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Objectives:  To determine  the  effects  of resistance  training  combined  with  either  moderate-intensity
endurance  or  low-volume  high-intensity  interval  training  on  cardiovascular  risk  profiles  in  patients  with
coronary  artery  disease.
Design:  Factorial  repeated-measures  study  design.
Methods:  Nineteen  patients  were  randomized  into  moderate-intensity  endurance  (n  = 10)  or  high-
intensity  interval  (n = 9)  groups,  and  attended  2 supervised  exercise  sessions  a  week  for  6-months.  The
first  3-months  involved  exclusive  moderate-intensity  endurance  or high-intensity  interval  exercise,  after
which progressive  resistance  training  was  added  to  both  groups  for the  remaining  3-months.  Fitness
(VO2peak),  blood  pressure  and  heart  rate,  lipid  profiles  and  health  related  quality  of life assessments
were  performed  at pretraining,  3  and  6-months  training.
Results:  VO2peak  increased  from  pretraining  to  3-months  in  both  groups  (moderate-intensity  endurance:
19.8  ±  7.3  vs.  23.2 ±  7.4 ml  kg−1 min−1; high-intensity  interval:  21.1  ±  3.3 vs.  26.4  ±  5.2  ml  kg−1 min−1,
p <  0.001)  with  no further  increase  at 6-months.  Self-evaluated  health  and  high-density  lipoprotein  were
increased  following  6-months  of moderate-intensity  endurance  exercise,  while  all  remaining  indices
were  unchanged.  Low-volume  high-intensity  interval  exercise  did  not  elicit  improvements  in lipids  or
health related  quality  of  life.  Blood  pressures  and  heart  rates  were  unchanged  with  training  in both
groups.

Conclusions:  Findings  from  our  pilot  study  suggest  improvements  in  fitness  occur  within  the  first  few
months  of training  in  patients  with coronary  artery  disease,  after  which  the  addition  of resistance  training
to  moderate-intensity  endurance  and  high-intensity  interval  exercise  elicited  no further  improvements.
Given  the  importance  of resistance  training  in  cardiac  rehabilitation,  additional  research  is required  to
determine  its  effectiveness  when  combined  with  high-intensity  interval  exercise.

©  2014  Sports  Medicine  Australia.  Published  by Elsevier  Ltd.  All  rights  reserved.
. Introduction

High-intensity interval exercise training (HIIT) has been shown
o elicit comparable and/or superior improvements in numer-

us cardiovascular disease risk factors when compared to the
oderate-intensity endurance exercise (MICT) most commonly in

se in cardiac rehabilitation.1–3 The HIIT protocols employed in
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these studies were matched to MICT in terms of calories expended
or volume of exercise. More recently, low-volume HIIT which is
neither isocaloric or isovolumetric, has been shown to elicit ben-
eficial physiological adaptations in patients with coronary artery
disease (CAD).4 Additionally, both HIIT and low-volume HIIT have
no reported adverse events, and similar program adherence as
MICT,1,2,4 therefore encouraging the use of HIIT for aerobic exercise

prescription in the cardiac rehabilitation setting.

Current cardiac rehabilitation guidelines recommend the inclu-
sion of a standardized resistance-training program.5,6 A recent
meta-analysis of exercise training programs in patients with CAD

d.
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evealed the addition of resistance exercise training to MICT led
o superior improvements in body composition, muscle strength,
eak work capacity, and a trend for greater increases in VO2peak.7

imilar to HIIT, resistance training has not been shown to com-
romise patient safety or program adherence.7 Isovolumetric HIIT
ombined with resistance training has been shown to improve
O2peak in patients with CAD2,8; however the effectiveness of

ow-volume HIIT combined with resistance training has yet to be
etermined. The purpose of this pilot study was twofold: (1) to
ompare the effects of 3-months of MICT versus low-volume HIIT
n cardiovascular risk factors in patients with CAD, and (2) to com-
are whether the addition of resistance training to both protocols
or an additional 3-months elicits any further gains in the measured
utcomes. The primary outcome measure was VO2peak, while sec-
ndary outcomes included supine heart rate and blood pressure,
ipid profiles, and health related quality of life (HRQL). Based on
he previous interval and resistance literature,2,4,8 we hypothe-
ized that low-volume HIIT plus resistance and MICT plus resistance
ould result in comparable improvements in cardiovascular dis-

ase risk factors.

