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65Abstract
66
67Objective: Hypertension remains the leading cause of cardiovascular disease and premature
68mortality globally. While high-intensity interval training (HIIT) is an effective non69pharmacological intervention for the reduction of clinic blood pressure (BP), very little
70research exists regarding its effects on ambulatory BP. The aim of this study was to measure
71alterations in ambulatory and clinic BP following HIIT in physically inactive adults.
72
73Methods: Forty-one participants (22.8 ± 2.7 years) were randomly assigned to a 4-week
74HIIT intervention or control group. The HIIT protocol was performed on a cycle ergometer
75set against a resistance of 7.5% bodyweight and consisted of 3 X 30-s maximal sprints
76separated with 2-mins active recovery. Clinic and ambulatory BP was recorded pre and post
77the control period and HIIT intervention.
78
79Results: Following the HIIT intervention, 24-hour ambulatory BP significantly decreased by
805.1 mmHg in systolic BP (sBP) and 2.3 mmHg in diastolic BP (dBP) (p=0.011and p=0.012,
81respectively), compared to the control group. Additionally, clinic sBP significantly decreased
82by 6.6 mmHg compared to the control group (p=0.021), with no significant changes in dBP
83and mean BP (mBP). Finally, 24-hour ambulatory diastolic, daytime sBP, mBP and dBP, and
84night-time sBP and mBP variability significantly decreased post-HIIT compared with the
85control group.
86
87Conclusion: HIIT remains an effective intervention for the management of BP. Our findings
88support enduring BP reduction and improved BP variability, which are important independent
89risk factors for cardiovascular disease.
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99Introduction
100
101Hypertension, characterised as a chronic elevation in resting arterial blood pressure (BP), is
102the leading attributable risk factor for cardiovascular disease and all-cause mortality [1,2].
103Globally, hypertension is estimated to affect 1.13 billion people and due to its asymptomatic
104nature, this figure may be significantly underestimated [3,4]. Given that the use of
105hypertensive medication has considerable economic burden, is often associated with
106undesirable side-effects and appears to only be efficacious in approximately 50% of patients,
107it is imperative that effective non-pharmacological approaches are utilised to tackle the
108current hypertension crisis [5,6].
109
110The current global physical activity guidelines recommend a minimum of 150 minutes of
111moderate-intensity or 75 minutes of vigorous-intensity exercise per week, with the inclusion
112of strength training twice per week [7]. While the benefits of such exercise on BP are well113established, adherence to these guidelines is alarmingly low [8]. Thus, establishing novel
114exercise modes which promote better adherence while achieving significant reductions in BP
115is crucial to global health.
116
117High-intensity interval training (HIIT) is a highly practical, time-efficient exercise modality
118which typically involves short bouts of maximal intensity work separated with appropriate
119recovery periods. HIIT has previously been demonstrated to produce significant reductions in
120resting arterial BP, with the magnitude of reductions comparable to traditional moderate121intensity continuous exercise (MICT) [9,10]. Specifically, a recent meta-analysis [10]
122reported statistically significant reductions in systolic (sBP) and diastolic (dBP) BP of 6.3 and
1233.8 mmHg respectively, with no significant difference to the reductions observed in the
124MICT group (-5.8 sBP and -3.5 dBP). While this provides strong evidence for the efficacy of
125HIIT, there are clear gaps in the current literature. Particularly, this meta-analysis identified
126an insufficient number of HIIT studies (two) utilising an ambulatory BP monitoring (ABPM)
127technique and were therefore compelled to exclude such methodology from the analysis [10].
128This is detrimental as ABPM is recognised as a more reliable measure of BP through its
129increased precision, elimination of observer bias and its eradication of potential ‘white-coat
130hypertension’ [11]. Additionally, ABPM provides information regarding BP variability
131(BPV) and non-dipping, which are important independent predictors for cardiovascular risk
132[12,13]. Therefore, the aim of the present study is to investigate the ambulatory BP responses

