Clinical research

The influence of systematic pulse-limited physical
exercise on the parameters of the cardiovascular
system in patients over 65 years of age
Tomasz Chomiuk, Andrzej Folga, Artur Mamcarz

3rd Department of Internal Medicine and Cardiology, Medical University of Warsaw,
Poland
Submitted: 23 May 2012
Accepted: 30 November 2012
Arch Med Sci 2013; 9, 2: 201-209
DOI: 10.5114/aoms.2013.34559
Copyright © 2013 Termedia & Banach

Abstract
Int rodu ction: The influence of physical exercise on the parameters of the cardiovascular system of elderly persons has not been sufficiently investigated yet.
The aim of the study was to assess the influence of regular 6-week physical
exercise using the Nordic walking (NW) method in a group of elderly persons
on their physical performance and regulation of selected parameters assessing
the cardiovascular system.
Material an d meth ods : Fifty patients over 65 years of age participated in the
study. The study encompassed: medical interview, physical examination, resting ECG, spiroergometry examination, 6MWT (6-minute walk test) and 24-hour
ambulatory blood pressure monitoring (ABPM). During the exercise programme,
the pulse was monitored using pulsometers. After the completion of the training, check-up tests assessing the same parameters were performed. The control group consisted of 18 persons over 65 years of age with similar cardiovascular problems.
Results: In the test group, duration of the physical effort increased by 1.02 min
(p = 0.0001), the maximum load increased by 10.68 W (p = 0.0001), values of
VO2max by 2.10 (p = 0.0218), distance improved in 6MWT by 75.04 m (p = 0.00001),
systolic blood pressure decreased by 5.50 mm Hg (p = 0.035) and diastolic blood
pressure by 3.50 mm Hg (p = 0.054) as compared to the control group.
Conclusions: Systematic NW physical exercise limited by the pulse had a beneficial effect on the physical performance of elderly persons as assessed with
main parameters. A short 6-week programme of endurance exercises had
a hypotensive effect in elderly persons over 65 years of age.
Key words: physical exercise, endurance, elderly persons, Nordic walking, blood
pressure.

Introduction
Ageing of society has been a permanent process. Since 1950, the percentage of elderly persons has been constantly on the rise, increasing from
8% in 1950 to 11% in 2009 and estimated to reach 22% in 2050, according to forecasts [1]. In the second half of the 20th century, the length of
human life increased by approximately 20 years. According to the World
Health Organization (WHO), the average length of human life will be
73 years in 2025 [2].
In 2004, the WHO presented its strategy in relation to physical activity,
diet and health. The publication of the WHO contains information about the
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need to increase physical activity in the population
of people all over the world. To decrease the risk of
cardiovascular diseases, the report recommends at
least 30 min of regular physical exercise with moderate intensity on most days [3]. Physical activity considerably lowers the risk of cardiovascular disease
and the significance of this protective factor can be
compared with giving up smoking [4, 5].
Cardiovascular disease (CVD) is the main cause
of death in Europe. Almost a half (48%) of all deaths
are caused by CVD (54% of deaths among women
and 43% of deaths among men). It is estimated
that over 4.3 million people die of CVD every year
[6]. Lifestyle modification, especially regular physical exercise, is one of the simplest and most effective forms of preventing and improving the prognosis of the course of cardiovascular disease [7].

