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Abstract

Obijectives: Exercise improves endothelial dysfunction, the key manifestation of cardiovascular and cerebrovascular disease,
and is recommended in both cardiovascular and cerebrovascular rehabilitation. Disagreement remains, however, on the role
of intensity of exercise. The purpose of this review was to gather current knowledge on the effects of high-intensity training
versus moderate-intensity continuous exercise on endothelial function in cardiovascular and cerebrovascular patients.
Methods: A systematic review was performed in PubMed database, Embase and Cochrane libraries and on PEDro using the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines. Studies were restricted to cardiovascular
and cerebrovascular patients, and healthy subjects as general reference. Interventions comprised of high-intensity training
alone, high-intensity training compared to moderate-intensity continuous exercise, or no training, with endothelial function
as outcome measure. Endothelial function was measured either physiologically by flow-mediated dilatation and/or by systemic
biomarkers. Data were analyzed descriptively due to non-comparability for a meta-analysis to be performed.

Results: A total of 20 studies were included in the review. Although there was great heterogenecity in design, population
and exercise protocols, all studies found high-intensity training to be safe. High-intensity training was equal to moderate-
intensity continuous exercise through improvement in endothelial function in |5 of the 20 selected studies, as measured by
flow-mediated dilatation, nitric oxide bioavailability and circulating biomarkers. Only a few studies examined high-intensity
training in cerebrovascular patients, none with endothelial function as outcome.

Conclusion: High-intensity training is promising as a time-efficient exercise strategy in cardiovascular rehabilitation, but data
on endothelial effects in cerebrovascular rehabilitation are warranted. Agreement on a more uniform exercise protocol is
essential to further investigate the optimal exercise mode for cerebrovascular rehabilitation.
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Introduction molecules inducing low-grade inflammation and platelet
aggregation. The generation of reactive oxygen species
(ROS) enhances inflammation by interacting with NO. This
“host defence response” augments the risk of atherosclerosis

Exercise reduces risk factors of cardiovascular disease by
targeting different organ systems simultaneously (Figure 1),
thus reducing the mortality after stroke or cardiovascular
events.! One mechanism by which exercise may induce ben-
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Figure I. The general effects of exercise. The effect of exercise targets various organ systems thus improving cardiovascular,
endothelial, cerebral and metabolic function, all parameters important to improve rehabilitation and reduce stroke risk. The

figure depicts the various physiological systems affected. Increased flow in the vessels induced by exercise activates endothelial
mechanoreceptors initiating synthesis of nitric oxide (NO) through activation of endothelial nitric oxide synthase (eNOS). Nitric
oxide release is involved in both processes of vasodilation and inflammation. Dysfunction of the endothelium increases risk of platelet
aggregation and leukocyte infiltration through adhesion molecules. Furthermore, exercise improving muscle and cardiac function

improves the metabolism of glucose and cholesterol.
lllustration is created with inspiration from Schmidt et al.2

and thereby cardiovascular and cerebrovascular disease if
sustained.>* Increasing age, high body mass index (BMI),
smoking, hypertension and metabolic diseases, such as dia-
betes and dyslipidemia, are known risk factors of endothe-
lial dysfunction.> Various repairing processes of the
endothelium take place both locally by replication of adja-
cent cells and systemically by circulating EPCs recruited
from bone marrow.?> Exercise enhances these repairing
processes.>67

Measurement and clinical estimations of vascular endothe-
lial function can be carried out by either physiological tests of
vasoreactivity or by circulating biomarkers. Of the physiologi-
cal tests, flow-mediated dilation (FMD) is the most widely
used. FMD is measured by reference to the brachial or carotid
artery diameter before and after induction of shear stress.
Vascular shear stress is induced by the release of an inflated
cuff producing reactive hyperemia.® The response appears to
be predictive of cerebrovascular and cardiovascular events in
asymptomatic individuals, as well as patients with established
disease.” ! Another physiological test is the reactive hypere-
mia index (RHI), which is reported to be significantly
decreased in patients with cardiovascular disease.!?

