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ABSTRACT
Traditional (TRD) and cluster set (CLT) resistance training (RT) configurations differentially affect cardiovascular parameters,
such as heart rate variability (HRV) and blood pressure (BP), but the cardiovascular effects of upper body TRD and CLT with
multiple exercises remain unclear. To compare the acute effects of upper body TRD and CLT on postexercise HRV and BP
variables. Sixteen men with ≥ 1 year of RT experience participated in this randomized crossover study. Subjects performed four
upper‐body exercises in both protocols, matched for volume, intensity, and rest periods. HRV and BP were measured pre‐
exercise, postexercise, and again every 10 min for 40 min postexercise. Heart rate was elevated in both conditions until
30 min for TRD, but recovered by 20 min for CLT, and was lower in CLT versus TRD at 20–40 min (p values < 0.05). Root mean
square of successive differences was reduced in both conditions until 30 min in TRD, but recovered by 20 min in CLT, with
higher values in CLT versus TRD at 20–40 min (p values < 0.05). Despite no interaction (p > 0.05), systolic BP (SBP) was higher
overall in CLT (p < 0.05). Moreover, effect sizes revealed moderate SBP reductions from pre‐exercise across all postexercise time
points in TRD, with SBP lower in TRD versus CLT at 20–40 min (small‐to‐moderate effect sizes). CLT promoted faster cardiac‐
autonomic recovery, whereas TRD tended to promote greater postexercise hypotension. Thus, set configuration should be
selected based on specific goals, such as accelerating parasympathetic reactivation or reducing SBP.

1 | Introduction

Resistance training (RT) is recommended as a non-
pharmacological approach for both the prevention and treat-
ment of cardiovascular disorders as well as for enhancing
athletic performance, improving physical fitness, and reducing
the risk of injury (G. Haff and Triplett 2015). Moreover, chronic
RT has been shown to improve various markers of cardiac
autonomic control, inferred from heart rate variability (HRV), in
clinical populations (Selig et al. 2004). HRV is a reliable
noninvasive tool for evaluating cardiac autonomic modulation

during and after exercise (Stanley et al. 2013) and is defined as
the oscillation in the intervals between consecutive R‐waves
(Malik et al. 1996). During exercise, sympathetic activity in-
creases whereas parasympathetic activity decreases, causing a
reduction in HRV. After exercise, there is a gradual reactivation
of the parasympathetic system accompanied by sympathetic
withdrawal. The return of HRV to baseline is thought to reflect
the restoration of cardiovascular homeostasis, a key component
of autonomic and global recovery (Stanley et al. 2013). Con-
trastingly, excessive or prolonged alterations in cardiac auto-
nomic modulation can increase the risk of cardiac arrhythmias
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in the postexercise period (Von Klot et al. 2008). The autonomic
nervous system also plays a crucial role in regulating and
maintaining systolic (SBP) and diastolic blood pressure (DBP).
During exercise, the sympathetic nervous system secretes
norepinephrine, increasing heart rate, myocardial contractility,
and BP. After acute RT, a decrease in BP is often observed (i.e.,
postexercise hypotension) (Rezk et al. 2006), which is thera-
peutic for patients with high blood pressure (Brito et al. 2018).
However, acute BP and HRV responses to RT vary based on the
number of repetitions, sets, and rest intervals between sets, in-
tensity, and volume (Güngör et al. 2024; Rúa‐Alonso et al. 2020).
Since cardiovascular adjustments after exercise have clinical
implications (Brito et al. 2018; Von Klot et al. 2008), further
study is needed to determine how various RT protocols affect
HRV and BP.