Material and methods
Sixty-eight persons over 65 years of age, studying at the University of the Third Age in Warsaw,
participated in the study. Women constituted the
majority of the subjects (88% women, 12% men).
After giving informed consent for participation in
the study, persons meeting the inclusion criteria
were included in the study (Consent of the Bioethics
Committee of Warsaw Medical University to conduct research study no. KB/68/2009). The inclusion
criteria were the following: age over 65 years, efficient locomotor system enabling exercise, lack of
serious disease limiting survival to 6 months, stable course of the heart disease: condition after
a myocardial infarction, over 6 months, condition
after cardiac and vascular surgery, over 6 months,
no hazardous heart rhythm disorders, stable values
of arterial pressure. The participants of the project
were divided into two groups: the test group consisting of 50 randomly selected persons aged 65 to
84 years (average age 70.7 years) who were subject to a physical exercise programme using the
Nordic walking (NW) method, and the control group
consisting of 18 randomly selected persons aged
65 to 81 years (average age 69.9 years) who did not
take part in the physical exercise programme. The
exclusion criteria were the following: age under
65 years, locomotor diseases preventing the introduction of physical exercise, unstable course of cardiovascular disease (recent myocardial infarction,
malignant ventricular rhythm disturbances, heart
failure in NYHA class III-IV, high/unstable values of
arterial pressure), disease limiting survival to
6 months, mental disorders disabling cooperation,
condition of up to 6 months after myocardial infarction, vascular interventions after cardiac surgery,
lack of informed consent to participate in the study.
Each training session would consist of 10 min
warming up, 30 min of proper training with Nordic
walking methods and 10 min of cooling down. The
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proper training was followed by heart rate monitoring with pulsometers. The target heart rate was
established during a spiroergometry test prior to
the study and was defined as 60-70% of maximal
heart rate. The training sessions took place three
times a week.

Research procedures
The test group consisted of 50 persons over 65
years of age. Before qualification for the exercise
programme using aerobic exercise, every person
underwent preliminary procedures which involved:
medical interview, physical examination, resting
ECG, spiroergometry examination, echocardiogram,
6-minute walk test (6MWT) and 24-hour ambulatory blood pressure monitoring (ABPM). The NW
exercise schedule was prepared individually for each
person after an spiroergometry examination and
determination of the maximum exercise pulse
(MEP) defined as 60-70% of the maximum pulse
for a given age, including the anaerobic threshold.
During the exercise, the pulse of each subject was
monitored using a pulsometer. The intensity of
exercise was limited by the pulse and individual
performance of each subject. After completion of
the 6-week training, check-up tests assessing the
same parameters were performed. The control
group consisted of 18 patients over 65 years of age
with similar cardiovascular problems. This group
underwent the same tests as the group undertaking physical activity excluding the 6-week exercise
programme using the NW method. The subjects in
the 2 groups were receiving similar drug treatment.
The characteristics of both groups are shown in
Table I.

Statistical analysis
A generalized estimating equation was used in
the analysis of intervention for continuous data
with normal distribution. The model includes correlations between observations from the same
subject; in this case, these observations were
repeated after a period of time. The assumption of
normality of distributions of the analysed variables
was verified using the Shapiro-Wilk test. Due to
deviations from the normality assumptions, the
data were logarithmically transformed and/or deviating observations were omitted in the analysis.
The data distributions after transformation did not
deviate from the normal distribution. The group
identifier (test group vs. control group), the time of
measurement (follow-up vs. screening) and the
interaction between the group and the time of
measurement were taken into account in the models. By means of the stepwise elimination method
with level 0.1 for staying in the model, variables
which were statistically significant at the level of
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0.05 were selected. The effect of group and time
and the interaction between the group and time
effect were left in the models regardless of their
statistical significance.

Table I. Clinical characteristics of persons included
in the study
Features

Test group
n (%)

Control group
n (%)

44 (88)

16 (88.24)

6 (12)

2 (11.76)

Age (average) [years]

70.68

69.89

Body mass index
(average) [kg/m2]

26.38

27.46

Body surface area
(average) [m2]

1.75

1.74

Ischaemic heart disease

11(22)

3 (16.67)

Hypertension

30 (60)

11 (61.11)