133to a short-term HIIT intervention in a cohort of physically inactive adults. We hypothesise
134that a 4-week randomised HIIT intervention will statistically significantly reduce clinic and
135ambulatory BP compared to a control group.
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167Methodology
168
169Participant population and ethical approval
170
171Forty-four volunteers were recruited; however, three participants dropped out prior to
172baseline testing, leaving a final study population of forty-one (20 males and 21 females). All
173participants were healthy (22.8 ± 2.7 years), but physically inactive (self-reported in
174accordance with the current guidelines) [7], were within the normal resting BP range [14] and
175reported no previous history of cardiovascular disease.
176
177Through stratifying the randomization on gender, participants were assigned into the 4-week
178HIIT intervention or control group [15]. This research study conformed to the Declaration of
179Helsinki principles, and was approved by the Canterbury Christ Church Universities Ethics
180Committee. All participants completed and signed informed consent prior to testing.
181
182Blood pressure measurements
183
184All participants were required to fast for at least 4 hours and refrain from alcohol and caffeine
185consumption 24-hours before testing, whilst maintaining normal dietary and circadian
186routines throughout the study and each phase of testing.
187
188Participants attended a temperature-controlled laboratory for baseline BP screening using an
189automated oscillometric BP monitor (Dinamap Pro 200 Critikon; GE Medical Systems,
190Freiburg, Germany). Resting sBP, dBP and mean BP (mBP) from the brachial artery were
191recorded as an average of 3 measures separated by 5-min following 15-min of seated rest in
192accordance with current guidelines [16].
193
194ABPMs were acquired pre and post the HIIT intervention and control period over 24-hours
195using a commercially available and validated oscillometric sphygmomanometer measured at
196the brachial artery (Welch Allyn 6100 ambulatory BP monitor; Welch Allyn Inc., Skaneateles
197Falls, New York, USA). An appropriately sized cuff was set to inflate at 20-minute intervals
198between 06.00 and 22.00 h and every 30-minutes in the remaining time period. Data was
199analysed for the entire 24-h period, as well as separately for day time (08.00 to 22.00) and
200night-time (24.00 to 06.00) periods [17]. Acceptable recordings were determined by ≥14

201successful measurements during daytime hours and ≥7 measurements at night-time [18]. All
202participants confirmed that they had slept during the specified night-time period. During the
20324-hour measurement, participants were asked to perform usual daily activities, but were
204prohibited from exercise. All BP readings were stored on the device during the measurement
205period and were then transferred to a computer for evaluation (Welch Allyn Cardio Perfect
206Workstation Software for Windows; Welch Allyn Inc.). The average real variability of
207ambulatory sBP, mBP and dBP were calculated to determine BP variability as described in
208previous research [19].
209
210High intensity interval training intervention
211
212The HIIT intervention was performed over 4-weeks, with participants attending the
213laboratory for training (group sessions) 3 times per week. The exercise protocol was
214performed on a Wattbike cycle ergometer (Wattbike Ltd, Nottingham, UK), and was based
215on a Wingate test protocol. Participants performed a 5-minute steady state warm-up, followed
216by 3 x 30-s maximum effort sprint intervals, each separated by 2 minutes of active recovery.
217Participants were asked to perform 2 to 3, 5-second high revolution spins during their warm218up period to ensure they were familiarised with the pedalling speed requirement of the
219Wingate test. Resistance during the sprint intervals was calculated at 7.5% of the individuals
220body mass. Following the 4-week intervention period, post HIIT laboratory assessments were
221performed 48 hours after the final HIIT session in order to avoid any residual effects of post
222exercise hypotension. During the control period, participants were requested to maintain their
223usual routine and daily activities and adherence to this was confirmed prior to laboratory
224assessment.
225
226Sample size estimation
227
228A reduction of 5 mmHg in sBP from resting and ambulatory measures is considered clinically
229significant [20]. Based on instrument coefficient of variation (3-3.4%) from resting BP
230measures (Dinamap BP monitor) in our laboratory, a sample size of 20-participants in each
231group has 80% power to detect this difference with a 2-sided p<0.05. We estimated a dropout
232rate of between 5-10% leading to an overall sample size of 44 participants.
233
234

