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Abstract
Aim: To evaluate the effect of six weeks of high-intensity interval exercise (HIIE) program on
pain, disability, and autonomic balance in patients with nonspecific chronic low back pain
(NSCLBP). Materials and methods: Eighty patients with mild to moderate NSCLBP of either
sex, with ages of 18-65 years, were recruited from the physiotherapy department at King Fahd
University Hospital, AlKhobar. They were randomly assigned to the control group (n=40), which
received standard regular physiotherapy, or the experimental group (n=40), which received HIIE
in addition to the standard regular physiotherapy. Pre- and post-intervention (after 6 weeks)
assessments included pain intensity through Numerical Rating Scale (NRS), disability through
Oswestry Disability Index (ODI), and autonomic balance through heart rate variability (HRV)
parameters and baroreceptor sensitivity (BRS) at rest and in response to an orthostatic challenge.
Results: There was a significant improvement in pain as well as disability in both groups, with a
greater improvement in both variables in favor of the HIIE group. For the HRV parameters after 6
weeks of intervention, the control group had a statistically significant reduction in high frequency
(HF), and in response to the orthostatic challenge, a significantly higher rise in the normalized low
frequency (LFnu) compared to the baseline. BRS showed a significant reduction and heart rate
recovery was significantly faster post-intervention in the HIIE group in the 2" and 3™ minutes,
compared to the baseline values. Conclusions: HIIE can be a useful addition to the exercise
regimens in practice for NSCLBP patients, as adding HIIE to the standard physiotherapy caused
greater improvement in pain and disability compared to standard physiotherapy alone, with better
autonomic regulation after six weeks of treatment.
Keywords
Chronic low back pain, Oswestry disability index, autonomic balance, heart rate variability.
Introduction

Chronic low back pain (CLBP) is defined as “a back pain problem that has persisted for at
least 3 months and has resulted in pain on at least half of the days in the past six months”. It is a
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highly prevalent condition with great socio-economic impact. Most LBP cases have unclear pain
origin and mechanism and are, therefore, classified as non-specific LBP [1]. Aberrant autonomic
nervous system (ANS) regulation is hypothesized to contribute to the production and persistence
of muscle chronic pain [2]. Regular exercise can avert the development of chronic pain and
autonomic dysfunction [3,4]. Conversely, pain-induced physical inactivity leads to
deconditioning, which causes an imbalance in autonomic activity. Increased sympathetic tone, in
turn, leads to regional ischemia that further aggravates the pain [5].

The cardiac baroreflex system responsible for blood pressure beat-to-beat control is
interconnected with body analgesia systems, giving rise to links between cardiovascular
parameters such as blood pressure, and baroreceptor sensitivity (BRS) with acute pain reactions
[6]. These closely interlinked cardiovascular/ pain modulatory systems are modified in individuals
with chronic pain [7]. Patients suffering from chronic pain were reported to have a reduction in
high-frequency heart rate variability (HRV), suggestive of reduced parasympathetic activity [8].
The ANS activity in humans can be monitored by measuring HRV and BRS which, compared to
the simple routine measurements of heart rate and blood pressure, provides a better and more
sensitive means for early indication of autonomic complications [9].

Exercise therapy is an effective strategy to treat CLBP [10]. Though there are no clear
recommendations for a particular type of exercise for managing CLBP, some studies are in favor
of intense exercise [11], especially, high-intensity aerobic exercise, with positive results [12].
High-intensity interval exercise (HIIE) is where short spurts of high-intensity exercise are
interposed with rest intervals [13]. According to which HIIE protocol is applied, different benefits
could be gained (e.qg., increased blood flow, improved metabolic function, vs. regenerating creatine
phosphate) [13].

There are hardly any studies in Saudi Arabia addressing the effects of HIIE on patients
suffering from nonspecific CLBP, especially from the autonomic aspect. Therefore, this study
explored the effects of six-week training with HIIE on pain, disability, and autonomic regulation
in patients with nonspecific CLBP.

Materials and methods
Design and study settings

This study was designed as a randomized controlled trial. The practical aspect lasted from
17" August 2018 to 6™ January 2019 and was conducted in the Physiology department at Imam
Abdulrahman Bin-Faisal University while the patients’ recruitment was carried out at the
physiotherapy department of King Fahd University hospital.

Ethical approval and patients’ consent

The research related to human use complied with all the relevant national regulations and
institutional policies followed the tenets of the Declaration of Helsinki and had been approved by
the Research Ethics Committee of Imam Abdurrahman Bin-Faisal University (IRB-PGS-2018-01-
076). Each participant was informed about the nature, purpose, and benefits of the study, the right
to refuse or withdraw at any time, and the confidentiality of any obtained data. Then, informed
consent had been obtained from all participants included in this study before starting.
Participants

To avoid a type Il error, a preliminary power analysis [power (1—a error P) = 0.95, a =
0.05, effect size = 0.32, with a two-tails for a comparison of 2 independent groups] determined a
sample size for each group in this study. This effect size was calculated accordingly after a pilot
study on 12 participants (6 in each group) considering HRV at a lying position as a primary
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outcome. A sample size of 33 participants per group was necessary. The sample size was increased
to 40 per group to allow for dropouts and missing data.