A frequently overlooked and underutilized aspect of RT pro-
grams is the manipulation of set structure (G. G. Haff
et al. 2008). For example, the number of repetitions, training
load, and rest periods within a set can be adjusted to modify the
training stimulus. Set structures are generally classified into two
main categories: traditional sets (TRD) and cluster sets (CLT)
(G. G. Haff et al. 2008). In TRD, all repetitions are performed
consecutively, with rest provided only between sets. In contrast,
CLT includes planned rest intervals within sets, in addition to
the standard rest periods between sets (Tufano et al. 2017).
Although performing TRD to or near muscle failure may pro-
vide a greater hypertrophic stimulus for skeletal muscle (Pareja‐
Blanco et al. 2020), consecutive repetitions in TRD are associ-
ated with increased sympathetic activation and a simultaneous
rise in arterial BP (Rúa‐Alonso et al. 2022), along with a gradual
decline in mechanical performance (Gomides et al. 2010). Peak
SBP during the first repetition increases as the workload pro-
gressively rises with successive repetitions (Sale et al. 1994), and
set duration has been proposed as a major factor influencing
SBP workload (Lovell et al. 2011). Consequently, reducing the
number of repetitions per set at the same exercise intensity may
reduce mechanical performance loss and limit sympathovagal
imbalance (Iglesias‐Soler et al. 2015). Nevertheless, only a few
studies have investigated the effects of TRD and CLT matched
for volume, intensity, and rest periods on HRV and BP (Iglesias‐
Soler et al. 2015; Mayo, Iglesias‐Soler, Carballeira‐Fernández,
et al. 2016; Mayo, Iglesias‐Soler, Fariñas‐Rodríguez, et al. 2016;
Rúa‐Alonso et al. 2020). One study found that SBP was lower for
CLT compared to TRD during squat exercises, but no significant

between‐group differences were observed in HRV (Iglesias‐Soler
et al. 2015). Another study using a crossover design reported
delayed HRV recovery after bench pressing for TRD (failure set)
compared to CLT and a control session, whereas SBP and DBP
were lower for TRD versus control (Mayo, Iglesias‐Soler, Far-
iñas‐Rodríguez, et al. 2016). Meanwhile, another study showed
that despite more suppressed HRV parameters after TRD versus
CLT, similar BP responses were observed (Rúa‐Alonso
et al. 2022). Thus, recent findings are somewhat conflicting
regarding the postexercise cardiovascular effects of CLT versus
TRD, particularly for BP parameters, warranting further
investigation.

Previous studies have examined the effects of variable set con-
figurations on HRV and BP parameters where volume, intensity,
and rest periods were equalized, typically using single (Iglesias‐
Soler et al. 2015; Mayo, Iglesias‐Soler, Carballeira‐Fernández,
et al. 2016; Mayo, Iglesias‐Soler, Fariñas‐Rodríguez, et al. 2016)
or whole‐body exercises (Rúa‐Alonso et al. 2020). To the best of
our knowledge, there is no study examining the effect of vol-
ume‐, intensity‐, and total rest interval‐matched TRD and CLT
consisting of multiple exercises targeting the upper body. This
research is needed because many individuals perform split
routines in which upper and lower body RT is performed on
separate days, indicating that half of their sessions could be
upper body only. Notably, the smaller vascular networks in the
upper body may create greater resistance to blood flow, poten-
tially overloading the cardiovascular system during upper‐body
exercises (Toner et al. 1990). Moreover, high volume upper body
RT has been shown to negatively affect some autonomic and
vascular markers relative to lower body training (Li et al. 2015;
Okamoto et al. 2009). Determining the effects of different upper
body protocols with matched volume, intensity, and total rest
periods on cardiovascular variables may provide useful infor-
mation for designing and prescribing RT programs. Therefore,
the purpose of this study was to compare the effects of TRD and
CLT, performed with equal volume, intensity, and rest periods,
on postexercise HRV and BP parameters in trained men. We
hypothesized that CLT would cause smaller alteration in HRV
and BP compared to TRD.

