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Abstract
This study compared acute changes in measures of arterial stiffness (AS) between two resistance training (RT) protocols that were load, volume and rest matched, but differed in intensity of effort.
Eleven healthy adults (36.4 ± 6.8 years) performed a RT protocol with high intensity of effort (HE) and a RT protocol with low intensity of effort (LE). The HE protocol consisted of 3 sets of 12 repetitions, while the LE comprised of 6 sets of 6 repetitions. Loading intensity, volume load, and total rest duration was equivalent between the RT sessions. Pulse wave velocity, augmentation index values collected at baseline, immediately post and 15 minutes post-exercise. 
[bookmark: _Hlk166232970]HE elicited significantly greater increases in carotid-femoral pulse wave velocity (6.4 ± 0.3 to 7.3 ± 0.5 m/s) when compared to LE (6.6 ± 0.3 to 6.7 ± 0.3 m/s) (p < 0.05). Both HE and LE induced significant increases in augmentation index (13 ± 5.6 to 28.1 ± 9.3 %) post exercise (all p < .05).
These findings demonstrate that RT with a lower intensity of effort attenuate increases in measures of arterial stiffness compared to a RT scheme at higher intensity of effort when volume load and total rest are equalised.











Introduction
It is well established that resistance training (RT) promotes neural and structural adaptations that synergistically increase muscular strength and hypertrophy (Suchomel et al., 2018). In addition to neuromuscular adaptations, a growing body of evidence indicates a plethora of health benefits resulting from regular participation in RT, including reductions in blood pressure, improved endothelial function, and increased quality of life (El-Kotob et al., 2020; MacDonald et al., 2016; Silva et al., 2021). Furthermore, muscular strength, a primary adaptation to RT, is associated with lower levels of arterial stiffness (AS) (Fahs et al., 2018) and reduced mortality and cardiovascular risk in both healthy (García-Hermoso et al., 2018) and hypertensive individuals (Artero et al., 2011). Yet, the effects of RT on the vascular system are not fully understood. Acute RT may result in a transient increase in central AS, an independent predictor of cardiovascular disease (CVD) and all-cause mortality (Vlachopoulos et al., 2010). Measurement of carotid-femoral pulse wave velocity (PWV) is widely accepted as the gold standard method of determining AS and has a strong predictive value for the occurrence of CVD (Kim & Kim, 2019), while the evaluation of wave reflection through the augmentation index (AIx) has been proposed as a diagnostically valuable indicator of future cardiovascular event risk especially in younger individuals (McEniery et al., 2005).
The magnitude of physiological responses induced by RT are dependent upon the acute training variables associated with RT namely, volume, loading intensity, rest duration, and repetition velocity among others (Ratamess et al., 2009). An important variable within RT, which has recently received considerable attention (Refalo et al., 2023) and is frequently the subject of debate, is that of proximity to momentary failure [i.e., the set termination end-point where trainees fail to execute another repetition despite attempting to (Fisher et al., 2011)]. Proximity to momentary failure is indicative of  the effort exerted during RT (Steele et al., 2017) and denotes the number of repetitions remaining in a given set prior to failure (Refalo et al., 2023). Proximity to failure during RT represents the intensity of effort of a given RT session, and appears to be a key factor of both neural and structural adaptations (Schoenfeld et al., 2021), as well as a main variable determining cardiovascular and metabolic responses to RT  (Gjovaag et al., 2016; Gorostiaga et al., 2012). In this regard, it has been recently suggested that intensity of effort may represent an independent loading parameter potentially affecting arterial responses to acute RT (Karanasios et al., 2023).
Exaggerated peaks in systolic blood pressure (BP) and increased sympathetic outflow have been identified as potential contributors to increased AS (Figueroa et al., 2019). Interestingly, research examining physiological responses to RT among different set end-points has shown that short set configurations (i.e., cluster sets), where the set is terminated a number of repetitions short of failure, attenuate acute elevations in BP and induce a lower reduction in parasympathetic modulation than longer sets performed in a closer proximity to failure (Paulo et al., 2019; Rua-Alonso et al., 2020), even when the volume-load and the rest duration are similar between the set configurations. For instance, Paulo et al. (2019) reported significantly lower BP values following a RT session consisting of 3 sets of 15 repetitions compared to a RT protocol of 5 sets of 9 repetitions when performed with a 20RM loading intensity. Similarly, Rua-Alonso et al. (2019) observed that the set configuration performed closer to failure (i.e., 4 sets of 10 repetitions at a 15RM loading intensity) induced a significantly greater reduction of cardiac parasympathetic modulation than a short set configuration (i.e., 8 sets of 5 repetitions at a 15RM loading intensity). 
[bookmark: _Hlk175938921]Yet, there is a shortage of studies examining the effects of different proximities to failure on AS. To the best of our knowledge, only Rodriquez-Perez et al. (2020) has investigated the influence of effort on AS. The authors reported a meaningful lower (Cohen’s d = 0.20) carotid femoral PWV (cfPWV) elevation for the low-effort group compared to the high- effort group (Rodríguez-Pérez et al., 2020). Nonetheless the overall volume load was not equated between the experimental conditions. For instance, the number of repetitions performed in the high-effort group was approximately twice that of the low-effort group at the same loading intensity (75% 1RM). Research has conclusively demonstrated that training volume is a major determinant of hypertrophic (Schoenfeld et al., 2017), cardiovascular (Figueiredo et al., 2015) and metabolic responses to RT (Strasser et al., 2010). Thus, it remains unclear whether such findings can be attributed exclusively to the different intensity of effort exerted by the aforementioned study’s participants, and whether these responses persist when the volume load is equated between conditions. Considering that the effects of RT on AS and central haemodynamics are not yet fully understood, it is crucial to determine whether the acute fluctuations in arterial stiffness can also be influenced by the intensity of effort during RT.
Therefore, the purpose of this study was to investigate the influence of effort on AS and wave reflection measures by comparing a RT scheme performed to volitional failure (i.e., with higher intensity of effort) against a RT protocol performed not to failure (i.e., with lower intensity of effort) with the same loading intensity, volume-load and total rest duration. It was hypothesised that high intensity of effort condition would induce greater increases in AS and wave reflection indices than the low intensity of effort condition. 
Methods
 Participants
Eleven young healthy participants (5 male, 6 female) volunteered to take part  in this study. Participants were classified as recreationally active who had been participating in some form of resistance training at least once a week for the last 6 months. All participants were in a good state of health, non-hypertensive and free of any cardiovascular, musculoskeletal, and metabolic disease. Participants were asked to refrain from strenuous physical activity  for 24 hours and large meals and caffeine consumption for at least 4 hours prior to testing (Townsend et al., 2015). All female participants voluntarily reported that they were tested during the follicular phase of their menstrual cycle, although previous research indicates minimal influence of different menstrual cycles on AS measured by cfPWV (Priest et al., 2018). Participants also reported that they were not taking any prescribed medications known to affect vascular function. All participants signed an institutionally approved informed consent form before data collection, and the study was approved by the Faculty of Health and Wellbeing Research Ethics Committee at the University of Winchester.