. Methods

Eligible patients were recruited on admission to a phase II car-
iac rehabilitation outpatient program at the Cardiac Health and
ehabilitation Centre at the Hamilton Health Sciences General
ite (Hamilton, Ontario). Inclusion criteria included a recent (<3
onths) CAD event, which was defined as the patient having at least

ne of the following: myocardial infarction, percutaenous coro-
ary intervention or coronary artery bypass graft; angiographically
ocumented stenosis ≥50% in at least one major coronary artery;
ositive exercise stress test determined by symptoms of chest
iscomfort accompanied by electrocardiographic (ECG) changes
f >1 mm horizontal or down sloping ST-segment depression, or

 positive nuclear scan. Exclusion criteria have been previously
ublished.9 Twenty-eight patients (2 females) were recruited to
articipate; however, 8 males and 1 female dropped out of the study
ue to reasons unrelated to the exercise interventions. Therefore 19
atients completed the study. The study protocol was approved by
he Hamilton Health Sciences/Faculty of Health Sciences Research
thics Board, conforming to the Declaration of Helsinki, and written
nformed consent was obtained from patients prior to participation.

This study employed a factorial repeated-measures design.
atients underwent 2 testing sessions each at baseline (pretrain-
ng), 3 and 6-months training. The first testing session involved

 lipid panel and medically supervised exercise stress test. The
econd visit involved measurements of resting heart rate, blood
ressure, and HRQL. Prior to each testing session, patients were

nstructed to fast for at least 12 h, to abstain from caffeine and
lcohol consumption for 12 h and exercise for 24 h, and to take all
edications and vitamins as usual. All testing was performed in

 temperature-controlled room (22.7 ± 1.3◦ C). Following the pre-
raining assessments, patients were randomized into either MICT
n = 10, 1 female) or HIIT (n = 9).

Venous blood draws were taken, and serum total cholesterol,
riglyceride, high-density lipoprotein, and low-density lipoprotein
ere measured using standard procedures at laboratories affiliated
ith the rehabilitation center.

Patients performed a medically supervised graded exercise test
o volitional fatigue on a cycle ergometer (Ergoline, Bitz, Germany).
ollowing an unloaded warm-up, patients cycled at 100 kpm for 1-

in, after which workload was increased by 100 kpm every min

ntil volitional fatigue. Heart rate was assessed throughout the
est using a 12-lead ECG (MAC 5500; General Electric, Freiburg,
ermany). Oxygen uptake was determined at peak (VO2peak)
edicine in Sport 18 (2015) 637–642

from breath-by-breath expired gas samples analyzed using a semi-
automated metabolic cart (Vmax 229; SensorMedics Corporation,
Yorba Linda, CA, USA). No patients satisfied the maximal oxy-
gen uptake (VO2max) criteria of a plateau in oxygen uptake with
increased workload and a respiratory exchange ratio ≥1.15.10

Heart rate and brachial artery blood pressure were recorded in
the supine position following 10 min  of rest. Heart rate was mea-
sured using a single-lead (CC5) ECG (model ML  132; ADInstruments
Inc., Colorado Springs, CO, USA), while continuous brachial artery
blood pressures were recorded using a non-invasive hemodynamic
monitor (Nexfin, BMEYE, Amsterdam, The Netherlands). Heart rate
and blood pressure values are reported as the average from a 5-min
sample.

HRQL was  measured by the Short Form-36,11 which is composed
of 8 subscales (physical functioning, general health, role-physical,
bodily pain, mental health, role-emotional, vitality, and social func-
tioning), two  summary scores (mental health and physical health),
and a single-item assessing self-evaluated health transition.