235Statistical analysis
236
237All data was analysed using a statistical package for social sciences (SPSS V22.0, release
238version for windows; SPSs Ins., Chicago, IL, USA). Continuous variables are presented as
239mean ± standard deviation unless stated otherwise. Analysis of covariance (ANCOVA) was
240performed, which used baseline values as covariates to assess whether changes in resting and
241ambulatory BP parameters following both intervention and control group was influenced by
242the initial resting values. All data was assessed using 2-tailed analysis and was reported as
243statistically significant when p<0.05.
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269Results
270
271Participants randomised to the intervention group (n=21) completed a total of 12 training
272sessions during the 4-week study period. Adherence to the exercise sessions was 100% for all
273participants with no withdrawals.
274
275Resting office blood pressure
276
277Following the 4-week HIIT intervention, there was a significant reduction in resting sBP (2786.6 mmHg) compared with the control group (-1.2 mmHg, p=0.021). However, there were no
279significant differences in resting dBP, mBP or pulse pressure (PP) in either the HIIT or
280control groups (Table 1).
281
282Ambulatory blood pressure
283
284As shown in Table 2, 24-hour sBP, mBP and dBP significantly decreased following the HIIT
285intervention (-5.1 mmHg, p=0.011; -3.1 mmHg, p=0.002; and -2.3 mmHg p=0.012
286respectively), compared to the control group. Figure 1 illustrates the 24-hour BP responses
287following the HIIT and control period. The reduction in sBP resulted in a significant
288reduction in 24-hour rate pressure product (RPP) following HIIT (-473.6 mmHg*b·min-1,
289p=0.025) compared to the control group.
290
291For daytime ambulatory BP, there was a significant reduction in sBP (-3.7 mmHg, p=0.032)
292and dBP (-2.8 mmHg, p=0.046) compared to the control group; however, there were no
293significant changes in daytime mBP. For night-time ambulatory BP, there was a significant
294reduction in sBP (-6.8 mmHg, p=0.001), and mBP (-2.9 mmHg, p=0.016), but no significant
295changes in dBP, compared to the control group. Figure 2 demonstrates daytime and night296time BP responses following the HIIT and control period. The reduction in night-time
297ambulatory sBP resulted in a significant reduction in 24-hour night-time RPP following HIIT
298(-67.3 mmHg*b·min-1, p=0.035) compared to the control group. Mean hourly sBP, mBP and
299dBP pre and post HIIT intervention are displayed in Figure 3.
300
301Following the 4-week intervention, 13 control participants were classified as dippers pre302intervention and 14 participants post intervention. Of the HIIT group, 9 participants were

303classified as dippers pre-intervention and 11 participants post intervention. There was no
304significant difference in the proportion of dippers following HIIT compared to the control
305group.
306
307Blood pressure variability
308
309As presented in Table 2, following the HIIT intervention, 24-hour diastolic BP variability
310(BPV) significantly decreased (-0.9, p=0.032), whereas there were no significant changes in
311systolic or mean BPV compared to the control group. Additionally, there were significant
312decreases in systolic (-1.6 mmHg, p=0.023), mean (-1.57 mmHg, p=0.027) and diastolic (-1.7
313mmHg, p=0.037) daytime ambulatory BPV, and a significant decrease in systolic and mean
314night-time ambulatory BPV (-3.3 mmHg, p=0.008 and -1 mmHg, p=0.003, respectively)
315compared to the control group. However, there was no significant reduction in night-time
316diastolic BPV compared to the control group.
317
318Heart rate, pulse pressure and body mass
319
320No significant differences were recorded in heart rate (HR) or pulse pressure (PP) in 24-hour,
321daytime, or night-time ambulatory measurements for the HIIT intervention compared to the
322control group. In addition, there was no significant change in body mass in following HIIT
323compared to the control group.
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337Discussion
338
339The present randomised controlled study demonstrated significant reductions in 24-hour
340ambulatory sBP, mBP, and dBP of -5.1 mmHg, -3.1 mmHg, and -2.3 mmHg, respectively, as
341well as a significant reduction in clinic sBP of -6.6 mmHg following 4-weeks of HIIT
342compared to a control group. A decrease of this magnitude is considered clinically significant
343and similar to the BP reducing effects observed using drug monotherapy [21]. While the
344results compliment many studies that have reported the beneficial effects of HIIT on resting
345office BP, ABPM provides valuable information regarding the continued BP response over
346the 24-hour period, which is crucial in understanding the chronic BP lowering effect of any
347intervention. In accordance with previous meta-analysis evidence, the magnitude of 24-hour
348ambulatory BP reduction following our HIIT intervention is comparable to other ambulatory
349BP reducing exercise interventions including traditional MICT [22,23]. Importantly, such
350results are associated with statistically significant reductions in the risk of cardiovascular
351disease and all-cause mortality [24,25]. This is fundamental as ABPM has been reported to
352provide superior prognostic information regarding cardiovascular risk compared to office or
353home BP, thus enhancing the implications of such results [26].
354
355In general, the ambulatory BP responses from this study support the findings from previous
356research in this limited evidence base; however, the primary differences are centred around
357the magnitude of reduction. Specifically, previous evidence [27] reported significant
358reductions (p<0.001) in 24-hour ambulatory BP by a substantial 12 mmHg sBP and 8 mmHg
359dBP following a 12-week HIIT intervention. In addition to the prolonged intervention
360duration (8 weeks longer), the increased magnitude of BP reduction observed in their study
361may be linked to the cohort recruited being Stage 2 hypertensive (>140/90 mmHg), as similar
362anti-hypertensive interventions have reported greater reductions in groups with higher
363baseline BP values [27,28]. This is potentially due to a lower threshold of BP response, where
364it cannot be decreased further below its homeostatic clinical level without producing a
365mechanistic response to prevent hypotension [29]. Separately, the observed differences in the
366magnitude of BP response can be potentially linked to the differences in HIIT protocol. Our
367study incorporated a time-efficient Wingate protocol, whereas previous research commonly
368utilise protocols employing prolonged work periods, as highlighted in intervals of 4-minutes
369[27]. While the optimal HIIT protocol is yet to be established, these separate findings provide
370support for HIIT as a flexible training modality, which can be successfully applied through