Sample size calculation
[bookmark: _Hlk168328284]Sample size was calculated using G*Power 3.1 (version 3.1.9.7,Heine University, Düsseldorf, Germany). Considering the paucity of research examining changes in PWV between RT protocols with different intensity of effort under volume equated conditions using a repeated measures design, the effect size was estimated based upon a between-group (e.g., heavier vs lighter load) partial eta squared (effect size of 0.114 reported for acute cfPWV in a previous study (Nitzsche et al., 2016). Thus, for a repeated measures within factors design, with an effect size F = 0.35, a significance level of 0.05, a power of 0.80, and a correlation among repeated measurements of 0.70 (Meyer et al., 2016), a sample size of 11 participants was found to be sufficient to show a difference between the HE and LE conditions while accounting for a 10% drop-out.
Study design
Participants took part in a crossover design and reported to the research facility on three separate occasions. The first visit consisted of anthropometric measurements (i.e., height and body mass), a familiarisation session in which participants were introduced to the experimental procedures and RM testing to determine individual 12RM training loads for the deadlift and bench press exercise. In the second visit, participants performed the HE RT protocol using 3 sets of 12 repetitions with 120 seconds rest between sets and exercises. In the third visit participants performed the LE RT scheme using 6 sets x 6 repetitions with 45 seconds rest between sets and 150 second rest between exercises. 

