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ABSTRACT

Objectives. Many patients with COVID-19 suffer from
persistent symptoms, many of which may potentially

be reversed by high-intensity interval training (HIIT).

Yet, the safety and tolerability of HIIT after COVID-19 is
controversial. This study aimed to investigate the fidelity,
tolerability and safety of three different HIIT protocols in
individuals that had recently been hospitalised due to
COvID-19.

Methods. The study was a randomised cross-over trial.
We compared three supervised HIIT protocols (4x4, 6x1,
10-20-30) in 10 individuals recently discharged after
hospitalisation for severe COVID-19. Each HIIT protocol
had a duration of 38 min and was performed with a 1-
week washout between them. Outcomes included adverse
events, exercise training intensity and tolerability assessed
by the Likert scale (1-10).

Results. All 10 participants aged 61 (mean, SD 8) years

(5 males) completed all three HIIT protocols with no
adverse events. High intensities were achieved in all three
protocols, although they differed in terms of time spent
with a heart rate >85% of maximum (mean (SD); 4x4:
13.7 (6.4) min; 10-20-30: 12.1 (3.8) min; 6x1: 6.1 (5.6)
min; p=0.03). The three protocols were all well tolerated
with similar Likert scale scores (mean (SD); 4x4: 8 (2),
10-20-30: 8 (2), 6x1:9 (2), p=0.72).

Conclusion. Our findings indicate that recently hospitalised
individuals for severe COVID-19 may safely tolerate acute
bouts of supervised HIIT as per protocol. This warrants
future studies testing the potential of regular HIIT as a
rehabilitation strategy in this context.

INTRODUCTION

It has become increasingly clear that a
substantial proportion of patients suffering
from COVID-19 develop so-called ‘long
COVID-19’, that is, often invalidating symp-
toms including dyspnoea, chest pain, exercise
intolerance and extreme fatigue, to mention
a few, all of which persist way beyond the
acute viral infection."™ The underlying
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Key messages

What is already known

» Many patients suffering from COVID-19 develop so-
called ‘long COVID-19’ which may be prevented or
alleviated by targeted rehabilitation.

» High-intensity interval training (HIIT) is known to be
a time-efficient rehabilitation intervention in several
patient populations, notably in those with heart and
lung disease.

What are the new findings

» Recently hospitalised patients who were mildly to
slightly affected by long COVID-19 can satisfactorily
complete acute exercise by the three most widely
used HIIT protocols, so-called 4x4, 6x1 and 10-20-
30 HIIT.

» Patients find HIIT both enjoyable and tolerable and
we observed no adverse events.

» In patients recently hospitalised with COVID-19, the
fidelity, tolerability and safety are comparable be-
tween the three HIIT protocols.

mechanisms of long COVID-19 are unknown
but likely involve residual inflammation in
the heart, lungs and vasculature.” While
the need for implementing evidence-based
rehabilitation schemes that include exercise
training following COVID-19 is imminent, no
consensus exists as to how such programmes
should be designed.

It is widely appreciated that high-intensity
interval training (HIIT) promotes greater
health-related benefits than traditional
moderate-intensity  training in  various
patient populations despite a reduced time
commitment.®™® However, in the context of
COVID-19 rehabilitation and long COVID-19
prevention, it has emerged as a particularly
controversial  training modality. Hence,
several opinion papers and guidelines favour
low-intensity exercise with gradual increases
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in intensity, mostly due to safety concerns.®*'® There
is nonetheless currently no firm evidence base to argue
in favour of this. A recent retrospective study on 28
discharged COVID-19 survivors conversely concluded
that HIIT might safely be performed in these patients.'®
Furthermore, in contrast to low-intensity and classical
endurance exercise training, HIIT may more specifically
target residual vascular inflammation, a putative central
mechanism of long COVID-19.” However, it is unknown to
which extent it is feasible to implement HIIT in recently
discharged patients with COVID-19, that is, whether they
can tolerate HII'T without adverse effects.

In the present study, we assessed the fidelity, tolerability
and safety of three widely used HIIT schemes in individ-
uals recently discharged after hospitalisation for severe
COVID-19.

