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Abstract

Intense blood pressure (BP) elevations during resistance exercise (RE) could lead to risk of acute 
cardiovascular events. Since, the natural aging process contribute to rest and exercise elevations in BP, 
higher BP elevations following RE could be expected in older individuals. However, previous studies 
have shown contradictory findings which are likely due to the time of BP assessment following exercise. 
Thus, we compared BP changes after each set and rest interval in young and older men. Sixteen men 
(8 each group) underwent four sets until fatigue at leg press equipment with high load (80% 1RM). 
BP was assessed, by finger photoplethysmography and the other cardiovascular measurements were 
estimated based on individual characteristics. Systolic BP (SBP) and mean BP (MBP) increased more 
in older men at first sets; heart rate (HR) increased more in young during all sets and rest intervals; 
cardiac output (CO) maintained higher all the time in young; and total peripheral resistance (TPR) 
increased more during all sets in older men. Thus, the present study shows that RE performed to 
fatigue leads to higher BP increase in older men suggesting BP might be monitored during RE for 
safety reasons especially on this higher risk population.

Keywords: Aged; Blood pressure; Strength exercise; Cardiovascular response; Aging; Heart rate.

Although, a program of resistance exercise (RE) 
is recommended for health purposes, vigorous 
physical activity can cause a transient increase in the 
risk of acute myocardial infarction and sudden death 
in susceptible individuals1,2; besides offer higher risk 
than low and moderate intensity exercise even for 
health individuals. High blood pressure (BP) that 
can occur during RE could be stimulus for this 
increased risk3. As such, high BP can destabilize 
atherosclerotic plaques and aneurysms, which may 
lead to myocardial electrical instability during 

exercise and/or recovery, and in turn can trigger a 
myocardial infarction4.

It is reasonable to expect that with higher baseline 
and exercise-related BPs among older individuals 
that the peak BP observed with RE could also be 
higher in this population5–7.

Previous studies have compared arterial blood 
pressure responses in young and older individuals 
during and after RE. Vallejo et al.8 showed higher 
systolic BP (SBP) peak in older adults compared 
to young after concentric leg squat, even when it 
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was adjusted to their individual loads. In contrast, 
higher SBP and diastolic BP (DBP) have been seen 
after leg press exercise in young men compared to 
older men9,10. Moreover, other studies, investigating 
different types of RE did not find differences in the 
BP increases between young and older adults7,10, 
leading to inconclusive assumptions. 

A variety of factors might elicit such differences. 
For instance, timing of the BP measurement could 
parcially explain this discrepancy. Also, BP could 
increase set after set in different magnitudes, 
and could also be influenced by the rest interval 
durations, as well as the ability of BP to return 
to baseline during recovery. To demonstrate these 

points, BP was measured in the last set8, while 
Kawano et al.9 considered the peak BP among all 
set9, and Thiebaud et al.10 assessed BP 5 min after 
the end of exercise10, and even the area under the 
curve during exercise and recovery has been used7.

Characterizing BP and related hemodynamic 
during each set and rest interval responses (i.e. 
heart rate, stroke volume, cardiac output, and total 
peripheral resistance) with maximum RE may 
elucidate the differences between young and older 
adults. Thus, the present study aimed to compare 
the effects of high load RE on BP and general 
hemodynamics between young and older men 
during each set and rest interval.

Methods

Participants

Eight young (18-35 yrs) and 8 older (>60 yrs) 
untrained men (no regular RE for a minimum of 
6 months) volunteered for this study. Participants 
were excluded if they had cardiovascular, metabolic, 
and pulmonary or joint limitations, body mass index 
> 30kg/m2, if they were smokers, or if they were 
under the use of any medication that could influence 
the cardiovascular responses investigated herein. A 
cardiologist carried out a clinical examination including 
an electrocardiogram during rest and during the RE 
testing. All the participants provided written informed 
consent approved by the research ethics committee 
from the university and the study was carried out 
according to Declaration of Helsinki.