Consequently, a convenient sample of both sexes with nonspecific CLBP was recruited
from the physiotherapy department at King Fahad University Hospital. All CLBP patients had
mild to moderate lumbar pain with no evidence of specific origin that lasted > 3 months. Their
ages were from 18 to 60 years and their body mass index (BMI) was from 18.5 to 34.9 kg/m?.

Secondary LBP, osteoporosis, osteoarthritis, sciatica, generalized neuromuscular problem,
deformities, fractures, walking with assistive devices, any diagnosed disease likely to interfere
with exercise on bicycle ergometer or safety of the subject (e.g., cardiac, or respiratory diseases),
any disease with known autonomic complications (e.g., diabetes), pregnancy, and lactation were
all exclusion criteria. Patients receiving medications that could interfere with heart rate variability
(HRV) variables (e.g., beta blockers and calcium antagonists) were also excluded.
Randomization
After screening for eligibility, the participants were randomly assigned into two equal groups;
control group and experimental group, each had forty participants, with the use of a computer-
based randomization program., and no dropouts occurred after randomization, Figure 1.
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Figure 1. Study design flow chart

Interventions
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The CLBP patients of the control group received a 45-minute standard physiotherapy
program consisting of heat therapy and interferential electrical current, twice per week for 6 weeks.
For the study group, patients received a supervised exercise program of HIIE for 20 minutes, two
sessions per week, for six weeks using a computerized controlled ergometer bicycle, in addition
to the standard physiotherapy program as the control.

Each patient in both groups was comfortably placed in a prone lying position, with a
cushion below the abdominal area and forefoot zone. The hot pack was wrapped with a towel and
applied to the lumber region for approximately 15 minutes. After the removal of the hot pack, the
lumber area was dried from excessive water with a paper towel [14]. For applying the interferential
current, in the prone lying position, four cutaneous electrode pads (8x6 cm) (Phyaction 787,
Uniphy, Eindhoven, NL) were applied on the painful lumbar area using gel and fixation tape. The
carrier frequency was 4000Hz, with a frequency amplitude of 20Hz for 30 minutes, and intensity
according to patients’ tolerance. After the removal of electrodes, the lumber area was cleaned with
a paper towel to remove the excessive gel. Following each use, electrodes were washed in running
water and then, dried with paper towels [15].

For the HIIE, after instructing the patients to evacuate the bladder and report any symptoms
to stop the exercise, the predicted HRmax was calculated according to the formula: heart rate
maximum (220-age). Then, a Graded Maximal Exercise test (GME) was done for prescribing
exercise intensity using a Polar belt and ECG setup [16]. After determining the suitable intensity,
training was performed on a computerized controlled ergometer bicycle. Each session of HIIE
consisted of warm-up (3 minutes of cycling with an intensity of 10 watts), interval exercise (10
repetitions of 60-second bursts at 80% of the HRmax interspersed by 60 seconds of recovery), and
cool down (5 minutes at a power of 20 watts). The HR was continuously displayed to maintain the
exercise intensity level.

Assessment of outcomes

The descriptive data for every patient including age, BMI, baseline heart rate, and blood
pressure were taken and recorded. All variables were assessed for each patient at baseline and after
six weeks of treatment. The pain intensity was assessed through a numerical rating scale, the LBP-
causing disability, through the Oswestry disability index (ODI), the HRV by ECG recording, and
BRS by Finometer

To assess pain, each patient was asked to place a mark along the line of the scale to denote
his/her level of pain [1]. For identifying disability levels using ODI, the scores of each section
were summated, divided by 50 which is the total score and multiplied by 100 to provide a
percentage of disability. A percentage of 0-20% indicated minimal disability, 21-40% indicated
moderate disability, 41-60% indicated severe disability, 61-80% indicated crippling back pain and
81-100% indicated bedbound [17].

Using the ECG, identifying cardiac cycle was done through the R wave of each QRS
complex. The R-R intervals were used to measure the frequency domain parameters of HRV (HF,
LF, LF/HF ratio). For measuring BRS using Finometer Pro (FMS, Netherlands), the peaks of the
pressure waves were detected, and the peak-to-peak interval was calculated and recorded from the
finger cuff. To analyze resting hemodynamic recording, the cardiac BRS (in milliseconds per
millimeter of mercury) was measured by the spontaneous baroreflex (SBR) method [18].
Statistical analysis
Data were entered in Microsoft excel and all data analysis was performed using SPSS for windows
version 20.0 (SPSS Inc., Chicago, IL). Prior to final analysis, data were screened for normality
assumption, homogeneity of variance, and presence of extreme scores, as a pre-requisite for

1843



Haya Mohammed AlMaawy! , Mohammad Othman Abu Omrain??
+ Fahmy Abdullah Ahmed Darwish??, Raed Mohammed Alnodali? ,
Yahya Abduallah Hudess3® , Nora Ahmed Bakri¢

parametric calculations of the analysis of difference. The homogeneity of variance test and test of
normality were done using Shapiro-Wilk test. Based on the results, the non-parametric Wilcoxon
Signed Rank and Mann-Whitney U tests were used for pain, disability normalized low frequency
(LFnu), and BRS within and between groups comparisons, respectively. Continuous independent
variables (high frequency (HF), normalized HF (HFnu), LF, LF/HF Ratio, and heart rate recovery
(HRR) parameters) were examined by t-test and analysis of variance. For normally distributed
data, MANOVA was applied to see the differences within and between the groups. P-value of less
than 0.05 was considered significant in all statistical analyses.