371various effective protocols. Regardless of these methodological differences, the limited
372number of studies investigating the effects of HIIT on ambulatory BP have reported similar
373results to ours, thus reinforcing the role of HIIT in the management of BP [29–32].
374
375Although complex, the mechanisms whereby BP is reduced following HIIT must involve a
376change in cardiac output and/or total peripheral vascular resistance as the two determining
377factors of arterial pressure. Typically, the mechanisms following HIIT have been primarily
378associated with changes in peripheral vascular resistance due to reports of a significant
379decrease in BP without accompanying decreases in cardiac output [33]; which tends to be
380supported by the unchanged heart rate results of the present study. Additionally, previous
381research [33] reported no significant changes in cardiac dimensions or left ventricular
382ejection fraction following HIIT, which further supports this concept. Despite no likelihood
383of any change in cardiac output, significant improvements in systolic and diastolic left384ventricular mechanical adaptations were reported, which affirms the value of HIIT on cardiac
385health [33].
386
387Our results also show a significant reduction in RPP, which is a non-invasive indices of
388myocardial oxygen consumption. This reduction in RPP following the 4-week HIIT
389intervention suggests a reduction in myocardial workload, which may improve myocardial
390efficiency as well as have important long-term clinical implications regarding cardiac health
391and thus cardiovascular risk [34]. Conversely, our results show no significant changes in PP,
392which is a known indicator of arterial stiffness. However, this result is probably not
393surprising when considering the population recruited in this study were young, and arterial
394stiffness generally increases linearly with increasing age. As such, the measured cohort are
395less likely to evidence a decline in vascular function, and thus have a limited capacity for
396change. Conversely, as opposed to arterial stiffness, previous evidence has shown stroke
397volume to be a significant independent contributor to clinic and 24-hr PP in young, healthy
398participants through the expression of a hyperkinetic state, potentially explaining the non399significant change in our study [35–37].
400
401In addition, we found significant reductions in daytime sBP (-3.7 mmHg) and dBP (-2.8
402mmHg) as well as night-time sBP (-6.8 mmHg) and mBP (-2.9 mmHg), but not dBP. These
403substantial reductions in night-time ABP are potentially important as nocturnal BP is a
404significant risk factor for mortality and cardiovascular morbidity in both normotensive and

