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Abstract

Background The present study explored and compared
the immediate responses in markers of inflammation
and angiogenesis in maintenance heart transplant (HTx)
recipients before, during and after sessions of highintensity interval training (HIT) versus moderate-intensity
continuous training (MICT). The study aimed to explain
some of the trigger mechanisms behind HIT in HTx
recipients.
Methods This cross-over study included 14 HTx patients
(mean±SD age: 53±13 years; time since HTx, 3±2 years).
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next two visits included one HIT session and one MICT
session, in randomised order. Blood samples were taken
during and after each exercise session. Myokines and
inflammatory markers related to vascular inflammation,
blood-platelet activation and modulation of angiogenesis
were analysed.
Results The main findings in this study were (1) exercise,
regardless of intensity, induced a significant immediate
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Introduction
Heart transplantation (HTx) is an established treatment for patients with end-stage
heart failure (HF), with severely impaired
exercise capacity. HTx is shown to markedly
improve prognosis with a 50% survival past 11
years.1 Although the failing pump has been
replaced with a vital donor graft, the exercise
capacity is still impaired with a peak oxygen
uptake (Vo2peak) of 50%–70% of estimated age
matched values.2 Assessing and improving

Key Questions
What is already known about this subject?
►► Heart transplant (HTx) recipients show a limited

exercise capacity compared with the general
population. Recent exercise intervention studies
have shown that high-intensity interval training
(HIT) efficiently increases both exercise capacity
and muscular endurance in this patient group.
Little is known on the mechanisms behind this
‘HIT effect’ and in particular about the immediate
inflammatory effects of different exercise
intensities in a HTx population.

What does this study add?
►► This study showed that HTx recipients had a

similar response in blood-platelet activation both
during exercise with moderate and high intensity.
For markers of angiogenesis, the trend showed
an increased response during HIT compared with
exercise with moderate intensity.

How might this impact on clinical practice?
►► This pattern, and in particular the trend towards an

increased angiogenetic mediator response, could
contribute to explain the beneficial effects of HIT in
HTx recipients.

the HTx recipients’ physical capacity is therefore essential; it has been shown to predict
outcome3 and is also of importance for
quality of life.4 5
Both central haemodynamic and peripheral physiological factors contribute to the
limited exercise capacity in HTx recipients.6
The dominant central limitation seems to be
the impaired chronotropic response, which
is most pronounced the first 6 months, with
normalisation in the majority of patients
thereafter.7 As for the peripheral limitations,
skeletal muscles have a great impact on the
effect of exercise trough capillary density,
mitochondrial enzyme levels and muscle
diffusion capacity.6 8
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Regular exercise improves physical capacity, and the
exercise intensity is found to be crucial for efficiency.9 10
These results are found in both patients with HF and
patients with cardiovascular disease explained dominantly
by an improvement in cardiac function.10 11 Exercise in
HTx patients also shows superior effects of high-intensity
interval training (HIT),12–14 but with increased peripheral
factors as the dominant effect12 15 including improvement
in endothelial function.14 However, the underlying triggers behind the positive effect of HIT in HTx recipients
are poorly understood. Studies comparing inflammatory
biomarkers before and after exercise interventions in
HTx recipients are mostly neutral,14 16 17 but so far, these
studies have focused on long-term steady-state levels of
inflammatory markers rather than immediate responses
during a HIT session.
Dall et al showed that HIT was superior to increase
exercise capacity compared with moderate-intensity
continuous training (MICT).13 Herein we examined
if this beneficial effect was associated with an altered
inflammatory response to exercise training. We explored
the different immediate inflammatory responses in HTx
patients before, during and after a HIT and a MICT
session. Our research questions were (1) whether exercise
in general triggers an early release of selected vascular,
angiogenetic and platelet-derived inflammatory mediators, and (2) whether the response is different between
HIT and MICT sessions performed by HTx patients. As
a reference, we also compared the HTx inflammatory
biomarkers at baseline to a group of healthy controls.
Methods
Patients and settings
All HTx recipients with acceptable travel distances to
Oslo University Hospital received written information
about the study (n=26), during spring 2015. Other inclusion criteria were age above 18, 1 to 10 years since HTx,
stable medical condition and no recent changes in the
immunosuppressive treatment. HTx recipients who met
the inclusion criteria and were willing to participate

