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Abstract
Objective: Heart rate (HR), blood pressure (BP) and rate-pressure product (RPP) 
are important prognostic factors of cardiovascular health. They all related to 
myocardial Ο2 uptake and hence myocardial work intensity, being important 
non-invasive and inverse indicators of myocardial economy. The study aimed to 
investigate the effect of physical activity (PA) on myocardial economy on healthy, 
elderly Greek individuals.

Methods: 106 participants were enrolled in the study, 37 men and 69 women. The 
resting HR, systolic BP (SBP) and RPP were determined and recorded according 
to the latest guidelines. The IPAQ-GR questionnaire was applied to evaluate the 
participants’ level of PA.

Results: The HR and SBP were significantly associated with PA class. PA class was 
inversely associated with HR in men (p=0.023) and SBP in women (p=0.009). The 
RPP was lower in participants with moderate PA class, compared to those with low 
PA, yet the correlation was not statistically significant. 

Conclusion: Increased PA, from low to moderate level, significantly lowered HR 
in men and SBP in women. The RPP was found lower in healthy elderly subjects 
with higher levels of PA, but this association was not significant. Future research 
must be carried out to clarify how PA of longer duration and/or higher intensity 
may affect myocardial function and cardiovascular responses in healthy elderly 
individuals.
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Ageing is associated with a significant increase in the prevalence 
of chronic degenerative disturbances [1]. The changes associated 
with progressive ageing make the elderly more susceptible to 
cardiovascular diseases (CVD), such as hypertension, heart failure, 
cardiac valvular disorders, and various types of arrhythmia [2]. 
Worldwide, it has been estimated that ischemic heart disease is 
the leading cause of global mortality [3], whereas CVD accounts 
for 45% of all deaths in Europe and 37% of all deaths in the 
European Union (EU) [4]. Overall CVD is estimated to cost the 
EU economy €210 billion a year [4]. In Greece, a state that tops 
the list of deaths due to ischemic heart disease and stroke [5], 
it is estimated that 48% of registered deaths are attributed to 
circulatory diseases.

Physical activity (PA), defined as any bodily movement produced 
by skeletal muscles that requires energy expenditure [6], 

provokes changes in the  cardiovascular function of elderly with 
a positive effect on both the prevention and rehabilitation of 
life-threatening CVD [7,8]. Furthermore, PA has been linked to 
a reduced risk of several diseases, such as obesity, diabetes and 
metabolic syndrome. Nonetheless, it is not clear how much PA is 
required to reduce the risk of these diseases. A plethora of studies 
suggests that the increased level of PA significantly improves the 
functional capacity of the circulatory system by increasing stroke 
volume, cardiac output and enhancing blood and oxygen supply 
to active tissues (performance), with a minimum myocardium 
stress (economy) [9,10].

The term “myocardial economy” describes the ability of the 
heart to meet the needs of the working tissues for blood and 
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oxygen supply with the minimum of myocardium stress [10,11]. 
Heart rate (HR) and systolic blood pressure (SBP), are important 
prognostic factors of cardiovascular health; their lower rates 
are related to improved physical fitness [12-14] and decreased 
cardiovascular morbidity and mortality [15-17]. The rate-pressure 
product (RPP = HR × SBP) is strongly and positively related to 
coronary blood flow and myocardial Ο2 uptake [11,18,19]. All of 
the above are positively related to myocardial Ο2 demands and 
hence myocardial workload, being important non-invasive and 
inverse indicators of myocardial economy [11,20]. 

There is limited data regarding the impact of PA on the myocardial 
function of elderly adults. Particularly, the effect of PA on the very 
important parameters of myocardial economy, such as HR, SBP 
and RPP, of the elderly needs to be further clarified. The purpose 
of this study was to investigate the effects of PA on myocardial 
economy in Greek healthy elderly.