2 | Material and Methods

2.1 | Study Design

Subjects visited the laboratory on four separate days, with at
least 72 h between each visit. All sessions were performed in the
Athletic Performance Laboratory at Bursa Uludağ University
(temperature 22°C–24°C and humidity 33%–45%) between 10:00
a.m. and 12:00 p.m. to control for time of day. Subjects' 6
repetition maximum (RM) and 6RM retest measurements were
recorded during the first two visits. On the third and fourth
visits, subjects completed the TRD and CLT protocols in a
counterbalanced cross‐over design. A computer‐generated
random number sequence was used to randomize the first 8
participants to TRD or CLT, with the subsequent 8 participants
performing the opposite order so that half of the group per-
formed TRD first and vice versa. The research team was aware
of each subjects' assigned sequence. The exercises performed

Summary

� Volume‐, intensity‐, and rest‐matched upper‐body
resistance exercise performed in a traditional and
cluster‐set format differently affected heart rate vari-
ability (HRV) and blood pressure (BP) in trained men.

� Reductions in vagal‐related HRV and BP were slower to
recover to baseline following the traditional resistance
exercise protocol.

� Despite an equal amount of work in similar time,
cluster‐set training facilitates faster postexercise recov-
ery of cardiac‐parasympathetic and hemodynamic
parameters.
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included the barbell bench press (BnP), dumbbell fly (DF),
incline barbell bench press (IBnP), and decline dumbbell bench
press (DBnP), utilizing both TRD and CLT methods. HRV was
assessed at pre‐interval, immediately post‐interval (3 min), and
at 10 min interval for a total duration of 40 min following the
exercise bout. The BP parameters (SBP, DBP, and mean arterial
pressure (MAP)) were measured immediately following HRV
recordings at the same time points. Subjects were instructed to
abstain from caffeine, alcohol, and intense exercise for at least
24 h prior to the exercise sessions, refrain from food con-
sumption for 3 h, and liquid intake for 1 h before the exercise
(Christiani et al. 2021).

2.2 | Subjects

Young adult men with at least 12 months of RT experience were
recruited from local training facilities for the study. Inclusion
criteria for the subjects were as follows: (a) no joint or bone
injuries within the last 6 months, (b) no cardiovascular diseases
or use of medications or substances affecting the cardiovascular
system, (c) no consumption of stimulants (e.g., caffeine) or
creatine, and (d) no metabolic diseases (Chobanian et al. 2003).
Subjects with resting SBP ≥ 140 mmHg or diastolic blood
pressure (DBP) ≥ 90 mmHg were excluded (Whelton
et al. 2018). Body weight (kg), body mass index (BMI, kg/m2),
and body fat percentage were assessed using a body composition
analyzer (Tanita Model BF‐350; Tanita Corp., Tokyo, Japan).
For the analysis, subjects' clothing weight, gender, age, and
height were entered into TANITA, after which the subjects
stepped on the foot sensors and held the handles. Measurements
were recorded using “athletic mode”. Before the exercise ses-
sions, subjects received a detailed explanation of the study
procedures, requirements, potential benefits, and risks prior to
signing an informed consent form. The study followed the
principles outlined in the Declaration of Helsinki and was
approved by the local Clinical Research Ethics Committee
(Approval code: 2021‐18/14), adhering to the ethical standards
of the World Medical Association. A priori power analysis was
conducted using the G Power software (version 3.1.9.7) for the
F‐test family (repeated measures ANOVA, within‐subject fac-
tors) to determine the required sample size. We specifically
referenced Holmes et al. (2022) which used a sample of 10
participants and reported a medium effect size. Based on this,
we selected an effect size of f = 0.30. The power analysis indi-
cated that a sample size of 14 participants across two sessions
with six measures would achieve a statistical power of β = 0.80
at an alpha level of α = 0.05. To account for potential participant
dropouts, we recruited 16 participants, which provided suffi-
cient power (> 80%) to detect the specified effect size
(Beck 2013).

