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ABSTRACT 

 
Santos JM, Gouveia MC, Souza Junior FA, Silva 
Rodrigues CE, Santos JM, Oliveira AJS, Marques ACO, 
Barbosa BT, Suzssuna JAS. Effect of a High-Intensity 
Interval Training Session on Post-Exercise Hypotension and 
Autonomic Cardiac Activity in Hypertensive Ederly Subjects. 
JEPonline 2018;21(3):58-70. Factors that influence the 
magnitude of post-exercise hypotension (PEH) have been 
the subject of numerous studies, but there are no established 
arguments as to the hypotensive effect of a High Intensity 
Interval Training session (HIIT). The purpose of the present 
study was to evaluate the influence of an HIIT session on the 
magnitude of PEH and Cardiac Autonomic Activity (CAA) of 
hypertensive elderly. Fifteen hypertensive patients (65.1 ± 
5.37 yrs) performed two procedures on the cycle ergometer 
on non-consecutive days; HIIT with 4 sprints of 4 min with an 
intensity of 85 to 90% of Heart Rate Reserve (HRR) and 
intervals of 2 min to 50% of the HRR; and Continuous 
Aerobic Exercise (CAE) of 45 min at an intensity of 60 to 
80% of the HRR. Both the blood pressure measurement and 
autonomic activity recording were performed in the pre-
exercise period, post-exercise and during recovery for 1 hr. 
Two-way ANOVA test with Bonferroni post hoc were used to 
compare the inter- and intra-procedure measurements. The 
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data were analyzed in the Graph Pad Prism version 6.0 statistical software. Systolic (PSH) 
and diastolic (PDH) hypotension were measured in both procedures for 1 hr. There was no 
significant difference for PDH (P=0.2947) between procedures. The autonomic balance 
(HF/LF) presented a reduction between the post-exercise values and the values of the 
recovery period in both procedures (P=0.0001). The HIIT session promoted a greater 
hypotensive effect when compared to the CAE. 
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INTRODUCTION 
 
The scientific evidence suggests that the etiology of arterial hypertension (AH) is associated 
with autonomic balance dysregulation characterized by an increase in sympathetic nervous 
activity (SNA)(13,34). Interestingly, the changes in SNA are noticeably present in the factors 
related to aging. 
 
The increase in sympathetic tone contributes to an increase and maintenance of pressure 
levels, increased vascular tone, alteration of sodium homeostasis, and water in the renal 
tubules, as well as cardiac and vascular hypertrophy (12,32). In anxious individuals, 
an increase in sympathetic stimulation would probably cause some or all of the following 
changes: a dry mouth; an increase in heart rate, blood pressure, and rate of breathing, as 
well as the increase in the urge to urinate or defecate. 
 
From the intervention perspective, post-exercise hypotension (PEH) has been the target of 
several studies in recent years due to the beneficial responses on AH. This phenomenon is 
characterized by a reduction in the blood pressure below resting values after an exercise 
session (2,7). Given the importance of lowering blood pressure, it makes exercise an 
important tool in the control and non-pharmacological treatment of AH (7,25). 
 
Some studies have shown that PEH is more evident in hypertensive patients, and its 
magnitude and duration are linked to factors such as intensity, duration and type of exercise 
performed, and PEH can last for up to 24 hrs post exercise (7,9,23). In recent years, 
researchers have studied different ways to obtain a more effective reduction in post-exercise 
blood pressure. Among the different types of exercise, aerobic exercise is still the most 
recommended in the treatment and/or control of AH (27). Also, it very efficient in treating the 
elderly (3,7,11). 
 
In contrast, new findings have pointed to High Intensity Interval Training (HIIT) as a new 
perspective in providing benefits such as reduced clinical values of blood pressure and 
improvement in cardiac function in both healthy individuals and patients with heart disease 
(18). In addition, evidence suggests that such benefits can be attributed to the hypertensive 
population (1,15,21).  
 