405hypertensive populations [38]. Particularly, sleeping systolic BP should be >10% lower than
406daytime sBP which is termed ‘dipping’ [39]. Despite the observed reductions in night-time
407sBP and mBP, there was no significant difference in proportion of dippers following HIIT
408compared to the control group, thus limiting the implications of such findings.
409
410Blood pressure variability
411
412To our knowledge, this is the first study to measure the chronic effects of HIIT on BPV.
413Increased variability in BP over a 24-hour period is well established for its role as a
414prognostic marker for health, independent of mean BP values [40]. Our results show a
415significant reduction in daytime (sBP, mBP and dBP), night-time (sBP and mBP) and
416diastolic 24-hour BPV; however, a non-significant reduction in 24-hour systolic and mean
417BPV. While further research is required, these results may have prognostic importance.
418Specifically, previous evidence has reported significant associations between increased
419daytime BPV and early development of atherosclerosis [41], target organ damage [42] and
420cardiovascular and stroke mortality [43], thus providing implications for these reductions. As
421BP is typically at its peak during waking hours, these reductions in daytime variability
422suggest an improvement in BP regulation in response to daily activities. The mechanisms
423responsible for reductions in BPV remain inconclusively understood; however, fluctuations
424of BP over the course of 24-hours generally reflect central and autonomic modulation and
425arterial elasticity [44]. This is supported in previous evidence [33] which reported a
426significant increase in total power spectrum of heart rate variability with a significant
427decrease in the R-R low frequency/high frequency ratio following a 2-week HIIT
428intervention, indicating enhanced cardiac autonomic modulation with increased
429parasympathetic activity parallel to decreased sympathetic activity; which are understood to
430play a role in the regulation of short-term BPV [33,45,46]. Despite our PP results, the effect
431of HIIT on vascular health are well established, with meta-analysis evidence reporting greater
432vascular function adaptations following HIIT compared to MICT [47]. Although complex,
433these enhanced vascular adaptations have been linked to the promotion of greater shear
434stress-induced nitric oxide bioavailability as a result of the increased blood flow from such
435high intensity exercise [47,48]. However, further research is required to ascertain the effects
436of exercise training on BPV and the mechanisms underlying such adaptations.
437
438

439Limitations
440
441It is important to consider the limitations of this study. In particular, this is a single-centre
442trial and all sessions of HIIT were performed in a laboratory environment as a group. While
443this is beneficial for adherence and accurate performance of the intervention, this potentially
444limits the clinical implications of our results. Additionally, as we recruited a young
445normotensive population, it is unknown if our findings have application to hypertensive and
446elderly populations, highlighting the need for future research in these groups. It is also
447important to consider the safety of HIIT in hypertensive populations at greater cardiovascular
448disease risk. Furthermore, using a traditional Wingate protocol, we applied the same
449resistance to both males and females, which may be a suboptimal workload considering
450gender differences [49–51]. Finally, power output produced during the Wingate sessions was
451not recorded; therefore, it is unclear if participants undertaking HIIT produced physiological
452adaptations to generate greater power output following the intervention.
453
454Conclusion
455
456The results of the present study further support the role of HIIT in the management of BP,
457with clinically significant reductions in ambulatory and resting BP. These results are
458imperative due to the current inadequate evidence base surrounding the effects of HIIT on
459ambulatory BP. To our knowledge, this is the first study to investigate the effects of HIIT on
460BPV, with preliminary findings showing important implications for cardiovascular health.
461Future research into the long-term effects and adherence to HIIT are crucial for establishing
462its use as a prolonged nonpharmacological intervention for the management of BP.
463
464
465
466
467
468
469
470
471
472

473References
474
475
4761

Lim SS, Vos T, Flaxman AD, Danaei G, Shibuya K, Adair-Rohani H, et al. A

477

comparative risk assessment of burden of disease and injury attributable to 67 risk

478

factors and risk factor clusters in 21 regions, 1990-2010: A systematic analysis for the

479

Global Burden of Disease Study 2010. Lancet 2012; 380:2224–2260.

4802

Millar PJ, McGowan CL, Cornelissen VA, Araujo CG, Swaine IL. Evidence for the

481

role of isometric exercise training in reducing blood pressure: Potential mechanisms

482

and future directions. Sport. Med. 2014; 44:345–356.

4833

Forouzanfar MH, Liu P, Roth GA, Ng M, Biryukov S, Marczak L, et al. Global

484

Burden of Hypertension and Systolic Blood Pressure of at Least 110 to 115 mm Hg,

485

1990-2015. JAMA 2017; 317:165.

4864

WHO | Blood Pressure. WHO 2018.

4875

Lopez AD, Mathers CD, Ezzati M, Jamison DT, Murray CJ. Global and regional

488

burden of disease and risk factors, 2001: systematic analysis of population health data.