RM Testing protocol and Experimental sessions
RM Testing protocol
The maximum amount of weight lifted for 12 repetitions with proper form in the deadlift and bench press exercise was recorded as the participant’s 12RM. This was determined following the guidelines proposed by the National Strength and Conditioning Association (Haff & Triplett, 2015). All RM loads were determined in no more than five attempts with rest periods of three minutes between the trials. The final weight lifted successfully for 12 repetitions for both exercises was recorded as the 12RM.
Experimental sessions
Two resistance training sessions comprised the experimental protocol, one for each condition investigated (i.e., HE vs LE). The HE protocol consisted of 3 sets to volitional failure with the 12RM load and with 120 seconds of rest between sets and exercises (i.e., 600 seconds of total resting time, not including the rest interval upon termination of the last set since measurements were conducted immediately post exercise). The LE protocol consisted of the same number of repetitions and loading intensity (i.e., 12RM) completed in the HE session, and the same total resting time (i.e., 600 seconds) distributed between sets and exercises (i.e., 45 seconds between sets and 150 seconds between exercises). Thus, the volume-load (sets x repetitions x load lifted), the total rest duration, and the loading intensity (i.e., 12RM) were consistent between the experimental conditions. Participants were guided by the researcher to adopt a repetition tempo of approximately 1s concentric, 2s eccentric and 1s isometric actions.
Due to the volume-load matched design of the present study, the order of the exercise sessions could not be randomised and the LE had to follow the HE exercise session. For instance, if a participant failed to perform the expected number of repetitions (i.e., 12) in a given set the number of completed repetitions was recorded and adjusted accordingly to the LE condition. For example, if a participant performed 12 repetitions in the first 2 sets but 10 repetitions in the last set during the HE protocol (i.e., 34 repetitions) the same participant then performed 6 repetitions in the first 5 sets and 4 repetitions in the last set during the LE protocol (i.e., 34 repetitions).
Haemodynamic Measurements
Haemodynamic measurements were collected three times during the experimental procedure: before training (baseline), immediately post (Post) and 15 minutes post training (15Post). All measurements were collected in a supine position. The first haemodynamic data collection was conducted after 10 minutes of rest in a supine position (Townsend et al., 2015). Following that, participants completed the warm-up routine as described above, and then completed their assigned RT protocol. Participants returned to and remained in the supine position immediately following the acute RT protocol while data collection equipment was applied. Haemodynamic measurements were conducted within 1 minute (post) and 15 minutes (15Post) following the acute exercise session.
All haemodynamic measurements were performed using a validated oscillometric cuff-based device (Vicorder, Skidmore medical, Bristol, UK), that calculates PWV by simultaneously recording the upstroke of the femoral and carotid pulsations (Hickson et al., 2009). Two inflatable cuffs were used to measure Carotid-femoral pulse wave velocity (cfPWV), one placed around the neck over the carotid artery and the other around the thigh over the femoral artery. CfPWV was calculated by dividing the pulse wave travel distance by the pulse transit time between the two recording sites. Transit time was determined by the software using an in-built cross-correlation algorithm and travel distance length was defined as the distance from the suprasternal notch to the mid upper thigh cuff, as indicated by the manufacturer. AIx is an indicator of AS which reflects the augmentation of systolic blood pressure by reflection of the peripheral pulse wave. AIx was calculated as the ratio between the augmentation pressure (AP) and the central pulse pressure (Cpp) and was expressed as a percentage (AIx = AP/Cpp x 100). AIx was normalised to 75 bpm (AIx@75) to reduce its reliance on HR, as previously suggested (Wilkinson et al., 2000). Measurements of SEVR, an index representing myocardial perfusion, which is calculated as the ratio between diastolic pressure time index (DPTI) and systolic pressure time index  (SPTI) (Tsiachris et al., 2012), and of central and peripheral blood pressures were performed using a cuff placed around the upper arm over the brachial artery and assessed using device-specific pulse wave analysis (Baier et al., 2018).