Supporting this information, several studies (8,15,21) with differentiated protocols (aerobic 
and resistance) suggest that higher intensity exercises may contribute to a greater magnitude 
of PEH in the hypertensive population. Thus, the purpose of this study was to evaluate the 
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magnitude of PEH in hypertensive elderly subjects submitted to a HIIT exercise session 
compared to a continuous aerobic exercise session. 
 
METHODS 

Subjects 
Research participants were recruited through the media and from public places like squares, 
banks, and restaurants. The initial sample consisted of 39 elderly subjects with hypertension 
in both genders, but 20 of them did not attend one of the exercise sessions and 4 did not 
reach the target zone (TZ) proposed for the exercise. Therefore, the research was completed 
and concluded with 15 subjects. 
 
The subjects were between Stage I (systolic blood pressure, SBP ≥140 and diastolic blood 
pressure, DBP ≥90) and Stage II (SBP ≤179 and DBP ≤109) according to the VII Brazilian 
Guidelines on Hypertension (6) with a mean ± SD age of 65.1 ± 5.37 yrs and body mass 
index (BMI) of 29.1 ± 4.5 kg·m-². All the subjects were considered active according to the 
International Physical Activity Questionnaire (IPAQ). They were non-smokers, non-users of 
respiratory medications for chronic obstructive pulmonary disease or bronchial asthma, and 
non-users of beta blockers or calcium channel blockers. In addition, all subjects submitted a 
medical release certificate to participate in this study. The subjects were properly medicated 
and used AT1 channel blockers, ACE inhibitors, and diuretics to control their hypertension. 
 
Before submitting to the study procedures, the subjects answered an anamnesis and signed 
the informed consent form (ICF). The present study was approved by the Research Ethics 
Committee of the University Center of João Pessoa (UNIPÊ). It is registered with protocol 
number: 50775315.3.0000.5176, which is in compliance with Resolution 466/12 of the 
National Health Council.  

 
Assessment of Body Composition 
 
As a characterization criterion, a body evaluation was performed with the InBody 720 system. 
The subjects were instructed to fast (i.e., no food or water) for a period of 4 hrs without practicing 
exercise in the last 24 hrs as determined by the protocol. Such an instrument can be used with 
individuals with age range of 6 to 99 yrs and weight range of 10 to 250 kg (17). 
 
International Physical Activity Questionnaire (IPAQ) 
 
The IPAQ short version is a questionnaire used to classify individuals as to their level of 
physical activity. It consists of seven questions about the performance of light, moderate, 
and/or vigorous intensity physical activities during the week in different dimensions (e.g., 
walking as a form of work or transportation, domestic and leisure tasks, time spent on these 
physical activities, and physical inactivity) (19).  
 
The score was calculated as follows: minutes per week of walking plus minutes per week of 
moderate physical activity, and minutes per week of vigorous physical activity. Subjects who 
achieved 150 min of moderate activity or walking and those who achieved 60 min of vigorous 
activity (weekly) were considered active (classification three) (19). 
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Blood Pressure (BP) Measurements 
 
Pre-exercise BP measurements were performed after the subjects remained at rest for 10 
min, strictly following the protocol proposed by the VII Brazilian Hypertension Guidelines (6). 
New measurements were taken immediately after exercise and during the recovery period 
that lasted 1 hr (1 every 10 min) while the subjects were sitting. A Missouri-based aneroid 
sphygmomanometer (EMBU, BRAZIL) was used with a precision of 2 mm of mercury, 
previously calibrated with a mercury column sphygmomanometer. 
 
Autonomic Cardiac Activity Measurement 
 
Autonomic cardiac activity was determined by recording the heart rate R-R interval variability 
through a Polar RS800CX Heart Rate Monitor. This portable device was validated before 
recording with a electrocardiogram at rest and during exercise (28). For the pre-exercise 
period with the subjects at rest for 10 min as well as for the post-exercise period, the 
recording lasted 5 min in order to obtain a minimum of 300 beats. Recordings were also 
made during the recovery period with 3 measurements taken in 60 min (one every 20 min 
after exercise). 
 
