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Abstract

Background: Exercise is believed to be a non-pharmacological approach to treat hypertension. The present study was conducted 
to investigate the impact of  high-intensity interval training (HIIT) and isometric handgrip (IHG) exercise on hemodynamic 
responses of  High blood pressure women.
Methods: In this experimental study 45 sedentary women (age, 45±5 years) from the Al-Zahra Heart Hospital, Shiraz-Iran 
(2019) with pre to stage 1 hypertension, without any chronic disease, who volunteered to participate in the research. The subjects 
were randomly divided into three groups of  15 members: Acute HIIT, Acute IHG exercise, and control. Blood pressure (systolic, 
diastolic, and mean), rate pressure product and heart rate were measured employing Aneroid Sphygmomanometer Polar HR 
recorder at the pre-workout time, 0 (immediately after exercise), 5, 10, 15, 30, 45, 60 minutes during the recovery period. The data 
were analyzed using repeated-measures ANOVA and Bonferroni post hoc test. 
Results: Our results revealed a significant difference among the study groups regarding blood pressure factors (systolic and 
mean), heart rate and rate pressure product (P=0.001). The significant decrease in blood pressure in HIIT (P=0.001) and IHG 
(P=0.001) groups during 60 and 30 minutes of  recovery was equal to 10 and 7 mmHg, respectively, and no significant difference 
was observed in the control group at different times. In response to the HIIT protocol, the heart rate and rate pressure product 
were significantly higher than the IHG and control groups.
Conclusion: Over the recovery period, there was a significant improvement in hemodynamic factors of  hypertensive women 
independent of  the type of  exercise. However, HIIT training had a longer lasting decrease in blood pressure.

Keywords: High-intensity interval training, Isometric exercise, Hemodynamic, Hypertensive

How to Cite: Shakoor E, Salesi M, Daryanoosh F, Izadpanah P. Effect of  Acute High-Intensity Interval Training and Isometric Handgrip 
Exercise on Hemodynamic Responses in Hypertensive Women. Women. Health. Bull. 2020;7(3):60-69.

Effect of Acute High-Intensity Interval Training and Isometric Handgrip 
Exercise on Hemodynamic Responses in Hypertensive Women
Elham Shakoor1, PhD student;  Mohsen Salesi1*, PhD;  Farhad Daryanoosh1, PhD; Payman Izadpanah2, 
MD

1Department of  Sport Sciences, Shiraz University, Shiraz, Iran
2Department of  Cardiology, Cardiovascular Research Center, Shiraz University of  Medical Sciences, Shiraz, Iran

*Corresponding author: Mohsen Salesi, PhD; Department of Sport Sciences, Shiraz University, Shiraz, Iran. Tel: +98-71-36134630; Email: mhsnsls@gmail.com

Received April 10, 2020; Revised May 15, 2020; Accepted June 24, 2020

1. Introduction

Hypertension (HTN) is the most prevalent, costly 
and modifiable main risk factor for cardiovascular 
diseases, which is responsible for 7.6 million morbidity 
and mortality cases per year worldwide. It has been 
estimated that the disease affects over 1 billion adults 
globally (1).

Regular (aerobic) exercise is a good intervention 
to avoid a non-pharmacological treatment, and the 
control of HTN can lower blood pressure (BP) among 
hypertensive patients (2). However, modest reductions 
in BP (~5 mm Hg) after acute exercise [post-exercise 
hypotension (PEH)] could decrease the risk of heart 
disease by 8% and that of stroke by 14%, it has been 
confirm that the clinical importance of exercise 
as an antihypertensive lifestyle therapy (3). PEH is 
a phenomenon known as sustained hypotension 
immediately after an exercise session that occurs right 
after training. During this prolonged phase, blood 

pressure can drop below resting levels before exercise, 
causing hyperemia that persists for most of the day. 
If repeated regularly, acute exercise training might 
be another important non-pharmacologic tool in the 
management of hypertension for hypertensive patients 
(4). 

