahan K.D., Seals D.R. Age
-predicted maximal heart rate revisited. J Am 
Coll Cardiol 2001; 37(1): 153-156.

11. Bosquet L., Merkari S., Arvisais D., Aubert 
A.E. Is heart rate a convenient tool to moni-
tor over-reaching? A systematic review of the 
literature. Br J Sports Med 2008; 42(9): 709-
714.

12. Strath S.J., Swartz A.M., Bassett D.R., 
O’Brien W.L., King G.A., Ainsworth B.E. Eva-
luation of heart rate as a method for asses-
sing moderate intensity physical activity. 
Med Sci Sports Exerc 2000; 32(9 Suppl): 
465-470.

13. Coote J.H. Recovery of heart rate following 
intense dynamic exercise. Exp Physiol 2010; 
95(3): 431-440.

14. Fisher J.P. Autonomic control of the heart 
during exercise in humans: role of skeletal 
muscle afferents. Exp Physiol 2014; 99(2): 
300-305.

15. Smith S.A., Mitchell J.H., Garry M.G. The 
mammalian exercise pressor reflex in health 
and disease. Exp Physiol 2006; 91(1): 89-
102.

16. Achten J., Jeukendrup A.E. Heart rate mon-
itoring: applications and limitations. Sports 
Med 2003; 33(7): 517-538.

17. Shetler K., Marcus R., Froelicher V.F., Vora S., 
Kalisetti D., Prakash M., et al. Heart rate re-
covery: validation and methodologic issue. J 
Am Coll Cardiol 2001; 38(7): 1980-1987.

18. Myers J., Hadley D., Oswald U., Bruner K., 
Kottman W., Hsu L. et al. Effects of exercise 
training on heart rate recovery in patients 
with chronic heart failure. Am Heart J 2007; 
153(6): 1056-1063.

19. Dimkpa U. Post-exercise heart rate recovery: 
an index of cardiovascular fitness. JEPonline 
2009; 12(1): 10-22.

20. Darr K.C., Bassett D.R., Morgan B.J., Thom-
as D.P. Effects of age and training status on 
heart rate recovery after peak exercise. Am J 
Physiol 1988; 254(2 Pt 2): 340-343.

21. Lee C.M., Mendoza A. Dissociation of heart 
rate variability and heart rate recovery in 
well-trained athletes. Eur J Appl Physiol 
2012; 112(7): 2757-2766.

22. Sugawara J., Murakami H., Maeda S., Kuno 
S., Matsuda M. Change in post-exercise va-
gal reactivation with exercise training and 
detraining in young men. Eur J Appl Physiol 
2001; 85(3-4): 259-263.

23. Thomson R.L., Bellenger C.R., Howe P.R.C., 
Karavirta L., Buckley J.D. Improved heart 
rate recovery despite reduced exercise per-
formance following heavy training: A with-
in-subject analysis. J Sci Med Sport 2016; 
19(3): 255-259.

24. Kostis J.B., Moreyra A.E., Amendo M.T., Di 
Pietro J., Cosgrove N., Kuo P.T. The effect 
of age on heart rate in subjects free of heart 
disease. Studies by ambulatory electrocar-
diography and maximal exercise stress test. 
Circulation 1982; 65(1): 141-145.

25. Yamamoto K., Miyachi M., Saitoh T., Yoshio-
ka A., Onodera S. Effects of endurance train-
ing on resting and post-exercise cardiac au-
tonomic control. Med Sci Sports Exerc 2001; 
33(9): 1496-1502.

Figure 5
The effect of 4-month reduction in physical activity on differences between exercise 
(HRex) and pre-exercise (HRrest) heart rate ( 1HR, panel A); post-exercise (HRpostex) and 
pre-exercise (HRrest) heart rate (HRR, panel B) 



Medical Rehabilitation (Med Rehabil) 2018, 22 (2): 11-19  DOI: 10.5604/01.3001.0012.6874  eISSN 1896–3250  © AWF Krakow

19

26. Borresen J., Lambert M.I. Changes in he-
art rate recovery in response to acute chan-
ges in training load. Eur J Appl Physiol 2007; 
101(4): 503-511.

27. Hao S.C., Chai A., Kligfield P. Heart rate re-
covery response to symptom-limited tread-
mill exercise after cardiac rehabilitation in 
patients with coronary artery disease with 
and without recent events. Am J Cardiol 
2002; 90(7): 763-765.