METHODS

Study design, participants and randomisation

The study was performed from September to December
2020 at the Centre for Physical Activity Research at
Rigshospitalet in Copenhagen, Denmark.

Ten recentlyk hospitalised individuals who had recov-
ered from the acute phase of severe COVID-19 infection
were included. Severe acute respiratory distress syndrome
coronavirus 2 was confirmed by a PCR from a pharyngeal
swap in all cases, and the COVID-19 was considered as
severe when it had required hospitalisation with oxygen
supplementation. Recovery from COVID-19 was defined
as the time of hospital discharge. In terms of eligibility, the
inclusion criteria were hospitalisation-requiring COVID-
19, age 240 years and <10 L oxygen requirement during
hospitalisation. Exclusion criteria were atrial fibrillation/
flutter, acute myocarditis, health conditions that prevent
from participating in the exercise training intervention,
and treatment with interleukin-6 receptor antagonists.

Participants underwent baseline testing, including a
medical health interview and examination, arterial office
blood pressure measurement, 12-lead ECG, a whole-body
dual-energy X-ray absorptiometry, pulmonary function
testing (dynamic spirometry, whole-body plethysmog-
raphy and single-breath diffusing capacity to carbon
monoxide). A maximal oxygen consumption (VOQmaX)
test was performed on a bicycle ergometer with a 5 min
warm-up, immediately followed by a 15 Watt increase
every minute until exhaustion. Participants completed
a Post-COVID-19 Functional Status Scale (PFASS) ques-
tionnaire,17 which yields a score from 0 to 4, where 0
indicates no functional limitations, 1 negligible func-
tional limitations, 2 slight functional limitations, 3
moderate functional limitations and 4 severe functional
limitations.

The participants were allocated to the random
sequence by which order they would complete and eval-
uate the three HIIT protocols in a cross-over design as
described below. Randomisation was performed by a
researcher with no other role in the study who gener-
ated a block randomisation schedule with balanced

permutations stratified by sex. The block sizes were not
disclosed to ensure concealment, and participants were
blinded for the sequence allocation until just before initi-
ating the given HIIT session. To maintain blinding, the
randomised sequence was delivered by email to a study
investigator. The study investigator informed the partic-
ipant before each training session which HIIT protocol
to perform.

No changes in the trial design were made after the start
of the experiments. It was not appropriate or possible to
involve patients or the public in designing, conducting,
reporting or disseminating our research. The original
data that support the findings of this contribution can be
obtained from the corresponding author on reasonable
request.

Exercise training interventions

The three different HIIT protocols, including the specific
training designs, are detailed in table 1. The duration
of the three HIIT protocols was matched in exercise
duration (38 min). A 10 min warm-up was followed by
a block of interval exercises, with a duration between 21
and 25 min depending on the specific protocol, aiming
at reaching a specific percentage of maximal heart rate
(HRmax) for 4x4, maximal workload (Watt_ ) for 6x1 or
subjective effort for 10-20-30 (further details in table 1).
This was followed by a variable cool-down period (3-7
min) depending on the protocol. All exercise sessions
were supervised by educated personnel.

Fidelity and tolerability

Fidelity was assessed by participant adherence to the
prescribed training (dose reduction or dose modifica-
tion) and the achieved intensity (table 1). The latter was
evaluated by rate of perceived exertion (RPE) after each
interval (6-20 Borg scale)'® and after completed training
(1-10 Borg scale),! as well as from minutes above 85% of
HR . Furthermore, enjoymentand perceived tolerance
were evaluated by the 10-point Likert scale.”

The primary qualitative evaluation of the HIIT proto-
cols was an a priori defined composite endpoint based on
three parameters: (1) participant adherence (fidelity),
(2) a 10-point Likert scale (tolerability) and (3) adverse
events (safety). This was displayed by a red-amber-green
system inspired by a previous publication®' (table 2). The
lowest of the three parameters determined the overall
red-amber-green rank of the given HIIT protocol in the
individual participant. No changes in outcomes were
made after the start of the experiments.