2.3 | Procedures

2.3.1 | 6RM Test

A test protocol was implemented to determine subjects 6RM in
the BnP, DF, IBnP, and DBnP exercises. Exercise technique
was carried out as previously described (Hedrick 2019;

Tumminello 2022). Testing loads were based of subjects self‐
estimated 6RM load for each exercise and were subsequently
adjusted according to performance. Before 6RM testing, subjects
underwent a 5 min warm‐up routine to reduce the risk of injury
and increase muscle activation. The warm‐up included 2 min of
light jogging, 15 repetitions at 40% of their estimated 1RM, and
eight repetitions at 70% of their 1RM, with 1 min of active rest in
between. During each exercise, subjects attempted to lift their
estimated 6RM load. If a subject was able to complete more than
six repetitions, the weight was increased by 5%–10%; if they
were unable to complete six repetitions, the weight was
decreased by 5%–10%, and the test was re‐executed. After each
trial, subjects were given a 5 min rest period to recover. The
highest load that subjects successfully lifted for six repetitions
was recorded as the final 6RM.

2.3.2 | Training Interventions

Experimental RT sessions occurred 72 h after the 6RM test.
Sessions began with the same warm‐up procedure that pre-
ceded 6RM testing. After the warm‐up routine, a 120 s rest
period was allowed before beginning the RT intervention. In
the TRD protocol, each exercise was performed with 3 sets of 6
repetitions at 6RM, 120 s rest between sets, and 5 min rest
between exercises. In the CLT protocol, each exercise was
performed with 9 sets of 2 repetitions at 6RM, 30 s rest be-
tween sets, and 5 min rest between exercises. Each repetition
included a 2 s eccentric phase followed by a concentric action
performed as quickly as possible to maximize the intended
speed. Each TRD set was completed near or to muscular fail-
ure, defined as the mechanical inability to complete a repeti-
tion and the subject choosing to stop due to the perception that
they could not continue the exercise (Refalo et al. 2022).
During the exercises, subjects received verbal encouragement
and minimal assistance was provided by a researcher when
necessary. In each exercise session, subjects performed BnP,
DF, IBnP (bench angle: þ30°), and DBnP (bench angle: −15°)
exercises, respectively. In addition, volume, intensity, and rest
periods were equalized in both RT sessions. RT protocols are
shown in Figure 1. HRV and BP were measured before and
after exercise as described below.

2.3.3 | Heart Rate Variability Assessment

The measurement of HR through successive R–R intervals was
recorded using a HR monitor (Polar V800 with an H10 strap,
Polar Electro OY, Kempele, Finland) (Giles et al. 2016). Average
and peak HR values during the RT protocols were recorded to
index internal load. Time points for HRV data collection were as
follows: pre: 10 min (5–10 min after a 5 min stabilization) and
post: 3 min (one to three min), 10 min (5–10 min), 20 min (15–
20 min), 30 min (25–30 min), and 40 min (35–40 min) (Esco and
Flatt 2014). Measurements were performed in the supine posi-
tion whereas subjects remained quiet, still, and breathed natu-
rally. R–R interval data were subsequently transferred to a
computer via the Polar Flow application for analysis. Kubios
HRV software (Standard version 3.5.0, Biosignal Analysis and
Medical Imaging Group, Department of Physics, University of
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Kuopio, Kuopio, Finland) was used to calculate HRV parame-
ters. The software automatically performed smoothness priors
detrending procedures (Tarvainen et al. 2002), removed noise,
and applied artifact correction with a very low correction
threshold (not exceeding 2% in the current sample). To estimate
cardiac autonomic modulation, the following parameters were
recorded: mean‐HR, which indicates the average heart rate
during the measurement period; root‐mean square of successive
differences (RMSSD), which predominantly provides informa-
tion about the parasympathetic system; and standard deviation
of normal R–R intervals (SDNN), which reflects overall heart
rate variability and represents both sympathetic and para-
sympathetic influences (Malik et al. 1996).

2.3.4 | Blood Pressure Assessment

Supine brachial SBP, DBP, and MAP were measured using an
automated oscillometric device (Omron M2 HEM‐7121‐E,
Kyoto, Japan). The equipment was automatically calibrated
before each use. Measurements were taken from the left arm in
accordance with the guidelines provided by the American Heart
Association (Pickering et al. 2005). BP measurements were
performed immediately following the HRV assessment at the
same pre‐exercise and postexercise time points.