Results

Eighty CLBP patients were assigned to either the control group (standard physiotherapy
program) or the study group (HIIE added to the standard physiotherapy program). Distribution of
gender inside each group was unequal, with 15 males and 19 females in the HIIE group vs. 8
males and 24 females in the control group. Analysis has shown no significant differences between
groups for baseline data except for age. The HIIE group's mean age was significantly lower
(P=0.000) (Table 1).

Pain intensity and disability

Within groups, there was a significant decrease (p<0.05) in both pain intensity and
disability in both groups. Mann-Whitney U tests showed insignificant differences (p>0.05)
between both groups at baseline in both pain intensity and ODI. However, there was a significant
decrease (p<0.05) after six weeks of treatment for HIIE group in comparison to control group in
both variables (Table 2).

HRV parameters in Standing Position

Concerning LF, HF, HFnu, and LF/HF Ratio, multiple pairwise comparison tests (Post hoc
tests) of two-way MANOVA showed insignificant differences (p>0.05) within groups for all these
dependent variables except for HF and HFnu. There was a significant reduction (p<0.05) in HF
and HFnu for control group after six weeks of treatment compared to baseline. Between groups,
there were no significant differences (P>0.05) in the mean values of all variables at baseline and
after six weeks of treatment. For LFnu parameter, tests revealed no significant differences (p>0.05)
within or between groups (p>0.05), comparing baseline results to six weeks of treatment (Table
3).

HRV parameters in response to orthostatic challenge (from lying to standing)

Within groups, there was a statistically significant increase in LFnu post-treatment in the
control group compared to baseline (p=0.034), while on comparing both groups, there was a
difference between groups though the difference did not reach statistical significance (P= 0.053)
(Table3).

HRR parameters after exercise at different periods

Within groups, results have shown a statistically significant increase (p<0.05) of mean
values for relative HRR at the 2" minute (%HRR2) and the 3 minute (%HRR3) for the HIIE
group after six weeks post-exercise as compared to baseline. While there were statistically
insignificant differences (p>0.05) in other dependent variables (maximal heart rate (HRmax), HRR
at 1%, 2" & 3 minutes, and relative HRR at the 1% minute (%HRR1) in both groups. Between
groups, there was no statistically significant (p>0.05) mean difference in any of the dependent
variables at both measuring periods (baseline and post-intervention) (Table 4).

BRS values in supine and standing
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Within groups, there was a significant reduction of BRS in HIIE group after six weeks of
treatment in comparison to baseline. On comparing both groups, no significant differences were
found (p>0.05) in the mean BRS values at baseline or after six weeks of treatment (Table 4).
Discussion

This study was conducted to assess the effect of HIIE added to a standard physiotherapy
program of heat and interferential current on the pain, disability, and autonomic function of
patients with nonspecific CLBP. The HIIE group showed a significantly greater improvement in
pain and disability compared to control group. HIIE group, also, exhibited significantly better
autonomic regulation as revealed by better reactivity to orthostatic stress and a faster HR recovery
after 6 weeks of treatment compared to control group. The study utilized that type of intervention
(HIIE) for the study group as it represents an acceptable exercise type with optimal adaptations
and great tolerability because of recovery produced by its intermittent nature. It is considered safe
for both young and old aged people as well as persons with certain diseases or disabilities, with no
significant adverse effects [19].

The improvement in pain and functional level within the control group could be supported
by Rajfur et al. [20], who concluded that selected electrotherapeutic modalities were successful in
relieving pain and improving functional disability of patients with CLBP. More significant pain
intensity reduction shown in HIIE group could be attributed to controlling the inflammatory
markers that are responsible for inflammation and pain sensation in LBP patients [21]. This finding
and that regarding the superior improvement of functional disability in the HIIE group were
confirmed by Chatzitheodorou et al. [22], who found that 12 weeks of high-intensity exercise
resulted in more pain relief and greater improvement in functional ability than passive
interventions (electrotherapy).

Similarly, Murtezani et al [12] observed a significant improvement in pain and disability
with high-intensity aerobic exercise in CLBP patients whereas the passive group did not show any
significant improvement. On the contrary, Verbrugghe et al. [23] reported a non-significant
difference in pain level or disability of CLBP patients between the high-intensity group and
conventional physical therapy group after 6 weeks of treatment. However, none of these
investigators used HIIE; the mode of exercise was high-intensity aerobic exercise which was not
easy to maintain for longer periods at a sufficiently high level of heart rate or oxygen consumption.

As for HRV parameters, HF was significantly reduced post-treatment only in the control
group. HF is thought to represent vagal activity and reduced vagal activity indicates a trend toward
reduced autonomic regulation [8]. In other words, the HIIE group had better autonomic regulation
compared to control group. Regular physical exercise is known to increase parasympathetic
activity and/or reduce sympathetic activity thereby leading to an increase in HF and a reduction in
LF components of HRV power [24].