Methods 
Study population 
A total of 236 people were randomly selected from the population 
of the five Open Care Centers for the Elderly in Neo Iraklion, 
Athens, Greece. At the baseline evaluation, health status was 
assessed by internists and cardiologists, based on medical history, 
clinical and physical examination. Body mass index (BMI), health 
status, age and smoking seem to be potential confounders in the 
relation between PA and cardiac function [10]. Only healthy, non-
smokers, aged 65 to 69 years of age, with normal body weight 
(18.5<BMI<25 kg/m2) were eligible for the study. Our exclusion 
criteria were the following; metabolic diseases (such as diabetes 
or thyroid disease), physical disabilities, heart disorders, recent 
illness, and cardiac medications, such as β-blockers. Finally, 128 
elderly met all the inclusive and exclusive criteria, of which106 
subjects participated, whereas 22 (17.2%) either did not show up 
or returned non-valid questionnaires (Table 1). 

All participants gave written informed consent prior to inclusion 
in the study. The study protocol was approved by the research 
committee of MSc “Cardiopulmonary Resuscitation” of the 
Medical School of the National and Kapodistrian University 
of Athens, Greece, and followed the principles of the Helsinki 
Declaration and its later amendments. In addition, written 
permission was obtained from the Organisation of Preschool 
Education and Social Welfare in Neo Iraklion, Athens, Greece 
(1603/May 28, 2014).

Study protocol
Before the day of their appointment, all participants were well 
informed about the research procedures and became familiar 
with the lab and the test equipment (Flow Diagram Figure 1). 
All subjects filled in a standardized questionnaire recording their 
personal data and health-related information. In addition, they 
completed the IPAQ-GR to assess their PA level, after they had 
been given detailed instructions. The white coat effect [21] and 
masked hypertension [22] are major factors that have been found 
to affect the rates of HR and BP. These factors were limited by 
familiarising the subjects with the lab and the test equipment 
one day before the measurements. The HR, BP and RPP were 
then measured and recorded, as described elsewhere [23]. Tests 
and measurements were conducted during morning hours, under 
the same conditions of temperature and humidity; all subjects 
abstained from coffee and alcohol, for at least 4 hours before the 
tests. 

PA assessment
The PA level of the participants was evaluated using the Greek 
version of the short International Physical Activity Questionnaire 
(IPAQ-GR), which has been validated and proved reliable for 
the ages of 15-69 years [24,25]. Briefly, the IPAQ-Gr is a 7-item 
instrument consisting of six questions that subjects are asked to 
answer in order to record the number of days (frequency) and 
the number of minutes per day (duration) of their participation 
in all kinds of vigorous, moderate and walking PAs during the last 
seven days. The IPAQ-Gr is used to sum up vigorous, moderate, 
and walking PA class over the previous seven-day period and 
generate a total physical activity-score (PA-score), expressed in 
metabolic equivalent (MET)-minutes per week (MET·min·wk-1). 
Prior to the IPAQ-Gr administration, the answering procedure 
was explained to the participants. Emphasis was given to the 

Table 1: Personal characteristics of the study population (n=106).

Variables Total population (n=106) Men (n=37) Women (n=69)
Age (yrs) 67.8 ± 1.6 68.7 ± 0.92 67.3 ± 1.69
Height (cm) 163.5 ± 0.09 171.9 ± 0.08 159.1 ± 0.06
Weight (kg) 64.6 ± 7.9 71.9 ± 7.37 60.8 ± 4.96
BMI (kg/m2) 24.1 ± 1.1 24.3 ± 0.95 24.0 ± 1.21
BMI: Body Mass Index.
Values are presented as mean ± standard deviation.