Accordingly, American and European hypertension 
guidelines have recommended 30 minutes or longer 
acute (5, 6) and chronic (7, 8) moderate-intensity 
continuous aerobic training (MICT) per day (150-180 
min per week), preferably over all the weekdays (4, 
9). However, moderate-intensity continuous training 
(MICT) is rarely practiced, which is attributed to time 
constraints in several studies; therefore, following two 
years of regular exercise, only 20% of patients are still 
active (10). The question is whether there are alternative 
exercises with greater adherence and prolonged post-
exercise reduction in BP. 

Recently, HIIT has attracted considerable attention 
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in the clinical context as an alternative to MICT and 
is of a greater and more significant impact on various 
aspects of health, reducing the risk of cardiovascular 
diseases. Emerging research has indicated that HIIT is 
capable of stimulating changes in many physiological 
and health markers to a similar or even higher extent to 
MICT (11). Several studies have shown that acute HIIT 
(6, 12, 13) with lower volume of exercise can decrease 
blood pressure, and as a result can introduce it as a 
suitable strategy for achieving BP benefits.

It might be thought that greater intensity of HIIT 
increases the risk of cardiovascular diseases compared 
to MICT. However, the safety, low risk and greater 
influence of it on hypertension have been reported (11). 
Moreover, recent studies have demonstrated that high-
intensity aerobic exercise leads to more PEH compared 
to moderate-intensity aerobic exercise since PEH lasts 
for a long time after a high-intensity workout (up to 
22 hours after exercise (4, 14, 15). On the other hand, 
according to American Heart Association (AHA) 
research, isometric handgrip (IHG) exercise is another 
type of training suggested as an alternative strategy and 
antihypertensive exercise model in HTN individuals, 
which involves much less time commitment and may 
become a new tool in non-pharmacological treatment 
of hypertension (9, 16).

Compared with aerobic training, isometric exercise 
is believed to be physiologically associated with lower 
myocardial oxygen demand (due to low heart rate (HR) 
and muscle involvement) and cardiac output, but higher 
diastolic blood pressure (DBP) (as opposed to aerobic 
exercise) as well as increasing coronary blood flow. 
Despite the low volume of isometric handgrip resistance 
exercise, it significantly reduces blood pressure (17) and 
studies in this area have reported a substantial decrease 
in resting blood pressure following acute IHG exercise 
(18-20). Alternatively, blood pressure and heart rate are 
the simplest yet most alarming cardiovascular variables, 
and the mean blood pressure (MBP) determines the 
amount of blood flow in the general circulatory system. 
In addition, rate pressure product (RPP) as a product of 
systolic blood pressure (SBP) and heart rate is one of the 
most commonly used estimates of myocardial load and 
thus, oxygen consumption. RPP is highly correlated 
with direct measurement of coronary blood flow and 
myocardial oxygen consumption, which increases with 
the increase in cardiac output to supply sufficient blood 
for active cardiac muscle during the activity (21).

According to the above-mentioned statements, 
there is not a complete systematic evaluation of HIIT 

and IHG protocols, and there is little evidence of 
PEH responses after acute IHG and HIIT exercise in 
hypertensive women. It is not yet known which of the 
two exercise types cause more PEH, so that they could 
be recommended for treating and preventing high 
blood pressure The present study aimed to investigate 
the Acute HIIT and IHG exercise on hemodynamic 
responses (blood pressure [systolic, diastolic, mean 
arterial pressure], rate pressure product and heart rate) 
in women with hypertension.

2. Methods

2.1. Participants and Design of the Study 

This study is an experimental research design. 
Forty-five sedentary 35- to 55-year-old women with 
pre to stage 1 hypertension (systolic blood pressure 
(SBP), 138±2; diastolic blood pressure (DBP), 89±3 
mmHg), who referred to Alzahra Hospital of Shiraz, 
and voluntarily participated in this study (Table 1). 

