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Introduction

Physical and psychological health are dramatically impacted by onset of spinal cord
injury (SCI). Reductions in peak oxygen uptake (VOzpeak) (9), muscle mass (6), and the onset
of chronic pain (16) and depression (12) contribute to sedentarism and reduced physical function
(10). The recommended 150 min/wk of moderate exercise or 75 min of vigorous exercise for
adults (7) is often unattainable in SCI due to barriers of exercise including lack of access to
specialized facilities, lack of motivation, and the failure of their physician(s) to emphasize the
benefits of exercise (19). Consequently, persons with SCI demonstrate markedly higher rates of
obesity, diabetes, and heart disease than able-bodied populations (2). Overall, there is a need to
identify forms of exercise that are time and cost-efficient, effective, and appealing within the SCI
population.

The efficacy and practicality of high-intensity interval training (HIIT), repeated, brief
bursts of intense exercise separated by recovery, have been repeatedly demonstrated in able-
bodied populations. Data show significant improvements in VOzpeak, glycemic control, and fat
use following only 6 d of HIIT (1, 14). These improvements are similar (3) and in some cases
superior (17) in magnitude compared to those acquired from continuous moderate exercise
(CEX), which meets the public health recommendations for physical activity. Despite the
positive effects of HIIT shown in persons with obesity (20), heart disease (21), and stroke (5), it
has been criticized (8) as being impractical for non-athletes due to the breathlessness, fatigue,
and muscle pain that it induces. Whether HIIT is feasible in persons with SCI is unknown.

In this study, the efficacy and practicality of HIIT for persons with SCI were considered
by examining metabolic and perceptual responses to exercise. It was hypothesized that the
completion of low-volume HIIT would be well-tolerated with no side effects, and perceptual

ratings of exercise enjoyment would be greater in response to HIIT versus CEX.
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Methods
Participants

Nine men and 1 woman (age: 33.3 + 10.4 yr; BMI: 22.6 + 3.1 kg/m?; 2 tetraplegic and 8
paraplegic) completed 4 exercise sessions. Participants were between 18-60 yr of age and had
SCI for 6.8 + 6.2 yr. Exclusion criteria included the presence of any pulmonary, cardiovascular,
or metabolic diseases as well as use of medications or supplements which alter our outcome
measures. This information was confirmed by a standardized health questionnaire.
Baseline Assessment

Initially, participants completed graded arm ergometry (Angio, Lode, Groningen,
Norway) to assess VOzpeak and maximal workload (Wmax). During exercise, heart rate (HR)
was assessed via telemetry (Polar, Woodbury, NY) and gas exchange data were obtained every
15 s using a metabolic cart (ParvoMedics True One, Sandy, Utah). Maximal workload (in Watts)
from this bout was used to determine the exercise intensities of subsequent trials. Blood lactate
concentration (BLa) was measured prior to exercise and 3 min post-exercise (Nova Biomedical,
Lactate Plus, Waltham, Massachusetts).
Completion of HIIT, SIT, and CEX

Three subsequent exercise sessions consisted of CEX, HIIT, and sprint interval training
(SIT) in randomized order. Each session was separated by at least 48 h and performed at the
same time of day within subjects. High intensity interval training consisted of eight 60 s bouts at
70 %Wmax separated by 90 s of recovery at 10 %Wmax. SIT was composed of eight 30 s bouts
at 105% Wmax separated by 120 s of recovery at 10 %Wmax. During CEX, participants
exercised at 45 %Wmax for 25 min. HR and BLa were recorded at the following session

increments: 0%, 25%, 50%, 75%, 100%, and 3-min post exercise.
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Rating of Perceived Exertion and Exercise Enjoyment

Rating of Perceived Exertion (4; RPE) was assessed at 0%, 25%, 50%, 75%, and 100%
of session completion as well as 5 min post-exercise. Participants were informed that RPE was
related to their sensations of breathing, heart rate, and level of fatigue. Ten minutes post-
exercise, the Physical Activity Enjoyment Scale (PACES) was completed (13). This scale was
used to assess levels of enjoyment for each bout using participant responses to 20 questions
scored on a 1 — 7 Likert scale. Afterwards, participants were asked which modality of exercise
they ultimately preferred.
Statistical analyses

Data are reported as mean = SD and were analyzed using SPSS (Chicago, IL). Repeated
measures analysis of variance was used to assess differences in HR, VO3, BLa, and RPE across
time and between exercise modes. One-way ANOVA with repeated measures was used to
examine differences in enjoyment. Significance was set as p < 0.05.
Results

Mean VOpeak was equal to 17.4 £ 4.7 mL/kg/min, respectively. One participant
withdrew from the study after the VOzpeak test due to an unrelated injury, leaving a full set of
data for nine participants.
Differences in VO2, HR, and BLa in response to HIIT, SIT, and CEX

These data are shown in Figure 1a-c. Oxygen uptake (VO.) was significantly different
across time (p = 0.000), and a significant main effect (p = 0.02) and boutXtime interaction (p =
0.003) were observed. Post hoc analyses showed higher VO2 in HIT versus CEX at 75 % and at
end-exercise, when VO was higher in response to HIT and SIT versus CEX. Significant
differences in HR were seen across time (p = 0.000) as well as a significant main effect (p =