Variables Total population Men (n=37) Women (n=69) Significance p values
HR (bmp) 73.32 ± 8.8 70.53 ± 9.53 74.76 ± 8.22 NS*

SBP (mmHg) 135.79 ± 14.3 140.47 ± 11.29 133.38 ± 15.26 0.021*
DBP (mmHg) 75.80 ± 9.9 74.12 ± 8.37 76.67 ± 10.61 NS*

RPP 9952 ± 1609 9913 ± 1625 9971 ± 1614 NS*
PA (MET·min·wk-1) 762.2 ± 623.2 713.1 ± 579.2 787.5 ± 647.6 NS*

PA (MET·min·wk-1) Total population
Low PA (n=47) Moderate PA (n=59)

263 ± 213,3 1171.7 ± 545.3 < 0.001**
HR: Heart Rate; SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure; RPP: Rate-Pressure Product; PA: Physical Activity; NS:  Non-Significant.
Values are presented as mean ± standard deviation. None of the subjects was classified in high (vigorous) physical activity class.
(*): p - values for significant differences between men and women; (**): p - values for significant differences between physical activity of low PA 
and moderate PA class participants.

Table 2: Baseline data of the study population (n=106).
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Data analysis
Data was expressed as means with ± standard deviation (SD). 
The normality of distribution for age, BMI, SBP, HR and RPP 
was assessed with the Kolmogorov–Smirnov test. Multivariate 
analysis of variance (general linear model, full factorial – type 
III) – MANCOVA – was used to detect differences in HR, BP 
and RPP between groups of PA class. PA class and sex were 
considered as independent variables and all HR, BP and RPP 
values were considered as dependent variables. Stepwise 
multiple regression analysis was used to determine which of 
the personal characteristics (age, sex, BMI, total weekly PA: 
independent variables) were significantly associated with each of 
the dependent variables. Age was related to diastolic BP values 
and was entered into the final MANCOVA model as a covariate. 
In order to examine the effects of PA on dependent variables, in 
both sexes, another multivariate analysis of variance (general 
linear model, full factorial – type III) was used for men and 
women, separately. The level of significance was set as a p-value 
<0.05 throughout. Statistical analysis of the data was performed 
using the IBM SPSS version 19 software package (2010 SPSS Inc., 
Chicago, IL, USA).

Results
In total, 106 subjects, 37 men and 69 women, with a mean 

condition that only PAs that lasted at least 10 min should be 
recorded. Based on the IPAQ scoring procedure, PA status was 
classified into three categories (PA classes): 1) low PA class, 
insufficiently active subjects (total PA-score <600 MET·min·wk-1); 
2) moderate PA class; active subjects (total PA-score ≥600 MET.
min.wk-1 or vigorous PA-score ≥ 480 MET.min.wk-1); and 3) high 
PA class, very active subjects engaging in health-enhancing PA 
(total PA-score ≥3000 MET·min·wk-1 or vigorous PA-score ≥1500 
MET·min·wk-1) [24,25].

Myocardial economy assessment
A reliable and valid monitor (Polar S810i Heart Rate Monitor) 
was used to measure HR, according to the manufacturer’s 
instructions [26,27]. Resting HR was recorded in a supine 
position, after ten minutes of rest. The SBP was measured using 
an electronic sphygmomanometer (Omron 705IT, HEM-759-E) 
[28] with the subject in a seated position following ten minutes 
of rest, in accordance the European guidelines [29]. Three BP 
measurements were taken, at least 3 minutes apart from each 
other; the mean of the second and third measurement was 
recorded. The RPP was calculated as the product of HR x SBP 
[11]. During all measurements, the examiner was blinded to the 
participants’ PA status and their PA class.

 

 

 

 

 

 

 

 

 

 

 

 

Assessed for eligibility (n=236) 

Excluded (n=130) 
   Not meeting inclusion criteria (n=19) 
   Declined to participate (n=89) 
   Returned not valid questionnaires  (n=22) 

 

Analysed (n=47) 
 Total sample following low PA (n=47)   
Men following low PA (n=16)   
 Women following low PA (n=31) 

Allocated to low PA class (n=47) 
Received allocated intervention (n=47) 
 Did not receive allocated intervention (n=0) 

Analysed (n=59) 
 Total sample following low PA (n=59)   
Men following moderate PA (n=21)   
 Women following moderate PA (n=38 ) 

 