Experimental design

Participants underwent four visits. In the first, 
weight, height, questionnaires and the clinical exams 
were done. In the second, participants underwent 
a familiarization RE session and the one-repetition 
maximum (1RM) test. On the third, they underwent 
1RM retest (after at least 72h). Lastly, on the fourth 
visit, participants performed the RE protocols in the 
morning (between 7am and 12pm), in a temperature- 
controlled (23ºC) environment according to Sardeli 
et al.11. In this fourth visit, following a warm-up of 10 
repetitions at 30% 1RM, 4 sets of RE at 80% 1RM 
were performed on a leg press machine (Nakagym, 
São Paulo, Brazil) at 45º, until fatigue, with 1-min 
rest interval between sets (feet resting on the ground).

Maximum strength test

One-repetition maximum (1RM) was used to assess 
maximal strength on a leg press machine (Nakagym, 
Brazil), as previously described12. Participants performed 
a general 5-min low-load warm-up on a cycle ergometer, 
followed by specific warm-up composed of 8 repetitions 
at 50% of their estimated 1RM and 3 repetitions at 
70% of their estimated 1RM, separated by 3 min rest 
period. Following the warm up participants performed 
5 trials of 1RM, with 3 to 5 min of rest between trials. 
The value of the highest load obtained after the test and 
retest was recorded for exercise prescription.

Hemodynamic assessments

Beat-to-beat BP waveforms were continuously 
recorded pre and during RE protocol by 
photoplethysmography (Finometer Pro®, Finapres 
Medical Systems, Arnhem, The Netherlands), with 
the cuff positioned on the medial phalanx of the 
middle finger of the right hand13. Brachial BP was 
estimated from the finger blood pressure waveform 
and analyzed using BeatScope® software (Finapres 
Medical Systems, Amsterdam, The Netherlands), 
with a hydrostatic height correction system to 
compensate for the hand position in relation to 
the heart. Participants remained at rest seated on the 
45º leg press machine for pre-exercise assessments, in 
which an average of 300 heart beats was used. During 
RE sessions the average of 5 beats at the end of each 
set and rest interval were analyzed14. The end of the set 
was registered when the participants place their feet on 
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TABLE 1  - Baseline and RE characteristics.

Young Older p value

Baseline Characteristics

Age (years) 26 ± 4 64 ± 4 <0.001

Weight (kg) 66.5 ± 7.8 75.1 ± 8.2 0.035

Height (cm) 172 ± .05 169 ± .04 0.304

BMI (kg/cm2) 22.3 ± 1.4 26.2 ± 1.8 <0.001

HR (bpm) 56 ± 8 64 ± 7 0.041

SV (ml) 108 ± 13 86 ± 15 0.009

CO (L/min) 6.0 ± .8 5.4 ± .9 0.219

SBP (mmHg) 122 ± 11 132 ± 13 0.14

DBP (mmHg) 61 ± 8 71 ± 6 0.021

MBP (mmHg) 82 ± 9 93 ± 8 0.024

DP (mmHg × bpm) 6903 ± 1213 8454 ± 1163 0.021

TPR (dyn.s/cm5) 1073 ± 157 1336 ± 218 0.015

RE Characteristics

# of repetitions set 1 15 ± 6 13 ± 4 0.442

# of repetitions set 2 12 ± 3 10 ± 2 0.061
# of repetitions set 3 9 ± 2 10 ± 2 0.234
# of repetitions set 4 7 ± 2 9 ± 3 0.64
# of total repetitions 43 ± 9 41 ± 7 0.617
Load (Kg) 262.2 ± 66.8 181.1 ± 33.7 0.013