The recordings were finalized using the frequency domain data that were taken from the FFT 
spectrum column, with ms2 being the Autonomic Balance value (High Frequency-HF/Low 
Frequency-LF). The data were transported from the HR monitor to the computer via an 
infrared device. The computer was equipped with software by the same manufacturer and 
subsequently analyzed by Kubios software (35). 

 
Exercise Protocol 
 
The tests were carried out in the research laboratory and the experimental procedure in the 
resistance training school of which both were air-conditioned. The whole process occurred in 
the afternoon at a time without the influence of other students. The ambient temperature was 
~25°C. 
 
The physical exercise sessions were planned according to the recommendations of the VII 
Brazilian Guidelines for Hypertension and the ACSM/AHA, which recommends exercise 
performed between 50% and 85% of the Target Heart Rate Zone (TZ) as being safe for the 
elderly (6,26). All subjects performed two pre-randomized cycle ergometer sessions: An HIIT 
session of 85% to 90% of the subjects’ heart rate reserve (HRR), and a continuous aerobic 
exercise (CAE) session of 60% to 80% of the HRR on non-consecutive days with a minimum 
interval of 48 hrs. The equation proposed by Karvonen (22) was employed for determining 
the TZ for both sessions. 
 
The subjects were equipped with a heart rate monitor and remained seated for 10 min prior to 
exercise. The lowest heart rate recorded in this period was considered as the RHR. The 
maximum heart rate used in this equation was: MHR = 220-age (for both genders) (22). 
 
To ensure that the subjects performed the exercise within the TZ, HR was monitored every 
10 min or during the sprints. The subjects performed the exercise in both sessions with the 
same monitor used to determine the RHR. 
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The Subjective Effort Perception Scale (SEF) proposed by Borg was also adopted with the 
fatigue stages ranging from very light to exhaustive. During exercise, SEF was strictly 
questioned after the HR measurement. The indices of this scale reflect the intensity in which 
the subjects performed the activity. For exercise adequacy, values were adopted from 11 to 
14 because they were related to moderate intensity and 15 to 18 for high intensity (4).  
 
The CAE session was performed on a cycle ergometer with a 5-min warm-up at light intensity 
(<50% of MHR). After this period, the subjects were instructed to increase the intensity and to 
exercise in the determined TZ (60% to 80% of RHR) for 40 min. The CAE session had a total 
duration of 45 min. 
 
The HIIT session was performed in 4, 4-min series (85% to 90% of the RHR) on a cycle 
ergometer with 3 active intervals of 2 min (50% of the RHR) that was preceded by a 5-min 
warm-up of 50% of MHR. The HIIT session lasted 27 min. 
 
Statistical Analysis  

The data were analyzed for normality and homogeneity (Shapiro Wilk and Levene). In order 
to analyze the behavior of the variables, either in the comparison between procedures (HIIT 
vs. CAE) or intra-procedure, the ANOVA two-way test with post hoc of Bonferroni were used. 
The data were analyzed using the statistical software Graph Pad Prism version 5.0. The 
statistical significance level was set at P<0.05 for all comparisons. 
 
RESULTS 
The sample characterization and anthropometric measures are presented in Table 1, for 
general values. 

Table 1. Anthropometric Characteristics of Hypertensive Elderly. 