Circulating endothelial cells and endothelial microparti-
cles (EMPs) are used as biomarkers since they are released
during apoptosis of endothelial cells, and induce pro-
inflammatory responses. Also, EPCs are used because the
NO-dependent release of EPC from bone marrow may reflect

the capacity of the body for endothelial repair. Plasma con-
centration of NO or nitrites are not useful markers since val-
ues can be confounded by other sources of NO, in particular
dietary sources.>!3

The protective effect of exercise on endothelial function
has been proved in studies of cardiovascular patients!4
regardless of the etiology of the disease. Such findings may
be extended to endothelial function in cerebrovascular dis-
ease since these groups of patients share pathophysiological
mechanisms.>!>16 Additionally, early initiation of training
post-stroke is often recommended.!” Exercise intervention
can be subdivided into two groups according to intensity:
moderate-intensity continuous exercise (MICE) and high-
intensity training (HIT). MICE is defined as exercise at
approximately 60% of maximum heart rate (HR) or maxi-
mum capacity for aerobic work (VO,,,,,) for a longer dura-
tion, for example, 45—60 min, whereas HIT is composed of
short bursts of exercise at >85% of maximum HR or VO,, ..,
separated by periods of rest. Although primarily seen in the
training procedures of elite athletes, HIT is now gaining an
increasing role in rehabilitation, particularly in cardiovascu-
lar patients.>!8

Quite extensive work has been carried out examining the
effect of various kinds of exercise on cardiovascular
patients.!4!® However, no systematic review has previously
compared the effect of HIT on endothelial function in both
cardiovascular and cerebrovascular patients. The following
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Table I. PubMed search strategy.

Patients Intervention Comparison  Outcome

“High-intensity Endothelium,

training” Vascular [Mesh]

“High intensity “Endothelium,

training” Vascular”

“Interval training” “endothelial
function”

“Interval exercise

training”

“High intensity

exercise”

“High intensity
aerobic interval
training”

“Aerobic exercise”

systematic review therefore aims to gather the published lit-
erature on the effect of HIT on endothelial function in cere-
brovascular and cardiovascular patients and to compare with
MICE or no training.

Method

Literature search

This study was performed according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines for systematic reviews. The PubMed
database (which includes literature from MEDLINE, jour-
nals and online books) was searched using the search strat-
egy in Table 1 in the Data Supplement. Additionally, the
Embase and Cochrane libraries, and PEDro were searched in
a similar way with adaptations where necessary. Reference
lists were also searched for relevant studies. The final search
was conducted in January 2016. Table 1 shows search strat-
egy and search strings.

Studies were included if they met inclusion criteria (see
below) and the quality of the study was evaluated while
reading the full-text articles.

The abbreviation for high-intensity training, HIT, is more
widely used for “heparin-induced thrombocytopenia” and
yielded no useful results in the search, but was included for
the sake of completeness.

To broaden the search in PubMed, the MeSH term
“endothelium, vascular” was used combined with the text
“endothelium, vascular” and “endothelial function” (see the
Data Supplement).

Search strings

Patients <Restriction on “patients’ not necessary to limit
search>

Comparison <Restriction on “comparison” not neces-
sary to limit search>

Intervention

(“High-intensity training” OR “High intensity training” OR
“Interval training” OR “Interval exercise training” OR “High
intensity exercise” OR “High intensity aerobic interval train-
ing” OR “Aerobic exercise” OR “High intensity interval
exercise” OR “HIT”).

AND

Outcome

(Endothelium, Vascular [Mesh] OR “Endothelium, Vascular”
OR “endothelial function™).
Results: 258 hits

Study selection

This review examines the effect of exercise on endothelial
dysfunction, regardless of etiology and with broad inclusion
criteria to reflect the patient population for whom such train-
ing is targeted. The inclusion criteria for this review were as
follows:

e Randomized controlled studies, non-randomized con-
trolled studies and non-controlled studies.

e Participants aged 19+ years diagnosed with and/or
treated for either cerebrovascular or cardiovascular
disease, such as stroke, heart failure (HF) and coro-
nary artery disease (CAD).

e Studies in healthy subjects were included as a general
reference since the effect of HIT might only be seen in
participants with no endothelial dysfunction.

e Interventions including intense aerobic intervals by
>85% of maximum HR or VO,, ..

e Intervention of either a single bout of HIT compared
to MICE/baseline or a HIT group exercising for sev-
eral weeks compared to MICE and/or a control group.

e Outcome measured by endothelial function assessed
by FMD and/or circulating markers of endothelial
function such as EMP, EPCs or vascular endothelial
growth factors (VEGFs).

Articles were initially selected based on headlines, then
further selected based on abstract and, finally, the relevant
studies were selected after reading full-text articles. Search
strategy was checked and repeated by second author (R.S.K.)
who also screened titles and abstracts for relevance. Both
reviewers examined all potentially relevant full-text articles
for consistency with the inclusion criteria. Any disagreement
was planned to be settled by the third author (C.K.); how-
ever, there were no disagreements between reviewers.