Figure 1
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were included (n=15). In addition, five participants with
no history of heart disease were enrolled as a reference
group. One HTx patient got injured after inclusion and
was prevented from further participation, resulting in 14
HTx patients and five controls completing the study.
The study was designed as an experimental cross-over
study to evaluate the immediate responses in inflammatory mediators during a HIT session compared with a
MICT session, carried out in our test laboratory at the
Department of Cardiology. The study was approved by the
South-East Regional Committee for Medical and Health
Research Ethics in Norway (approval no. 2015/97) and
by the Department of Privacy and Data Security at Oslo
University Hospital.
Each study participant had three study visits with 1-week
wash-out between each visit (figure 1). The first study
visit consisted of baseline blood samples and a maximal
cardiopulmonary exercise test (CPET). The next two
visits consisted of one HIT session and one MICT session.
The order of the exercise sessions was organised using
simple randomisation and the patients picked one of the
two similar envelopes at their first visit. The CPET results
were used to define each patient’s intensity zones: the
moderate-intensity and high-intensity zone was defined as
their actual heart rate (HR) at 60%–70% and 85%–95%
of their peak Vo2, respectively.
Cardiopulmonary exercise testing
The participants were tested on a treadmill (Woodway,
Waukesha, Wisconsin, USA), monitored with continuous
ECG, and blood pressure was measured at regular intervals (Tango-plus; SunTech Medical, Morrisville, North
Carolina, USA). ‘Breath by breath’ gas exchange was
examined with Jaeger systems (Jaeger-BD, CareFusion,
Hoechberg, Germany). We used an individual stepwise
protocol, with a 10 min warm-up, based on a modified
test protocol from the Working Group on Cardiac Rehabilitation and Exercise Physiology and Working Group
on Heart Failure of the European Society of Cardiology.18 The participants reported their rate of perceived

Illustration of the cross-over design of the study.
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Figure 2 A, Illustration of the moderate-intensity continuous exercise session with timing of the blood samples. B, Illustration
of the high-intensity interval exercise session with timing of the blood samples.

exhaustion (RPE) on the Borg scale,6–20 and the speed
was increased until the patients reported RPE 11–12
towards the end of the warm-up. To push the participants
to peak exercise, the incline or the speed was increased
every second minute until exhaustion, defined as RPE
18–19 and respiratory exchange rate (RER) >1.10. The
aim of test duration was 8–12 min. The predicted Vo2peak
values were based on the American College of Sports
Medicine 2014 guidelines.19
Exercise sessions and blood sample management
The blood samples at baseline were drawn at the same
time as the initial CPET, 1 week ahead of the first exercise
session.
The exercise sessions were monitored with HR sensors
(RCX3F; Polar Electro Oy, Kempele, Finland) to ensure
that each patient exercised in the correct training
zones. Each patient performed both exercise sessions
with a 1-week wash-out period between the two sessions.
Before exercise, the participant got an intravenous line in
their forearm. The patients had four blood samples taken
during each session (figure 2A,B): midway through the
exercise session, at the end of exercise, and after 1 and
2 hours of recovery. Each sample started with one collection tube that got destroyed, and then two EDTA glasses
(chilled on ice) and one collection tube with serum. The
two first blood samples were taken while the patients
were standing on the treadmill, with a maximum of 1 min
interruption of the session.
Yardley M, et al. Open Heart 2017;4:e000635. doi:10.1136/openhrt-2017-000635