28. Kligfield P., McCormick A., Chai A., Jacob-
son A., Feuerstadt P., Hao S.C. Effect of age 
and gender on heart rate recovery after sub-
maximal exercise during cardiac rehabilita-
tion in patients with angina pectoris, recent 
acute myocardial infarction, or coronary by-
pass surgery. Am J Cardiol 2003; 92(5): 600-
603.

29. Carter J.B., Banister E.W., Blaber A.P. The ef-
fect of age and gender on heart rate variabi-
lity after endurance training. Med Sci Sports 
Exerc 2003; 35(8): 1333-1340.

30. Cole Ch.R., Blackstone E.H., Pashkow F.J., 
Snader C.E., Lauer M.S. Heart-rate recovery 
immediately after exercise as a predictor of 
mortality. N Eng J Med 1999; 341(18): 1351-
1357.

31. Cole Ch.R., Foody J.M., Blackstone E.H., 
Lauer M.S. Heart rate recovery after subma-
ximal exercise testing as a predictor of mor-
tality in a  cardiovascularly healthy cohort. 
Ann Intern Med 2000; 132(7): 552-555.

32. Nishime E.O., Cole Ch.R., Blackstone E.H., 
Pashkow F.J., Lauer M.S. Heart rate recov-

ery and treadmill exercise score as a predic-
tors of mortality in patients referred for exer-
cise ECG. JAMA 2000; 284(11): 1392-1398.

33. Lipinski M.J., Vetrovec G.W., Froelicher V.F. 
Importance of the first two minutes of heart 
rate recovery after exercise treadmill testing 
in predicting mortality and the presence of 
coronary artery disease in men. Am J Cardi-
ol 2004; 93(4): 445-449.

34. Adams R. Revised Physical Activity Read-
iness Questionnaire. Can Fam Physician 
1999; 45: 992-1005.

35. Ainsworth B.E., Haskell W.L., Herrmann S.D., 
Meckes N., Bassett Jr D.R., Tudor-Locke 
C., et al. Compendium of physical activi-
ties: a second update of codes and MET val-
ues. Med Sci Sports Exerc 2011; 43(8): 1575-
1581.

36. Cornelissen V.A., Verheyden B., Aubert A.E., 
Fagard R.H. Effects of aerobic training in-
tensity on resting, exercise and post-exer-
cise blood pressure, heart rate and heart-
rate variability. J Hum Hypertens 2010; 24(3): 
175-182.

37. Stratton J.R., Levy W.C., Cerqueira M.D., 
Schwartz R.S., Abrass I.B. Cardiovascular 
response to exercise. Effects of aging and 
exercise training in healthy men. Circulation 
1994; 89(4): 1648-1655.

38. Almeida M.B., Araújo C.G.S. Effects of aero-
bic training on heart rate. Rev Bras Med Es-
porte 2003; 9(2): 113-120.

39. Danieli A., Lusa L., Potočnik N., Meglič B., 
Grad A., Bajrovič F.F. Resting heart rate 

variability and heart rate recovery after sub-
maximal exercise. Clin Auton Res 2014; 
24(2): 53-61.

40. Imai K., Sato H., Hori M., Kusuoka H., Oza-
ki H., Yokoyama H., et al. Vagally mediated 
heart rate recovery after exercise is acceler-
ated in athletes but blunted in patients with 
chronic heart failure. J Am Coll Cardiol 1994; 
24(6): 1529-1535.

41. Hardman A.E., Hudson A. Brisk walking and 
serum lipid and lipoprotein variables in pre-
viously sedentary women-effect of 12 weeks 
of regular brisk walking followed by 12 weeks 
of detraining. Br J Sports Med 1994; 28(4): 
261-266.

42. Giada F., Bertaglia E., De Piccoli B., France-
schi M., Sartori F., Raviele A., et al. Cardio-
vascular adaptations to endurance training 
and detraining in young and older athletes. 
Int J Cardiol 1998; 65(2): 149-155.

43. Peçanha T., de Brito L.C., Fecchio R.Y., de 
Sousa P.N., da Silva Junior N.D., de Abreu 
A.P., et al. Metaboreflex activation delays he-
art rate recovery after aerobic exercise in 
never-treated hypertensive men. J Physiol 
2016; 594(21): 6211-6223. 

Address for correspondence
Joanna Majerczak MD, PhD
e-mail: joanna.majerczak@awf.krakow.pl



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