Statistical analysis
[bookmark: _Hlk177401351][bookmark: _Hlk177401447]All descriptive data are expressed as means ± standard deviation. Normality of distribution was assessed by the Shapiro-Wilk test. A two-way (Condition X Time) repeated measured analysis of variance (ANOVA) was conducted to evaluate the Condition by Time interaction, and independent Condition and Time main effects for: cfPWV; AIx; AIx@75; central systolic blood pressure (CsBP); central diastolic blood pressure (CdBP); peripheral systolic blood pressure (PsBP); peripheral diastolic blood pressure (PdBP); augmentation pressure (AP); mean arterial pressure (MAP); and SEVR. Violations of sphericity were adjusted using Greenhouse-Geisser. Post-hoc pairwise comparisons with a Bonferroni correction were conducted when Condition by Time interactions were detected. Analysis of the effect size was conducted using the partial Eta squared (). The magnitude of effect size was interpreted as trivial (< 0.01), small (0.01-0.06), moderate (> 0.06-0.14), and large (> 0.14) (Richardson, 2011). Significance was set at p < 0.05. Data were analysed using SPSS version 28 statistical software (SPSS Inc, Chicago, IL, USA). A linear mixed-effects model (Jamovi, version 2.3.28) was also utilized to assess the effect of the intervention on cfPWV (primary outcome), controlling for mean arterial pressure (MAP) as a covariate (Townsend et al., 2015). Random intercepts were included for each subject to account for repeated measurements over time. Fixed effects in the model included Condition, Time, and the interaction between Condition and Time. MAP was included as a covariate to adjust for its influence on cfPWV. Residual plots were examined to verify model assumptions of normality and homoscedasticity. 

Results
Characteristics of the study participants are displayed in Table 1.
There were no significant differences between the experimental conditions at baseline (BL) for any of the variables analysed.
[bookmark: _Hlk166177753][bookmark: _Hlk163556385][bookmark: _Hlk166164362][bookmark: _Hlk177401701]Haemodynamic data are shown in Table 2. A significant Condition by Time interaction was observed for cfPWV ( with a larger  increase in cfPWV from BL to Post observed in HE compared to LE (Figure 1). Further, cfPWV was significantly greater than BL at both post and 15Post but significantly decreased from Post to 15Post for the HE condition. For the LE no significant differences in cfPWV from BL were observed.  MAP had no significant main effect on cfPWV (p = 0.06), therefore a similar statistical Condition by Time interaction was observed for cfPWV when controlling for MAP (p < .001). There were no significant Condition by Time interactions for all other variables (Table 2).
A Condition main effect was evident for cDBP (with lower values observed for HE (47.8 ± 6.6 mmHg at Post and 50.2 ± 11 mmHg at 15Post) compared to LE (54.3 ± 10.4 mmHg at Post and 58.5 ± 11.9 mmHg at 15Post)).
Main effects for Time were detected for AIx (, AP (,) CsBP (, CdBP (), PdBP () and SEVR ( (all p < 0.05) AIx and AP significantly increased from BL to Post and 15Post, and then significantly decreased from Post to 15Post. Increases in AIx from resting values were higher in HE than in LE condition by 26% at Post (Cohen’s d = 0.62) and 13% at 15Post (Cohen’s d = 0.24), respectively. For CsBP significant increases from BL were observed at Post. CdBP and PdBP significantly decreased at Post and 15Post. Regarding SEVR, significant decreases were observed at Post. 