Blood was centrifuged immediately (plasma) or
allowed to clot (serum) for 1 to 2 hours before centrifugation. Plasma was centrifuged at 2100×g for 20 min to
obtained platelet-poor plasma and serum at 1900×g for
15 min after clotting, both at 4 ˚C. Plasma and serum were
frozen in aliquots at −80 ˚C until analysis and thawed less
than three times.
The MICT session (figure 2A) consisted of a 30 min
exercise at 60%–70% of peak effort. The first and second
blood samples were drawn midway through the session
and at the end of the session.
The HIT session (figure 2B) consisted of four blocks of
4 min intervals at 85%–95% of peak effort, intermittent by
a 3 min active pause between the intervals. The first blood
sample was drawn immediately after the second interval
(midway through the session), and the second blood
sample was drawn immediately after the last interval. For
both sessions, the third and fourth blood samples were
drawn after 1 and 2 hours of recovery.
To investigate whether the exercise sessions were
completed as per protocol, the main investigator (MY) analysed each patient’s HR graph using the Polar software available online (www.polarpersonaltrainer.com; Polar Electro
Oy) and the results were compared with the defined intensity zones for each patient and each healthy control.
Markers of inflammation and angiogenesis
To explore the inflammatory and angiogenetic response
to exercise, selected mediators were analysed in
3
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Table 1 Descriptive statistics; heart transplant recipients and healthy controls
Variables*

HTx (n=14)

Healthy controls (n=5)

P value

Sex (% men)
Age (years)

86
53 (13)

80
52 (7)

1.000
0.764

In work (% yes)

71

100

0.530

Time after HTx (years)

3 (2)

–

Smoking (% never smoked)

79

100

0.530

Vo2peak (mL/kg/min)

31.0 (6.8)

40.2 (2.7)

0.001

% of estimated Vo2

85 (17)

111 (15)

0.014

Peak heart rate

153 (17)

182 (14)

0.004

Exercise variables

RER

1.16 (0.10, 1.22)

1.23 (1.20, 1.24)

0.087

VE/VCo2slope

24 (12)

25 (3)

0.791

Peak respiration rate

46 (9)

49 (8)

0.567

O2pulse

15.7 (3.1)

17.9 (2.3)

0.131

Peak systolic BP

211 (25)

215 (20)

0.744

Peak diastolic BP

92 (30)

90 (9)

0.824

Exercise frequency (%)
≤once weekly/2–3 weekly/approximately daily

7/57/36

20/80/0

0.263

Exercise duration (%)
<30 min/>30 min

14/86

25/75

1.000

Exercise intensity (%)
Low intensity/moderate intensity/maximum intensity

21/72/7

0/75/25

0.416

Meeting the recommendations for daily activity† (% yes)
Inactivity daily (hours)

86
6 (3)

60
8 (5)

0.272
0.331

Self-reported physical activity

*Variables are presented as mean (SD) or median (1st quartile, 3rd quartile).
†≥30 min.
BP, blood pressure; HTx, heart transplant recipients; RER, respiratory equivalent rate; VE, ventilation.

duplicate by enzyme immunoassays from R&D Systems
(Stillwater, Minnesota, USA) except von Willebrand
factor (vWF) (Dako Cytomation, Glostrup, Denmark).
For general inflammation, C reactive protein (CRP)
and soluble tumour necrosis factor receptor (sTNFr) 1
were measured. For vascular inflammation, we analysed
vascular cell adhesion molecule (VCAM)-1 and vWF.
To explore platelet-derived inflammation, we analysed
platelet-derived growth factor (PDGF), soluble CD40
ligand (sCD40L) and the Dickkopf-related protein
1 (DKK-1). To explore angiogenetic mediators, we
analysed vascular endothelial growth factor (VEGF)-1,
endostatin, angiopoietin-2 (Ang-2) and its receptor
(tyrosine kinase with immunoglobulin-like and EGF-like
domains 2 (Tie-2)). The levels of growth differentiation factor (GDF)-15, interleukin 1 receptor-like 1
(ST2), and secreted protein acidic and rich in cysteine
(SPARC) were measured as selected cardiokines and
myokines. The levels of VCAM-1, CRP, GDF-15 and vWF
were measured in plasma, and all remaining biomarkers
were analysed in serum. Intra-assay coefficient of variation was <10%.
4