Dyslipidaemia

Gender

Results
No person dropped out of the study in either of
the groups. The results obtained during the spiroergometry examinations and ABPM are presented in
Tables II and III.
Persons participating in the NW exercise walked
longer distances in the 6-minute walk test (on average by 75.04 m, median = 74.00, p = 0.00001) than
persons from the control group (on average by 2.39,
median = 0.50), Figure 1. Owing to the application
of the exercise programme, in the test group, the
duration of physical effort increased (on average by
1.02 min, median = 0.85, p = 0.0001), during the
spiroergometry examination, compared with the
control group, in which this time was slightly shortened (on average by 0.62 min, median = –0.42).
The test group also achieved higher effort load
values (on average by 10.68 W, median = –8.00,
p = 0.0001) than the control group (on average,
a decrease by 6.11 W, median = –4.00) (Figure 2)
and the VO2max values changed significantly – the
value of this parameter increased in the test group
(on average by 2.10, median = 1.85, p = 0.0218) and
decreased in the control group (mean value = –0.37,
median = 0.70) (Figure 2).
No differences occurred between the test group
and the control group with respect to the remaining analysed parameters, such as the time to the
anaerobic threshold, load at the anaerobic point,
O2-pulse, maximum effort heart rate, maximum
minute ventilation, and maximum arterial pressure
during effort.
The analysis of results of the blood pressure
parameters and the heart rate in an ABPM showed
that the systolic blood pressure was lowered on
average by 4.94 mm Hg (median = –5.50, p = 0.0352)
in the test group, and it rose on average by 0.22
(median = 2.00) in the control group. The remaining parameters under analysis – change of the diastolic pressure and the average daily pulse – did not
change significantly, although a tendency for lower values after the application of the NW exercise
was observed in the active group (p = 0.054). The
results of the blood pressure measurements are
presented in Table III. The change in the tested
parameters is shown in Figure 3.

Discussion
Physical performance decreasing with age is
a physiological phenomenon. There are more and
more studies confirming the beneficial effect
of physical exercise on the physical and mental
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Women
Men

28 (56)

9 (50)

Smoking

3 (6)

2 (11.11)

Diabetes

4 (8)

3 (16.67)

Chronic obstructive
pulmonary disease

1 (2)

1 (5.56)

Asthma bronchiale

2 (4)

1 (5.56)

Stroke

0

0

History of myocardial
infarction

0

0

1 (2)

1 (5.56)

Hypothyroidism

12 (24)

4 (22.22)

Atrial fibrillation

3 (6)

2 (11.11)

0

2 (11.11)

Osteoporosis

Heart failure

spheres of elderly persons in the available literature [8-11].
The duration of effort and load increase after the
application of a systematic physical exercise programme, as it is the body’s adaptive response to
physical effort, which is confirmed by the authors'
own study and by the results obtained by other
researchers [8, 9, 12]. The results of the present
authors’ research have shown an increase in the
duration of effort in the spiroergometry examination after the completion of the exercise programme. Other researchers also noted the extension of the treadmill stress test (by 33%) among
elderly persons (aged 80-92 years) after a 6-month
exercise programme. Elderly persons taking part in
the study were subjected to moderate-intensity
endurance exercise 2 or 3 times a week. The training consisted of 20-30 min of proper effort preceded by a warm-up and finished by cool-down
exercises [13].
The O2-pulse is considered to be a good parameter assessing the efficiency of the cardiovascular
system during physical effort [14, 15]. In this study,
no significant improvement in the O2-pulse was
observed after the 6-week exercise programme.
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Table II. Parameters of preliminary screening and final tests assessing physical performance obtained in the
ergospirometry test and the 6-minute walk test
Features

Time to anaerobic threshold [min]

Load at the anaerobic point [W]

Duration of effort [min]

Maximum effort load [W]

O2-pulse

VO2max [ml/kg/min]