0.007) and boutXtime interaction (p = 0.000). At all exercise time points, HR was higher in
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SIT/HIT versus CEX. During HIIT and SIT, VO and HR surpassed 90% of peak values.
Additionally, BLa was significantly different across time (p=0.000) and bouts (p = 0.000), and
data showed a significant boutXtime interaction (p = 0.000). Post hoc analyses revealed that
BLa was different at 25 % (SIT vs. CEX), at 75 % (HIT and SIT vs. CEX), and at 50 and 100 %
(HIT vs. SIT vs. CEX) of session duration.
Differences in Physical Activity Enjoyment and RPE in response to HIIT, SIT, and CEX

PACES was significantly different across bouts (p = 0.008), with post hoc analyses
demonstrating that SIT (103.7 + 12.5) and HIIT (107.4 + 13.4) produced higher enjoyment
versus CEX (81.6 + 25.4). Rating of Perceived Exertion differed across time (p=0.000) and bout
(p=0.02). A significant boutXtime interaction was observed (p=0.000). Post hoc analyses
showed that RPE in HIIT and SIT was higher than CEX at 50, 75, and 100 % of exercise (Figure
1d).
Discussion

Inconsistencies in the severity of SCI make specialized rehabilitation such as locomotor
training or activity-based therapy very costly, time-consuming, and impractical (18). The
identification of practical modalities of exercise for persons with SCI is important to create an
effective wellness plan for this population. According to Burgomaster et al. (3), interval training
has been shown to elicit comparable physiological adaptations to endurance training despite a
much lower training volume and time commitment. Although a lower time commitment of
exercise may increase exercise adherence, whether HIIT is feasible in the SCI population
remains unclear. This study examined differences in enjoyment and various physiological and
psychological variables between CEX and two approaches of HIIT. Our data demonstrated
greater enjoyment in HIIT and SIT compared to CEX despite greater metabolic stress (HR, VOo,

and BLa).
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Three potential factors may explain significantly higher enjoyment found in HIIT/SIT
compared to CEX. The unique structure of HIIT, consisting of brief, intense bursts of exercise
separated by recovery is one possible explanation for these findings. The dynamic structure of
HIIT provides participants with multiple recovery periods that provide a “break” from less
positive affective responses (11) which are seen with continuous exercise. Secondly, participants
in the current study reported CEX as monotonous and generally did not enjoy maintaining a
moderate effort for >25 min. In addition, a certain level of accomplishment is experienced
during HIIT that is not apparent in CEX (11). Overall, this may give the exerciser a greater
amount of self-confidence explaining why significantly more participants preferred HIIT to
CEX. Lastly, the lower total exercise volume of HIIT may reduce perception of difficulty and
increase feelings of pleasure. HIIT does not seem to lead to severely negative perceptions in
individuals unaccustomed to intense exercise (15, 22), and actually appears to augment
perceptual responses compared to prolonged bouts of exercise where continuous effort must be
sustained over an extended period (11). This may make incorporation of chronic HIIT regimes
more appealing in persons on the low end of the fitness spectrum such as persons with SCI.
Conclusion

Low-volume HIIT can be performed by men and women with SCI without
complications. Although HIIT induces higher HR, VO, and BLa compared to CEX, this may
elicit greater enjoyment. Potential exists for chronic HIIT to improve cardiorespiratory fitness

and overall health status in individuals with SCI.



ENJOYMENT OF HIIT TRAINING IN SCI Thum & Astorino 7

References
1. Astorino, TA, Allen, RP, Roberson, DW, Jurancich, M, Lewis, R, McCarthy, K, and
Trost, E. Adaptations to high-intensity training are independent of gender. Eur J Appl

Physiol 111: 1279-1286, 2011.

2. Bauman, WA and Spungen, AM. Coronary heart disease in individuals with spinal cord

injury: assessment of risk factors. J Spinal Cord Med 46(7): 466-476, 2008.

3. Burgomaster, KA, Howarth KR, Phillips SM, Rakobowchuk M, and MacDonald
MJ. Similar metabolic adaptations during exercise after low volume sprint interval
and traditional endurance training in humans. J Physiol 586: 151-160, 2008.

4. Borg G. Borg’s Perceived Exertion and Pain Scales. Champaign, IL: Human Kinetics,
1998.

5. Boyne, P, Dunning, K, Carl, D, Gerson, M, Khoury, J, and Kissela, B. High-intensity

interval training in stroke rehabilitation. Topics Stroke Rehabil 20(4):317-30, 2013.

6. Castro, MJ, Apple, Jr., DF, Hillegass, EA, and Dudley GA. Influence of complete spinal
cord injury on skeletal muscle cross-sectional area within the first 6 months of injury. Eur

J Appl Physiol 80: 373-378, 1999

7. Garber, CE, Blissmer, B, Deschenes, MR, Franklin, BA, Lamonte, MJ, Lee, IM, Nieman,
DC, Swain, DP, and Med, ACS. Quantity and quality of exercise for developing and
maintaining cardiorespiratory, musculoskeletal, and neuromotor fitness in apparently
healthy adults: Guidance for prescribing exercise. Med Sci Sport Exerc 43: 1334-1359,

2011.