2.3.5 | Statistical Analysis

Data analysis was conducted using the SPSS version 28.0 soft-
ware (IBM Corp., Armonk, NY, USA). Descriptive parameters
were presented as means and standard deviations. The Shapiro–
Wilk test was employed to assess the normal distribution of the
parameters. To determine the reliability of the 6RM test, intra-
class correlation coefficients (ICCs, [3,1] and two‐way mixed‐
effects model, consistency, single measures) with 95% confi-
dence intervals were calculated for the BnP, DF, IBnP, and
DBnP. ICCs were classified as follows: poor reliability
(ICC ≤ 0.50), moderate reliability (0.50 < ICC ≤ 0.75), good
reliability (0.75 < ICC ≤ 0.90), and excellent reliability (ICC
> 0.90) (Koo and Li 2016). Training duration and internal load
were compared between TRD and CLT with paired t‐tests. A
two‐way repeated measures ANOVA (2 sessions � 6 times) was

used to evaluate the HRV and BP parameters. When appro-
priate, post hoc multiple comparisons were conducted with
Bonferroni adjustments and the significance level was set at
p < 0.05. Effect size (ES) was calculated using partial eta‐
squared (n2

p) from the repeated measures ANOVA. Standard-
ized differences were also calculated for pairwise comparisons
using Hedges' g effect sizes, which were interpreted based on
thresholds outlined by Hopkins et al. (2009): values ≤ 0.19 were
considered trivial, ≤ 0.59 as small, ≤ 1.19 as moderate, ≤ 1.99
as large, and ≥ 2.0 as very large.

3 | Results

Descriptive statistics of the subjects are shown in Table 1. The
training experience of the subjects ranged from 1 to 4 years
(3–4 days per week training frequency). Although no subjects
reported being diagnosed with hypertension, 7/16 subjects
exhibited pre‐exercise SBP values that were elevated and 15/16
subjects exhibited pre‐exercise DBP values that meet stage 1
hypertension categorization (Whelton et al. 2018) (Figure 2).

FIGURE 1 | TRD and CLT practice protocols.

TABLE 1 | Descriptive characteristics and 6RM values of the
subjects.

Variables Mean ± SD Range
Age (year) 21.5 � 2.2 18–28

Height (cm) 176 � 8.1 158–187

Weight (kg) 76.5 � 10.7 58.3–99.9

BMI (kg·m2) 24.5 � 2.8 21.1–30.2

Body fat (%) 10.2 � 4.2 3.3–18.2

Training experience (year) 2.3 � 1.1 1–4

6RM BnP (kg) 80.9 � 12.8 60–100

6RM DF (kg) 52.5 � 4.1 45–60

6RM IBnP (kg) 68.1 � 9.8 52–82

6RM DBnP (kg) 64.1 � 4.9 60–72
Abbreviations: BMI = body mass index; BnP = bench press; DBnP = decline
bench press; DF = dumbbell fly; IBnP = incline bench press; RM = repetition
maximum; SD = standard deviation.

4 of 11 European Journal of Sport Science, 2025
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The 6RM test and retest ICC was BnP = 0.96, DF = 0.94,
IBnP = 0.94, and DBnP = 0.98.

3.1 | Training Duration

Total training duration was significantly shorter (p = 0.001 and
d = 3.66) for TRD (35:03 � 0:44 min:sec) versus CLT
(36:58 � 0:41 min:sec), although this difference was < 2 min.

3.2 | Internal Load

Mean exercising HR was not different (p = 0.819, g = 0.08, and
95% CI [‐0.48, 0.64]) between TRD (122.4 � 14.2 beats∙min−1)
and CLT (121.2 � 15.2 beats∙min−1). Similarly, peak exercising
HR was not different (p = 0.077) between TRD (196.5 � 11.4
beats∙min−1) and CLT (188.0 � 20.0 beats∙min−1), although a
small standardized difference was noted (g = 0.51 and 95% CI [‐
0.05, 1.07]).