The sample size was calculated as 15 subjects 
per group (a total of 45) according to Ash and other 
colleagues (22) Table 1, Row 10 (Awake DBP), 
considering m1=92.1, m2= 87.2, s1=1.4, s2=3.3, α equal 
to 0.05, 80% power and 30% loss.
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All the subjects were premenopausal and 
regularly menstruating women without any chronic, 
cardiovascular, metabolic, renal or respiratory disease, 
musculoskeletal, articular or neurological disorders 
and were non-smokers. In addition, they had no 
physical or functional limitations for exercise.

The exclusion criteria were as follows: 1) use of 
any medications that may affect blood pressure and 
cardiovascular responses, 2) regular exercise within 
the last six months, 3) history of myocardial infarction 
and angioplasty, 4) pregnancy, 5) abnormalities 
of ECG, echo, and stress test. All the participants 
filled out an informed consent form following an 
examination by a physician and a full explanation of 
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the research implementation. This study was approved 
by the Research Ethics Committee of Shiraz University 
of Medical Sciences-Iran (IR.SUMS.REHAB.
REC.1398.001) in accordance with standards of the 
National Council for Research Involving Humans and 
the Helsinki Declaration as well as World Medical 
Association Declaration of Helsinki. 

2.3 Experimental Design and Exercise Protocols

Herein, we investigated the acute effect of HIIT & 
IHG on PEH responses (for example SBP, DBP, MBP, 
HR, RPP) on 45 hypertensive women in eight states 
of time (before the exercise protocol, 0 [immediately 
after exercise], 5, 10, 15, 30, 45, 60 minutes during the 
recovery). Initially, 94 people with hypertension were 
recruited voluntarily and participated in the study, 60 of 
whom were eligible to take part. Following the medical 
examinations, electrocardiogram, echocardiography, 
and stress test, 45 subjects were selected and randomly 
assigned to three groups of 15 subjects (HIIT, IHG, 
and control). The randomization was performed with 
a computer random number generator. The subjects 
were asked to avoid consumption of food 3 hours, 
and caffeine 4 hours ahead of exercise program. The 
participants were also recommended to get enough 
sleep (7-8 hours) the night before the test and to take 
note of their meals the day before the test in order 
to avoid the effects of sleep and diet on the study 
findings. The subjects of each group performed 10-
min warm-up, and 5-min cool down at 50-60% peak 
HR (23) followed by a training session based on the 
below protocols:

1) HIIT: The exercise protocol was performed on 
Quinton treadmill (Medtrack ST; Quinton, Seattle, 
WA, USA), and 4×4 min intervals at 85-95% peak 
HR, interspersed with a 3-min active recovery period 
at ≈70% Peak HR (15, 24). The wrist-worn activity 
monitors were applied to monitor heart rate (HR) 
during the exercise program. 

2) IHG: 4×2 min isometric contractions at 30% of 
Maximal Voluntary Contraction (MVC), separated 
by 2 minutes rest, overall session with non-dominant 
hand unilaterally (20, 22).

3) Control: Did not do any exercise

The intensity of exercises in the three groups was 
controlled with the Borg Rating of Perceived Exertion 
(RPE) scale 6-20. All the workout sessions were held 
between 8 and 11 a.m. under the supervision of the 
researcher, and a physician in the laboratory free of any 
noise or external distractions.

2.4 Anthropometry and Hemodynamic Measurements

Anthropometric measures, including waist and 
hip circumference (cm), height (m), and weight (kg), 
were evaluated utilizing standard techniques. BMI was 
obtained by dividing weight (kg) by height (m2), and 
waist/hip ratio (WC/HC) was then calculated. Blood 
pressure (systolic and diastolic) of the participants was 
measured employing Aneroid Sphygmomanometer) 
Exacta LF1350 (in a calm and quiet environment, in 
seated position with the cuff on left arm supported at 
heart level. HR was measured in eight states of time 
and recorded on a beat-by-beat basis using a Polar HR 
recorder. According to the guidelines of the American 
Heart Association, BP and HR were measured once 
before the protocols and then after performing exercise 
protocols at seven mentioned periods (25).

The mean blood pressure (MBP) was calculated 
with the following Equation: 1/3 SBP+2/3 DBP, and 
rate pressure product (RPP) was evaluated according to 
HR×SBP value.