Allocated to moderate PA class (n=59) 
Received allocated intervention (n=59) 
 Did not receive allocated intervention (n=0) 
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(Based on IPAQ criteria)
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Eligible to participate (n=106) 
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Figure 1 Flow Diagram.
IPAQ: International Physical Activity Questionnaire; PA: Physical Activity
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age of 67.75 ± 1.60 years, were included in the study (Table 
1). All variables were normally distributed. Baseline data for all 
independent (PA) and dependent (RPP, HR, SBP, DBP) variables are 
presented in Table 2. Age was significantly and directly associated 
with DBP (p=0.006), while sex had a significant association with 
SBP (p=0.021) (Table 3). Regarding participants’ PA profile, 47 
were found to have low PA (263 MET·min·wk-1), 59 moderate PA 
(1171.7 MET·min·wk-1), while none of the subjects was classified 
into high PA class (Table 2).

In our study, HR and SBP were independently associated with 
moderate PA class [F(1,34)=8.181; p<0.02 and F(1,75)=6.980; 
p=0.04, respectively] (data is not shown). When males and females 
were analysed separately PA class was indirectly associated with 
HR (p=0.023) in men and SBP (p=0.019) in women. Increased 
PA, from low to moderate level, significantly lowered HR in men 
and SBP in women (Table 4). No other significant differences in 
measures were found between participants with moderate vs. 
low PA class by multivariate analysis.

Our results indicated that PA was inversely related with the RPP; 
the later was lower in subjects with moderate PA level compared 
with those with low PA. However, when all 106 participants were 
included in multivariate analysis, the principal outcome yielded 
that there was no significant correlation between RPP and 
subjects’ PA class (moderate or low) (p>0.05) (Table 4).

Discussion
We set out to evaluate whether PA is an effective physiological 
stimulus to improve myocardial economy in healthy elderly 
individuals. The results of the present study indicated that 
increased PA, from low to moderate level, significantly lowered 
HR in men and SBP in women. The RPP was found lower in healthy 
elderly subjects with higher levels of PA, but this association was 
not significant.

Physical activity and heart rate
The PA-related low resting HR has been found to decrease the 
incidence of CVD and to be positively related to cardiovascular 
and all-cause mortality [30,31]. However, the effects of PA on HR 
of older adults have not been thoroughly studied yet. This is one of 
the few studies indicated that increased PA, from low to moderate 
level, lowered resting HR in healthy elderly. Similar to our findings 
were observed in sportive elderly, where increases in PA intensity 
were associated with higher HR variability [32]. Recent data has 
also indicated that moderate PA was associated with superior 
cardio-vagal baroreflex sensitivity reflecting the efficiency in 
regulating HR in older adults [33]. Moreover, increased PA has 
been shown to lower HR in other age groups such as young [34] 
and middle aged adults [35]. These results suggest that increased 
PA may be sufficient to affect the autonomic tone of the elderly, 
similar to exercise modalities that have been shown to do so 
[36,37]. However, in contrast to our results, others have reported 
that in older adults, no statistically significant correlation was 
identified between resting HR and leisure-time PA [38,39].

Our findings indicated that the beneficial effect of PA on HR was 
stronger and significant for men compared to women. These 
results are in line with the study by Carter et al. [40] who reported 
that men have lower HRs than women when performing exercise 
of similar intensity. Moreover, Rennie et al. [41] have found that 
increased level of moderate PA had significantly lowered resting 
HR in men, but not in women. However, these assessments were 
not conducted in older people. The PA-induced lower resting HR, 
as it was found in our elderly male participants, may be related 
to increased stoke volume observed in exercising or physically 
active individuals [42,43]. Yet, it remains unclear why the above 
haemodynamic mechanism may hold true and explain the PA-
related HR decline in men, but not in women. The latter may be 
attributed to the sex-based differences in exercise-related tests 
such as VO2 norms, BP and lung diffusion capacity [44]. It seems 
that when placed under increased cardiovascular demands, men 
respond by increasing vascular resistance, and consequently BP, 
whereas women respond by increasing HR, therefore presenting 
higher HRs following PA or exercise [45]. 