Patients attended 2 supervised exercise sessions per week for 6
months. Each session involved a 10-min standardized warm-up and
cool-down consisting of light aerobic exercise and dynamic stretch-
ing. Heart rate was  monitored throughout each exercise sessions
using a Polar heart rate monitor (RS300X; Lachine, QC,  Canada).
Additionally, the total external work per session (kJ) was  calculated
by multiplying the duration of aerobic exercise by the intensity
in watts. Both MICT and low-volume HIIT were performed on a
cycle ergometer (Ergomedic 828 E; Monark Exercise AB, Vansbro,
Sweden). The first 3 months of training solely consisted of MICT
or low-volume HIIT. The MICT protocol was  based on the Cana-
dian Association of Cardiac Rehabilitation guidelines,6 and involved
continuous cycling at 57% (range 51–65%) of their pretraining peak
power output (PPOpre). Patients progressed from 30 min  for month
1, to 40 min  from month 2, to 50 min  from month 3. The low-volume
HIIT protocol was based on previous research in a middle-aged clin-
ical population12 and involved 10, 1-min intervals at 85% of PPOpre

(range 75–93%), separated by 1-min intervals at 10% of PPOpre. Exer-
cise progressions included increasing the intensity every month to
continue to elicit heart rates associated with their initial PPOpre.
Therefore, patients were training at 100% PPOpre for month 2 and
108% PPOpre for month 3. During the final 3 months, the HIIT group
trained at 121% (range 100–152%) of PPOpre, while the MICT group
trained at 78% (range 60–91%) of PPOpre.

Cardiac rehabilitation guidelines recommend adding resistance
training following an initial period of aerobic training.5,6 There-
fore, following the first 3 months of MICT and HIIT, standardized
resistance training programs were added to both groups after the
MICT or HIIT bouts for the remaining 3 months. Patients performed
2 sets of 10–12 reps of various upper body and lower body resis-
tance exercises. The amount of weight was determined using the
Borg ratings of perceived exertion scale as enough weight to elicit
a score of 11–15, or “somewhat hard”. The amount of weight was
increased periodically over the 3 months to ensure patients con-
tinued to work at a score of 11–15. Possible exercises included leg
press, leg extension, calf raises, biceps and triceps curls, chest press,
seated row, and abdominal crunches.

Statistical analyses were performed using Statistical Package for
Social Science software (version 20.0; IBM Corporation, Armonk,
NY, USA). All data were assessed for normal distribution using
Shapiro–Wilk tests. Between-group differences in characteristics,
pretraining indices, and training data were compared using inde-
pendent t-tests for normally distributed data, and Mann–Whitney
U tests for non-normally distributed and categorical data. The

effects of training on primary and secondary outcomes were
performed for MICT and HIIT groups using repeated measures
analyses of variance and Friedman’s tests for normally and non-
normally distributed data, respectively. Main effects were tested
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Table  1
Patient characteristics.

Variable END (n = 10) HIT (n = 9) p-Value

Age (years) 66 ± 8 63 ± 8 0.372
Height (m) 1.70 ± 0.08 1.76 ± 0.06 0.080
Time since CAD event (days) 163 ± 64 157 ± 52 0.829
CAD  criteria (number)

MI 6 6 0.770
PCI  7 4 0.273
CABG 3 4 0.526

Medication classification (number)
ACE inhibitors 6 7 0.418
Anti-Platelets 10 9 0.999
�-Blockers 7 7 0.708
Calcium channel blockers 1 2 0.478
Statins 8 9 0.167

Values are mean ± SD, unless otherwise stated. ACE, angiotensin-converting
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Fig. 1. Individual changes across training period for END (A, closed circles) and HIIT
nzyme; CABG, coronary artery bypass graft; CAD, coronary artery disease; MI,
yocardial infarction; PCI, percutaneous coronary intervention.

sing Fisher’s least significant difference tests. To determine if the
agnitude of change was greater in one group, delta scores were

alculated for significant indices, and compared between MICT and
IIT using independent t-tests. Data are presented as mean ± SD,
ith p < 0.05 considered statistically significant.

During the course of the study, 2 males had changes in their
ardioselective �-blockers; therefore they were excluded from the
eart rate analyses (END = 9; HIT = 8). One female and 1 male in
he END group and 1 male in the HIT group also had changes in
heir ACE inhibitor medications during the 6-month intervention;
herefore, they were excluded from the resting blood pressure anal-
sis (END = 8; HIT = 8). These patients were included in all other
nalyses, as their inclusion did not affect the outcomes.