Total Load 10,921 ± 4,201 7,488 ± 2,040 0.045

Legend: 
RE: Resistance exercise. 
BMI: Body mass index; 
HR: heart rate; 
SV: stroke volume; CO: 
cardiac output; SBP: 
systolic blood pressure; 
DBP: diastolic blood 
pressure; 
MBP:  mean  b lood 
pressure; 
DP: double product; TPR: 
total peripheral resistance; 
To ta l  l oad :  l oad  * 
repetitions;
#: number.

the floor. Heart rate (HR), stroke volume (SV), cardiac 
output (CO) and total peripheral resistance (TPR) were 
derived from finger BP waves using the Modelflow 
method incorporating age, sex, height and body mass 
(BeatScope®, Finapres Medical Systems, Amsterdam, 
The Netherlands)15,16, and double product (DP) was 
calculated multiplying SBP by HR.

Statistical analysis

Shapiro-Wilk test was used to verify normality. 
The baseline values were compared between groups 
by independent t-tests. To isolate the RE effects, 

independent of baseline differences, the deltas from pre 
to each time point were analyzed. A 2-way ANOVA 
(group (young vs. old) by time (set 1, rest 1, set 2, rest 2, 
set 3, rest 3 and set 4)) was performed for raw data (HR, 
SV, SBP, DBP, MBP and DP) and transformed data 
when necessary (CO and TPR)). The Greenhouse–
Geisser corrections were applied to all variables, since 
all were significant for sphericity observed in the 
Mauchly`s test. For post-hoc analyses, Bonferroni was 
applied (group*time). We considered significant an 
alpha value <0.05. The analyses were performed on 
PASW Statistics 18.0 software (SPSS Inc., Chicago, 
USA). Data are described as mean ± standard deviation.

Results

Baseline and RE characteristics are described 
in TABLE 1. Older men were heavier, had 
higher BMI, and presented higher baseline 
HR, DBP, mean BP (MBP), DP and TPR with 

lower SV and CO, compared to the young men. 
Although, older men reached similar number of 
repetitions, they performed lower absolute total load 
(load*repetitions) than the young men (TABLE 1).
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FIGURE 1 shows greater increase in HR for young 
men compared to older men at all time points; higher 
SBP increase for older men during sets one and two; 

Discussion

We believe this is the first study to compare 
BP responses during RE sets and rest between 
young and older men. In summary, older men 
showed higher SBP and TPR increments during 
RE sets, while young men showed higher HR, 
SV and subsequently CO during both sets and 
rest intervals.

Because BP changes according to CO and 
TPR, the higher SBP and MBP in older adults 
were likely caused by increased TPR only during 
sets, while CO was very stable during exercise 
session. CO increment during exercise is a result 
of SV and HR rises17. The increase in SV appears 
to be limited during sets, and as such the increase 

in HR explains the rise in CO for both groups. 
However, during rest intervals, CO is rather 
stable throughout the session, due to increases 
in SV and coupled reductions in HR. 

Chronotropic incompetence, which can occur 
with aging, may partially explain the attenuated 
delta HRs during both sets and rest in the older 
men. As such, chronotropic incompetence has 
been associated to both intrinsic heart rate 
changes and reduced ß-adrenergic sensitivity18. 
Reduced autonomic nervous system (ANS) 
responsiveness has also been observed in 
individuals with lower exercise capacity and 
sympathetic activity is less determinant during 

and higher TPR increments in older men across all sets. 
Furthermore, there were group effects for lower SV 
(p=0.051) and CO (p<0.001) in older men.

FIGURE 1 - Delta of cardiovascular responses for each set and rest interval during HL for older and young. 

Legend: 
HR: heart rate; 
SV: stroke volume; 
CO: cardiac output; 
TPR: total peripheral 
resistance; 
SBP: systolic blood 
pressure; 
DBP: diastolic blood 
pressure; 
MBP:  mean  b lood 
pressure. 
*: difference between 
older and young (p<0.05).
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maximum performance in untrained individuals; 
which could explain the present results once older 
men were likely more sedentary and untrained 
than our young men19,20. However, since ANS 
modulation was not measured in the present 
study, it is not possible to state which physiological 
mechanisms explain such findings.