3.3 | HRV Responses

Significant condition � time interactions were observed for
Mean‐HR and RMSSD (Table 2). Post hoc analyses for Mean‐HR
showed that relative to pre‐exercise, values were elevated until
30 min postexercise for TRD (ppost < 0.001, g = 3.64, and 95% CI
[2.66, 4.63]; p10min = 0.002, g = 1.04, and 95% CI [0.43, 1.65]; and
p20min = 0.004, g = 0.88, and 95% CI [0.28, 1.49]), whereas values
were elevated until only 20 min postexercise for CLT (ppost

< 0.001, g = 3.17, and 95% CI [2.23, 4.12] and p10min = 0.002,
g = 0.99, and 95% CI [0.39, 1.60]). Furthermore, Mean‐HR was
significantly lower for CLT versus TRD at 20 , 30 , and 40 min
postexercise (p20min = 0.035, g = 0.38, and 95% CI [‐0.20, 0.96];
and p30min = 0.023, g = 0.35, and 95% CI [‐0.23, 0.93]; and
p40min = 0.006, g = 0.58, and 95% CI [‐0.01, 1.16]). Post hoc
analyses for RMSSD showed that relative to pre‐exercise, values
were suppressed until 30 min post exercise for TRD (ppost

< 0.001, g = 2.37, and 95% CI [1.59, 3.14]; p10min = 0.005,
g = 1.71, and 95% CI [1.04, 2.38]; and p20min = 0.006, g = 1.52,
and 95% CI [0.87, 2.18]), whereas values were suppressed until
only 20 min post exercise for CLT (ppost < 0.001, g = 1.79, and
95% CI [1.11, 2.46] and p10min = 0.018, g = 0.80, and 95% CI

FIGURE 2 | Mean � standard deviation for hemodynamic parameters across time points for traditional and cluster set protocols in young
resistance‐trained men (A: SBP, B: DBP, and C: MAP). TRD; traditional set, CLT; cluster set, SBP; systolic blood pressure, DBP; diastolic blood
pressure, and MAP; mean arterial pressure.
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[0.21, 1.40]). Moreover, RMSSD was significantly higher for CLT
versus TRD at 20 , 30 , and 40 min postexercise (p20min = 0.046,
g = 0.58, and 95% CI [‐0.00, 1.16]; and p30min = 0.016, g = 0.70,
and 95% CI [0.11, 1.30]; and p40min = 0.017, g = 0.62, and 95% CI
[0.03, 1.22]).

Significant main effects of time were observed for Mean‐HR,
RMSSD, and SDNN. Post hoc analyses for HR showed that
relative to pre‐exercise, Mean‐HR was significantly increased at
postexercise (p < 0.001, g = 3.55, and 95% CI [2.58, 4.53]), 10
min postexercise (p < 0.001, g = 1.08, and 95% CI [0.47, 1.69]),
and 20min postexercise (p = 0.010, g = 0.79, and 95% CI [0.19,
1.39]). RMSSD showed significant reductions over time, with
values significantly lower than pre‐exercise at postexercise
(p < 0.001, g = 2.43, and 95% CI [1.64, 3.22]), 10 min post-
exercise (p = 0.006, g = 1.34, and 95% CI [0.66, 2.02]), and 20
min postexercise (p = 0.035, g = 0.92, and 95% CI [0.11, 1.73]).
Similarly, SDNN showed significant reductions over time, with
values significantly lower than pre‐exercise at postexercise
(p < 0.001, g = 1.73, and 95% CI [1.00, 2.46]), 10 min post-
exercise (p = 0.005, g = 1.50, and 95% CI [0.76, 2.23]), and 20
min postexercise (p = 0.040, g = 0.94, and 95% CI [0.12, 1.75]).
Although no significant interaction effect was observed for
SDNN, Hedges' g analysis showed small to moderate reductions
for TRD compared to CLT at all postexercise time points
(gpost = 0.37 and 95% CI [‐0.21, 0.95]; g10min = 0.32 and 95% CI [‐
0.26, 0.90]; g20min = 0.47 and 95% CI [‐0.11, 1.05]; g30min = 0.67
and 95% CI [0.08, 1.27]; and g40min = 0.45 and 95% CI [‐0.13,
1.03]). HRV values are displayed in Figure 3.