. Results

There were no differences in baseline patient characteristics,
AD criteria, or medications between MICT and HIIT (Table 1). Exer-
ise compliance was similar between groups. Out of a total of 48
xercise sessions, patients in the MICT and HIIT groups attended
4 ± 4 and 43 ± 5 sessions, respectively (p = 0.784). Mean exer-
ise heart rates were higher in the HIIT group compared to MICT
128 ± 16 bpm versus 100 ± 13 bpm, p = 0.005), which equated to
2 ± 13% and 66 ± 7% of their age-predicted heart rate maxi-
um (p = 0.008). Average external work per session was  lower in

he HIIT group compared to the MICT group (106 ± 32 kJ versus
97 ± 66 kJ, p = 0.013), while total external work over the 6-month
raining period was not statistically different between groups
8550 ± 3514 kJ vs. 5387 ± 2391 kJ, p = 0.073 for MICT vs. HIIT).

Cardiorespiratory fitness outcomes are presented in Table 2,
hile individual VO2peak values are presented in Fig. 1. For
O2peak, there was a time effect for both MICT (p = 0.003) and HIIT

p < 0.001), such that VO2peak values were increased at both 3 and
-months training relative to pretraining. However, there was no
ifference in the magnitude of increase between groups. Relative
o pretraining values, VO2peak was increased at 3-months training
y 19 ± 16% for MICT and 25 ± 14% for HIIT (p = 0.253), and 26 ± 29%
nd 28 ± 17%, respectively, at 6-months training (p = 0.824). There
as no difference in VO2peak values between 3 and 6-months

raining for either group.
All blood pressure and heart rate indices were unchanged with

raining, with no differences between groups (Table 2; p ≥ 0.05).
ll lipid indices were unchanged with training in the HIIT group
Table 2; p ≥ 0.05). High-density lipoprotein was  increased at
-months training compared to pretraining in the MICT group
p = 0.030), while all remaining indices were unchanged with train-
ng (p ≥ 0.05). None of the HRQL subscales or summary scale
(B, closed triangles). First 3-months entailed exclusive END or HIIT, while remaining
3-months involved END or HIIT plus a standardized resistance training program.

scores significantly changed with training (Table 2). Self-evaluated
health was  significantly increased at 6-months compared to both
pretraining and 3-months in the MICT group (time effect p = 0.005)
but was  unchanged with training in the HIIT group. Pretraining self-
evaluated health was higher in the HIIT group compared to the MICT
group (p = 0.020).

4. Discussion

This study provides the first examination of combined low-
volume HIIT and resistance exercise training in a cardiac
rehabilitation setting. We  found that 3-months of MICT and low-
volume HIIT resulted in similar improvements in cardiorespiratory
fitness despite HIIT involving less time and less work than MICT.
However, contrary to our hypothesis, the additional 3 months of
training incorporating resistance exercise did not result in further
gains in VO2peak. Following 6-months of training, the MICT group
did experience marginal improvements in self-evaluated health
and high-density lipoprotein, while there were no changes in these
indices in the low-volume HIIT group. Overall, findings from our
study help to delineate the time course of the training-induced
changes in patients with CAD. Our results suggest that improve-
ments in fitness with both MICT and low-volume HIIT training occur
in the initial 3-months of cardiac rehabilitation training, while
other outcomes such as lipids and HRQL benefit from the additional
3-months of training and addition of resistance training.

One of the primary objectives of exercise training in cardiac
rehabilitation is to improve cardiorespiratory fitness, given that
lower fitness levels are associated with an increased risk of mor-
tality in cardiac patients.13 Evidence from the meta-analysis of

resistance training in cardiac rehabilitation suggests combined
MICT and resistance training elicits greater improvements in car-
diorespiratory fitness than MICT training alone.7 To date, only 2
studies have examined the effects of isocaloric HIIT and resistance
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Table  2
Changes in cardiovascular risk parameters throughout training.