Increased PA may provoke the physiological mechanisms that 
affect parasympathetic tone in healthy adults. Lower HR is, at 

Table 3: Heart rate, systolic and diastolic blood pressure, rate-pressure 
product and physical activity in relation with age and sex (n=106).

Variables Age Sex
HR (bmp) NS NS

SBP (mmHg) NS p = 0.021
DBP (mmHg) p = 0.006 NS

RPP NS NS
PA (MET·min·wk-1) NS NS

HR: Heart Rate at rest; SBP: Systolic Blood Pressure at rest; DBP: 
Diastolic Blood Pressure at rest; RPP: Rate-Pressure Product; PA: 
Physical Activity; NS: Non significant
P: values for significance in the relation of dependent and independent 
(PA) variables with age and sex.

Variables Low PA Moderate PA Significance p values*
Men (n=37) (n=16) (n=21)
HR 73.13 ± 11.64 68.47 ± 7.14 0.023
SBP 140.00 ± 12.01 140.84 ± 10.99 NS
DBP 73.93 ± 5.99 74.26 ± 10.02 NS
RPP 10241 ± 1929 9655 ± 1336 NS
Women (n=69) (n=31) (n=38)
HR 73.93 ± 7.64 75.44 ± 8.71 NS
SBP 138.47 ± 14.40 129.14 ± 14.83 0.009
DBP 76.63 ± 10.88 76.69 ± 10.53 NS
RPP 10201 ± 1234 9779 ± 1868 NS
Total (n=106) (n=47) (n=59)
HR 73.67 ± 9.04 73.04 ± 8.80 NS
SBP 138.98 ± 13.53 133.18 ± 14.65 0.044
DBP 75.73 ± 9.55 75.85 ± 10.33 NS
RPP 10215 ± 1479 9736 ± 1692 NS
PA: Physical Activity; HR: Heart Rate; SBP: Systolic Blood Pressure; 
DBP: Diastolic Blood Pressure; RPP: Rate-Pressure Product; NS: Non 
significant
Values are presented as mean ± standard deviation. None of the 
subjects was classified in high (vigorous) physical activity class.
(*): p - values for significant differences between low and moderate PA 
class.

Table 4: Rate-pressure product, heart rate, systolic and diastolic blood 
pressure in relation with participants’ physical activity (PAclass).
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least partially, the result of increased parasympathetic tone and 
may be related to the improvements in sympathetic control of 
vasomotor tone provoked by PA [46,47]. However, others have 
supported that the parasympathetic tone may be increased by 
high-intensity activity, such as jogging, while moderate activity is 
not [48]. Further studies are required to determine whether PA of 
vigorous intensity would be more effective towards lowering HR 
in older adults of both sexes, compared with existing levels of PA 
in this population.

Physical activity and blood pressure
Blood pressure is directly proportional to the effect of cardiac 
output on the total peripheral vascular resistance and depends 
on the total blood volume and viscosity [49]. PA has been 
associated with the prevention of increased BP, suggesting a 
mechanism which hypertensive patients can benefit. The results 
of the present study confirmed the benefits of PA in lowering BP 
in the elderly, reported in a limited number of similar purpose 
studies. We found that BP was independently associated with 
increased PA, indicating that a dose-response relationship may 
exist between levels of PA and SBP; participants with a moderate 
PA profile had lower SBP compared with those with low PA. 
Similar findings were reported in the study by Hagberg et al. 
who reported that in 60-69 year old men and women SBP was 
marked lower after moderate exercise training [50]. Physiological 
mechanisms such as systemic adaptation of the arterial wall, 
reduction of pro-oxidant levels and arterial stiffness, increases 
in central nitric oxide synthase activity and improvement in 
endothelial function may explain the effects of increased PA 
levels on BP, as it was found in our study.