Discussion 
This study compared acute changes in indices of AS and central haemodynamics, between two volume and rest equivalent RT protocols with different intensity of effort. Results of the present study indicate that RT protocols performed to volitional failure induce a more pronounced haemodynamic response in comparison to RT protocols  that do not elicit failure, even when volume and rest duration are equivalent. Supporting our hypothesis, changes in AS measured by cfPWV were significantly higher immediately after exercise in the HE in comparison to the LE condition. Furthermore, both RT protocols induced significant increases in AIx and CsBP and significant decreases in CdBP and SEVR, with residual effects persisting up to 15 min into recovery. Of note, this is the first study to assess AS responses to acute RT performed at different intensities of effort on a volume equated basis and given the paucity of similar research comparison with previous studies is limited. Results presented herein indicate that intensity of effort can significantly affect AS responses to RT independent of load, volume, and rest duration.
As proximity to failure nears with in a set during successive repetitions, metaboreflex and central command activation induce autonomic adjustments, promoting increases in cardiac output and systemic vascular resistance that collectively concur in raising BP. In the present study, CsBP significantly increased (7.7% in the HE vs 3% in the LE) immediately post-exercise. It has been postulated that intermittent increases in BP may shift the vessel’s load-bearing properties from the more elastic elastin to stiffer collagen fibres, thus partially explaining increases in AS (O’Rourke & Nichols, 2005). Further, it is known that central command is closely related to the intensity of effort and the fatigue experienced during RT while activation of the metaboreflex is mainly related to metabolic demands of the exercising musculature (De Morree et al., 2012; Teixeira et al., 2019). That said, research has shown that sets performed closer to failure induce more pronounced autonomic responses (i.e., increased sympathetic activation and vagal inhibition) (Rúa-Alonso et al., 2020), higher metabolite accumulation (Gorostiaga et al., 2014) and greater increases in BP (Paulo et al., 2019) compared to shorter set configurations, even when training volume is equalised. Collectively these findings indicate that RT protocols performed with a high intensity of effort promote a more distinct haemodynamic response compared to RT designs with lower intensities of effort and may partially explain findings of the present study. In addition, since is more effortful to lift the same load and terminate the set at the point of volitional failure than terminate the set six repetitions away from failure, this may have caused participants of the present study to perform the Valsalva manoeuvre which can be reflexively adopted as a stabilising action when higher efforts are required (Hackett & Chow, 2013). Considering that the Valsalva manoeuvre can independently increase AS, via direct transmission of intra-thoracic and intra-abdominal pressures to the aorta (Heffernan et al., 2007), this may explain the significant differences in cfPWV observed herein. 
[bookmark: _Hlk174100288][bookmark: _Hlk164886198][bookmark: _Hlk164936797]Results of the present study are partially in line with a previous study that compared haemodynamic responses to RT at different proximities to failure (Rodríguez-Pérez et al., 2020). Rodríguez-Pérez et al. (2020) reported that cfPWV was higher in the high-effort group (i.e., trainees performed repetitions to volitional failure) than the low-effort group (i.e., trainees performed half the number of the maximum possible repetitions) immediately after a RT protocol consisting of 3 sets of bench press and squats at 75% 1RM. However, in the study by Rodríguez-Pérez et al. (2020) training volume in the high-effort group was twice that of the low-effort group. Research indicates that volume is a crucial factor and may have a greater impact on physiological adaptations to RT than other RT variables. Indeed, recent evidence suggests that loading intensity and training frequency might have less of an impact on inducing improvements in BP and glycaemic control when training volume is matched between experimental conditions (Correia et al., 2023; Yang et al., 2017). Thus, findings of Rodríguez-Pérez et al. (2020) cannot be solely attributed to the different level of effort since differences in volume may have been a confounder. Further, cfPWV increased only slightly (from 5.04 to 5.26 m/s) immediately post-training for the high-effort group in Rodríguez-Pérez et al. (2020) and was not statistically significant. Conversely, increases in cfPWV immediately post training (Post) presented herein, were significantly greater (from 6.4 to 7.3 m/s) than baseline values for the HE condition. Differences in the order of exercises [i.e., the last exercise performed in Rodríguez-Pérez et al. (2020) was a lower body (squat) vs an upper body (bench press) in the present study] may partially explain the greater magnitude of change in cfPWV observed herein, since exercises targeting the lower body  tend to have less of an impact on arterial stiffening (Li et al., 2015). Future research may consider randomising exercise order to elucidate a potential impact on AS. 