3.4 | BP Responses

A significant main effect of condition was observed for SBP. Post
hoc analysis showed that SBP was significantly higher for CLT
compared to TRD (p = 0.019, g = 0.49, and 95% CI [‐0.09, 1.07]).
Significant main effects of time were observed for DBP and
MAP. Post hoc analysis showed that each were significantly
reduced from pre‐exercise to postexercise (p = 0.042, g = 1.02,
and 95% CI [0.42, 1.63] and p = 0.039, g = 0.96, and 95% CI
[0.36, 1.56]). No significant condition � time interactions were
observed for any BP parameters. Nevertheless, Hedges' g anal-
ysis showed trivial reductions in SBP relative to pre‐exercise for
CLT at 20–40 min postexercise (g20min = 0.09 and 95% CI [‐0.48,
0.65]; g30min = 0.02 and 95% CI [‐0.54, 0.58]; and g40min = 0.08
and 95% CI [‐0.48, 0.64]), whereas moderate decreases relative
to pre‐exercise were observed at 20–40 min postexercise for TRD
(g20min = 0.71 and 95% CI [0.11, 1.31]; g30min = 0.85 and 95% CI
[0.24, 1.45]; and g40min = 0.66 and 95% CI [0.06, 1.26]). More-
over, SBP for TRD was moderately lower than CLT at 20–40 min
postexercise (g20min = 0.55 and 95% CI [‐0.03, 1.13]; g30min = 0.71
and 95% CI [0.11, 1.31]; and g40min = 0.64 and 95% CI [0.05,
1.24]). All condition � time effect sizes for DBP and MAP
ranged from trivial to small. BP values are displayed in Figure 2.

4 | Discussion

The purpose of this study was to compare the acute effects of
high‐volume upper body RT performed in a traditional or cluster

set manner on postexercise HRV and BP parameters in trained
individuals. Our main finding was that postexercise Mean‐HR
and RMSSD recovery significantly varied as a function of exer-
cise set configuration. Specifically, Mean‐HR and RMSSD were
lower and higher, respectively, at 20 , 30 , and 40 min post-
exercise for CLT versus TRD. Although no significant interaction
effects were observed for BP parameters, SBP was significantly
lower overall for the CLT condition. Moreover, Hedges' effect
size analysis revealed that moderate SBP reductions relative to
pre‐exercise were observed at all postexercise time points for
TRD, whereas trivial reductions were observed for CLT. These
results tend to support our hypothesis that CLT would cause
smaller alterations in HRV and BP relative to TRD.