The stress test (Bruce protocol) was used to measure 
HR peak and to assess the cardiovascular health status 
of the subjects. Before this test, the subjects were 
advised to have adequate rest, fast for at least 3 hours, 

Table 1: Characteristics of the study participants (Mean±SD)
Variables HIIT group IHG group Control P-value
Age (Years) 44.93±1.37 46.06±1.55 44.60±1.67 0.78
weight (kg) 71.66±1.45 74.46±1.50 72±1.96 0.43
height (cm) 161.26±1.41 162.93±1.64 162.0±1.70 0.76
BMI (Kg/m2) 27.65±0.75 28.08±0.56 27.41±0.54 0.74
Waist circumferene (cm) 0.89±0.004 0.89±0.004 0.88±0.01 0.76
SBP (mmHg) 138.40±0.33 138.46±0.32 137.46±0.72 0.23
DBP (mmHg) 89.60±0.90 89.13±0.37 88.46±0.97 0.16
Resting HR (bpm) 73.40±3.13 74.13±2.98 72.40±2.44 0.26
HIIT: High Intensity Interval Training, IHG: Isometric Handgrip, SBP: Systolic Blood Pressure, DBP: Diastolic Blood Pressure, HR: Heart Rate
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not consume voluminous food and wear comfortable 
shoes and clothing. To conduct the stress test, the heart 
rate and blood pressure were primarily measured, the 
electrocardiograms (12 derivatives) were attached to 
the subjects, and primary ECG was taken. Afterwards, 
the participants performed the protocol of Bruce test 
(four steps) on a treadmill (Quinton, USA); every three 
minutes the slope of ECG increased by 2% and the 
speed of movement was about 1.2 km/h. The test was 
implemented by a trained nurse and supervised by a 
cardiologist up to fatigue and voluntary helplessness or 
reaching the target heart rate. The decision to terminate 
the test was based on defined exercise testing guidelines 
established by the American College of Cardiology/
American Heart Association (26).

To measure MVC using a handgrip device (Saehan 
Grip, DHD-3 model, South Korea), the subjects were 
seated with a non-dominant hand on an armchair, in 
a way that the soles of their feet were on the ground 
and their knees made a 90-degree angles. The subjects’ 
elbows were also in contact with armrest or desk, and 
they were aware of their performance by the numbers 
indicated on the device. Before performing each 
protocol, the participants applied maximum force to 
the device by their non-dominant and training hand 
following low-intensity warm-up using a handgrip tool 
in three contractions without Valsalva maneuvering 
and the mean force recorded in the device was 
considered as Maximal Voluntary Contraction (MVC) 
of the subjects. 

2.5 Statistical Analysis 

The Shapiro-Wilk test evaluated normality of the 
data. Repeated-measures ANOVA (3groups × eight 
times) was utilized to compare the SBP, DBP, MAP, HR 
and RPP values in the three groups over the previously-
mentioned states of time. Before analysis the data, the 
results of Levene’s test of homogeneity of variance and 
Box’s M test of equality of covariance implied that 
the data met the required assumptions to conduct the 
repeated-measures ANOVA. Once ANOVA revealed 
a significant difference, Bonferroni post hoc test was 
employed to determine and locate the differences. The 
obtained data were analyzed with SPSS version 25.0 
and presented as mean±SD, and Statistical significance 
level was set at P≤0.05. 

3. Results

All the participants completed their training 
program. Anthropometric parameters and resting 

hemodynamics of subjects are represented in Table 1. 
No significant difference was observed between the 
factors under study at baseline.

Repeated-measures ANOVA results showed that 
there was a significant difference in the systolic blood 
pressure between the groups (P<0.001) within different 
test times (P<0.001) and there was a significant 
difference in interaction (groups*times) (P<0.001) 
(Table 2). Bonferroni post hoc test exhibited a significant 
decrease in systolic blood pressure in HIIT group at 
30 (P=0.001), 45 (P=0.001) and 60 (P=0.001) minutes 
of recovery times (4, 10 and 11 mmHg, respectively), 
which were observed at 15 (P=0.001) and 30 (P=0.01) 
minutes of recovery (5 and 7 mmHg, respectively) in 
IHG group (P<0.05). Moreover, No significant change 
was seen in the control group at different times (P>0.05) 
(Figure 1).