Additionally, greater SV reductions in older men 
(p=0.051) seems to be partially mediated by TPR 
increase, especially during sets, once it would lower 
venous return to the heart and impair pre-load, 
necessary for Frank-Starling efficiency. Indeed, it is 
well established that older adults have stiffer vessels 
and poor endothelial function compared to their 
younger counterparts that could cause higher TPR, 
although arterial stiffness or endothelial function were 
not assessed herein21.

During exercise, high elevations on BP are 
expected due to parasympathetic withdrawal, 
higher sympathetic outflow through neural 
feedback sent from skeletal muscle receptors and 
neuronal input from central command22. During 
rest, neural control, venous return from muscle 
relaxation and reduction in intrathoracic pressure 
would contribute to SBP and DBP reduction. In 
the present study, the increase in SBP and MBP 
were higher in older men during the first sets, but 
along the RE session this difference was reduced. 
A possible explanation for this finding could be 

the reduced baroreflex sensitivity in older adults23. 
The carotid and aortic baroceptors, important to 
the fast BP regulation, should prevent higher BP 
elevations during rest and in the onset of exercise, 
but the progressive muscle metaboreflex activation 
gradually decreases its sensitivity enabling higher BP 
increases along exercise session24. This baroreceptor 
regulation that is more evident in the beginning of 
exercise, might explain the discernibility between 
older and young BP changes in the first sets.

This study presented some limitations. The 
first one was the small number of participants. 
However, the effects appeared even in this small 
sample. Another limitation was the inclusion of 
recreationally active men in the younger group, 
and as such, observed differences could be due to a 
possible interaction between age and fitness levels. 

Older men had larger SBP and MBP increase 
during the first sets, likely due to higher TPR 
increase, once CO was maintained in older and 
was higher in young men. This lack of physiological 
control for BP increase in the onset of RE could 
be associated with an impairment in baroreceptor 
sensitivity in older population, since it regulates the 
fast BP response and the increment in the last sets 
were similar to young men. Thus, the present study 
shows that RE performed to fatigue leads to higher 
BP increase in older men suggesting BP might be 
monitored during RE in this higher risk population.
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Resumo

Elevações intensas da pressão arterial (PA) durante o exercício resistido (ER) podem levar ao risco de 
eventos cardiovasculares agudos. Uma vez que o processo natural de envelhecimento contribui para 
elevações da PA em repouso e exercício, podem ser esperadas maiores elevações PA após ER em 
indivíduos mais velhos. No entanto, estudos anteriores mostraram achados contraditórios que prova-
velmente se devem ao tempo de avaliação da PA após o exercício. Assim, comparamos as alterações 
da PA após cada série e intervalo de descanso em homens jovens e mais velhos. Dezesseis homens 
(8 em cada grupo) foram submetidos a quatro séries até a fadiga no equipamento leg press com alta 
carga (80% 1RM). A PA foi avaliada por fotopletismografia digital e as demais medidas cardiovascula-
res foram estimadas com base nas características individuais. A PA sistólica (PAS) e a PA média (PAM) 
aumentaram mais em homens mais velhos nas primeiras séries; a frequência cardíaca (FC) aumentou 
mais nos jovens durante todas as séries e intervalos de descanso; o débito cardíaco (DC) manteve-se 
sempre mais alto nos jovens; e a resistência periférica total (RPT) aumentou mais durante todas as 
séries em homens mais velhos. Assim, o presente estudo mostra que o ER realizado até a fadiga leva a 
um maior aumento da PA em homens mais velhos, sugerindo que a PA pode ser monitorada durante 
o ER por razões de segurança, especialmente nesta população de maior risco.

Palavras-chave: Idoso; Pressão arterial; Exercício de força; Resposta cardiovascular; Envelhecimento; 
Frequência cardíaca.
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