Statistical analyses
All statistical analyses were performed using SPSS V.22
(IBM, Armonk, New York, USA). Descriptive statistics
for continuous variables were presented in mean±SD or
median with first and third quartiles (Q1, Q3). Categorical variables were presented in percentages. To compare
baseline demographic and inflammatory mediators
between HTx and controls, t-test or Mann-Whitney U
test was used as appropriate. Categorical variables were
compared with Pearson’s χ2 or Fisher’s exact test. The
low number of healthy controls limited the possibility
to analyse and compare the response to exercise in this
group. To evaluate the effect of exercise and the potential differences between HIT and MICT in the HTx population, a two-way repeated-measures analysis of variance
(ANOVA) was performed. To evaluate normal distribution, Shapiro-Wilk normality test was used, and variables with skew distribution were log transformed prior
to ANOVA. For the evaluation of the time and exercise
factor, P values <0.05 were considered significant. For the
evaluation of the interaction effect, <0.1 was used as level
of significance. Missing data (0.02%) were replaced by
Yardley M, et al. Open Heart 2017;4:e000635. doi:10.1136/openhrt-2017-000635
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the mean value from the other observations and included
in the analysis.
Results
Descriptive statistics of the HTx patients and healthy
controls are listed in table 1.
The HTx patients were in average 53±13 years, 86%
were men and time since HTx was 3±2 years. The healthy
controls were in average 52±7 years, and 80% were
men. Both completed a CPET, with RER values above
1.10 and a respiratory rate above 40. The HTx recipients had a significantly lower maximal HR and Vo2peak
than the healthy controls, with an average Vo2peak level of
31.0±6.8 mL/kg/min representing 85% of the gendermatched and age-matched values. The healthy controls
had a Vo2peak level of 40.2±2.7 mL/kg/min, corresponding
to 111% of expected values.

was evaluated in relation to exercise intensity (evaluated
as P values <0.1). First, vWF increased during HIT while
a decrease was observed during MICT, resulting in a
marked difference between the two exercise modalities. In
contrast, GDF-15 showed a decrease during the recovery
period of the HIT session with a significant interaction
Table 2 Baseline values of inflammatory markers; heart
transplant recipients and healthy controls
HTx
(n=14)

Healthy
controls
(n=5)

4.0
(0.5, 6.9)

1.7
(0.7, 4.7)

0.687

3.07
(2.68, 3.31)

2.18
(1.77, 2.62)

0.026*

111
(35, 146)

0.156

489
(402, 616)

408
(390, 430)

0.115

 Platelet-derived
growth factor

1.97
(1.40, 2.57)

2.87
(1.27, 4.16)

0.559

Inflammatory
biomarkers†
General inflammation
 C reactive protein‡
 sTNFr1

P value

Exercise sessions
MICT session
Nine of the total 19 participants were randomised to start
with the MICT session. All participants exercised in the
correct intensity zone; 60%–70% of their peak capacity.
The HTx patients exercised in average at 65%±4% of
their peak capacity and the healthy controls at 61%±1%
of their peak capacity. During the MICT sessions, we
succeeded in drawing all the planned blood samples
from all patients.

Vascular inflammation

 sCD40L

0.98
(0.66, 1.49)

1.59
(1.17, 1.88)

0.070

HIT session
Ten of the total 19 participants were randomised to start
with the HIT session. All participants exercised in the
correct intensity zone, 85%–95% of their peak capacity.
The HTx patients exercised in average at 89%±3% of
their peak capacity and the healthy controls at 90%±2% of
their peak capacity during the last 2 min of each interval.
We missed two of the planned blood samples from one of
the HTx recipients due to no flow in the intravenous line
after exercise and because other potential veins already
were punctured.