Furthermore, we found that sex was significantly related to the SBP, 
indicating that routinely performed, increased PA was associated 
with lower SBP in older women but not in men. This finding has 
also been supported by Reaven et al. [51] who indicated that in 
elderly women, lower SBP and DBP were measured with low-
intensity, leisure-time PA, while further reductions were present 
with heavier PA. One possible explanation for the PA-induced 
lower SBP level in women may reside on the stimulation of their 
autonomic control. More specifically, sex-based differences in 
autonomic control of BP may underlie some of the differences 
observed in our study. We found that increased PA, from low 
to moderate level, seems to be adequate to affect autonomic 
control and provoke lower SBP levels in female, but not in male 
participants. Even more, although the relative contributions of 
potential mediators regarding MET energy cost and total workload 
of PA were qualitatively similar between sexes in this study, the 
beneficial effect of PA in BP was stronger for women compared 
to men. It has been supported that in men a higher level of PA, 
such as vigorous exercise, is required to affect autonomic control 
and provoke changes in BP [52]. However, the tools used in the 
present study do not allow further speculation. On the other 
hand, previous studies have indicated that both sexes present 
equivocal results on BP levels following aerobic exercise [53,54].

Physical activity and rate-pressure product
Rate-pressure product is a valuable marker of cardiac function 

and an important index of myocardial economy [11]. To the best 
of our knowledge, the present study may be the first to examine 
the PA effects on RPP in the elderly. However, despite the fact that 
increased PA lowered SBP (in women) and HR (in men), as it was 
indicated by our findings, no statistical significance was observed 
in the reduction of RPP of both sexes. This may attributed to 
the fact that increased PA, from lower to moderate level, either 
didn’t provoke any significant myocardial hemodynamic effects or 
didn’t affect baroreflex control of blood vessels [55]. In line with 
our results, Forjaz et al. [56] found that in young normotensives 
exercise of moderate intensity lowered HR, however did not 
reduce RPP. 

It is well known that exercise intensity influences BP and HR 
responses. Therefore, it is possible that either exercise of higher 
intensity or vigorous PA may also have distinct effects on RPP, 
compared to leisure-time PA. Furthermore, it has been shown 
that intensity seems to be a significant factor in affecting the 
impact of exercise on RPP [56]. Elsewhere, it has been reported 
that there is a dose-response relationship between PA intensity 
and cardiovascular benefits; high-intensity PA tends to lead to 
greater cardiovascular functional gains than low-intensity Pas 
[57]. This is further supported by Rennie et al. [41] who suggested 
that parasympathetic tone may be increased by vigorous 
PA, compared to moderate PA, thus representing a possible 
mechanism by which PA reduces heart disease risk. It should be 
pointed out, though, that it is often not efficient to incorporate 
older adults in high intensity activities. Thus, vigorous activities 
are usually not advisable for sedentary older population [58].

Besides intensity, total weekly energy expenditure during PA may 
be a crucial factor defining the dose-response relation between 
PA and RPP. The World Health Organization (WHO) suggests that 
older adults should perform at least 150 min of moderate-intensity 
PA per week [59], thus 600 MET.min.wk-1 [24]. In our study, 45% 
of the participants performed low PA. This is attributed to the 
lifestyle and the daily habits of our participants; all subjects were 
members of Open Care Centers and did not participate in any 
organized scheduled exercise programme. However, the rest 55% 
of our participants performed moderate PA (≥ 600 MET.min.wk-

1). Therefore, although the WHO’s PA weekly expenditure criteria 
were met from our moderate PA participants, there weren’t any 
significant RPP reductions recorded. Probably, healthy elderly 
individuals may require an even higher amount of total weekly 
PA energy expenditure for their RPP to be reduced.

Strengths and Limitations
Among the strengths of the present study were the random 
selection of the subjects from a well-defined and homogeneous 
target population, the high participation rate and the single-blind 
design (neither the physicians, nor the examiner were aware of 
subjects’ PA status). In addition, the control for any potential 
confounders and limiting factors, such as age, health status, BMI, 
smoking and white coat effect added statistical power to our 
results. 

On the other hand, there are certain limitations that have to be 
mentioned. Due to the strict selection criteria, the size of the 
sample was limited. A larger number of subjects would have 
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