
 

Available online freely at www.isisn.org 

Bioscience Research 
Print ISSN: 1811-9506 Online ISSN: 2218-3973 

Journal by Innovative Scientific Information & Services Network  

RESEARCH ARTICLE              BIOSCIENCE RESEARCH, 2018 15(4):3337-3348.         OPEN ACCESS 
  
 

High Intensity Interval Training Versus Continuous 
Training on Ventricular Remodeling in Chronic Heart 
Failure Patients. 

Entesar  hussain zaky1, Zeinab Mohamed Helmy2, Bassant Hamdy Elrefaey2, Iman 
Hassan abdusalam3, Mervat Abdel Rahman Mohamed1 and osama Louis MD4 
 
 1Faculty of physical therapy ,National Heart Institute, Giza  Egypt 
 2Faculty of physical Therapy/ Cairo University.Egypt 
 3Department of radiology at National Heart Institute. Egypt 
 4Department of cardiology at national heart institute Egypt 

  
*Correspondence: mosnaggar@yahoo.com    Accepted: 18 Oct. 2018       Published online: 05 Dect. 2018 

This study aimed to study the effect of training programs with high intensity interval training (HIIT)versus 
moderate continuous training(MCT) on ventricular remodeling, endothelial function, and quality of life in 
chronic heart failure patients. Forty male patients with chronic heart failure secondary to ischemic heart 
disease were selected from outpatient heart failure clinic at National Heart Institute. Their mean age was 
54.0 ± 2.72 years old and ejection fraction <40%. They were randomized to either moderate continuous 
training (50-70% of peak heart rate) or high intensity interval training (90-95% of peak heart rate),for 40 
min 3 times per week for 12 weeks. 2D echocardiography for assessment of left ventricular systolic 
dysfunction, and brachial artery flow-mediated dilation (BAFMD) and quality of life (SF-36, Minnesota 
living with HF questionnaire (MLHFQ))Before and after training program were collected .the statistical 
analysis revealed that ejection fraction  increased more with HIIT program than MCT program (30.41% 
versus15.01%., P<0.0001), LVEDD and LVESD improved significantly in both groups with no significant 
difference between groups, Improvement in BAFMD was greater with high intensity interval training 
(P<0.0001). (MLHFQ) improved significantly in both groups. It was concluded that high intensity interval 
training is superior to moderate continues training for improving systolic function and endothelial function 
in chronic heart failure patients. 

Keywords: High intensity interval training, continuous training, ventricular remodeling, endothelial function, chronic 
heart failure. 

 
INTRODUCTION 

Chronic heart failure (CHF) is a complex 
chronic condition which is a consequence of any 
structural or functional impairment of ventricular 
filling or ejection of blood. A cardiovascular 
system imbalance is the major central 
characteristics of this condition which is caused by 
complex hemodynamic, anatomical, functional 
and biological progressive worsening (Ulbrich  
etal., 2016). 

 It is a highly morbid condition with increasing 
pre-valence, already affecting more than 23 
million people worldwide (Duca et al., 2018). 

Patients with heart failure have an obvious 
reductions in their exercise capacity which mainly 
affects their health-related quality of life, and 
consequently the rate of hospital admission and 
mortality (Sagar et al., 2015).  

The underlying mechanisms  of high mortality 
rate of heart failure are multifactorial and include 
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left ventricular (LV) remodeling , progressive 
deterioration of contractile function( 
Lassen;2017).Which leads to worsening of the 
clinical symptoms, obvious exercise intolerance, 
and increased filling pressures, which lead to poor 
quality of life and a high mortality rate.( Mann et 
a.l., 2016). 

Endothelial dysfunction leads to the 
development and progression of heart failure (HF) 
and increased risk of mortality, (pearson and 
smart, 2017) . 

Exercise training can improve cardiac 
performance in patients with HF, with significant 
improvements in left ventricular ejection fraction, 
end-diastolic and systolic volumes.(Piepoli., 
2013). 

 Exercise training (ET) interventions lead to a 
significant increase in brachial artery flow 
mediated dilation (BAFMD) regardless of ET 
modality, length of ET, and intensity or volume of 
ET, so ET enhances endothelial function .(early et 
al., 2017). 

Exercise training is shown as a cornerstone of 
the non-pharmacological treatment of patients 
with CHF. However, there is still a need to 
understand which components of exercise training 
prescription most efficient at improving 
cardiovascular adaptations to exercise training 
(Gayda et al., 2016). 

 The effects of aerobic and anaerobic exercise 
training and its variables as type, frequency and  
intensity need to be clear .(Alves et al., 2017).  