Safety

At the baseline visit, all participants underwent a medical
health interview and examination to assess health status.
The following contraindications and precautions were
considered: acute or recurring chest pain or systolic blood
pressure >200 mm Hgz+diastolic blood pressure >100
mm Hg. Safety during exercise training was assessed as
the following, which also served as termination criteria:
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Table 1 Structure of the three different high-intensity interval training protocols

4x4 6x1 10-20-30

Total time 38 min 38 min 38 min

Warm-up 10 min warm-up with a heart rate of 10 min warm-up on 30% of Watt 10 min warm-up at 60%-70% of
60%-70% of HR HR ..

Intervals Four intervals of 4 min at an intensity Six intervals of 1 min at 100% of the Three intervals of 5 min interspersed
that will induce at least 85% of HR_ _~ Watt . by 3 min at 50%-70% of HR .
(starting at 75% of Watt__). Each interval is interspersed by 3 min Each interval set consists of 5 min
Each interval is separated by 3 min  active pauses at 30% of Watt__ . of five repeated 30-20-10 intervals,
active pauses, biking at 50%-70% consisting of 30 s at easy pace, 20 s
of HR .. at medium pace and 10 s at all-out.

Cool-down 3 min cool-down at ~warm up 7 min cool-down at ~warm-up 7 min cool-down at ~warm-up
intensity intensity intensity

Success criteria  The participant must spend at least

25% of the interval above 85% of

Themegarticipant needs to reach 85%
of HR_ during the first 3 min of
each 4 min interval. If the participant
does not reach 85% of HR__, the
last minute of the 4 min interval, the
workload will be increased based

on how far the heart rate is from the
prescribed target.

Likewise, the workload will be
reduced if the RPM falls below 60 or
in the next interval if the HR exceeds
95% of HR .

X

The participant must keep a pace
above 60 rounds per minute during
HR each interval. If the participant is not
capable of keeping the right pace,
the workload will be downgraded by
10% from the next interval.

The participant must spend at least

25% of each interval above 85% of

HR .
ma;

X

HRmax, maximal heart rate; RPM, rounds per minute; Wattmax, maximal workload (in Watt).

onset of angina, signs of poor perfusion (confusion,
nausea, lightheadedness, central cyanosis), requests to
terminate (eg, due to intolerable dyspnoea), and physical
or verbal manifestations of severe fatigue. A 12-lead ECG
was obtained after each HIIT session to assess whether
there was evidence of arrhythmia or myocardial isch-
aemia.

Statistics

The HIIT protocols were compared using analysis of
covariance (ANCOVA) modelling for training intensity
(minutes above 85% of HR ), the Likert scale, RPE
and PFASS. Unless otherwise stated, data are reported
as mean (SD) or median (IQR). The sample size was

Table 2 Red-amber-green system designed to evaluate the three high-intensity interval training protocols

Red

Amber

Green

Dose reduction

Specific dose reduction for
4x4 min

Specific dose reduction for
6x1 min

Specific dose reduction for
10-20-30

Likert scale
(tolerability)

Adverse events

If <50% of the total training duration

is completed
If HR has been above 85% of

max <15% of the time during the

intervals (<2:20)

If the intensity must be

downgraded >10% in five or more of

the intervals
If HR has been above 85% of

max <15% of the time during the

intervals (<2:15)
1-2

If the participant experiences angina,
must stop the training due to any
adverse event or has ST depression
or arrhythmia on the post-training

ECG

If 50%-85% of the training
duration is completed

If HR has been above 85%
of max 15%-24% of the time
during intervals (2:20-3:50)

If the intensity must be
downgraded 10% in 3—4 of
the intervals

If HR has been above 85%
of max 15%-24% of the time
during intervals (2:15-3:40)

3-4
If >3 adverse events are

registered during the training
session

If >85% of the training duration is
completed

If HR has been above 85% of max >25%
of the time during intervals (>3:50)

If the intensity must be downgraded 10%
in <3 of the intervals

If HR has been above 85% of max >25%
of the time during intervals (>3:40)

5+

If <2 adverse events are registered during
the training session

HR, heart rate .
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Total eligible COVID-19 patientsfrom
the hospitals (n = 82)

Patients contacted/patients
interviewed for eligibility(n = 30)

Excluded based on exclusion
criteria(n=9)
Refused to participate (n = 11)

‘ Patients included for baseline (n = 10) ‘

‘ Randomised to HIIT protocols(n = 10) ‘

‘ Analysed (n = 10) ‘

Figure 1 Study flow chart. Flow chart of participants
included in the study.

determined on what was feasible within the local context
under considerations of reducing the number of partic-
ipants to exposure of potential harms. All analyses were
performed using GraphPad Prism, V.7.02 (GraphPad
Software) or STATA/SE (StataCorp) V.16.1, and a two-
tailed p<0.05 was considered statistically significant.