Repeated-measures ANOVA result showed that 
there is no significant difference between groups for 
diastolic blood pressure (P=0.79), but there is significant 
within different times (P<0.001) and there was a 
significant difference in interaction (groups*times) 
(P<0.001) (Table 2). Bonferroni post hoc test indicated 
a significant decrease of diastolic blood pressure in 
the HIIT group at 30 (P=0.002), 45 (P=0.007) and 60 
(P=0.007) minutes of recovery time (3, 2 and 3 mm Hg, 
respectively) (P<0.05); however, DBP did not change 
significantly in response to IHG and control groups 
(P>0.05) (Figure 2).

Moreover, repeated-measures ANOVA analysis 
indicated that the results of Mean Blood Pressure 
(MBP) were significantly different among the groups 
(P=0.009), within different test times (P<0.001). 
Moreover, there was a significant difference in 
interaction (groups*times) (P<0.001) (Table 2). 
Bonferroni post hoc test revealed a significant decrease 
of MBP in HIIT group at 30 (P=0.001), 45 (P=0.001) and 
60 (P=0.001) minutes of recovery (3, 4 and 5 mmHg, 
respectively), which was seen at 15minutes (P=0.03) 
during recovery (2 mmHg) (P<0.05) in IHG group and 
there were no significant changes in the control group 
(P>0.05) (Figure 3).

In addition, repeated-measures ANOVA analysis 
of Heart Rate (HR) showed the significance difference 
between the groups (P=0.001) within different times 
(P<0.001) and interaction (groups*times) (P<0.001) 
(Table 2). Bonferroni post hoc test indicated a 
significant change of heart rate in HIIT group at all 
times and 5 (P=0.004), 15 (P=0.03) and 45 (P=0.001) 



65Women. Health. Bull. 2020; 7(3)

High intensity interval training and isometric handgrip exercise on hemodynamic responses in hypertensive

minutes of recovery in IHG group (P<0.05). Yet there 
was no significant change in the control group (P>0.05) 
(Figure 4).

Repeated-measures ANOVA of Rate Pressure 
Product (RPP) data illustrated that there were significant 
differences between groups (P=0.001), within different 
times (P<0.001) and there was a significant difference 
in interaction (groups*times) (P<0.001) (Table 2). 
Bonferroni post hoc test showed that RPP was 
significantly different in HIIT group at 0 (P=0.001), 
5 (P=0.001), 10 (P=0.001), 15 (P=0.001), 30 (P=0.001) 
and 45 (P=0.001) minutes as well as 15 (P=0.001), 30 

(P=0.003) and 45 (P=0.04) minutes of recovery in IHG 
group. In the control group, a significant change was 
observed only at 45 minutes (P<0.05) (Figure 5).

4. Discussion

Our study is of several important features as 
follows: 1- It was the first randomized controlled trial 
comparing the acute effect of HIIT training and IHG 
exercise on hemodynamic responses of 45 hypertensive 
women. 2- The subjects of this study did not take 
antihypertensive drugs due to the possibility of drug 
therapy overlap with mechanisms of blood pressure 

Figure 1: Mean values for SBP at baseline and during recovery 
following HIIT, IHG and control groups. * indicates a significant 
difference the between and within groups. HIIT: High Intensity 
Interval Training, IHG: Isometric Handgrip, SBP: Systolic Blood 
Pressure, DBP: Diastolic Blood Pressure, HR: Heart Rate

Figure 3: Mean values for MBP at baseline and during recovery 
following HIIT, IHG and control groups. * indicates a significant 
difference the between and within groups. HIIT: High Intensity 
Interval Training, IHG: Isometric Handgrip, SBP: Systolic Blood 
Pressure, DBP: Diastolic Blood Pressure, HR: Heart Rate