It was demonstrated that high-intensity 
interval exercise training (HIIT) is superior to 
traditional, moderate-intensity continuous exercise 
(MICT) For eliciting improvements in systolic 
function ,endothelial function  in patients with  
heart failure with reduced ejection fraction 
(HFrEF) (Wisløff et al, 2007).but it was found no 
evidence for superiority of  HIT-protocol over 
traditional CT( Benda, et al.,  2015).  

There is still controversy regarding the 
intensity and format of exercise that can yield 
optimal beneficial effects.(Wisløff et al, 2007), ( 
Benda et al., 2015). Therefore the current study 
was conducted to compare between high intensity 
interval training and continuous training for 
chronic heart failure patients. 
 
MATERIALS AND METHODS 
 
Subjects: 
Forty men with chronic heart failure secondary to 
ischemic heart disease were selected and 
referred by the cardiologist from the outpatient 

heart failure clinic , National Heart Institute 
(NHI).Patients were  enrolled in this study after 
they had fulfilled the inclusion criteria of the study 
: male patients with ischemic heart failure, their 
ages ranged between 50-60 years old ,Fractional 
shortening < 25% and ejection fraction < 40, 
Sinus rhythm ,New York Heart Association 
(NYHA) class II-III, body mass index from 25 -
29.9,and they were on optimal  medical treatment. 
They were  randomly divided into two groups 
equal in numbers .Group (A ) 20 patients had 
received high intensity interval training and group 
(B) 20 patients  had received continuous 
moderate exercise training program , three times 
per week for twelve weeks .This study was 
approved by Ethical committee of faculty of 
physical therapy, Cairo university , Egypt .with 
approval No:P.T. REC 993100/930/ . 

Treatment procedures: 
Forty patients were participated in the study. 

The patients were randomly assigned into two 
groups. Group A (high intensity interval training 
group) consisted of 20 patients who received high 
intensity interval training program for 3 days/week 
(day another day) for 12 weeks. Group 
B(moderate continuous training group) consisted 
of 20 patients who received moderate continuous 
training program for 3 days/week (day another 
day) for 12 weeks. High intensity interval training 
group performed a supervised training program at 
Physical Therapy Department of National Heart 
Institute based on the symptom limited exercise 
test results. They were trained using heart rate 
range or reserve method (Karvonen’s method); 
training heart rate (THR = HRrest+(HRmax _ 
HRrest) 90–95 %)(Casillas et al.,2017).Training 
was applied in the form of 6 bouts of1min interval 
at high intensity 90 to 95%of peak heart rate 
separated by4 min of active recovery period at 50 
to 70 %of peak heart rate using  cycle 
ergometery.  The patient should not exceed his 
training heart. rate during exercise period. The 
training heart rate increased gradually according 
to each patient’s response during exercise training 
session, starting with 55% of peak heart rate, till 
reaching 90-95 % at the end of 12 weeks 
.Moderate continuous training group trained at 
60%-75%of peak heart rate using cycle 
ergometery, starting at 50%of peak heart rate, till 
reaching 60%-75% at the end of 12 weeks. For 
both groups each exercise training session 
included three phases; warm up phase composed 
of an initial 5min at 30% of the peak heart rate.  
Conditioning phase started with 10 min, gradually 
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prolonged up till 30 min at the end of the 12 
weeks, finally, cool down phase for 5 min with 
intensity decreased gradually to 30% of peak 
heart rate. 

Assessment: 

Echocardiography: 
M-mode, two dimensional and pulsed Doppler 

echocardiography examinations was performed 
with an ultrasound system; a two-dimensional 
mechanical sector scanner (2.5 MHZ imaging 
transducer connected to Hewlett- Packard Sons 
Doppler flow analyzer). Each patient was 
examined in the supine, left lateral position, 
according to the standards of the American 
Society of Echocardiograph.(Ulbrich et al., 
2016).Ejection fraction( EF) ,left ventricular end 
diastolic dimension (LVEDD) ,left ventricular end 
systolic dimension( LVESD),fraction shortening 
(FS% )were measured and recorded before and 
after training programs. 
 
Endothelial Function: 

It was performed by using highly resolution 
duplex ultrasound device :(Eosatamy  Lab 60 – 
made in Italy) .Brachial artery endothelial function 
was examined by using the FMD according to the 
guidelines (Thijssen et al., 2011) . The recordings 
were done 4.5 cm above the antecubital fosse 
before inflation of a pneumatic cuff on the upper 
arm to 250 mmHg for five minutes, and repeated 
at 30-60 sec and 2 minutes after cuff release. 
Flow mediated vasodilatation was expressed as 
percentage of change in diameter from baseline to 
peak diameter after cuff release. (Mohldot et al., 
2011).(Benda  et al.,  2015). 
 