Data from the present study demonstrated that cfPWV significantly increased by 14% from baseline values in the HE condition immediately post-training. These results are in agreement  with some (Kingsley et al., 2016; Parks et al., 2020) but inconsistent with others (Erb et al., 2022; Thiebaud et al., 2016). Kingsley et al. (2016) reported that cfPWV significantly increased by 9.6% in young adults ten minutes after a RT protocol using free weight exercises. Conversely, Thieabaud et al. (2016) observed a non-significant 8.4% increase in cfPWV in young healthy adults five minutes post training. Elsewhere Parks et al. (2020) demonstrated a significant increase in cfPWV following a RT using weight machines. Whereas in a follow up study using the same RT protocol (i.e., 3 sets of 10 repetitions at 75% 1RM on the leg press, chest press, lat pulldown, leg extension and leg curl exercises) and the same rest duration (i.e., two minutes between sets and exercises), Erb et al. (2022) reported no significant increases (7% in men and 6.7% in women) in cfPWV during the recovery period. Similar inconsistencies are also reported in regard to BP responses to acute RT (DeVan et al., 2005; Thiebaud et al., 2016). For instance, DeVan et al. (2005) observed a significant increase in CsBP but no change in PsBP following acute RT. In contrast, Thiebaud et al. (2016) reported opposite results with significant PsBP elevations but no alterations in CsBP. Such discrepancies highlight the complex interactions between RT variables, AS and blood pressure and further reinforce the necessity of standardization among RT variables to fully appreciate the haemodynamic response to acute RT. Regardless, data from the present study indicate that when other RT variables are held constant, intensity of effort during RT can significantly affects AS, highlighting its independent importance as previously suggested (Karanasios et al., 2023).
In the present study, AIx significantly increased post-exercise regardless of the RT protocol. Increases in AIx from resting values were higher in HE than in LE condition by 26% at Post (Cohen’s d = 0.62) and 13% at 15Post (Cohen’s d = 0.24), respectively, although these differences did not reach statistical significance. Conversely, no significant changes were observed for AIx@75 throughout the recovery period. Wave reflection measures are influenced by the velocity of the pulse wave (Davies & Struthers, 2003), thus higher cfPWV values reported in the HE condition might have been responsible for the early return of the reflected wave consequently augmenting AIx. Previous studies have reported increases in AIx@75 but no changes in AIx after acute RT (Parks et al., 2020; Yoon et al., 2010), which is in contrast to the results presented herein. This discrepancy between former work and the present might be related to the influence of age on vascular responses to RT, as previous evidence suggests that young individuals demonstrate greater acute changes in AIx@75 possibly due to more compliant and vasoresponsive arterioles (Thiebaud et al., 2016). In our study the mean age of participants was 36.4 years, more than 10 years older than the Parks et al. (2020) sample (23.3 years). This may partially explain the distinct wave reflection responses. In addition, increases in AIx reported in the current study seem to be unrelated to HR since no significant changes in HR were evident. Similar findings have been elsewhere observed (Parks et al., 2020) and might indicate that increases in AIx can occur independently of changes in HR, despite previous evidence suggesting an inverse relationship between AIx and HR (Wilkinson et al., 2000). 
The RT protocols adopted in the current study significantly decreased CdBP and SEVR post-exercise. Reduction in CdBP was significantly greater in HE compared to LE. Decreases in CdBP in response to RT have elsewhere been reported (Thiebaud et al., 2016) although this finding is not universally supported (Parks et al., 2020). Similarly, decreases in SEVR reported herein are consistent with previous research reporting reductions in SEVR after acute RT (Parks et al., 2020). Given that SEVR represents the myocardial oxygen supply (DPTI) and demand (SPTI) ratio, it has been postulated that decreases in SEVR may result in transient reductions in coronary blood flow (Parks et al., 2020; Salvi & Parati, 2015). Yet, recent evidence indicates that decreases in central arterial compliance following RT (i.e., increases in AS) are negatively correlated with SPTI but not related to changes in DPTI, indicating that decreases in SEVR may mostly represent increased myocardial demand and to a lesser extent reduced coronary blood flow (Tagawa et al., 2018). Due to the scarcity of available data, further research is required to clarify potential relationships and determine whether these acute changes translate to adverse long-term adaptations. 
[bookmark: _Hlk184066615][bookmark: _Hlk184066578][bookmark: _Hlk184066654]There are a few limitations in the present study that warrant consideration. Due to the volume-load matched design the order of the exercise conditions could not be randomised, thus an order effect cannot be eliminated. The Valsalva manoeuvre was not controlled in this study even though it is known that use of the Valsalva manoeuvre can independently affect AS (Heffernan et al., 2007), yet participants were encouraged to breathe normally during lifting. In addition, in the current study both males and females were tested, thus sex-related differences in arterial haemodynamics previously reported after acute endurance exercise (Doonan et al., 2013), might be a confounding factor. Nonetheless, the available literature does not indicate a sex differential response to acute RT (Erb et al., 2022; Kingsley et al., 2017). Lastly, findings of the current study are only related to the acute effects of RT on AS and cannot be used to establish arterial adaptions to chronic RT. Despite these limitations, the current study suitably controlled a set of RT variables (i.e., load, volume, rest duration) to investigate the independent effects of effort on AS and demonstrates that without compromising training volume shorter sets with a lower intensity of effort impose a lesser demand on the cardiovascular system. In addition, the present study was structured as a within-subjects design thus minimising inter-individual variability in physiological responses to RT (Grgic et al., 2022). 