Variables Values 

 

  
Age (yrs)                                                        65.1 ± 4.7 
Body Mass (kg)  71.8 ± 10.7 
Height (cm)                         156.3 ± 6.2 
BMI (kg·m-²)                          29.1 ± 4.5 
IPAQ (score)    3 ± 0.0 

  
BMI = Body Mass Index, IPAQ = International Questionnaire of Physical Activity, kg·m-² = Kilograms 
per Square Meter  
 
The subjects’ HR values at rest and during procedures are shown in Figure 1. The RHR did 
not differ between procedures (P>0.05). In the CAE protocol, the subjects were instructed to 
perform the exercise between 60% (122 ± 4.9 beats·min-1) and 80% (139 ± 4.9 beats·min-1) 
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of the HRR. When HR was observed during exercise, the subjects maintained a significant 
elevation compared to the rest values (P=0.0001), showing that the group reached the target 
zone for this procedure. The same was observed in the HIIT procedure, which was performed 
between 85% (143 ± 4.9 beats·min-1) and 90% (147 ± 4.6 beats·min-1) within the proposed 
TZ (P = 0.0001). 

Rest HR1 HR2 HR3 HR4
0

50

100

150

200

CAE
HIIT

#

 
Figure1. Behavior of the RHR - Resting Heart Rate and the HR during the CAE and HIIT 
Procedures. #Significant difference in resting HR for measurements during exercise (P=0.0073), beats·min-1 
= Beats per minute, HR every 10 min after the start of the CAE (HR1 10 min, HR2 20 min, HR3 30 min, and 
HR4 40 min) and to each HIIT sprint (HR 1st sprint, HR 2nd sprint, HR 3rd sprint, and HR 4th sprint). 
 

When analyzing SEF according to the Borg scale (presented in Figure 2), the subjects 
reported their effort according to the proposed intensity between the indexes 11 and 14 for 
the CAS procedure (P=0.0001), and 15 to 18 for the HIIT procedure (P=0.0001). 

 
Figure 2. SEF (Subjective Effort Perception) Every 10 min After the Start of the CAE 
(SEF 10 min, SEF 20 min, SEF 30 min, and SEF 40 min), and After Sprints at HIIT (SEF 
1st sprint, SEF 3rd Sprint, and SEF 4th Sprint). *Significant difference in SEF during exercise 
between procedures, #Significant difference between the intraprocedural measurement moments (P=0.0001) 
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Figure 3 shows the mean PEH values in the post-exercise periods subdivided into six 
measures (PEH 10 min, PEH 20 min, PEH 30 min, PEH 40 min, PEH 50 min, and PEH 60 
min) for both PSH (Panel A) and PDH (Panel B) of both procedures. Comparison between 
the procedures showed a significant difference in PSH after 20, 50, and 60 min, respectively 
(P=0.0465). However, there was no difference in the PDH between the performed procedures 
(P=0.2947). 

 

 
Figure 3. Mean Behavior of PEH - Post-Systolic and Diastolic Exercise Hypotension 
(Panel A and Panel B, respectively) between the CAE Procedures - Continuous Aerobic 
Exercise and HIIT - Interval Exercise of High Intensity. *Significant difference between 
procedures 
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The HF/LF autonomic balance response (Figure 4) revealed that values remained elevated 
throughout the recovery period when compared to the pre-exercise period, and increased 
significantly after exercise in both procedures (P=0.0001), but without differences between 
CAE and HIIT (P>0.05). 
 

 

 
Figure 4. Values of the Behavior of the Cardiac Autonomic Balance: High Frequency / 
Low Frequency in the Pre, Post, and 60 min Recovery Periods after Exercise (20, 40, 
and 60 min). #Significant difference between the post-exercise moment and the other 
measures (P=0.0001) 
 

DISCUSSION 

The purpose of this study was to evaluate the influence of an HIIT session on the magnitude 
of post-exercise hypotension in hypertensive elderly subjects. The main findings show that an 
HIIT session had a superior PSH to the CAE, and that both procedures had similar PDH. 
 
Delineations that assessed the magnitude of PEH using an HIIT protocol with the elderly 
hypertensive population are difficult to find in the literature, thus making it difficult to compare 
our results. In addition, studies that used a protocol with high intensity exercises did not use 
PEH as the main variable or did not perform aerobic exercises. On the other hand, studies 
that evaluated PEH used protocols with low and moderate intensity exercises, or varied 
intensities (8,11,21,29,31). 
 