 DKK-1

2.08
(1.03, 4.28)

1.28
(0.58, 3.71)

0.440

 Vascular endothelial
growth factor-1

0.19
(0.14, 0.28)

0.15
(0.14, 0.20)

0.298

 Angiopoietin-2

1.30
(1.08, 2.11)

1.47
(1.11, 1.98)

0.823

 Tie-2

15.9
(13.0, 17.7)

15.8
(13.4, 15.9)

0.817

 Endostatin

162
(135, 200)

138
(114, 145)

0.165

 GDF-15

1.14
(0.61, 1.41)

0.36
(0.32, 0.83)

0.019*

 ST2

17.5
(15.2, 26.9)
306
(127, 482)

22.4
(17.0, 33.1)
212
(98, 909)

0.247

 von Willebrand factor§ 187
(92, 288)
 VCAM
Blood platelets

Angiogenesis

Markers of inflammation and angiogenesis
Baseline
At baseline, HTx patients had higher levels of most
inflammatory mediators compared with the healthy
controls, although only significant for GDF-15 and
sTNFr1 potentially due to the low number of included
participants (table 2).

Cardiokine/myokine

Exercise
As shown in table 3, exercise, regardless of intensity,
caused a significant response in systemic inflammation
as assessed by sTNFr1, platelet-derived inflammation as
assessed by PDGF, DKK-1 and sCD40L, angiogenetic activation as assessed by VEGF-1 and Ang-2, and release of
myokines as assessed by SPARC.
As shown in figure 3, we found trend towards significant differences when the temporal course of the marker

*P value ≤0.05 between groups.
†All variables are presented as median with (1st quartile,
3rd quartile) and measured in ng/mL serum if not otherwise stated.
‡Measured as μg/mL.
§Measured as per cent of pool.
DKK-1, Dickkopf-related protein 1; GDF-15, growth differentiation
factor-15; HTx, heart transplant recipients; sCD40L, soluble CD40
ligand; SPARC, secreted protein acidic and rich in cysteine; ST2,
interleukin 1 receptor-like 1; sTNFr1, soluble tumour necrosis
factor receptor 1; Tie-2, tyrosine kinase with immunoglobulin-like
and EGF-like domains 2; VCAM, vascular cell adhesion molecule.
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effect compared with the MICT session. Of the angiogenetic biomarkers, VEGF-1 and Ang-2 had a higher activation during the HIT session compared with the MICT

session. The remaining biomarkers also showed a numerically higher response during HIT compared with MICT,
although these were non-significant (table 3).

Table 3 Analysis of variance (ANOVA) results for all inflammatory markers in the heart transplant recipients
Variables† n=14 HTx