Quality of life: 

it was measured by using Minnesota living 
with Heart Failure Questionnaire (MLHFQ) to 
assess the degree of patient perception to which 
CHF and its treatment influences physical 
symptoms, physical and social functions and 
psychological components of living .Answers were 
given by choosing a score between 0 (no 
impairment) and 5 (very much impaired). The total 
score is the sum of the all items and the possible 
total score ranges from zero to 105.( Adebayo et 
al.,2017). 
 

Symptom limited exercise test: 
It was used to determine Maximum Heart 

Rate (Max HR), Brief explanation of the 

procedures was done. Patients were also 
instructed to avoid any strenuous activity for 24 
hours prior to testing and to avoid eating a heavy 
meal, coffee or cigarettes within 2 to 3 hours of 
testing (Ekblom-Bak et al., 2014) (Mehani et 
al.,2013). 
Patients first pedaled at work rate of 30 W without 
any added load for 1min. The work rate was then 
increased by 30 watts/3min up until the patient 
could no longer maintain the required pedal 
cadence. Their symptom-limited maximum heart 
rate was recorded during the final 15sec. of the 
3rd min of each stage. Participants were given 
encouragement to perform the maximum effort to 
exhaustion (Nelson.,et al., 2000).Exercise test 
was finished with a cool down stage at which the 
patient  pedalsthe bicycle for a brief period against 
zero resistance ( Chatterjee et al., 2013) 
 
Data collection 

For each group, both demographic data and 
clinical characteristics [ejection fraction EF left 
ventricular internal dimensions  (LVEDD 
,LVESD),fraction shortening FS%, .brachial artery 
flow-mediated dilation (BAFMD) and quality of life 
(SF-36, Minnesota living with HF questionnaire 
(MLHFQ)] of patients were collected pre and post 
training programs. 

Statistical analysis 
Descriptive statistics for all parameters in the 

form of Mean and standard deviation of 
[Demographic and clinical characteristics [ejection 
fraction( EF) left ventricular internal dimensions  
(LVEDD ,LVESD),fraction shortening 
(FS%),.brachial artery flow-mediated dilation 
(BAFMD) and quality of life (SF-36, Minnesota 
living with HF questionnaire (MLHFQ)] ,were 
evaluated. 
Inferential statistics in the form of Paired t-test to 
examine the characteristics [ EF,LVEDD ,LVESD, 
FS%,BAFMD and (MLHFQ)] pre and post training 
in each group and Independent t-test to compare 
between the two groups regarding [ EF,LVEDD 
,LVESD, FS%,BAFMD and (MLHFQ) ] pre and 
post training programs . 
 The level of significance was at P ≤ 0.05. 
 
RESULTS 

Demographic and clinical characteristics of 
patients 
In the baseline (pre-training) evaluation, results 
revealed that there were non-significant 
differences between the two groups with regard to 
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age, weight,  height , body mass index, duration of 
infarction, (p= 0.65, 0.2, 0.64, 0.21, and 0.87 
respectively).as shown in (Table 1). 
Comparison of echocardiographic parameter 
before and after the study within and between 
groups. 
There was high statistical significant increase 
before and after training as regards to ejection 
fraction EF in both  HIIT  and MCT groups by 
(30.41% and 15.1%repectively )  with a significant 
difference  between both groups in favor of HIIT 
group (P =0.0001)( table 2).(Fig.1) (there were a 
significant decline of left ventricular end diastolic 
dimension and left ventricular  end systolic 
dimension in both groups (P=0.0001) with no 
significant difference between both HIIT and MCT 
groups (P=0.16, P=0.16 respectively ).(Table 2) 
(Fig.  2,3). 

Comparison of brachial artery flow mediated 
dilation before and after the study within and 
between groups. 
There was statistical significant increase before 
and after training as regards to BAFMD  in both  
HIIT  and MCT groups by (6.8%and 
2.38%repectively )  with a significant difference  
between both groups in favor of HIIT group 
(P=0.005,P < 0.05).( Table 3) (Fig 4). 
Comparison of using Minnesota living with Heart 
Failure Questionnaire (MLHFQ before and after 
the study within and between groups. 
There was statistical significant improvement  
before and after training as regards to(MLHFQ) in 
both  HIIT  and MCT groups by (65.41%and 
62.99%repectively )  with no significant difference  
between both groups (P =0.49).(Table4).(Fig 5) 
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DISCUSSION 
aerobic exercise is now a feature of cardiac 

rehabilitation guidelines around the world, Which 
exercise intensity yields maximal beneficial 
adaptations is still controversial and training 
program prescription still vary considerably and 
the main aim of current research is to identify the 
exercise modality, dose, and intensity that will 
give optimal benefits .( Pearson and smart 
.,2017). 