Preliminary screening parameters
Control group

Test group

Control group

Min

2.33

3.50

2.17

2.67

Max

9.50

7.17

9.67

7.00

Mean

5.15

5.37

4.97

5.11

SD

1.74

1.09

1.53

1.27

Median

5.17

5.58

4.83

5.25

Min

26.00

43.00

28.00

33.00

Max

110.00

82.00

104.00

79.00

Mean

60.45

62.11

57.86

57.50

SD

17.25

10.99

15.16

11.81

Median

60.00

63.50

56.50

59.00

Min

2.50

4.28

3.72

2.67

Max

10.95

14.33

11.95

13.87

Mean

7.09

7.10

8.11

6.47

SD

1.93

2.22

1.81

2.37

Median

7.11

6.61

8.15

6.48

Min

26.00

53.00

47.00

33.00

Max

119.00

153.00

129.00

149.00

Mean

80.14

80.67

90.82

74.56

SD

19.77

22.31

18.27

24.07

Median

80.00

76.00

93.50

74.50

Min

4.20

4.60

3.40

3.30

Max

13.00

15.30

27.50

13.60

Mean

8.75

8.50

9.97

8.85

SD

2.31

3.13

3.68

2.82

Median

8.35

7.90

9.35

9.35

Min

6.80

10.90

6.20

4.20

Max

24.30

24.40

26.20

25.70

Mean

15.38

14.83

17.48

14.56

SD

3.85

3.53

3.61

5.15

Median
6MWT [m]

Final test parameters

Test group

15.70

13.90

17.20

14.65

Min

422.00

452.00

452.00

411.00

Max

708.00

795.00

782.00

783.00

Mean

537.90

519.83

612.94

522.22

SD

68.00

77.07

80.88

81.62

Median

525.50

492.00

603.50

511.50

6MWT – 6-minute walk test

Other authors observed an increase in the O2-pulse
parameter (by 8.6%) after a 6-month exercise programme in a study conducted in the United States
and involving elderly persons aged over 80 years
(80-92 years of age). No improvement in the
O2-pulse parameter was observed during the first
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4 stages of this study; only a 6-month training programme led to a significant improvement in this
parameter [13]. Thus, it can be concluded that
short-term physical training in elderly persons does
not lead to an increase in the O2-pulse. Previously
conducted research, which showed an increase in
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Table III. Parameters of the preliminary screening and final tests assessing blood pressure and heart rate in 24-hour
ambulatory blood pressure monitoring
Features

Preliminary screening parameters
Test group

SBP [mm Hg]

HR/24 h [beats/min]

C ontrol group

Test group

Control group

Min

110.00

101.00

108.00

103.00

Max

153.00

148.00

148.00

153.00

Mean

134.61

122.04

129.67

122.26

13.11

12.76

11.79

13.79

Median

136.00

121.00

133.00

119.00

Min

57.00

48.00

62.00

54.00

Max

88.00

93.00

95.00

90.00

Mean

75.67

70.68

73.22

71.38

SD

DBP [mm Hg]

Final test parameters

SD

8.46

8.35

8.04

8.47

Median

75.50

71.00

72.50

71.00

Min

57.00

57.00

49.00

60.00

Max

84.00

88.00

83.00

89.00

Mean

70.24

74.56

69.14

71.56

SD

6.02

8.95

6.68

7.94

Median

71.00

77.00

70.00

71.00

SBP – systolic blood pressure, DBP – diastolic blood pressure, HR/24 h – average heart rate in the 24-hour examination
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150
Change of the distance [m]

this index, used exercise programmes lasting
12 weeks and 6 months. There are too few studies
including the O2-pulse index to make it possible
to provide an unambiguous answer of what “dose”
of exercise may have a significant effect on its
improvement.
The influence of ageing on the ability to undertake physical effort varies greatly and depends on
the individual condition and regular physical activity [16]. The maximal oxygen uptake (VO2max) is the
highest between the 20th and 30th year of life and
then it begins to fall at a rate of approximately 1%
per year and depends on the individual level of
physical activity (it decreases at a faster rate in persons with a sedentary lifestyle than in physically
active persons) [17, 18]. It was proven that controlled physical effort of appropriate intensity
(≥ 60% of the training VO2max), frequency (≥ 3 days
during a week) and length (≥ 16 weeks) may significantly increase VO2max in healthy middle-aged
and elderly persons. An extensive meta-analysis
performed by researchers showed that the average
increase in the VO2max after 16 to 20 weeks of exercise amounted to 3.8 ml/kg/min or 16.3%, compared with the control group of persons who did
not exercise in the period in question. Better results
in the improvement of VO2max were observed after
a longer exercise period (from 20 to 30 weeks), but
higher-intensity effort does not necessarily bring
positive effects (at the level of > 70% VO2max) [19].
This study shows that systematic physical exercise lasting for a shorter period of time (6 weeks)