Variable END HIT

Pretraining 3-Month 6-Month Pretraining 3-Month 6-Month

Body composition
Weight (kg) 79.8 ± 16.6 78.4 ± 17.4 78.2 ± 19.0 90.0 ± 16.2 88.8 ± 15.8 89.3 ± 14.9
BMI  (kg m−2) 27.3 ± 4.0 27.0 ± 4.3 27.0 ± 4.9 28.9 ± 4.8 28.5 ± 4.9 28.7 ± 4.5

Cardiorespiratory fitness
VO2peak (ml  kg−1 min−1) 19.8 ± 7.3 23.2 ± 7.4a 24.2 ± 7.8b 21.1 ± 3.3 26.4 ± 5.2a 27.2 ± 6.0a

Peak power output (W)  115 ± 45 145 ± 63c 146 ± 72b 149 ± 46 188 ± 58c 198 ± 63 a

Peak HR (bpm)* 121 ± 26 120 ± 20 128 ± 29 135 ± 19 142 ± 18 146 ± 16b

Resting supine hemodynamics
Systolic BP (mm  Hg)† 123 ± 10 117 ± 9 125 ± 14 123 ± 8 120 ± 12 123 ± 9
Diastolic BP(mm Hg)† 64 ± 6 60 ± 7 66 ± 6 61 ± 3 63 ± 7 64 ± 5
MAP  (mm  Hg)† 84 ± 7 80 ± 6 86 ± 8 82 ± 3 82 ± 8 84 ± 7
HR  (bpm)* 58 ± 9 55 ± 7 55 ± 7 60 ± 6 57 ± 7 57 ± 4

Lipid  profile
Cholesterol (mmol/L) 3.53 ± 1.11 3.16 ± 0.80 3.51 ± 0.73 2.79 ± 0.56 2.91 ± 0.49 3.2 ± 1.17
Triglycerides (mmol/L) 0.89 ± 0.22 0.99 ± 0.43 0.88 ± 0.34 0.92 ± 0.22 0.95 ± 0.13 0.92 ± 0.21
HDL  (mmol/L) 1.12 ± 0.21 1.06 ± 0.15 1.29 ± 0.32b 0.96 ± 0.20 1.07 ± 0.37 1.07 ± 0.17
LDL  (mmol/L) 2.03 ± 0.92 1.68 ± 0.64 1.81 ± 0.58 1.42 ± 0.58 1.41 ± 0.55 1.74 ± 1.06
Total  cholesterol: HDL 3.16 ± 0.85 3.05 ± 0.97 2.82 ± 0.76 3.06 ± 1.00 2.98 ± 1.16 3.04 ± 1.11

Health  related quality of life
Self-evaluated health transition item 2.7 ± 0.7e 3.0 ± 1.1d 4.0 ± 0.7c 4.2 ± 1.2 4.4 ± 0.9 4.8 ± 0.7

Eight  subscales
Physical functioning 24.4 ± 5.7 22.7 ± 6.6 24.3 ± 6.4 25.7 ± 5.4 23.7 ± 7.4 24.1 ± 7.9
General  health 21.1 ± 3.7 19.5 ± 3.4 21.8 ± 2.7 19.4 ± 1.5 19.4 ± 3.0 20.8 ± 3.3
Role-physical 6.1 ± 1.8 6.9 ± 1.6 6.7 ± 1.7 6.7 ± 1.9 6.6 ± 1.7 7.5 ± 0.8
Bodily  pain 9.0 ± 2.3 8.7 ± 2.6 9.3 ± 2.2 8.6 ± 2.4 9.5 ± 1.3 8.9 ± 2.0
Mental  health 24.9 ± 3.3 24.4 ± 4.1 24.1 ± 3.9 25.9 ± 2.7 27.0 ± 1.9 26.2 ± 2.8
Role-emotional 5.3 ± 1.3 4.5 ± 1.6 5.3 ± 1.3 5.1 ± 1.5 5.3 ± 1.2 5.4 ± 0.9
Vitality  17.1 ± 2.9 14.6 ± 3.2 16.8 ± 3.6 18.5 ± 4.2 17.3 ± 3.0 18.6 ± 6.1
Social  functioning 8.8 ± 1.3 9.2 ± 1.2 9.3 ± 0.9 8.3 ± 1.9 9.3 ± 1.0 8.9 ± 1.7