Conclusion
[bookmark: _Hlk163606205]The current study suggests that performing RT to volitional failure promotes significantly greater acute increases in cfPWV and greater acute decreases in CdBP compared to a RT session where the set is terminated at the half point prior to failure, even when volume load and total rest duration are equated. Collectively, these data suggest that RT protocols with a higher intensity of effort  impose a greater workload on the arterial and cardiovascular system in comparison to RT protocols performed with a lower intensity of effort. Findings of the present study may have important implications for exercise prescription particularly from a cardiovascular-health standpoint. Future research should examine the potential implication of different proximities to failure (i.e., 1 repetition in reserve vs 2 repetitions in reserve etc.), and aim to establish if the acute responses observed herein translate to long-term arterial adaptations to RT.
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Table 1 Participant characteristics
	Age (y)
	 
	36.4 ± 6.8

	Weight (kg)
	 
	67.3 ± 12.0

	Height (cm)
	 
	172.8 ± 7.8

	12RM Dead Lift (kg) 
	 
	56.6 ± 15.0

	12RM Bench Press (kg)
	
	40.6 ± 10.9

	Volume (Repetitions)
	 
	70.4 ± 0.9

	Volume load (kg)
	 
	3419.6 ± 884.8


Note: DL: deadlift; BP: Bench press; Volume load is calculated as : sets x repetitions x load. Data presented are mean ± SD.




















Table 2 Haemodynamic and cardiovascular variables at rest and during recovery from an acute HE and LE resistance training protocol.
	 
	Time Point
	 
	Interaction Effect

	 
	Baseline
	 
	Post
	 
	15Post
	 
	p value
	Effect size (η2p)

	cSBP (mmHg) §
	 
	 
	 
	 
	 
	 
	 
	 

	HE
	111.4 ± 11.0
	 
	119.9 ± 10.2
	 
	111.3 ± 14
	 
	0.268
	0.12

	LE
	113.8 ± 11.1
	 
	117.3 ± 12.0
	 
	113.3 ± 11.2
	 
	
	

	Total
	112 ± 10.2
	 
	118.5 ± 8.5
	 
	112.2 ± 11.9
	 
	 
	 

	cDBP (mmHg) †,§
	 
	 
	 
	 
	 
	 
	 
	 

	HE
	60.5 ± 8.5
	 
	47.8 ± 6.6
	 
	50.2 ± 11.0
	 
	0.157
	0.16

	LE
	61.4 ± 8.6
	 
	54.3 ± 10.4
	 
	58.5 ± 11.9
	 
	
	

	Total
	61 ± 8
	 
	51 ± 7
	 
	54.4 ± 9
	 
	 
	 

	cfPWV (m/s) ¥
	 
	 
	 
	 
	 
	 
	 
	 

	HE
	6.4 ± 0.3
	 
	7.3 ± 0.5
	 
	6.9 ± 0.4
	 
	< 0.001
	0.64

	LE
	6.6 ± 0.3
	 
	6.7 ± 0.3
	 
	6.5 ± 0.5
	 
	
	

	Total
	6.4 ± 2.3
	 
	6.9 ± 2.3
	 
	6.7 ± 0.3
	 
	 
	 

	cfPWV-adjusted (m/s) ¥
	 
	 
	 
	 
	 
	 
	 
	 

	HE
	6.4 ± 0.3
	 
	7.3 ± 0.3
	 
	6.8 ± 0.3
	 
	 
	 

	LE
	6.6 ± 0.3
	 
	6.5 ± 0.3
	 
	6.5 ± 0.3
	 
	<0.001
	 

	Total
	6.5 ± 0.3
	 
	7 ± 0.3
	 
	6.7 ± 0.3
	 
	 
	 

	AIx (%) §
	 
	 
	 
	 
	 
	 
	 
	 

	HE
	12.5 ± 5.4
	 
	32.5 ± 10.7
	 
	17.2 ± 6.2
	 
	0.078
	0.25

	LE
	13.7 ± 8.2
	 
	23.9 ± 12.4
	 
	14.9 ± 8.1
	 
	
	

	Total
	13 ± 5.6
	 
	28.1 ± 9.3
	 
	16 ± 5.3
	 
	 
	 