In response to orthostatic challenge, the rise in LFnu was significantly lower in HIIE group
compared to control group post-intervention. This was associated with a lower LF/HF ratio with
HIIE compared to control. As the person assumes an upright posture there is increased sympathetic
activity, manifested as an increase in LFnu and LF/HF ratio and sympathovagal balance would be
tilted in favor of sympathetic dominance [25]. The control group exhibited an exaggerated
response to orthostatic challenge with heightened sympathetic activity and/or associated reduced
parasympathetic activity. This was an indication that autonomic balance was better in the HIIE
group at 6 weeks post-treatment.

The same findings were observed by Heydari et al. [26] found a significant improvement
in HRV parameters (LF and HF) after 12 weeks of HIIE in young-aged males. Additionally,
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Fronchetti et al. [27] reported a greater HRV threshold after 3 weeks of HIIE. These changes might
be related to delayed parasympathetic withdrawal throughout incremental exercise. In contrast,
some studies [28,29] reported a minor improvement, while others [30] did not find any alteration
following training for five weeks to five months [28-30]. The lack of improvement could be
attributed to inadequate training intensities, meaning that exercises were stopped before reaching
supramaximal intensities [31]. Moreover, Hottenrott et al. [32] reported that exercise programs of
short durations (less than three months) were not sufficient to induce vagal modulation changes in
healthy and unhealthy people. Therefore, the short duration of the present study (6 weeks) could
contribute to the non-significant changes in most of the parameters found in HRV measures.

Inconsistencies across HRV studies could be due to variable participants' age and physical
activity level; poor reporting, removal and/or correction procedures; use of different frequency
bandwidths and normalization methods for spectral measuring of LF and HF; width difference in
HRV measures between subjects of the same study; and failure of studies to identify the normal
and abnormal values.

Post-treatment, the recovery of heart rate was significantly faster in HIIE group, evidenced
by significantly higher %HRR2 and %HRR3, with no significant difference between both groups.
Generally, the initial 30-60 seconds of HHR after exercise cessation are dominated by the
reactivation of parasympathetic nervous system, whereas the subsequent recovery is the result of
parasympathetic activity and sympathetic withdrawal [33]. A faster recovery points towards better
autonomic regulation in the sense of faster activation of parasympathetic system coupled with
inactivation of sympathetic system [34].

Villelabeitia-Jaureguizar et al. [35] examined the effect of HIIE for 8 weeks on HRR in
subjects having coronary heart disease and found a significant increase in HRR at 1% and 2" minute
after training cessation. Also, Stdggl and Bjorklund [36] evaluated the effect of different training
intensities on acute HRR in athletes participating in endurance sports and found that the HIIE
group had improvement in acute HRR after 9 weeks of training. Kannankeril et al. [37] have
attributed the significant reduction in early HRR following exercise at high intensity to
sympathetic withdrawal accompanied by an increased parasympathetic activation.

Conversely, Currie et al. [38] reported that 12 weeks of HIIE in coronary artery disease
patients resulted in non-significant changes in HRR in the first two minutes after training cessation.
They explained the lack of improvement by the optimum medical management in addition to the
normative pre-training status of their sample [38]. The differences among studies regarding HRR
after exercise cessation could be related to the variation in the method used for obtaining HRR
(passive or active), the definite recovery minute assessed, and the difference in dichotomous cut
points identifying normal and abnormal HRR values [16, 35].

The response of BRS in the HIIE to orthostatic challenge was the expected one, i.e., a
reduction in BRS value on assuming the standing posture, as standing leads to increased
sympathetic activity, manifested as a reduction in the BRS [39]. The BRS measurement in
response to HIIE could indicate the alterations in cardiovascular health, in addition to the time
efficiency advantages of HIIE [40]. The reduction in BRS observed in the study could probably
be because of the reading method of the BRS values, which was the momentary reading at a
particular time not averaged.

The study results were inconsistent with Heydari et al. [26] and Pichot et al. [41], who
found a significant increase in BRS following HIIE training in young males (for 12 weeks) and
old males (for 14 weeks), respectively. Additionally, the results of the current study disagreed with
Cassidy et al. [42], who reported that 12 weeks of unsupervised HIIE caused non-significant
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changes in BRS in type 2 diabetic patients. However, the lack of improvement in that study could
be related to the lack of supervision of the exercise [42].

The discrepancy in BRS results between the current study and the previous studies could
be related to the difference in subjects’ age and level of physical activity as both aging and low
physical activity level can induce structural and functional alterations of the arteries through
decreasing elastin and increasing collagen, resulting in arterial dispensability reduction and arterial
stiffness increase [43]. Also, BMI, level of central adiposity and incorporation of low caloric diet
could affect BRS results [43]. It is possible that a minimum period of chronic pain persistence is
required to affect pain circuits integrating with autonomic centers to exhibit any appreciable effect
[6]. Pinna et al. [9] have also warned that within-subject variability is high in the measurements
of spontaneous BRS and this fact needs to be kept in mind when BRS measurements are used to
detect treatment effects in individual patients.