100

50

0

–50
Control group

Test group

Figure 1. Change of the duration of effort and distance in the 6-minute walk test

can significantly improve the VO2max index (an
increase by 2.1 ml/kg/min). Similar results were
obtained in a study involving elderly men (average
age: 68 years) in which exercise significantly
improved the VO2max after 6 weeks (an increase by
2.4 ml/kg/min). Medium-intensity training sessions
(70% VO2max) using a cycloergometer were held
three times a week and each session lasted 45 min.
The test group consisted of only 8 participants [20].
Another meta-analysis focusing on elderly persons
showed that the length of a single training session
is another significant factor affecting the improve-
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15
40

Change of maximal load (WAT)

Change of VO2max

10

5

0

–5

–10

20

0

–20

–40
Control group

Test group

Control group

Test group

Figure 2. Change of VO2max and change of maximum effort load in the spiroergometry test

30
20
20
Change of DBP [mm Hg]

Change of SBP [mm Hg]

10

0

–10

10

0

–20

–10

–30

–20
Test group

Control group

Test group

Control group

Figure 3. Change of the systolic (SBP) and diastolic blood pressure (DBP) in 24-hour ambulatory blood pressure monitoring

ment in physical performance. Exercise lasting over
30 min resulted in a higher increase in the VO2max
(1.59 ml/kg/min) [21]. This study revealed that medium-intensity physical exercise has a significant
influence on the increase of the VO2max (by 2.1 ml/
kg/min). A decrease in the VO2max is an independent risk factor for all causes of death due to cardiovascular disease and may contribute to premature death in a population of middle-aged and
elderly persons [22]. Therefore, increasing the
VO2max value by the application of physical training
may be of significant clinical importance for persons over 65 years of age.
6MWT is currently commonly used for assessing the functional capacity of patients suffering
from pulmonary and cardiovascular diseases [23].
It is also used as a prognostic factor of the incidence and fatality rates in patients with left ventricular dysfunction [24, 25], advanced heart failure
[26] and chronic obstructive pulmonary disease [27].
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Owen and Croucher examined the influence of
a 12-week physical exercise programme in elderly
patients (average age of 81 years) with heart failure. The group of persons who exercised were able
to walk a longer distance (40.1 m more) than the
control group in the 6MWT [28]. Studies performed
on healthy elderly subjects (age of the test group
77.2 ±3.6) confirm the body’s adaptive response to
physical effort, which is proved by increasing the
walking distance (by 10%) in the 6MWT after oneyear long physical training [29]. Another study in
which the influence of systematic training on the
distance covered in the 6MWT involved the participation of 98 elderly women (58 in the test group
and 40 in the control group) (> 60 years old) suffering from hypertension. The exercise programme
conducted by Cunha et al. was similar to that used
in the present study, as it consisted of the application of exercise (mostly walking) 3 times a week at
an intensity ranging from 55% to 75% of the theo-
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retical maximal pulse. The main difference lay in
the length of the programme used and the type of
walk. In the aforementioned study, the training sessions lasted 16 weeks, while in the present study
training lasted 6 weeks. Both programmes resulted in the improvement of the distance covered in
the 6MWT. In the study by Cunha et al., between
the preliminary test and the final test the distance
increased by 70.58 m (p < 0001) [30]. In the present study, despite a shorter exercise programme,
it was possible to extend the distance in the 6MWT
on average by 75.04 m (p < 0.00001). The comparable positive effect probably results from the type
of walk used and NW may be a more effective type
of effort than ordinary walking, which still needs to
be confirmed by other studies.
The ageing process is connected with a higher
frequency of hypertension, ischaemic heart disease,
heart failure and reduced effort tolerance [31]. In
this study, hypertension was present in 60% of the
subjects from the test group and 61.11% of the persons from the control group.
Treatment of hypertension is one of the most
important goals of the prevention of cardiovascular events [32]. It has been proven by numerous
studies that regular physical activity is a non-pharmacological method of achieving a hypotensive