Two  summary scores
Mental health 56.1 ± 4.1 52.4 ± 8.9 56.9 ± 6.3 57.0 ± 6.1 60.5 ± 4.4 61.8 ± 5.3
Physical  health 62.1 ± 9.7 60.1 ± 10.4 63.4 ± 9.6 61.5 ± 7.4 63.5 ± 7.7 64.8 ± 9.2

Values are mean ± SD. BMI, body mass index; BP, blood pressure; HDL, high-density lipoprotein; HR, heart rate; LDL, low-density lipoprotein; MAP, mean arterial pressure;
VO2peak, peak oxygen uptake.

a p ≤ 0.001 vs. pretraining within-group.
b p < 0.05 vs. pretraining within-group.
c p < 0.01 vs. pretraining within-group.
d p < 0.05 vs. 6-months within-group.
e p < 0.05 vs. HIT pretraining.
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* Analysis on n = 17 (END = 9; HIT = 8).
† Analysis on n = 16 (END = 8; HIT = 8).

raining in patients with CAD, with both studies demonstrating
mprovements in VO2peak following 28 and 4-months2 of training.
ue to their study designs, it is difficult to determine whether the

mprovements in VO2peak were attributed to the aerobic or resis-
ance components, or the combination of both. The design of the
resent study enabled the examination of low-volume HIIT both
lone and in combination with resistance training. We  observed an
mprovement in VO2peak following 3-months of both MICT and
IIT, but no further increases at 6-months with the addition of

esistance training. Our observations at 3-months of training were
xpected, given previous evidence of improvements in VO2peak
ollowing 3-months1,14,15 of HIIT and MICT training in patients with
AD. It is worth noting our low-volume HIIT required less time
20 min  versus 30–50 min) and involved less total external work per
xercise session than the MICT group, and still elicited a compara-
le improvement in cardiorespiratory fitness. This is supported by
revious low-volume HIIT investigations in healthy16,17 and CAD4

opulations, suggesting short bouts of high-intensity exercise are
 sufficient exercise stimulus for training adaptations.

It is unknown why the addition of resistance training at
-months did not elicit further improvements in VO2peak, as

resently there is no study which has used a similar study design.
o date, few studies have examined the time course of fitness
mprovements with supervised exercise training in CAD. Moholdt
t al.18 observed improvements in VO2peak in as early as 4 weeks
of supervised MICT and isocaloric HIIT training. However, when
patients were asked to continue exercising unsupervised, the MICT
group experienced no further improvements at 6-month follow
up, while the HIIT group increased VO2peak further. Conversely,
another study demonstrated that the improvements obtained after
3-months of supervised MICT and isocaloric HIIT were abolished
when patients were followed up at 6 and 30-months following the
cessation of supervised exercise training.15 In sedentary women,
Astorino et al.19 observed a plateau in VO2peak following 9 weeks
of HIIT training. At 6-months training, we observed a 26% and
28% increase in VO2peak in the MICT and HIIT groups, respec-
tively, which is superior to previous observations of improvements
after 6-months of HIIT (17%),20 MICT (11%),21 and combined MICT
and resistance training (9.8–18%)21,22 in patients with CAD. Our
findings are also greater than a study employing no exercise for
6-months following a CAD event, which observed an 8% increase
in VO2peak,20 and suggest our improvements were attributed to
the MICT and HIIT interventions. The absence of an increase in
VO2peak from 3 to 6-months is likely not attributed to an insuf-
ficient exercise stimulus, but likely indicates that patients reached
the maximum obtainable level of cardiorespiratory fitness during

the first 3-months of aerobic training, and the addition of resistance
training could not stimulate further increases.