The results of the present study contribute to a better understanding of PEH, especially since 
they demonstrate that the HIIT resulted in a decrease in systolic pressure up to ~12 mmHg. 
Also, the findings are in general agreement with the Carvalho et al. (8) study that evaluated 
elderly sedentary hypertensive patients. They reported a decrease of ~19 mmHg for systolic 
pressure and ~15 mmHg for diastolic pressure. In another study, youth subjects reported 
more pleasure and preference for HIIT compared to CAE because of the reduced time in the 
exercise session, making HIIT a clinically important tool for the treatment of SAH (36). 
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Our results corroborate with studies that used different protocols (e.g., resistance, interval, 
low and moderate intensity, as well as varied intensities), where the exercise promoted PEH 
(8,11,21,29,31). This shows that the EIAI can also be an exercise alternative to bring about 
similar results. 
 
We attempted to explain the HPE response through autonomic balance. However, the results 
show that it remained increased after exercise, and that it was similar between the studied 
protocols. Some studies that analyzed the influence of aerobic physical exercise on 
autonomic balance - HF/LF, and concluded that sympathetic activity remained increased up 
to 60 min post-exercise (5,16). This fact corroborates with what occurred in the present study, 
regardless of the implemented protocol. In contrast, studies indicate that high-intensity 
exercise reduces heart rate variability for up to 72 hrs in both heart patients and athletes 
(20,34); improving vascular function and cardiorespiratory fitness, as well as reducing the risk 
of heart failure (2,16,18,29,38). 
 
We know among the factors that influence the magnitude of PEH there are, in addition to 
reducing sympathetic activity and autonomic balance as proposed in the studies just 
discussed, other factors such as reduced peripheral vascular resistance, reduced cardiac 
output, and increased production of vasodilator substances are involved (14,24). Therefore, 
new studies are essential in order to clarify how HIIT promotes a higher magnitude of PEH 
than CAE. 
 
Studies show that chronic reduction of baseline blood pressure and autonomic cardiac 
activity are associated with a cumulative effect of acute reductions (10,30 ). Furthermore, our 
results showed PSH around -11 mmHg, which can predict the benefits that this exercise will 
promote in this population. In addition, a decrease of up to -3 mmHg is known to reduce 5% 
to 9% of the cardiovascular risk, 8% to 14% of the infarction cases, decrease the risk of 
coronary artery disease, stroke, and general causes of death (27,37). Therefore, it is more 
than reasonable to state that this study demonstrates the clinical importance and benefits that 
HIIT can produce for the elderly hypertensive population. 
 
One factor that contributes to HIIT adherence in the studied population and deserves special 
attention is that even though the studied procedure required effort during its execution, the 
subjects subjectively reported that the level of comfort during this procedure was higher than 
in the CAE. This may be justified by the fact that HIIT has three active rest periods during 
exercise, and because it has a shorter total duration of exercise it does not lead the subjects 
to CAE discomfort that lasted 45 min and was performed continuously. 
 
The results of the present study were achieved using a 60-min monitoring period. Therefore, 
24-hr monitoring through ABPM (Ambulatory Blood Pressure Monitoring) could present better 
results. In addition, protocols that evaluate the production of vasodilatory substances or the 
reduction of peripheral resistance are also necessary to explain the observed behavior. Thus, 
although investigations show the acute hypotensive effect of HIIT and its mechanisms in the 
elderly hypertensive population, new studies with similar methodologies and with a longer 
monitoring time are suggested. 
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CONCLUSION 

The findings in the present indicate that an HIIT session promotes higher PHS during a 1-hr 
period when compared to a CAE session. The results can also be used as a guideline for 
prescribing exercises for the elderly hypertensive population who may be less inclined to 
perform daily exercise with a longer duration. However, it is important that new studies are 
carried out with a larger sample number, clarification of the mechanisms involved, and a 
longer monitoring time in order for the findings in this study to be further supported and 
consolidated. 
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