489

Lancet 2006; 367:1747–1757.

4906

Wang G, Grosse SD, Schooley MW. Conducting Research on the Economics of

491

Hypertension to Improve Cardiovascular Health. Am. J. Prev. Med. 2017; 53:S115–

492

S117.

4937

Geneva WHO-, WHO S, 2010 undefined. World Health Organization Global

494

recommendations on physical activity for health.

4958

Guthold R, Stevens GA, Riley LM, Bull FC. Worldwide trends in insufficient physical

496

activity from 2001 to 2016: a pooled analysis of 358 population-based surveys with

497

1·9 million participants. Lancet Glob Heal 2018; 6:e1077–e1086.

4989

Clark T, Morey R, Jones MD, Marcos L, Ristov M, Ram A, et al. High-intensity

499

interval training for reducing blood pressure: a randomized trial vs. moderate-intensity

500

continuous training in males with overweight or obesity. Hypertens Res Published

501

Online First: 14 January 2020. doi:10.1038/s41440-019-0392-6

50210

Costa EC, Hay JL, Kehler DS, Boreskie KF, Arora RC, Umpierre D, et al. Effects of

503

High-Intensity Interval Training Versus Moderate-Intensity Continuous Training On

504

Blood Pressure in Adults with Pre- to Established Hypertension: A Systematic Review

505

and Meta-Analysis of Randomized Trials. Sport. Med. 2018; 48:2127–2142.

50611

Vollmer WM, Appel LJ, Svetkey LP, Moore TJ, Vogt TM, Conlin PR, et al.

507

Comparing office-based and ambulatory blood pressure monitoring in clinical trials. J

508

Hum Hypertens 2005; 19:77–82.

50912

Eguchi K, Hoshide S, Schwartz JE, Shimada K, Kario K. Visit-to-visit and ambulatory

510

blood pressure variability as predictors of incident cardiovascular events in patients

511

with hypertension. Am J Hypertens 2012; 25:962–968.

51213

de la Sierra A, Gorostidi M, Banegas JR, Segura J, de la Cruz JJ, Ruilope LM.

513

Nocturnal hypertension or nondipping: which is better associated with the

514

cardiovascular risk profile? Am J Hypertens 2014; 27:680–7.

51514

National Institute for Health and Care Excellence. Hypertension in adults: diagnosis

516

and management. NG 136. 2019.

51715

Good PI. Resampling methods: A practical guide to data analysis. Birkhauser Boston;

518

2006. doi:10.1007/0-8176-4444-X

51916

Whelton PK, Carey RM, Aronow WS, Casey DE, Collins KJ, Dennison Himmelfarb

520

C, et al. 2017 ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA

521

Guideline for the Prevention, Detection, Evaluation, and Management of High Blood

522

Pressure in Adults: Executive Summary: A Report of the American College of

523

Cardiology/American Heart Association Task F. In: Journal of the American Society

524

of Hypertension.Elsevier; 2018. pp. 579.e1-579.e73.

52517

Fagard RH. Dipping pattern of nocturnal blood pressure in patients with hypertension.

526

Expert Rev Cardiovasc Ther 2009; 7:599–605.

52718

O’Brien E, Mee F, Coats A, Owens P, Petrie J, Padfield PL, et al. Use and

528

interpretation of ambulatory blood pressure monitoring: Recommendations of the

529

British Hypertension Society. Br Med J 2000; 320:1128–1134.

53019

Boardman H, Lewandowski AJ, Lazdam M, Kenworthy Y, Whitworth P, Zwager CL,

531

et al. Aortic stiffness and blood pressure variability in young people: A multimodality

532

investigation of central and peripheral vasculature. J Hypertens 2017; 35:513–522.

53320

Beevers DG (D. G, Lip GYH, O’Brien E. ABC of hypertension. BMJ

534

Books/Blackwell; 2007.

53521

Paz MA, De-La-Sierra A, Sáez M, Barceló MA, Rodríguez JJ, Castro S, et al.

536

Treatment efficacy of anti-hypertensive drugs in monotherapy or combination: ATOM

537

systematic review and meta-analysis of randomized clinical trials according to

538

PRISMA statement. Med. (United States). 2016; 95.