Non-English studies and animal studies were excluded.
Groups with only endothelial risk factors such as aging, dia-
betes mellitus, hypertension and obesity, but no clinical signs
of cerebrovascular or cardiovascular disease were excluded.
Studies examining individuals with disease in other organ
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systems (cancer, kidney, hematological, thyroid or rheumatic
diseases) and specific genetic mutations were also excluded.
Studies with multimodal interventions or studies on nutrition
were excluded. Studies exclusively examining the impact on
aerobic capacity, VO,,,.., were not included.

Data analysis

All studies varied significantly in design, population and
exercise intervention, and therefore, meta-analysis was not
appropriate. A descriptive synthesis of the data was under-
taken instead.

Details about participants and exercise interventions are
summarized in Table 2 and results are summarized in Table
3. A flow diagram of the selection process can be seen in
Figure 2.

Results

Study selection

The search yielded 704 records (i.e. articles, abstracts,
research protocols etc) (PubMed: 258 records; EMBASE:
432 records; PEDro: 14 records). In PubMed, filters were
subsequently set to “human” and “age +19years” reducing
number of records to 120. Following setting of filters and
removing duplicates, 49 studies were screened based on title.
Of these, 22 studies were excluded, leaving 27 full-text for
assessment. Of the 27 studies, 23 were retrieved from the
PubMed database, whereas 4 articles were found using
PEDro!%3? and EMBASE,3%3¢ respectively. In total, 10 stud-
ies were excluded after reading full-text articles. Causes of
exclusion included the following: VO,, . as outcome, exer-
cise with only moderate intensity, not including the popula-
tion of interest and inappropriate definition of HIT.

Study characteristics

An overview of study characteristics is given in Table 2. In
total, 17 studies fulfilled the inclusion criteria. Publication
year ranged from year 2007 to 2015. One study in angina
patients used a HR at 75%—-85% of maximum.?® This was
accepted as HIT since the HR of approximately 85% was to
consider as their maximum capacity. Most studies (8 of 17)
were randomized controlled studies (RCT), when consider-
ing the two studies from the SAINTEX-CAD study in 2015
as one. Four studies were non-randomized trials, three
within-subject repeated-measures designs and only one was
a controlled study. In total, 9 of the 17 studies included were
blinded.

Patient characteristics

The majority of the studies (12 of 17) included cardiovascu-
lar patients with stable CAD, HF, heart transplant recipients

or patients implanted with an implantable cardioverter defi-
brillator (ICD). In all studies, male subjects outnumbered
female subjects. Two separate studies originated from the
SAINTEX-CAD study but focused on different outcome
measures and were analyzed individually.3*3¢ The remaining
five studies investigated healthy untrained subjects and/or
athletes. There were no studies examining HIT and endothe-
lial function in stroke patients or other cerebrovascular
patients.

Intervention characteristics

All exercise sessions were initiated by approximately 10 min
warm-up and finished with 10—-15min cool-down. Four
parameters varied between interventions:

Intensity of exercise;

Duration of intervals;

Mode of recovery (active/passive);

Duration of exercise session and recovery between
intervals.

The most frequently used HIT protocol (5 out of 17 stud-
ies) was 4x4min of exercise with 3-min active recovery
between intervals. This was first described in the study by
Wisleff et al.2! One study used a protocol with 4 x 3 min of
exercise,?” and one study used alternating duration of exer-
cise of 4, 2 or 1 min.?> Longer duration of exercise sessions
was seen in two studies, one using 5% 5min intervals?? and
one with a single 20-min interval.?® The remaining seven
studies chose a HIT protocol with short-duration exercise
ranging from 10 to 30s. In general, the duration of HIT ses-
sions was 30—40min including warm-up and cool-down,
while the duration of MICE sessions was 40—60 min.

All training sessions were supervised and performed on
either a treadmill, as staircase running or on a bicycle ergom-
eter. Number of sessions per week varied between two and
seven times per week. The majority of studies (10 out of 17)
had protocols with two to three exercise sessions per week.

The studies either investigated the acute effect on endothe-
lial function of a single bout of high- or moderate-intensity
exercise (6 studies) or the long-term effect of regular HIT,
compared to regular moderate-intensity exercise or usual
care (11 studies) with duration varying from 4 to 52 weeks.
The majority of these studies (10 studies) took place over a
period of 4—12 weeks.