Baseline‡

15 min

30 min

1 hour

2 hours

Time

Group Time×group

General inflammation
 CRP§

MICT
HIT

3.40±1.10

2.85±0.80
4.10±0.96

2.74±0.78
3.9±0.94

2.47±0.61
3.58±0.88

2.93±0.69
3.46±0.83

0.601

0.362

0.422

 sTNFr1¶

MICT

3.08±0.25

3.17±0.16

3.39±0.20

3.09±0.21

2.91±0.17

<0.001**

0.616

0.112

3.38±0.24

3.56±0.20

2.76±0.16

2.74±0.18

191±31

117±17

131±20

138±23

173±28

0.175

0.044

0.075*

179±29

239±48

151±26

151±23

511±36

527±36

486±29

458±29

468±26

0.069

0.672

0.422

495±23

507±32

446±20

460±25

2.08±0.22

2.48±0.33

2.72±0.33

2.22±0.28

2.17±0.21

0.002**

0.162

0.690

2.78±0.40

3.00±0.43

2.33±0.24

2.33±0.30

1.07±0.15

1.29±0.18

1.26±0.18

1.04±0.15

1.06±0.17

<0.001**

0.047

0.237

1.41±0.20

1.46±0.21

1.20±0.18

1.14±0.16
0.023**

0.995

0.130

0.020**

0.275

0.077*

<0.001**

0.415

0.095*

0.632

0.362

0.250

0.206

0.167

0.594

0.206

0.041

0.067*

0.425

0.112

0.228

0.020**

0.122

0.745

HIT
Vascular inflammation
 vWF††

MICT

 VCAM

MICT

HIT
HIT
Blood platelets
 PDGF

MICT
HIT

 sCD40L

MICT
HIT

 DKK-1

MICT

2.85±0.62

HIT

3.15±0.84

3.49±0.87

3.00±0.69

2.80±0.71

3.42±0.86

4.13±0.83

2.15±0.49

2.74±0.44

0.26±0.04

0.26±0.04

0.24±0.03

0.26±0.03

0.29±0.04

0.29±0.04

0.24±0.03

0.24±0.03

Angiogenesis
 VEGF-1¶

MICT

0.24±0.03

HIT
 Ang-2¶

MICT

1.60±0.20

HIT
 Tie-2

MICT

15.8±1.3

HIT
 Endostatin MICT

165±11

HIT

1.97±0.26

2.06±0.22

1.74±0.20

1.75±0.21

1.97±0.26

2.06±0.22

1.75±0.20

1.64±0.21

15.2±1.7

15.2±1.4

16.5±1.5

15.9±1.2

16.2±1.6

16.3±1.6

16.3±1.5

15.4±1.7

166±12

169±12

163±9

159±11

184±14

183±13

170±13

162±12

1.20±0.19

1.19±0.19

1.12±0.19

1.10±0.19

1.10±0.11

1.15±0.11

0.96±0.11

0.93±0.08

20.0±1.9

20.5±2.1

20.1±1.8

20.7±2.2

22.4±2.2

22.7±2.2

21.2±2.0

21.3±2.4

486±60
391±79

433±95
491±84

297±64
336±60

294±63
328±56

Cardiokine/myokine
 GDF-15

MICT

1.03±0.11

HIT
 ST2

MICT

20.3±2.0

HIT
 SPARC

MICT
HIT

319±57

*P value <0.10.
**Significant P values <0.05.
†All variables are measured in ng/mL serum if not otherwise stated.
‡Results from 1 week ahead of first exercise session.
§Measured as μg/mL.
¶Analysis of variance was performed with log-transformed variables.
††Measured as per cent of pool.
Ang-2, angiopoietin-2; CRP, C reactive protein; DKK-1, Dickkopf-related protein 1; GDF-15, growth differentiation factor-15; HIT, highintensity interval training; HTx, heart transplant recipients; MICT, moderate-intensity continuous training; PDGF, platelet-derived growth
factor; sCD40L, soluble CD40 ligand; SPARC, secreted protein acidic and rich in cysteine; ST2, interleukin 1 receptor-like 1; sTNF1, soluble
tumour necrosis factor receptor 1; Tie-2, tyrosine kinase with immunoglobulin-like and EGF-like domains 2; VCAM, vascular cell adhesion
molecule; VEGF-1, vascular endothelial growth factor-1; vWF, von Willebrand factor.
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Figure 3 Graphic presentation of growth differentiation
factor-15 (GDF-15), von Willebrand factor (vWF), vascular
endothelial growth factor (VEGF)-1 and angiopoietin-2 during
exercise and recovery with high and moderate intensity in
the heart transplant recipients, with inserted P value for the
analysis of variance interaction effect, exercise session×time.
Level of significance: P value <0.1. HIT, high-intensity interval
training; MICT, moderate-intensity continuous training.

Discussion
The main findings in this study were that (1) exercise,
regardless of intensity, induced a significant immediate response in several systemic, angiogenetic and in
particular platelet-derived inflammatory mediators in
HTx recipients. (2) HIT showed trends to induce an
increased response in vWF, VEGF-1 and Ang-2, and a
decreased response in GDF-15, compared with MICT.
The trend towards the increased angiogenetic mediator
response during HIT could contribute to the beneficial
effects of this form of exercise in HTx recipients.
In our study, exercise training, irrespective of intensity,
led to an increase in multiple systemic, angiogenetic and
platelet-derived inflammatory mediators. These results
are in line with published research showing a procoagulation state with blood-platelet activation potentially
reflecting an increase in catecholamines20 and endothelial activation, promoting NO production related to
the increased shear stress.21 These effects are shown to
improve the endothelium-dependent vasodilatation and
can regulate the growth and repair of blood vessels.22
When evaluating the angiogenesis in skeletal muscles,
VEGF has been found to be the most central factor and
upregulates with exercise.23 This study explored for the
first time the immediate differences between HIT and
MICT in HTx recipients. The finding of HIT causing a
clear trend towards an increase in mediators of angiogenesis, including VEGF, provides new knowledge about the
potential mechanisms behind the effect of HIT in HTx
recipients.
The endothelial activation from exercise, measured as
increased vWF, was only present during the HIT session in
Yardley M, et al. Open Heart 2017;4:e000635. doi:10.1136/openhrt-2017-000635