539

doi:10.1097/MD.0000000000004071

54022

Sosner P, Guiraud T, Gremeaux V, Arvisais D, Herpin D, Bosquet L. The ambulatory

541

hypotensive effect of aerobic training: a reappraisal through a meta-analysis of

542

selected moderators. Scand J Med Sci Sport 2017; 27:327–341.

54323

Way KL, Sultana RN, Sabag A, Baker MK, Johnson NA. The effect of high Intensity

544

interval training versus moderate intensity continuous training on arterial stiffness and

545

24 h blood pressure responses: A systematic review and meta-analysis. J. Sci. Med.

546

Sport. 2019; 22:385–391.

54724

Hansen TW, Jeppesen J, Rasmussen S, Ibsen H, Torp-Pedersen C. Ambulatory blood

548

pressure and mortality: a population-based study. Hypertens (Dallas, Tex 1979) 2005;

549

45:499–504.

55025

Hansen TW, Jeppesen J, Rasmussen S, Ibsen H, Torp-Pedersen C. Ambulatory blood

551

pressure monitoring and risk of cardiovascular disease: A population based study. Am

552

J Hypertens 2006; 19:243–250.

55326

Niiranen TJ, Mäki J, Puukka P, Karanko H, Jula AM. Office, home, and ambulatory

554

blood pressures as predictors of cardiovascular risk. Hypertens (Dallas, Tex 1979)

555

2014; 64:281–6.

55627

Molmen-Hansen HE, Stolen T, Tjonna AE, Aamot IL, Ekeberg IS, Tyldum GA, et al.

557

Aerobic interval training reduces blood pressure and improves myocardial function in

558

hypertensive patients. Eur J Prev Cardiol 2012; 19:151–160.

55928

Cornelissen VA, Smart NA. Exercise training for blood pressure: a systematic review

560

and meta-analysis. J. Am. Heart Assoc. 2013; 2. doi:10.1161/JAHA.112.004473

56129

Ramirez-Jimenez M, Morales-Palomo F, Pallares JG, Mora-Rodriguez R, Ortega JF.

562

Ambulatory blood pressure response to a bout of HIIT in metabolic syndrome patients.

563

Eur J Appl Physiol 2017; 117:1403–1411.

56430

Sosner P, Gayda M, Dupuy O, Garzon M, Gremeaux V, Lalonge J, et al. Ambulatory

565

blood pressure reduction following 2 weeks of high-intensity interval training on an

566

immersed ergocycle. Arch Cardiovasc Dis Published Online First: 2019.

567

doi:10.1016/j.acvd.2019.07.005

56831

Fiorenza M, Gunnarsson TP, Ehlers TS, Bangsbo J. High‐intensity exercise training intensity exercise training

569

ameliorates aberrant expression of markers of mitochondrial turnover but not oxidative

570

damage in skeletal muscle of men with essential hypertension. Acta Physiol 2019; 225.

571

doi:10.1111/apha.13208

57232

Guimarães G V, Ciolac EG, Carvalho VO, D’Avila VM, Bortolotto LA, Bocchi EA.

573

Effects of continuous vs. interval exercise training on blood pressure and arterial

574

stiffness in treated hypertension. Hypertens Res 2010; 33:627‐intensity exercise training 632.

57533

O’Driscoll JM, Wright SM, Taylor KA, Coleman DA, Sharma R, Wiles JD. Cardiac

576

autonomic and left ventricular mechanics following high intensity interval training: A

577

randomized crossover controlled study. J Appl Physiol 2018; 125:1030–1040.

57834

Karaye K, Akintunde A. The significance of rate pressure product in heart failure

579

patients. Int Cardiovasc Forum J 2015; 1:43.

58035

Saladini F, Fania C, Mos L, Mazzer A, Casiglia E, Palatini P. Office Pulse Pressure Is

581

a Predictor of Favorable Outcome in Young- to Middle-Aged Subjects with Stage 1

582

Hypertension. Hypertension 2017; 70:537–542.

58336

Mahmud A, Feely J. Spurious systolic hypertension of youth: Fit young men with

584

elastic arteries. Am J Hypertens 2003; 16:229–232.

58537

Julius S, Conway J. Hemodynamic studies in patients with borderline blood pressure

586

elevation. Circulation 1968; 38:282–288.