Figure 2: Mean values for DBP at baseline and during recovery 
following HIIT, IHG and control groups. * indicates a significant 
difference the between and within HIIT group. HIIT: High Intensity 
Interval Training, IHG: Isometric Handgrip, SBP: Systolic Blood 
Pressure, DBP: Diastolic Blood Pressure, HR: Heart Rate

Figure 4: Mean values for HR at baseline and during recovery 
following HIIT, IHG and control groups. * indicates a significant 
difference the between and within groups. HIIT: High Intensity 
Interval Training, IHG: Isometric Handgrip, SBP: Systolic Blood 
Pressure, DBP: Diastolic Blood Pressure, HR: Heart Rate
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following the exercises, so that we would be able to 
attribute blood pressure reduction to the exercises. 
3-All the exercises were monitored. To implement this 
project, we intervened three groups of HIIT, IHG, and 
control to investigate which of the protocols caused the 
Prolong magnitude of PEH. 

Our findings revealed that HIIT reduced systolic 
and diastolic blood pressure by 12 and 3 mmHg, 
respectively. In contrast, IHG significantly decreased 
systolic blood pressure by 7 mmHg whereas it had 
no significant effect on diastolic blood pressure. In 
general, the present study indicated PEH in SBP during 
recovery between both training groups independent 
of the exercise type. PEH was seen in the IHG group 
(15 min) sooner compared to HIIT group (30 min). 
Meanwhile, in the HIIT group, PEH showed a higher 
value (11 mmHg) and longer persistence (up to 60 
min). Concerning DBP, the results showed a significant 
decrease only in the HIIT group at 30, 45 and 60 minutes 
of recovery (equal to 3, 2 and 3 mmHg, respectively). 
The highest significant decrease in MBP was observed 
in the HIIT group at 60 minutes (5 mmHg) and in IHG 
group at 15 minutes (2 mmHg).

Heart rate data revealed that after HIIT training, 
there was a greater increase in HR relative to IHG 
exercise, which led to an increase in RPP. RPP is the 
indicator of oxygen consumption and cardiac work at 
the time of post-exercise recovery, which is influenced by 
the fitness level of individuals. Able-bodied people have 
a better recovery, and RPP is an appropriate diagnostic 
index for post-exercise hemodynamic responses. No 

studies were found to directly compare the acute effects 
of both HIIT and IHG on hemodynamic responses, and 
our research is, therefore, a novelty. Thus, we discussed 
various studies that have examined each of these two 
protocols separately.

In this regard, our results concerning acute HITT 
training were consistent with those of Angadi and 
colleagues (27), Ramirez-Jimenez and colleagues (15), 
Ketelhut and colleagues (28). No studies were found 
to be inconsistent with ours. Concerning acute IHG 
exercise, our findings were in line with Van Assche et 
al. (20), Millar et al. (18), but in contradiction to Ash et 
al. (22), Olher et al. (29) and Pagonas et al. (30).

Indeed, the following differences can be mentioned 
for the inconsistency of our research on IHG exercise: 
type of exercise protocol, number, gender, and age of 
the sample size participants, hypertension stage, use 
or non-use of antihypertensive drugs and baseline 
hypertension. In a study by Ash and colleagues, 
bilateral IHG exercise protocol was used by recruiting 
27 men and women who were 18-55 years old. In 
Olher’s research, IHG exercise involved four sets of 
five 10-second contractions of 30% and 50% MVC on 
12 elderly hypertensive women with the mean age of 
64±1 years taking antihypertensive medications and 
baseline blood pressure of 122±7. Furthermore, in a 
study by Paganus, 25 hypertensive women aged 25-
41 years taking antihypertensive medication were 
examined. Meanwhile, the training protocol of our 
research included four two-minute contractions with 
non-dominant unilateral hand on 15 women with the 
mean age of 45±5 years involved with hypertension 
who took no medication.