HTx recipients. Exercise in healthy individuals is shown
to result in a rapid rise of circulating vWF,24 and the rise
in vWF as a response to exercise has been suggested as
a novel and reliable test of endothelial function.25 Our
results may suggest that in HTx patients, who have a
higher degree of endothelial dysfunction,26 higher exercise intensity is needed in order to successfully activate
the endothelium. However, an increase in vWF during
HIT could also reflect an inappropriate activation of
these cells, and the impact of this finding is at present
unclear. In contrast, HIT was associated with a decrease
in GDF-15, potentially reflecting improved endothelial
function and decreased vascular stiffness.27 However, the
effect of HIT on endothelial function in HTx recipients
is at present unclear, and this issue should be further clarified in larger studies.
Activation of the endothelium and thereby induction
of capillary growth in skeletal muscle through proangiogenetic mechanisms may play an important role in the
beneficial effects of HIT. Kilian et al demonstrated an
increase in mRNA for VEGF in whole blood during HIT
in healthy children.28 Herein, we have, to the best of our
knowledge, for the first time observed trends towards a
higher response in both Ang-2 and VEGF-1 during HIT
in HTx recipients potentially promoting neovascularisation. VEGF is dominantly secreted by working skeletal
muscles, an essential factor to increase capillary density,
oxygen delivery and thereby exercise performance.29 30
Ang-2, in the presence of VEGF, facilitates sprouting of
new vessels from existing vessels.31 In healthy individuals,
increased capillary density is documented as a result of
endurance training,32 and we can assume that this effect
is present in HTx recipients as they achieve improved
muscular exercise capacity after a HIT intervention.12
The trends towards increased angiogenetic response by
Ang-2 and VEGF shown in the present study could potentially contribute to the higher Vo2peak levels after a HIT
intervention. In relation to this, the exercise-induced
response of VEGF is also shown to stimulate neurogenesis
in cerebellar tissue33 and as a potential drug to decrease
infarct size.34
Limitations
The study was designed as a cross-over study and the risk
of a carry-over effect is possible. Based on our findings,
we evaluate this risk as low due to the numerical fall in
the inflammation markers to baseline levels already at
2 hours after exercise cessation and the 1-week wash-out
time between the visits. The physical capacity measured
after HTx was higher than documented in international
publications and could possibly be a result of selection
bias. On the contrary, we would expect a somewhat
higher performance in our population due to worldwide
differences.35 36 The number of included patients and
in particular healthy controls were rather low and the
number of mediators analysed was relatively high, and
some of the findings (both negative and positive) could
be by chance. Moreover, there are considerable overlap
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between the different ‘cytokine categories’ (eg, VEGF
are derived from platelets with angiogenetic effects), but
the division into these categories may still be meaningful
from a functional point of view. Finally, the correlation
between different responses does not necessarily imply
a causal relationship, and more mechanistic studies are
needed to substantiate if the beneficial effects of HIT
could be mediated through angiogenetic factors in HTx
recipients.
Conclusions
To the best of our knowledge, this study is the first that
compare the immediate inflammatory responses of HIT
and MICT sessions in HTx recipients. In HTx recipients,
exercise, regardless of intensity, induces an immediate
inflammatory response, especially through activation
of blood platelets and modulation of angiogenesis and
neovascularisation. The trends in our findings suggest
that HIT can induce a rise in proangiogenetic mediators
that are beneficial for new blood vessel formations. Future
studies with larger sample sizes are necessary to verify our
results and to evaluate if these immediate responses of
inflammatory biomarkers may have an impact on longterm outcomes in this population.
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