Characteristics of outcome measurements

An overview of outcome measurements and results is given in
Table 3. The primary physiological outcome measure for
endothelial function was FMD measured in the brachial artery
or the carotid artery, which was assessed in 14 studies. One
study assessed FMD in the popliteal artery. The study by Dall
et al.*> used RHI measured in the fingertip before and after
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14 and 432 additional
records were identified
searching in PEDro and
EMBASE respectively.

258 records identified
through searching the
PubMed database

120 records after filters
were set on “human” and *
“age +19 years”

49 records screened based on
title after duplicates were
removed

22 records were
excluded based on
abstract

10 full-text articles
excluded with reason.

27 full-text articles assessed
for eligibility.

l

17 studies included in
qualitative synthesis

Figure 2. Flow diagram of selection process.

occlusion of the upper arm as the endothelial function out-
come measure. The most common biomarker of endothelial
function investigated was NO bioavailability. Rakobowchuk
et al.28 included measurement of EPCs, Guiraud et al.3 used
EMPs as a biomarker and Van Craenenbroeck et al.3¢ included
both EPC and EMP. Furthermore, Wahl et al.3 also included
each of VEGF, hepatocyte growth factor and migration inhibi-
tory factor as outcome measures for endothelial function and
pro-angiogenic status, in addition to EMP. Serum NO was
reported in two studies.?0-22

Other outcome measures relating to endothelial func-
tion—pro-inflammatory markers, improvement of aerobic
capacity, VO, 22 252830313234 or “quality of life”2!3435—
are not described in this review as they do not directly moni-
tor endothelial function.

Impact of HIT on endothelial function

Of the 17 studies included in this review, 6 studies showed
no change in endothelial function related to exercise, whereas
the remaining 11 studies showed improvement of endothelial
function following either moderate- or high-intensity exer-
cise. Table 3 shows an overview of the results. No studies
reported adverse effects or showed any evidence of damage
to vessel wall or negative effect on endothelial function after
exercise—regardless of intensity.

Five studies included healthy subjects: either untrained or
athletes. All these studies found HIT to be safe, but results on
endothelial function varied. One study examining serum
NO, products (nitrate and nitrite) before and after exercise
found no significant difference.?’ In the study by Rognmo
et al.,> FMD measured 1h after HIT was significantly

reduced in both athletes and healthy controls, reaching base-
line level within 24 h. In contrast, the bioavailability of NO
and antioxidant-status improved 1h after exercise and was
normalized within 24 h—though slower in the athletes.??
Rakobowchuk et al.28 also found FMD to remain unchanged
by training. In addition, EPC levels did increase transiently
in a few participants performing heavy metabolic stress
intervals; in general, though, there were no findings to indi-
cate an increase in the number of EPCs after exercise.

The two remaining studies including healthy subjects
found HIT to be equal to MICE concerning changes in FMD
and EMP, and HIT was suggested to be superior in promot-
ing pro-angiogenic conditions.?>33 All studies concluded that
future research needs to investigate HIT in other popula-
tions, including the long-term impact of HIT intervention.

Acute response

Early initiation of training post-stroke is often recom-
mended; hence, this review included studies examining the
acute effect of exercise on endothelial function (i.e. exercise
for 0 weeks). This was examined in six studies; three within-
subject repeated-measures design?7-3033 and three non-rand-
omized trials.?22%2% Three studies used healthy subjects3!-3235
and three studies examined CAD patients.28:3033 Three of
the studies found no acute effect of HIT on endothelial func-
tion measured by FMD serum nitrate or nitrite or EMP,20-22:30
while the remaining three studies found improvement in
FMD?7?° and reduced number of EMP3 after a single
session?” or three successive sessions? of HIT.

Longitudinal studies

Longer duration of HIT intervention was examined in 11
studies; 9 RCTs,21:23-2632.34-36 | non-randomized trial3! and 1
controlled study.?® Duration of training protocol varied
between 4,32 62328 and 8weeks? up to 122126313436 gpnd
24 weeks.?

In total, 10 of the 11 studies compared HIT to either
MICE (7 studies) or to controls (3 studies) receiving stand-
ard advice on physical activity. One study compared each of
HIT, MICE and controls.2! FMD and/or the chosen biomark-
ers were measured at baseline and at the end of the interven-
tion program. In the studies where exercise intervention in
hospital was followed by supervised home training, meas-
urements were carried out both when participants finished
in-hospital intervention and at the end of the training
program.

The three studies comparing HIT to controls?+233! found
HIT to be superior to controls on improvement of endothelial
function measured by FMD.