Study limitations

In the present study, we relied on the HRmax which shows a good correlation with oxygen
consumption. Yet, the gold standard for assessing maximal ability/physical fitness is maximal
oxygen consumption, but it was not possible because of logistic problems. The study involved
both sexes despite the known gender differences in HRV values. Evaluation of the long-term
influence of HIIE on pain, disability, and autonomic function (balance) could not be done. Also,
the BRS patients’ recorded values were momentary while to confirm the findings, the average BRS
values should have been considered.

Conclusions

Based on the results, it could be concluded that HIIE intervention with standard physiotherapy for
6 weeks led to a significantly greater improvement in pain, disability, better reactivity to orthostatic
stress and a faster HR recovery compared to standard physiotherapy alone in the patients suffering
from mild to moderate NSCLBP. Thus, HIIE can be a useful, efficacious addition to the standard
regimens in CLBP patients.

Conflict of interest

The authors declared no conflict of interest.

The sources of funding for the study

Not applicable

Acknowledgments

References

1. Chiarotto A, Ostelo RW, Turk DC, et al. Core outcome sets for research and clinical
practice. Braz J Phys Ther. 2017 Mar-Apr;21(2):77-84. doi: 10.1016/j.bjpt.2017.03.001.
PMID: 28460714.

2. Hallman, DM, Lyskov E. Autonomic Regulation in Musculoskeletal Pain. In: Ghosh, S.,
editor. Pain in Perspective [Internet]. London: IntechOpen; 2012. Available from:
https://www.intechopen.com/chapters/40388 doi: 10.5772/51086

3. Sabharwal R, Rasmussen L, Sluka KA, Chapleau MW. Exercise prevents development of
autonomic dysregulation and hyperalgesia in a mouse model of chronic muscle pain. Pain.
2016 Feb;157(2):387-398. doi: 10.1097/j.pain.0000000000000330. PMID: 26313406.

4. Leung A, Gregory NS, Allen LH, Sluka KA. Regular physical activity prevents chronic
pain by altering resident muscle macrophage phenotype and increasing interleukin-10 in
mice. Pain. 2016 Jan;157(1):70-79. doi: 10.1097/j.pain.0000000000000312. PMID:
26230740.

1847



Haya Mohammed AlMaawy! , Mohammad Othman Abu Omrain??
+ Fahmy Abdullah Ahmed Darwish??, Raed Mohammed Alnodali? ,
Yahya Abduallah Hudess3® , Nora Ahmed Bakri¢

10.

11.

12.

13.

14.

15.

16.

17.

18.

Kulshreshtha P, Deepak KK. Autonomic nervous system profile in fibromyalgia patients
and its modulation by exercise: a mini review. Clin Physiol Funct Imaging. 2013
Mar;33(2):83-91. doi: 10.1111/cpf.12000. PMID: 23383685.

Bruehl S, Chung OY. Interactions between the cardiovascular and pain regulatory systems:
an updated review of mechanisms and possible alterations in chronic pain. Neurosci
Biobehav Rev. 2004 Jul;28(4):395-414. doi: 10.1016/j.neubiorev.2004.06.004. PMID:
15341037.

Maixner W, Greenspan JD, Dubner R, et al. Potential autonomic risk factors for chronic
TMD: descriptive data and empirically identified domains from the OPPERA case-control
study. J Pain. 2011 Nov;12(11 Suppl):T75-91. doi: 10.1016/j.jpain.2011.09.002. PMID:
22074754.

Tracy LM, loannou L, Baker KS, et al. Meta-analytic evidence for decreased heart rate
variability in chronic pain implicating parasympathetic nervous system dysregulation.
Pain. 2016 Jan;157(1):7-29. doi: 10.1097/j.pain.0000000000000360. PMID: 26431423.
Pinna GD, Maestri R, La Rovere MT. Assessment of baroreflex sensitivity from
spontaneous oscillations of blood pressure and heart rate: proven clinical value? Physiol
Meas. 2015 Apr;36(4):741-53. doi: 10.1088/0967-3334/36/4/741. PMID: 25798657.
Hayden JA, Cartwright JL, Riley RD, et al. Exercise therapy for chronic low back pain:
protocol for an individual participant data meta-analysis. Syst Rev. 2012 Dec 21;1:64. doi:
10.1186/2046-4053-1-64. PMID: 23259855.

Koes BW, van Tulder M, Lin CW, et al. An updated overview of clinical guidelines for the
management of non-specific low back pain in primary care. Eur Spine J. 2010
Dec;19(12):2075-94. doi: 10.1007/s00586-010-1502-y. PMID: 20602122.

Murtezani A, Hundozi H, Orovcanec N, et al. A comparison of high intensity aerobic
exercise and passive modalities for the treatment of workers with chronic low back pain: a
randomized, controlled trial. Eur J Phys Rehabil Med. 2011 Sep;47(3):359-66. PMID:
21602759.

Buchheit M, Laursen PB. High-intensity interval training, solutions to the programming
puzzle: Part I: cardiopulmonary emphasis. Sports Med. 2013 May;43(5):313-38. doi:
10.1007/s40279-013-0029-x. PMID: 23539308.