ENJOYMENT OF HIIT TRAINING IN SCI Thum & Astorino 8

8.

10.

11.

12.

13.

14.

15.

Hardcastle, SJ, Ray, H, Beale, L, and Hagger, MS. Why sprint interval training is
inappropriate for a largely sedentary population. Front Psychol 5: 1505, 2014.

Hoffman, MD. Cardiorespiratory fitness and training in quadriplegics and paraplegics. J

Sports Med 3(5): 312-330, 1986.

Jacobs, PL and Nash, MS. Exercise recommendations for individuals with spinal cord

injury. J Sports Med 34: 727-751. 2004.

Jung, ME, Bourne, JE, and Little, JP. Where does HIT fit? An examination of the
affective response to high-intensity intervals in comparison to continuous moderate- and
continuous vigorous-intensity exercise in the exercise intensity affect continuum. PL0S

One 9: 114541, 2014.

Kalpakjian, CZ, Bombardier CH, Schomer, K, Brown, PA and Johnson KL. Measuring
depression in persons with spinal cord injury: a systematic review. J Spinal Cord Med

32(1): 6-24, 2009.

Kendzierski, D, and DeCarlo, KJ. Physical activity enjoyment scale: Two validation

studies. J Sport Exerc Psychol 13(1): 50-64, 1991.

Little, JP, Jung, ME, Wright, AE, Wright, W, and Manders RJF. Effects of high-intensity
interval exercise versus continuous moderate-intensity exercise on postprandial glucose
control assessed by continuous glucose monitoring in obese adults. Appl Physiol Nutr

Metab, 2014.

Martinez, N, Kilpatrick, MW, Salomon, K, Jung, ME, and Little, JP. Affective and
enjoyment responses to high-intensity interval training in overweight-to-obese and

insufficiently active adults. J Sport Exerc Psych 37: 138-149, 2015.



ENJOYMENT OF HIIT TRAINING IN SCI Thum & Astorino 9

16.

17.

18.

19.

20.

21,

22.

Nepomuceno,C, Fine, PR, Richards, JS, Gowens H, Stover, SL, and Rantanuabol, M.

Pain in patients with spinal cord injury. Arch Phys Med Rehab 60: 605-609, 1979.

Nybo, L, Sundstrup, E, Jakobsen, MD, Mohr, M, Hornstrup, T, Simonsen, L, Bulow, J,
Randers, MB, Nielsen, JJ, Aagaard, P, and Krustrup, P. High-intensity training versus
traditional exercise interventions for promoting health. Med Sci Sports Exerc

42(10):1951-1958, 2010.

Phillips, SM, Stewart, BG, Mahoney, DJ, Hicks, AL, Mccartney, N, Tang, JE, Wilkinson,
SB, Armstrong, D, and Tarnopolsky, MA. Body-weight-support treadmill training
improves blood glucose regulation in persons with incomplete spinal cord injury. J Appl

Physiol 97: 716-724, 2004.

Scelza, WM, Kalpakjian, CZ, Zemper, ED, and Tate, DG. Perceived barriers to exercise

in people with spinal cord injury. Arch Phys Med Rehab 84(8): 576-583, 2005.

Whyte, LJ, Gill, IMR, and Cathcart, AJ. Effect of 2 weeks of sprint interval training on
health-related outcomes in sedentary overweight/obese men. Metabolism 59(10):1421—

1428, 2010.

Wislgff, U, Staylen, A, Loennechen, JP, Bruvold, M, Rognmo, @, Haram, PM, Tjgnna,
AE, Helgerud, J, Slgrdahl, SA, Lee, SJ and Videm, V. Superior cardiovascular effect of
aerobic interval training versus moderate continuous training in heart failure patients a
randomized study. Circulation 115(24):3086-94, 2007.

Wood, KM, LaValle, K, Greer, K, Bales, B, Thompson, H, and Astorino, TA. Effects of
two regimens of high intensity interval training (HIIT) on acute physiological and

perceptual responses. J Str Cond Res 30(1): 244-250, 2016.



ENJOYMENT OF HIIT TRAINING IN SCI Thum & Astorino 10

Figure Legends

Figure 1a: Change in VO in response to high intensity interval training, sprint interval training,
and continuous exercise. * = p < 0.05 between HIIT and CEX; # = p < 0.05 between HIIT/SIT
and CEX.

Figure 1b: Change in heart rate in response to high intensity interval training, spring interval
training, and continuous exercise. * = p < 0.05 between HIIT/SIT and CEX.

Figure 1c: Change in blood lactate concentration (mM) in response to high intensity interval
training, sprint interval training, and continuous exercise. + = significant difference (p < 0.05)
between SIT and CEX; a = ; p < 0.05 between all bouts; # = p < 0.05 between HIIT/SIT and
CEX

Figure 1d: Change in Rating of Perceived Exertion in response to high intensity interval
training, spring interval training, and continuous exercise. # = p < 0.05 between HIIT/SIT and
CEX.
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