Following a cardiac event, individuals typically have lower
HRQL in comparison to the general population,23,24 which is
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ndependently associated with increased mortality and readmis-
ion to the hospital.25 This intervention proved to be marginally
uccessful at targeting HRQL since increases in self-evaluated
ealth were only observed following 6-months of MICT training.
hanges in self-evaluated health were only observed following the
ddition of resistance training after the first 3 months suggesting
hat resistance training may  be a crucial component in effecting
hanges in HRQL. A second plausible explanation may  be that it
equires greater than 3-months of training to elicit these changes
n self-perceived health in this population. There is also evidence of
mprovements in HRQL without exercise training as the time post-
AD event progresses.26 Given that this study did not include a
ontrol exercise group, it is possible the observed increase in HRQL
t 6-months training was  also attributed to this natural recovery in
ealth perceptions. In this study low-volume HIIT alone or in com-
ination with resistance training, had no effects on HRQL, which
ay  be attributed to the significantly higher pretraining scores

n the HIIT versus MICT group. Apart from the single-item self-
valuated health question we did not observe any other changes
n HRQL following the intervention, which is in contrast to previ-
us cardiac rehabilitation studies.1,14,27 A likely explanation for the
ack of change in the present study is that participants mean initial
cores on the subscales were all at least 75% of the maximal attain-
ble score and at least 80% for the summary scores, thereby making
urther increases difficult to obtain. These high pretraining values
ould be attributed to the time post-CAD event (5–6 months), and
he natural recovery of HRQL.

Supine brachial artery blood pressures and heart rates were
nchanged across the 6-month training period in both exercise
roups, which is line with previous examinations of HIIT and
ICT training1,2,14 and combined resistance training with MICT

nd HIIT programs2 in CAD patients. Blood lipid profiles were also
nchanged with training in both groups, except for high-density

ipoprotein which was increased in the MICT group following 6-
onths of training. The observation of unchanged lipid profiles
ith aerobic training in this population is in contrast to previ-

us literature.1,15,28 However all patients were receiving medical
anagement for an average of 5 months prior to initiating exer-

ise training. Pretraining hemodynamics and lipid profiles were in
 normal range, which is likely attributed to the period of optimal
edical management and explains the absence of a training effect.
In total, 29% of our sample dropped out of the outpatient cardiac

ehabilitation program, with 3 dropping out in the first few weeks
nd 5 dropping out in the final 3 months. While program attrition
educed our sample size and influences our statistical analyses, the
ttrition rate observed in this study is representative of average
ropout rates in cardiac rehabilitation.29 Diet and outside exercise
as not controlled for; therefore changes in either behavior dur-

ng the 6-month training period may  have affected our outcomes.
inally, phase II cardiac rehabilitation programs are generated ini-
iated within weeks of a CAD event. In the present study, exercise
raining was initiated on average 5–6 months following their event.
t is possible the prolonged time post-CAD event may  have influ-
nced their pretraining state, and that greater gains may  have been
bserved if training were initiated earlier.

. Conclusions

Substantial improvements in cardiorespiratory fitness were
bserved following 3-months of low-volume HIIT and MICT in
atients with CAD. The addition of resistance training for 3 months
licited no further improvements in VO2peak, but may  have con-

ributed to the improvements in lipids and HRQL in the MICT group.

hile the results from this pilot study may  suggest MICT combined
ith resistance training was more efficacious, between-group dif-

erences in pretraining values may  have been a confounding factor.

1

1

edicine in Sport 18 (2015) 637–642 641

Given the important of resistance training in cardiac rehabilitation,
additional studies are required to determine the effects of resis-
tance training combined with both isovolumetric and low-volume
HIIT. In order to accurately decipher these relationships, future
examinations should consider introducing resistance training at an
earlier time point. In any case, our observation of the improvement
and maintenance of fitness with low-volume HIIT supports the con-
tinued investigation of this innovative and time effective exercise
prescription for patients in cardiac rehabilitation settings.

Practical implications

• Improvements in fitness are obtainable with a shorter duration of
exercise (i.e. 20 min), as long as the exercise session incorporates
bouts of high-intensity exercise.

• Improvements in fitness with aerobic exercise training appear to
plateau by 3-months in patients with coronary artery disease.

• Endurance exercise combined with resistance training is capable
of improving health related quality of life and lipid profiles in
patients with coronary artery disease.
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