French SD, Cameron M, Walker BF, et al. Superficial heat or cold for low back pain.
Cochrane  Database Syst Rev. 2006 Jan  25;2006(1):CD004750. doi:
10.1002/14651858.CD004750.pub2. PMID: 16437495.

Dohnert MB, Bauer JP, Pavdo TS. Study of the effectiveness of interferential current as
compared to transcutaneous electrical nerve stimulation in reducing chronic low back pain.
Rev pain 16 (1) 2015; 16(1): 27-31.

Al Haddad H, Laursen PB, Chollet D, et al. Reliability of resting and postexercise heart
rate measures. Int J Sports Med. 2011 Aug;32(8):598-605. doi: 10.1055/s-0031-1275356.
PMID: 21574126.

Fairbank JC, Pynsent PB. The Oswestry Disability Index. Spine (Phila Pa 1976). 2000 Nov
15;25(22):2940-52; discussion 2952. doi: 10.1097/00007632-200011150-00017. PMID:
11074683.

Pinna GD, Maestri R, Torunski A, et al. Heart rate variability measures: a fresh look at
reliability. Clin Sci (Lond). 2007 Aug;113(3):131-40. doi: 10.1042/CS20070055. PMID:
17381425.

1848



19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

33.

Effect of high-intensity interval exercise on pain, disability, and autonomic
balance in patients with nonspecific chronic low back pain

Bhati P, Bansal V, Moiz JA. Comparison of different volumes of high-intensity interval
training on cardiac autonomic function in sedentary young women. Int J Adolesc Med
Health. 2017 Aug 24;31(6):/j/ijamh.2019.31.issue-6/ijamh-2017-0073/ijamh-2017-
0073.xml. doi: 10.1515/ijamh-2017-0073. PMID: 28837421.

Rajfur J, Pasternok M, Rajfur K, et al. Efficacy of Selected Electrical Therapies on Chronic
Low Back Pain: A Comparative Clinical Pilot Study. Med Sci Monit. 2017 Jan 7;23:85-
100. doi: 10.12659/msm.899461. PMID: 28062862.

da Cruz Fernandes IM, Pinto RZ, Ferreira P, Lira FS. Low back pain, obesity, and
inflammatory markers: exercise as potential treatment. J Exerc Rehabil. 2018 Apr
26;14(2):168-174. doi: 10.12965/jer.1836070.035. PMID: 29740548

Chatzitheodorou D, Kabitsis C, Malliou P, Mougios V. A pilot study of the effects of high-
intensity aerobic exercise versus passive interventions on pain, disability, psychological
strain, and serum cortisol concentrations in people with chronic low back pain. Phys Ther.
2007 Mar;87(3):304-12. doi: 10.2522/ptj.20060080. PMID: 17284546.

Verbrugghe J, Agten A, Eijnde BO, et al. Feasibility of high intensity training in
nonspecific chronic low back pain: A clinical trial. J Back Musculoskelet Rehabil.
2018;31(4):657-666. doi: 10.3233/BMR-170810. PMID: 29526840.

Buchheit M, Gindre C. Cardiac parasympathetic regulation: respective associations with
cardiorespiratory fitness and training load. Am J Physiol Heart Circ Physiol. 2006
Jul;291(1):H451-8. doi: 10.1152/ajpheart.00008.2006. PMID: 16501030.

Novak P. Quantitative autonomic testing. J Vis Exp. 2011 Jul 19;(53):2502. doi:
10.3791/2502. PMID: 21788940.

Heydari M, Boutcher YN, Boutcher SH. High-intensity intermittent exercise and
cardiovascular and autonomic function. Clin Auton Res. 2013 Feb;23(1):57-65. doi:
10.1007/s10286-012-0179-1. PMID: 23104677.

Fronchetti, L. Nakamura FY, de-Oliveira FR, et al. Effects of high-intensity interval
training on heart rate variability during exercise. J Exerc Physiol Online (JEPonline). 2007
August; 10(4): 1-9.

Perini R, Tironi A, Cautero M, et al. Seasonal training and heart rate and blood pressure
variabilities in young swimmers. Eur J Appl Physiol. 2006 Jul;97(4):395-403. doi:
10.1007/s00421-006-0174-0. PMID: 16636862.

Garet M, Tournaire N, Roche F, et al. Individual Interdependence between nocturnal ANS
activity and performance in swimmers. Med Sci Sports Exerc. 2004 Dec;36(12):2112-8.
doi: 10.1249/01.mss.0000147588.28955.48. PMID: 15570148.

Hedelin R, Wiklund U, Bjerle P, Henriksson-Larsén K. Pre- and post-season heart rate
variability in adolescent cross-country skiers. Scand J Med Sci Sports. 2000 Oct;10(5):298-
303. doi: 10.1034/j.1600-0838.2000.010005298.x. PMID: 11001398.

Buchheit M, Millet GP, Parisy A, et al. Supramaximal training and postexercise
parasympathetic reactivation in adolescents. Med Sci Sports Exerc. 2008 Feb;40(2):362-
71. doi: 10.1249/mss.0b013e31815aa2ee. PMID: 18202564.