Most previous studies which examine the 
impact of exercise training in HF patients have 
adopted exercise at moderate-intensity. Recent 
studies explored the impact of high-intensity 
interval training (HIIT).(Benda et al., 2015). 

the results of the present study revealed that 
the percentage of improvement in EF% in high 
intensity interval training group was 30.41% while 
in continuous training group was 15.01% with a 
significant difference between both groups 
regarding  this variable .there was a significant 
improvement in LVEDD , LVESD and FS% 
variables and the percent of improvement was 
12.82%,18.12% and 26.4% respectively in high 
intensity interval training group while  the percent 
of improvement was 6.85%,9.79%and 14.76% 
respectively in continuous training group So that 
there was no significant difference between both 
groups in those  variables. The percent of 
improvement of FMD% in high intensity interval 
training group was 6.8% while in continuous 
training group was 2.38%.so that there was a 
significant difference between both groups in favor 
of HIIT group in this variable. For measurement of 
QoL through Minnesota questionnaire there was 
no statistical difference between high intensity 
interval training group (65.41%) and continuous 
training group (62.99%). 
The present study was confirmed with Wisløff et 
al.,(2007) who studied Superior Cardiovascular 
Effect of Aerobic Interval Training Versus 
Moderate Continuous Training in Heart Failure 
Patients. They found that aerobic interval training 
(AIT) was highly effective in improving systolic 
function: LV ejection fraction increased by 10 
percentage points, which corresponds to 35%. In 
regard to endothelial function they found a greater 
improvement in FMD by AIT than by MCT 
(P>0.05). Also .LV diastolic and systolic diameters 
declined by 12% and 15% respectively with 
significant difference between both groups. 
However, the findings by (Ellingsen et al .,2017) 
didn’t show any significant difference between 
HIIT and MCT with respect to left ventricular 
reverse remodeling assessed as change in 

LVEDD which support the present study  there  
was also no significant difference between both 
groups regarding  quality of life measures . 
Aerobic exercise training reverses ventricular 
remodeling in clinically stable patients with HF the 
magnitude of the improvement in EF is consistent 
with the effect seen with angiotensin-converting 
enzyme inhibitors or cardiac resynchronization 
therapy The mechanism by which aerobic training 
reverse LV remodeling may be due to the 
reduction in vasoconstrictive neuro hormones or a 
decline in hemodynamic  loading. (Haykowsky et 
al.,2007). 
The mechanisms responsible for decline in 
cardiac size and increase in ejection fraction by 
exercise are that exercise training leads to a 
partial correction of peripheral endothelial 
dysfunction in patients with CHF. As the vascular 
tone of peripheral arteries is a component of 
afterload, it is clear that the improvement in 
endothelial function shown after aerobic 
endurance exercise training was inversely 
correlated to the decline in systemic vascular 
resistance.  The improvement of endothelial 
function after exercise was also detectable in the 
present study. Therefore, it is reasonable to 
consider that the reduction in cardiac size and 
improvement in LV performance is the result of 
the decline in afterload after exercise. And it was 
assumed that exercise training might have the 
effect of increasing cardiac contractility and 
enhancing calcium sensitivity and calcium cycling 
by phosphorylation of Ca2_/calmodulin-dependent 
protein kinase II andThreonine-17 of 
phospholamban. Furthermore, exercise training is 
known to promote phosphorylation of the survival 
kinase AKT at serine 477, which is associated 
with an increase in cardiac contractility. (Erbs  et 
al., 2010).  
In patients with ischaemic cardiomyopathy, 
exercise can alleviates endothelial dysfunction 
and so dilates coronary vessels and also it can 
stimulating angiogenesis by way of intermittent 
ischaemia so by all of which it improves 
myocardial perfusion. Exercise training has been 
shown to attenuate ventricular remodeling. As that 
aerobic exercise training causes reduction of LV 
stroke volume which leads to significant decrease 
in LV end diastolic diameter and volume ,also it 
causes significant reduction of total peripheral 
resistance (TPR) which is related to change in LV 
stroke volume and LVEDD this result suggest that 
in chronic heart failure regular aerobic  exercise 
training leads to a significant afterload reduction 
which result in a significant increase of  LV stroke 
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volume and reduction of cardiomegaly.( 
Hambrecht et al.,2000). 
It was shown that effect of exercise training on 
ventricular remodeling  may be due to the 
reduction in vasoconstrictive hormones or a 
decline in homodynamic loading, reduction of 
resting plasma angiotensin II, aldesterone, 
vasopressin, atrial natriuretic peptide, brain 
natriuretic peptide and, catecholamine levels. 
Training also leads to improvement of 
sympathovagal balance, together with the 
decrease in vasoconstrictive neurohrmones which 
can reduce the vascular load that may attenuate 
LV remodeling. So, aerobic training is an 
inexpensive and effective nondrug, non-surgical 
modality that has anti remodeling effect and 
improves peak VO2 in clinically stable heart 
failure patients.( Passion et al., 2006). 