58738

Hansen TW, Li Y, Boggia J, Thijs L, Richart T, Staessen JA. Predictive role of the

588

nighttime blood pressure. Hypertens (Dallas, Tex 1979) 2011; 57:3–10.

58939

Agarwal R, Light RP. The effect of measuring ambulatory blood pressure on nighttime

590

sleep and daytime activity - Implications for dipping. Clin J Am Soc Nephrol 2010;

591

5:281–285.

59240

Chadachan VM, Ye MT, Tay JC, Subramaniam K, Setia S. Understanding short-term

593

blood-pressure-variability phenotypes: From concept to clinical practice. Int. J. Gen.

594

Med. 2018; 11:241–254.

59541

Sander D, Kukla C, Klingelhöfer J, Winbeck K, Conrad B. Relationship between

596

circadian blood pressure patterns and progression of early carotid atherosclerosis: A 3-

597

year follow-up study. Circulation 2000; 102:1536–41.

59842

Tatasciore A, Renda G, Zimarino M, Soccio M, Bilo G, Parati G, et al. Awake systolic

599

blood pressure variability correlates with target-organ damage in hypertensive

600

subjects. Hypertension 2007; 50:325–332.

60143

Kikuya M, Ohkubo T, Metoki H, Asayama K, Hara A, Obara T, et al. Day-by-day

602

variability of blood pressure and heart rate at home as a novel predictor of prognosis:

603

The Ohasama study. Hypertension 2008; 52:1045–1050.

60444

Parati G, Bilo G. Assessment and management of blood-pressure variability

605

Investigation on the prevalence and blood pressure response in miners exposed to

606

chronic intermittent hypoxia in Chile View project REVERENT View project.

607

nature.com Published Online First: 2013. doi:10.1038/nrcardio.2013.1

60845

Parati G, Ochoa JE, Lombardi C, Bilo G. Assessment and management of blood-

609

pressure variability. Nat. Rev. Cardiol. 2013; 10:143–155.

61046

Conway J, Boon N, Davies C, Jones JV, Sleight P. Neural and humoral mechanisms

611

involved in blood pressure variability. J Hypertens 1984; 2:203–208.

61247

Ramos JS, Dalleck LC, Tjonna AE, Beetham KS, Coombes JS. The Impact of High-

613

Intensity Interval Training Versus Moderate-Intensity Continuous Training on

614

Vascular Function: a Systematic Review and Meta-Analysis. Sport. Med. 2015;

615

45:679–692.

61648

Saladini F, Benetti E, Mos L, Mazzer A, Casiglia E, Palatini P. Regular physical

617

activity is associated with improved small artery distensibility in young to middle-age

618

stage 1 hypertensives. Vasc Med (United Kingdom) 2014; 19:458–464.

61949

Bar-Or O. The Wingate Anaerobic Test An Update on Methodology, Reliability and

620

Validity. Sport Med An Int J Appl Med Sci Sport Exerc 1987; 4:381–394.

62150

Dotan R, Bar-Or O. Load optimization for the wingate anaerobic test. Eur J Appl

622

Physiol Occup Physiol 1983; 51:409–417.

62351

Richmond SR, Whitman SA, Acree LS, Olson BD, Carper MJ, Godard MP. Power

624

output in trained male and female cyclists during the wingate test with increasing

625

flywheel resistance. J Exerc Physiol Online 2011; 14:46–53.

626
627
628
629
630
631
632
633
634
635
636
637
638
639
640
641
642

643Figure legends
644
645Figure 1: Mean systolic (A), mean (B) and diastolic (C) blood pressure change values
646following control (closed circles) and HIIT (open circles) conditions. Note: Error bars
647indicate standard error of the mean; * = Significant (p<0.05) difference in the control and
648HIIT change value.
649
650Figure 2: Mean day time systolic (A), day time mean (B), day time diastolic (C), night time
651systolic (D), night time mean (F) and night time diastolic (F) blood pressure change values
652following control (closed circles) and HIIT (open circles) conditions. Note: Error bars
653indicate standard error of the mean; * = Significant (p<0.05) difference in the control and
654HIIT change value.
655
656Figure 3: Illustrates the difference in mean hour-by-hour ambulatory BP, pre and post HIIT
657for (A) ambulatory sBP; (b) ambulatory mBP; (c) ambulatory dBP.