Hottenrott K, Hoos O, Esperer HD. Herzfrequenzvariabilitait und Sport [Heart rate
variability and physical exercise. Current status]. Herz. 2006 Sep;31(6):544-52. German.
doi: 10.1007/s00059-006-2855-1. PMID: 17036185.

Beltrame T, Catai AM, Rebelo AC, et al. Associations Between Heart Rate Recovery
Dynamics With Estradiol Levels in 20 to 60 Year-Old Sedentary Women. Front Physiol.

1849



Haya Mohammed AlMaawy! , Mohammad Othman Abu Omrain??
+ Fahmy Abdullah Ahmed Darwish??, Raed Mohammed Alnodali? ,
Yahya Abduallah Hudess3® , Nora Ahmed Bakri¢

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

2018 May 15;9:533. doi: 10.3389/fphys.2018.00533. PMID: 29867572; PMCID:
PMC5962759.

Pecanha T, Silva-Janior ND, Forjaz CL. Heart rate recovery: autonomic determinants,
methods of assessment and association with mortality and cardiovascular diseases. Clin
Physiol Funct Imaging. 2014 Sep;34(5):327-39. doi: 10.1111/cpf.12102. Epub 2013 Nov
17. PMID: 24237859.

Villelabeitia-Jaureguizar K, Vicente-Campos D, Senen AB, et al. Effects of high-intensity
interval versus continuous exercise training on post-exercise heart rate recovery in
coronary heart-disease patients. Int J Cardiol. 2017 Oct 1;244:17-23. doi:
10.1016/j.ijcard.2017.06.067. Epub 2017 Jun 17. PMID: 28648356.

Stoggl TL, Bjorklund G. High Intensity Interval Training Leads to Greater Improvements
in Acute Heart Rate Recovery and Anaerobic Power as High Volume Low Intensity
Training. Front Physiol. 2017 Aug 2;8:562. doi: 10.3389/fphys.2017.00562. PMID:
28824457.

Kannankeril PJ, Le FK, Kadish AH, Goldberger JJ. Parasympathetic effects on heart rate
recovery after exercise. J Investig Med. 2004 Sep;52(6):394-401. doi: 10.1136/jim-52-06-
34. PMID: 15612453.

Currie KD, Rosen LM, Millar PJ, et al. Heart rate recovery and heart rate variability are
unchanged in patients with coronary artery disease following 12 weeks of high-intensity
interval and moderate-intensity endurance exercise training. Appl Physiol Nutr Metab.
2013 Jun;38(6):644-50. doi: 10.1139/apnm-2012-0354. Epub 2013 Jan 17. PMID:
23724882.

Gerritsen J, TenVoorde BJ, Dekker JM, et al. Measures of cardiovascular autonomic
nervous function: agreement, reproducibility, and reference values in middle age and
elderly subjects. Diabetologia. 2003 Mar;46(3):330-8. doi: 10.1007/s00125-003-1032-9.
PMID: 12687330.

La Rovere MT, Pinna GD, Raczak G. Baroreflex sensitivity: measurement and clinical
implications. Ann Noninvasive Electrocardiol. 2008 Apr;13(2):191-207. doi:
10.1111/5.1542-474X.2008.00219.x. PMID: 18426445.

Pichot V, Roche F, Denis C, et al. Interval training in elderly men increases both heart rate
variability and baroreflex activity. Clin Auton Res. 2005 Apr;15(2):107-15. doi:
10.1007/s10286-005-0251-1. PMID: 15834767.

Cassidy S, Vaidya V, Houghton D, et al. Unsupervised high-intensity interval training
improves glycaemic control but not cardiovascular autonomic function in type 2 diabetes
patients: A randomised controlled trial. Diab Vasc Dis Res. 2019 Jan;16(1):69-76. doi:
10.1177/1479164118816223. Epub 2018 Dec 12. PMID: 30541346; PMCID:
PMC6327303.

Fleg JL, Strait J. Age-associated changes in cardiovascular structure and function: a fertile
milieu for future disease. Heart Fail Rev. 2012 Sep;17(4-5):545-54. doi: 10.1007/s10741-
011-9270-2. PMID: 21809160.

1850



Effect of high-intensity interval exercise on pain, disability, and autonomic
balance in patients with nonspecific chronic low back pain

Tablel. Descriptive statistics of patients in both groups:

Variables HIIE group (N=40)  Control (N=40) P value
Mean (SD) Mean (SD)
Age (year) 29.14(8.95) 39.24(13.51) 0.000*
Height (cm) 161.4(10.55) 159.82(9.32) 0.411
Weight (kg) 70.01(12.65) 74.03(11.46) 0.143
BMI (kg/m?) 27.52(4.73) 28.80(5.04) 0.201
Heart rate (bpm) 80.92(13.38) 81.26(12.61) 0.561
SBP (mmHg) 120.79(16.30) 121.82(15.48) 0.954
DBP (mmHg) 70.21(11.78) 73.44(9.87) 0.054

Data were expressed as mean (SD), N=Number of subjects, BMI=Body Mass Index, SBP: systolic
blood pressure, DBP: diastolic blood pressure
*: significant p-value < 0.05

Table 2. Comparison between both groups in pain, and disability
HIIE Group
(n=40) Control Group (n=40)

Variables and
measuring times

P-value between Group

Median (IQR) Median (IQR)
Pain Intensity (0-10 NRS)

Baseline 4 (3) 5(2) 272
6 Weeks 0(2) 2.5 (4) .000*
P-Value within .0005 0005

groups

ODI (0-100)

Baseline 13.5 (10.5) 20 (18.5) .050
6 Weeks 6 (8) 12.5 (14) .002
P-Value within 0001 0001

groups

IQR: Interquartile range, NRS=Numerical Rating Scale, ODI= Oswestry Disability Index, HVR:
heart rate variability *: significant p-value < 0.05.