effect, regardless of the subjects' age. Systematic
endurance exercises lasting 6 weeks contributed to
the lowering of ambulatory systolic blood pressure
(ASBP) by 5.50 mm Hg (p = 0.035) (24-hour measurement) and lowering of the ambulatory diastolic
blood pressure (ADBP) by 3.50 mm Hg (p = 0.054)
(24-hour measurement), compared with the control group. Studies by numerous authors have
attempted to explain the influence of physical exercise on lowering of blood pressure (BP) in persons
at various ages as well as in persons suffering from
cardiovascular disease. So far, the hypotensive
effect of physical training in persons suffering from
hypertension has been fully documented by researchers the most.
The influence of endurance exercises on ABPM
in persons with normal BP has not been examined
in a detailed manner. The ABPM is found to predict
future cardiovascular risk better than conventional blood pressure [33]. It has been shown in numerous studies [34-38] that BP decreased after the
application of endurance exercises, but in some cases, no such relation was observed [39]. A metaanalysis of the randomized controlled studies on
endurance training has shown that a decrease in
BP is most noticeable in groups of persons suffering from hypertension (–6.9 mm Hg/–4.9 mm Hg),
but a statistically significant decrease in BP was
also observed in persons with normal BP values
(–2.4 mm Hg/–1.6 mm Hg) and those with prehypertension (–1.7 mm Hg/–1.7 mm Hg). The results
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obtained applied to endurance training lasting 40 min
on average, 3 times a week with an intensity of
65% HRmax for 16 weeks [40]. One of the studies
assessing the influence of 16-week endurance
training focused on elderly persons (average age
68.5 years) with normal BP. The intensity of exercise ranged from 50% to 85% of the maximum HR.
The results of the analysis confirm the hypotensive
effect of physical exercise [35].
Numerous studies confirm the lowering of the
systolic blood pressure (SBP) owing to the application of a walking exercise programme [41-44]. Diastolic blood pressure (DBP) was successfully lowered
in elderly persons in research by Cononie et al. and
in middle-aged women in a study by Palmer [45,
46]. Other studies revealed reduced SBP and DBP
after the application of an endurance walking programme [47-49]. The analysis of studies concerning the influence of a walking exercise programme
on the BP value showed that differences of BP
between the test group and the control group, after
the completion of the training programme, ranged
from –5.2 mm Hg to –11.0 mm Hg for SBP and from
–3.8 mm Hg to –7.7 mm Hg for DBP [50].
Numerous studies confirm a reduction in BP after
the introduction of systematic endurance exercises in elderly people. However, exercises must be
performed on a regular basis as abandoning this
routine is connected with loss of the hypotensive
effect [13]. The population of senior citizens suffering from hypertension should engage in physical
activity combined with appropriate diet as an element of non-pharmacological activity, because, as
shown by the TONE study (Trial Of Non-Pharmacological Intervention in the Elderly), it is more effective in elderly persons than in young ones [51]. Regular physical exercise may prevent an increase in
hypertension connected with the normal ageing
process of the body.
The exercise used in the present study did not
have a significant influence on the elderly persons'
HR. As revealed by other studies, physical exercise
must be used for an extended period of time to
achieve a reduction in this parameter. It was found
that the resting HR reduction among elderly persons was greater and more significant in a group
of subjects who had exercised for more than
30 weeks [19].
The number of participants of the study is relatively small. Additionally, 18% of the patients received β-adrenolytic agents, which could have influenced the results.
In conclusion, physical training is an effective
method to improve the function of the cardiovascular system in elderly persons, who experience
unfavourable changes within this system as a result
of the ageing process. Systematic physical exercise
(Nordic walking) limited by the pulse has a benefi-

207

Tomasz Chomiuk, Andrzej Folga, Artur Mamcarz

cial effect on the main parameters assessing the
physical performance of elderly persons. Even
a short 6-week programme of endurance exercises has a hypotensive effect in elderly persons over
65 years of age.
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