Physical activities and an active lifestyle are strongly 
recommended in current hypertension guidelines. 
Exercise is believed to be a non-pharmacological 
treatment with several effects on the reduction of 
hypertension and its associated factors. Epidemiological 
studies show that even a 2-mm Hg reduction of SBP 
probably reduces the mortality from stroke and CHD 
by 6% and 4%, respectively, indicating the importance 
of acute exercise as a non-pharmacological treatment 
for hypertension (31).

A feature of HIIT training is that it is interval 
with high and low intensities because HIIT reduces 
blood pressure after each frequency, and in fact, the 
chronic effect of exercise in lowering blood pressure 
is owing to the summation of acute effects from 
each exercise session in this physiological response 

Figure 5: Mean values for RPP at baseline and during recovery 
following HIIT, IHG and control groups. * indicates a significant 
difference the between and within groups. HIIT: High Intensity 
Interval Training, IHG: Isometric Handgrip, SBP: Systolic Blood 
Pressure, DBP: Diastolic Blood Pressure, HR: Heart Rate
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(15). The chronic exposure to exercise could in turn 
lead to parasympathetic dominance during rest (9). 
Additionally, HIIT with various intensities continuously 
and repetitively increases shear stress, which is a key 
driver for vascular adaptation induced by exercise, 
directly affecting the endothelium and improving 
vascular endothelial function and endothelin-1, as well 
as increasing nitric oxide bioactivity. It also inhibits the 
formation of free radicals by the frequency of training 
sessions (4, 11). On the other hand, exercise intensity 
is a key factor in improving cardiopulmonary fitness, 
hormonal, metabolic and hemodynamic changes as 
well as decreased blood pressure from exercise. Higher 
intensity of exercise triggers a greater reduction in 
blood pressure, and high-intensity aerobic exercise 
results in further PEH than moderate-intensity aerobic 
exercise, such that PEH lasts for a longer period after 
high-intensity exercise (14, 27). 

Regarding IHG exercise, several investigations 
have demonstrated that decreasing blood pressure 
following such exercise is mostly mediated by changes 
in peripheral vascular resistance. Few studies have 
suggested that hypotension due to IHG exercise is 
associated with decreased vascular sympathetic tone 
(32). However, a large number of researches have 
examined the potential benefits of adaptation in 
vascular structure and function. In particular, IHG 
exercise increases endothelial-dependent vasodilation 
in response to reactive hypertension in patients with 
high blood pressure under treatment (33, 34). Moreover, 
adding IHG exercise to dynamic aerobic exercise 
reduces ST segment depletion and myocardial ischemia 
(35), which is another indication of appropriate and 
safe blood pressure response during IHG exercise to 
maintain spontaneous breathing without Valsalva 
maneuvering (breathing under closed glottis pressure) 
(36). IHG exercise has far less time commitment 
than dynamic and aerobic resistance training (11-20 
minutes), significantly reducing blood pressure despite 
the low volume of isometric handgrip resistance 
exercises (17, 34). 

Considering the fact that both types of exercises 
have significantly decreased blood pressure, more 
sustained decrease in blood pressure as a result of HIIT 
training may be attributable to the high intensity of 
exercise and involvement of all muscles (greater muscle 
mass mobilization) during training.

Ultimately, a number of important limitations need 
to be considered. Primarily, we have not evaluated the 
mechanisms of blood pressure reduction, for instance 

vascular, metabolic, hormonal and sympathetic 
following HIIT and IHG. Secondly, our sample size may 
have been low. Thirdly, our study was only performed 
on women with hypertension and we declined to 
measure lactate since we intended to assess real-life 
medical advice for exercise.

5. Conclusion

In summary, the findings of the present study 
indicated that both HIIT training and IHG exercise 
decrease blood pressure, but the HIIT significantly 
lead to more PEH than IHG. This decrease was 
observed after IHG exercise at 15 min and after HIIT 
at 30 min. Since the two exercise protocols are more 
effective in lowering blood pressure and given the 
increasing incidence of hypertension and its associated 
side effects, it is recommended to use these exercises 
as a non-pharmacological treatment for controlling 
hypertension with respect to time and facilities.
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