In the remaining studies, examining the long-term effect
of HIT compared to MICE and/or controls, results varied.
Some studies found HIT to be equal to MICE in the improve-
ment of endothelial function measured by FMD and NO
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bioavailability?326:34 or by decrease in EMP.3* One study
found improvement of FMD to be greater in the HIT group
compared to MICE and controls, concluding that intensity in
exercise is an important factor of endothelial function.?! The
remaining longitudinal studies found no change in endothe-
lial function after weeks in either mode of exercise.32-35:36

With regard to the duration of intervals, there seems to be
no difference between HIT protocol and results. No change
in endothelial function was reported in studies with short-
interval HIT protocol?®30 as well as with long duration of
intervals.?2-3235:36 The remaining studies that found HIT to be
equal to MICE, or superior to controls, showed large varia-
tions in their exercise protocols regarding duration of inter-
vals, type of recovery between intervals and duration of
training intervention.

Positive results were seen across different patient popula-
tions—improvement of endothelial function was seen in
CAD and HF patients as well as heart transplant recipients
and patients with an ICD unit.

Discussion and conclusion

This systematic review retrieved 17 studies, all of which
found HIT to be safe, time-efficient and well-tolerated by
healthy subjects as well as patients with cardiovascular dis-
case. The effect of both a single bout of HIT and interven-
tions of longer duration was studied. The majority of all
studies found HIT to be equal to MICE or usual care with
regard to the improvement of endothelial function. The
improvements were seen regardless of interval mode, patient
population and duration of intervention—with exception of
cerebrovascular patients of which this review found no
studies.

Limitations

There are limitations in several of the studies included in this
review, in particular concerning selection and characteriza-
tion of the participants. Few studies specify their inclusion
criteria of participants or detailed information about physical
and physiological status.?>?7 Likewise, prior exercise habits,
comorbidities or previous participation in rehabilitation pro-
grams were not presented.’® One could speculate that a pos-
sible cofounder could be that those motivated and physically
fit for HIT are exclusively selected for the trials, reflecting a
non-generalizable minority of patients. Of note, there is a
general, lack of information on whether the participants were
provided—or not—with additional advice concerning diet,
smoking habits, daily physical activity and so on. Regarding
choice of exercise protocol, none of studies explained their
choice of HIT mode or duration of intervals other than by
referring to previous protocols. This is reflected in the great
variation between studies, making it difficult to compare
results in a proper meta-analysis. Also, the outcome meas-
urement protocols have limitations as FMD is observer

dependent. Furthermore, the lack of consensus on a protocol
of measurement of EMPs and EPCs contributes to signifi-
cant variability between research centers.?’ It is therefore
possible that assays for monitoring circulating biomarkers
need to be further developed in order to be a valid measure-
ment of changes in endothelial function.

Only 9 of the 17 selected studies were blinded when eval-
uating outcome measures (see Table 2), including the 2 stud-
ies based on “the SAINTEX-CAD study” from 2015. Of the
nine studies, six concluded HIT to be equal to or better than
MICE or control,2!-24-2631.32.34 ywhile three found MICE to be
superior to HIT or no significant effect by either of the two
training modalities regarding an effect on endothelial
function.32-3536

Another major limitation is the relatively small number of
included studies in this review. However, this does empha-
size the need for further research within this subject.

Of the studies included, sample sizes of the studies were
generally small. The number of participants in the 17 studies
included in this review adds up to 79 healthy adults and 529
cardiovascular patients, a total sum of only 608 participants.
The RCTs included only approximately 20—40 participants
in total, as previously discussed.!® Studies with a larger pop-
ulation size and a more well-defined inclusion criteria and
background of participants are better placed to verify the
positive impact of HIT.

Since both significant and non-significant results in favor
of both HIT and MICE were presented in the current studies,
it is reasonable to assume that there are no concerns of pub-
lication bias in this review.

The impact of HIT on endothelial function

Not all studies support the finding that HIT improves
endothelial function: Yamamoto et al.?% did not find a signifi-
cant change in serum nitrate or nitrite, but only in serum con-
centration of NO; thus, nitrate or nitrite appears be a
non-useful biomarker of endothelial function.?> Angadi
et al.,’? examining patients with HF with preserved ejection
fraction, found no change of FMD after exercise, explaining
this by too short a training protocol or the fact that baseline
FMD was not impaired in the participants. Dall et al.,3’
examining heart transplant recipients, also found no change
of RHI after 12 weeks of exercise which could be explained
by RHI, which focus on small vessels, not being as sensitive
as FMD measurements which mainly focus on large arteries.
Also suggested is a detrimental effect of the immunotherapy
used in this patient group on the vascular function.