	AIx75@(%)
	 
	 
	 
	 
	 
	 
	 
	 

	HE
	-5.1 ± 3.3
	 
	0.6 ± 7.7
	 
	-2.0 ± 6.1
	 
	0.137
	0.18

	LE
	-4.7 ± 3.8
	 
	-2.7 ± 6.1
	 
	-3.4 ± 3.4
	 
	
	

	Total
	   -4.9 ± 3
	 
	 -1 ± 5.6
	 
	-2.6 ± 4.3
	 
	 
	 

	AP (mmHg) §
	 
	 
	 
	 
	 
	 
	 
	 

	HE
	6.5 ± 3.2
	 
	23.5 ± 9.6
	 
	11 ± 7.3
	 
	0.054
	0.25

	LE
	7.2 ± 4.6
	 
	15.8 ± 9.0
	 
	8.9 ± 5.4
	 
	
	

	Total
	6.8 ± 3.3
	 
	19.6 ± 7.6
	 
	9.9 ± 4.6
	 
	 
	 

	pSBP (mmHg)
	 
	 
	 
	 
	 
	 
	 
	 

	HE
	118.4 ± 8.8
	 
	123.2 ± 10.1
	 
	116.4 ± 13
	 
	0.241
	0.13

	LE
	120.4 ± 10.1
	 
	121.2 ± 9.7
	 
	119.0 ± 9.6
	 
	
	

	Total
	119.3 ± 8.3
	 
	122.1 ± 7.6
	 
	117.6 ± 10.3
	 
	 
	 

	pDBP (mmHg) §
	 
	 
	 
	 
	 
	 
	 
	 

	HE
	60.5 ± 8.5
	 
	47.8 ± 6.6
	 
	50.2 ± 11
	 
	0.192
	0.15

	LE
	61.8 ± 9.0
	 
	54.5 ± 10.9
	 
	58.5 ± 11.9
	 
	
	

	Total
	61.1 ± 8
	 
	51.1 ± 7
	 
	54.3 ± 9
	 
	 
	 

	HR (bpm)
	 
	 
	 
	 
	 
	 
	 
	 

	HE
	64.1 ± 6.8
	 
	75.5 ± 16.0
	 
	70.5 ± 12.6
	 
	0.147
	0.17

	LE
	64.9 ± 7.9
	 
	68.8 ± 12.6
	 
	67.6 ± 7.1
	 
	
	

	Total
	64.5 ± 6.3
	 
	72.1 ± 11.9
	 
	69 ± 6
	 
	 
	 

	MAP (mmHg)
	 
	 
	 
	 
	 
	 
	 
	 

	HE
	83 ± 10.8
	 
	82.4 ± 8.0
	 
	79.6 ± 10.3
	 
	0.712
	0.03

	LE
	84.8 ± 10.6
	 
	83.8 ± 9.6
	 
	83.5 ± 11.0
	 
	
	

	Total
	83.9 ± 9.9
	 
	83 ± 7.3
	 
	81.5 ± 9.3
	 
	 
	 

	SEVR (%) §
	 
	 
	 
	 
	 
	 
	 
	 

	HE
	160.6 ± 18.8
	 
	128.5 ± 26.9
	 
	131.1 ± 36.2
	 
	0.227
	0.13

	LE
	156.9 ± 26.4
	 
	141.8 ± 30.0
	 
	142.5 ± 34.1
	 
	
	

	Total
	158.7 ± 20.9
	 
	135.1 ± 25.5
	 
	136.7 ± 32.2
	 
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 



Note: HE: high effort; LE: low effort; cSBP: central systolic blood pressure; cDBP: central diastolic blood pressure; cfPWV: carotid-femoral pulse wave velocity; cfPWV-adjusted: cfPWV adjusted for mean arterial pressure; AIx: augmentation index; AP: augmentation pressure; pSBP: peripheral systolic blood pressure; pDBP: peripheral diastolic blood pressure; MAP: mean arterial pressure; HR: heart rate; SEVR: subendocardial viability ratio; Aix@75: augmentation index normalised at 75bmp; Total: means of main effect of time. Data are displayed as means ± SD; ¥ interaction main effect (p < 0.05), † condition main effect (p < 0.05), § time main effect (p < 0.05).
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