Table 3. Comparison of HRV parameters in standing & in response to orthostatic stress
between both groups
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HIIE Group P-value between Group
Variables (n=40) Control Group (n=40)
HRV parameters in standing

Mean (SD) Mean (SD)
High frequency (ms?)
Baseline 2.58(0.51) 2.79(0.65) 0.171
6 Weeks 2.62(0.55) 2.51(0.45) 0.409
P-Value within 0.762 0.027%
groups
Normalized high frequency
Baseline 1.43(0.23) 1.54(0.2) 0.057
6 Weeks 1.42(0.26) 1.43(0.23) 0.824
P-Value within 0777 0.047%
groups
Low frequency (ms?)
Baseline 2.96(0.42) 2.98(0.53) 0.92
6 Weeks 2.99 (0.36) 2.86(0.3) 0.165
P-Value within 0.782 0.174
groups
Normalized low frequency
Baseline 1.87(0.17) 1.78(0.25) 0.053
6 Weeks 1.84(0.17) 1.86(0.196) 0.697
P-Value within 0.806 0.102
groups
Low-frequency to high-frequency ratio
Baseline 0.35(0.4) 0.18(0.36) 0.098
6 Weeks 0.36(0.42) 0.36(0.37) 0.944
P-Value within 0.853 0.06
groups
HRV in response to orthostatic stress

Delta change Delta change
Normalized high frequency
Baseline 12.16(20.73)? 5.58(20.07) 0.170
6 Weeks 11.37(19.38) 17.94(16.45) 0.158
P-Value within 0.610 0.074
groups
Normalized low frequency
Baseline -12.41(24.32)° -7.40(20.65) 0.346
6 Weeks -11.37(24.27) -22.46(19.15) 0.053
P-Value within 0617 0.034%
groups
Low-frequency to high-frequency ratio
Baseline -2.02(2.95) -1.09(2.57) 0.156
6 Weeks -2.27(3.74) -2.89(4.51) 0.552
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P-Value within
groups
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0.279

0.126

SD: standard deviation, ms: millisecond, ms2: millisecond square, a: a positive value represents a

reduction in the value in standing position compared to lying down, b: the negative sign
represents an increase in the value during standing compared to the lying down position, *:

significant p <0.05.

Table 4. Comparison of HRR and BRS parameters between both groups across different
measuring times

HIIE Group P-value between Grou
Variables (n=40) Control Group (n=40) P
Mean (SD) Mean (SD)
HRR parameters
HRmax
Baseline 149 (17) 139 (21) 0.056
6 Weeks 146 (17) 137 (19) 0.057
P-Value within 0.271 0.572
groups
HRR1
Baseline 25 (10) 25 (14) 0.707
6 Weeks 28 (12) 27 (13) 0.707
P-Value within 0.209 0412
groups
HRR?2
Baseline 38 (13) 36 (15) 0.181
6 Weeks 43 (11) 39 (14) 0.125
P-Value within 0.062 0.442
groups
HRR3
Baseline 43 (12) 40 (15) 0.184
6 Weeks 48 (12) 43 (15) 0.130
P-Value within 0.136 0.468
groups
%HRR1
Baseline 16.6 (7.1) 17.9(9) 0.689
6 Weeks 19.3(8.7) 20.2 (9.3) 0.630
P-Value within 0.144 0215

groups
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%HRR2

Baseline 25.9 (8.8) 25.8 (9.4) 0.524
6 Weeks 29.5 (7.0) 28.1 (10.2) 0.540
P-Value within 0.035* 0.205

groups

%HHR3

Baseline 29.3 (7.4) 29 (9.8) 0.511
6 Weeks 33 (8.0) 31.2 (9.5) 0.518
P-Value within 0.034* 0.276

groups

BRS parameters

BRS msec/mmHg (supine)

Baseline 0.95(0.25) 0.91(0.31) 0.65
6 Weeks 0.84 (0.32) 0.81(0.31) 0.649
P-Value within *

groups 0.043 0.079

BRS msec/mmHg (standing)

Baseline 0.84(0.22) 0.72(0.24) 0.065
6 Weeks 0.68(0.29) 0.68(0.27) 0.985
P-Value within 0.002* 0,459

groups

SD: standard deviation, HRmax=maximal heart rate, HRR1: heart rate recovery at 1% min post-
exercise, HRR2: heart rate recovery at 2" min, HRR3: heart rate recovery at 3 min,
%HRR1=relative heart rate recovery at 1% min, %HRR2: relative heart rate recovery at 2" min,

%HRR3: relative heart rate recovery at 3 min, *: significant p <0.05.
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