RESULTS

The study flow diagram is shown in figure 1. A total of 10
participants were enrolled and randomised and complied
with the three HIIT protocols, and all participants were
thus included in the analysis (attendance 100%). Base-
line characteristics, including lung function and PFASS
scores, are presented in table 3. All participants except
for one with a restrictive pattern had normal ventila-
tory capacity, while five had reduced diffusing capacity
(mild reduction in three cases, moderate-to-severe in
two cases). Generally, the participants were only mildly
to slightly affected by persisting COVID-19 symptoms
according to PFASS scores, with the highest score of 3 in
one individual. The primary reason for not participating
was feeling too weak to exercise after the infection.

Outcomes of the three HIIT training protocols were
compared by a red-amber-green design (table 2). No
‘red’ training sessions occurred, and only 1/10 training
session in 4x4 was amber due to a low Likert score (toler-
able: 3/10), and 1/10 in the 10-20-30 was amber due
to inadequate time spent >85% of HR _ as prescribed.
The rest of the training sessions were reported as green,
which means all three HIIT protocols are tolerable and
safe (figure 2). No adverse events were reported during
the study, and no angina or ECG changes were seen after
HIIT training.

There was a between-protocol difference in terms of
the exercise intensity when dichotomously assessing for
time spent with a heart rate 285% of HR _ (figure 3A).
In contrast, tolerability as assessed by Likert scale scores
(figure 3B) and RPE (4x4; 5 (2), 6x1; 5 (2), 10-20-30;
6 (2); p=0.28) did not differ between protocols. When
considering HR and RPE changes non-dichotomously,

Table 3 Baseline characteristics

Measurement
(mean (SD) or median (IQR))

Age (years) 61 (8)
Height (cm) 172 (7)
Weight (kg) 78.3 (10.8)
Fat mass (%) 35.5(7.7)
BMD (T-score) 1.22 (0.07)
FEV, (%-pred) 110 (19)
FVC (%-pred) 112 (16)
FEV./FVC 81 (10)
RV (%-pred) 89 (21)
TLC (%-pred) 94 (15)

D, COc (%-pred) 78 (20)
VO, .. (mL/min) 1968 (766)
VO, .. (mL/min/kg) 24.9 (8.8)
Duration of hospitalisation (days) 7 4)

Time since discharge (days) 40 (22-145)
PFASS 2 (0-2)

Anthropometry measured at baseline.

BMD, bone mass density; D, COc, carbon monoxide diffusing
capacity corrected for haemoglobin; PFASS, Post-COVID-19
Functional Status Scale; RPE, rate of perceived exertion; RV,
residual volume; TLC, total lung capacity; VO maximal oxygen
consumption.

2max’

largely similar objective and subjective measures of inten-
sities were observed throughout each protocol (online
supplemental figures 1 and 2).

DISCUSSION

This study compared the fidelity, tolerability and safety of
three HIIT protocols conducted on individuals recently
hospitalised with COVID-19. Our findings indicate that
HIIT is feasible regarding fidelity, tolerability and safety,
regardless of the specific protocol.

No adverse events occurred in any of the HIIT proto-
cols. These results are in line with a previous study on
COVID-19 survivors,16 as well as several studies on other
‘high risk’ patient groups such as ischaemic heart disease
and heart failure in whom it is considered safe.® %2 Thus,
we consider it unlikely that HIIT should be associated
with a high risk of acute adverse cardiovascular events.
This concern was raised in The Stanford Consensus
Statement for Post-COVID-19 Rehabilitation as one of
the primary arguments against HIIT use in these individ-
uals.” However, studies with regular exercise are needed
to determine the long-term safety of HIIT in this context.