The shortening of recovery time enhances the intensity of
the exercise session, and passive recovery allows a greater
number of interval session repetitions.'* Hence, multiple
combinations of HIT protocols are available, which are
reflected in the greater variety of HIT modes in the selected
studies. In addition, there is general lack of agreement on
when to initiate HIT in rehabilitation. Future studies
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examining different HIT protocols and active versus passive
recovery are needed to examine the role and importance of
interval duration and recovery mode in different populations.
Furthermore, longitudinal studies are needed to investigate
optimal initiation time and duration of exercise programs in
rehabilitation. Additionally, results may differ when consid-
ering only immediate effects and not including long-term
effects; both early acquisition of changes and late phase
recovery should be addressed.

HIT and cerebrovascular patients

This systematic review aimed to investigate the effect of HIT
on endothelial dysfunction in cardiovascular as well as cer-
ebrovascular patients. However, no studies fulfilled the
inclusion criteria and investigated the impact of HIT on
endothelial function in stroke rehabilitation. So far, seven
studies have investigated HIT in stroke rehabilitation38-44—
all with positive results. Nevertheless, the HIT protocols
used varied quite a lot and used gait speed and VO,,,,, as
outcome measure. One study has investigated endothelial
function and MICE in sub-acute stroke.?! In this study, exer-
cise intensity was at 50%—70% of maximum HR with dura-
tion of 30min. After 8weeks of intervention, FMD and
bilateral brachial artery diameter improved significantly in
all subjects, though this effect was not repeatable at the
1-month follow-up.

This emphasizes the need for research on the effect of
HIT on endothelial function in stroke patients. Stroke reha-
bilitation poses additional issues, including unsteady ambu-
lation, cognitive impairment, pain, memory deficits and
severely reduced motor function. This greatly narrows the
target group of early HIT intervention in stroke rehabilita-
tion. Patients suffering from lacunar stroke may be more
capable of participating in HIT exercise in an early phase of
rehabilitation since this group of patients suffers from less
severe neurological deficiencies with relatively preserved
motor function. Of note, individuals with lacunar infarction
have a significantly impaired brachial FMD compared to
other stroke subtypes!! making exercise intervention, and
more knowledge of its impact on endothelial function, highly
relevant. It is possible that other patients with large-vessel
stroke subtypes could gain positive effects from HIT after
general rehabilitation and regaining of motor function.

Application of HIT in a clinical setting

This review found HIT safe and the majority of the selected
studies found it equal to MICE in cardiac rehabilitation.
Three studies were excluded as they did not fulfill the
selected definition of HIT,*-47 of note, no clear definition yet
exists on HIT in a clinical setting. One borderline study?’
was accepted for analysis; it may be questioned whether the
definition used in healthy persons (i.e. 85% of maximum HR
or VO,,..) is indeed applicable to patients with motor

deficits, or whether surrogate markers such as shortness of
breath should be applied instead.

In a recent study, patients actually preferred HIT to MICE,
which makes patients more likely to adhere to newly intro-
duced or continued training where HIT is applied.!* Such
improved compliances are important given that a patient’s
adherence to exercise after discharge is a well-known chal-
lenge.*® A recent study shows that any improvement of
endothelial function may gradually diminish if not main-
tained on a regular basis.?> With this in mind, HIT might be
a more conceivable and feasible exercise strategy in the
rehabilitation of stroke patients. In this respect, the goal in
rehabilitation must be adherence to exercise post-discharge
in order to improve endothelial function, reduce risk factors
and prevent stroke recurrent. In general, it is important that
training protocol fulfills the recommended guidelines for
training and testing, for example, the standards from the
American Heart Association.*

Conclusion

In conclusion, HIT is safe and highly relevant in patients
with cardiovascular disease and may also be so in patients
with cerebrovascular disease—though current research pri-
marily involves the former patient population. In the major-
ity of studies fulfilling the inclusion criteria, HIT shows
positive impact on endothelial function when measured by
FMD and circulating biomarkers. This review found no stud-
ies on the effect of HIT on endothelial function in cerebro-
vascular patients, though three studies showed feasibility of
HIT training in stroke but did not investigate endothelial
function. Future research must investigate the effect of HIT
on endothelial function in cerebrovascular patients and also
determine whether the current definition of HIT is applicable
in a clinical setting with physically impaired patients.
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