The significant difference between both 
groups regarding   improvement of endothelial 
function highly agreed with) Tjønna et al 2008). 
who revealed that high-intensity aerobic interval 
training versus  Continuous moderate exercise 
training for 16 weeks caused improved FMD by 
9% (P>0.001) and 5% (P>0.001) , in AIT and 
CMT  respectively with a significant difference 
between both  groups,)P>0.001(.  
Exercise training can improve endothelial function 
through the following mechanisms. Firstly, it 
causes an increase in blood flow, which augments 
shear stresses on the endothelium, causing 
increased nitric oxide synthesis and bioavailability. 
Secondly, exercise training reduces oxidative 
stress and the expression of pro-inflammatory 
molecules, which are considered as an initiating 
factors for endothelial dysfunction. Thirdly, 
exercise training also can help to regain 
endothelial progenitor cells function , enhancing  
endothelial repair and  thereafter facilitating 
vascular angiogenesis.(Qiu et al., 
2018).endothelial function improvement  attributed 
to that shear stress which result from an increase 
in pulse and frequency pressure promotes 
vasodilatory nitric oxide release, and 
subsequently of increasing arterial compliance 
.The association of endothelial function 
improvement  with ET intensity may be due to 
greater shear stimulus triggered by increasing 
intensity.  As shear stress has been shown to up 
regulate nitric oxide (NO) production via NO 
synthase. All the above revealed that high 
intensity exercise training might be beneficial to 
optimally improve endothelial function. (Early et 
al., 2017). 

It was shown that exercise training has a 

direct effect on both large conduit and resistance 
artery endothelium dependent vasodilatory 
function in humans. , So, in populations without 
severe vascular disease, improvements in 
vascular function by exercise training are due to 
endothelial pathways, particularly NO, with little to 
no change in endothelial-independent smooth 
muscle function. it was also  suggested  that 
peripheral vascular function improvement  may be 
endothelium mediated, with enhancements of NO 
bioactivity by shear stress. NO release and 
magnitude of FMD may be dependent on the 
hyperemic blood flow response after exercise 
training. (Beaudry et al., 2018). 

Superiority of HIIT to improve vascular 
function, relative to MCT, may be due to its ability 
to enhance  a greater blood flow through the 
working muscles blood vessels , which could in 
turn enhance greater shear stress-induced NO 
bioavailability. It was  postulated that HIIT could 
initiate changes at the molecular level by the 
repetitive shear stress that could enable 
potassium channels of the endothelial cells to 
become more sensitive to shear stress, and 
promotes  a greater activity of (e NOS) endothelial 
nitric oxide synthase   (Ramos et al.,2015). 
The results of the present study contradicted with 
Benda, et al., (2015) who did not find any 
improvement in measures of resting cardiac and 
vascular structure and function after their study of 
effects of high intensity interval training versus 
continuous training on physical fitness, 
cardiovascular function and quality of life in heart 
failure patients with LVEF ≤ 45%.This may be  
attributed to training program  structure (lower 
training frequency(2 times/week for 12 weeks) 
and high-intensity intervals of moderate 
duration(1min of high intensity interval -90% of 
max heart rate followed by 2.5 min of low intensity 
exercise 30% of max heart rate).  
The results obtained in the present study 
suggested that high intensity interval training and 
continuous moderate aerobic training improves 
systolic function, left ventricular dimension, 
endothelial function and quality of life significantly 
with a significant difference between both groups 
regarding systolic and endothelial function in 
chronic heart failure. These results suggested that 
HIIT was an effective strategy to reverse cardiac 
dysfunction and it is feasible and safe as apart of 
cardiac rehabilitation in chronic heart failure. 

CONCLUSION 
High intensity interval training is superior to 

moderate continuous exercise regarding 
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improvement of left ventricular function and 
endothelial function with no difference between 
both groups in left ventricular internal dimensions 
and quality of life. 
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