We found that while all three HIIT protocols were well
tolerated, the greatest intensity, given by the time spent
above 85% of HR ., was achieved by 4x4. Time spent
above 85% of HR _ was chosen since HIIT is widely
defined as training intensities at 85%-90% of HR g

X

The cut-off, 85% of HRmaX, is arbitrarily defined, and the
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Figure 2 Red-amber-green. Number of ‘red’, ‘amber’ and
‘green’ training sessions of the three high-intensity interval
training protocols.

supplemental graphic overview shows that all proto-
cols performed well with high RPE and HR reaching
maximum in all protocols. These findings, combined with
the strong physiological rationale for HIIT, highlight it
as an attractive option for COVID-19 rehabilitation. This
is further invigorated when considering the widespread
and disease-specific vascular inflammation in COVID-19
that persists after the acute viral infection and which is
thought to contribute to the very diverse cluster of symp-
toms associated with long COVID-19. Potentially, this
may be specifically counteracted with HII'T, where the
pronounced changes in vascular shear stress that occur
between intervals combined with the effects of anti-
inflammatory myokines that are released from working
skeletal muscle in an intensity-dependent manner may
enhance endothelial repair and dampen proinflamma-
tory processes within the vascular wall.”

20 * 15+
15+ ]
S 10
8 2
£ 5
s @ 5
5 &
=
-
0- 0
> N N
[N be (S Qﬁ’
K K
Time > 85% HRmax Tolerability
Figure 3 Intensity and tolerability. (A) Intensity: time spent

with a heart rate >85% of maximum for each protocol. (B)
Tolerability rated by the Likert scale. Data are presented as
mean (95% Cl); 'p=0.028. HR__ , maximal heart rate.

The high composite intensity achieved is the best-
documented means for increasing maximal oxygen
consumption (VO2max) and exerting beneficial cardio-
vascular effects. HIIT has thus been reported to be
superior to continuous endurance training in several
patient groups.” ° These include patients with hyperten-
sion, ischaemic heart disease and heart failure, in which
\'/OQmaX has furthermore been noted as the single best
predictor of mortality.?” ** It remains to be determined
whether this is also the case in various lung diseases, such
as chronic obstructive pulmonary disease. Still, HII'T
has been noted to be associated with higher adherence
in these patients, conceivably because the intermittent
nature of HIIT reduces ventilatory demand and thus
exertional dyspnoea and perceived breathing effort.” *
This may also apply to patients recovering from COVID-
19. Even though the present study is small scale in this
context, and larger randomised controlled studies are
warranted, we posit that HII'T should also be considered
among the preferred training modalities in the rehabili-
tation post-COVID-19.

A strength of the study is the randomised sequence of
the exercise training protocols, which eliminated system-
atic carry-over effects of the previous training protocol.
Another strength is that this is the first study testing HIIT
protocols post-COVID-19 in a supervised manner. More-
over, our research investigated the fidelity, tolerable and
safety of three various HIIT protocols with different work
or intensity periods, thus enabling between-protocol
comparisons.

Some limitations should be considered when inter-
preting the results of this study. First, our results may
be affected by selection bias because the main reason
for declining participation was feeling too weak to exer-
cise, which may indeed be a symptom of long COVID-19.
Our results regarding fidelity and tolerability may thus
have been different if we had studied these patients,
which arguably represent the group that may benefit the
most from targeted rehabilitation. Another important
limitation is the small study size (n=10) which limits the
conclusions, particularly when considering the hetero-
geneity of the participants. Furthermore, we only tested
the fidelity, tolerability and safety to acute HIIT and
cannot draw any firm conclusions regarding training
over extended periods. Even though we expect a HII'T-
based rehabilitation scheme over an extended period to
be feasible, this remains speculative.

In conclusion, we found that individuals recently
recovered from COVID-19 could successfully and safely
complete three acute bouts of the most widely used HII'T
protocols. Our findings highlight that HIIT should be
evaluated as a rehabilitation strategy for post-COVID-19
in future randomised controlled trials.
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