Although HRV parameters were similarly altered for each
condition immediately postexercise, CLT facilitated significantly
faster HRV recovery to pre‐exercise values compared with TRD.
Additionally, RMSSD exhibited a greater and more prolonged
reduction than SDNN at post‐RT time points, especially in TRD,
indicating that RT‐induced changes in HRV may be driven
primarily by altered parasympathetic activity. Our findings add
to a growing body of research showing that CLT is an effective
strategy for minimizing the duration of RT‐induced distur-
bances in cardiac‐autonomic activity, without affecting total
volume or intensity. Our results demonstrate that this obser-
vation also applies to RT sessions that involve a high volume of
work distributed among multiple upper‐body exercises. In
comparison to our study, Rúa‐Alonso et al. (2020) investigated
the effects of TRD (4x10 repetitions, 120 s rest) and CLT (5x8
repetitions, 52 s rest) protocols involving five whole‐body exer-
cises on HRV and BP parameters in 32 subjects with at least six
months of RT experience. Similar to our findings, HRV pa-
rameters (RMSSD and SDNN) were significantly higher (p
values < 0.05) for up to 40 min postexercise following the CLT
compared to the TRD. In a study by Mayo, Iglesias‐Soler, Car-
balleira‐Fernández, et al. 2016, 17 subjects performed the leg
press exercise using TRD (5x8 repetitions and 180 s rest), cluster
set‐1 (CLT‐1, 10x4 repetitions, and 80 s rest), cluster set‐2 (CLT‐
2, 40x1 repetition, and 18.5 s rest), and a control condition in a
cross‐over design. In agreement with our findings, the natural
log of RMSSD was significantly reduced until 30 min post-
exercise for CLT‐1 and through all 40 min postexercise time
points for TRD compared to CLT‐2 and control (p
values < 0.05). Given that our CLT configuration was most
similar to CLT‐2, it seems that fewer repetitions per cluster is a
key factor that facilitates accelerated postexercise cardiac‐
autonomic recovery. Our findings are in partial agreement
with another study showing that postexercise HRV was signif-
icantly higher for the CLT protocol compared to TRD following
bench pressing (p = 0.027), whereas HRV was nonsignificantly
higher (p > 0.05) for CLT versus TRD following the squat ex-
ercise (Mayo, Iglesias‐Soler, Fariñas‐Rodríguez, et al. 2016). In
another study conducted with 10 judo athletes, RMSSD showed
similar responses between CLT and TRD protocols; however,
the HRV assessment was limited to one follow‐up time point at
8 min postexercise, which does not capture the recovery
response that may occur at subsequent time points (Iglesias‐
Soler et al. 2015).

Continuous (i.e., TRD) versus discontinuous repetitions (i.e.,
CLT) is the primary programming variable that appears to be
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driving the differences in post‐RT cardiac‐autonomic recovery
given that total volume, intensity, rest periods, and internal load
were matched between protocols. Although time duration was
significantly longer for CLT, the difference was < 2 min, which
has little practical relevance. The higher number of consecutive
repetitions, and thus greater time under tension per set, in TRD
likely led to an increased accumulation of glycolytic end‐
products, such as lactate, which can influence autonomic re-
sponses. Based on the prescribed tempo (2 s eccentric phase and
explosive concentric phase) time under tension per set would be
~6 s for CLT and ~18 s for TRD. Thus, CLT would be more
phosphagen system‐dependent, whereas TRD would be more
glycolytic system‐dependent (Baker et al. 2010). In support of
this assertion, one study reported that lactate accumulation was
~20% higher (p < 0.001) after TRD compared to CLT (Rúa‐
Alonso et al. 2020). Moreover, a negative linear association

(r = −0.64) has been observed between RMSSD and blood
lactate concentration at 10 min postexercise in nine trained
subjects following varying intensity RT protocols with or
without vascular occlusion (Okuno et al. 2014). Increased con-
centrations of lactate and other metabolites stimulate groups III
and IV nerve afferents in the exercising muscles, which triggers
the metaboreflex and leads to an increase in sympathetic ac-
tivity and a concurrent withdrawal of parasympathetic activity
(Stanley et al. 2013). Thus, the physiological effects of higher
anaerobic glycolytic processes on cardiac‐autonomic regulation
could help explain why HRV parameters were slower to recover
following TRD in our investigation.

In the present study, no significant condition � time in-
teractions were observed for BP parameters. However, SBP was
significantly higher overall in CLT versus TRD (condition

FIGURE 3 | Mean � standard deviation for cardiac autonomic parameters across time points for traditional and cluster set protocols in young
resistance‐trained men (A: Mean‐HR, B: RMSSD, and C: SDNN). *Different from pre‐exercise values for TRD, #different from pre‐exercise values
for CLT, §different between TRD and CLT, TRD; traditional set, CLT; cluster set, RMSSD; the root of the mean of the square of the difference of
the RR intervals, and SDNN; standard deviation of normal R–R intervals.
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effect), and DBP and MAP were significantly reduced immedi-
ately postexercise versus pre‐exercise (time effect). Moreover,
Hedges' effect size analyses indicated that TRD promoted
moderate SBP reductions from pre‐exercise through all post-
exercise time points, and that SBP was lower (effect size mag-
nitudes ranging from small to moderate) for TRD versus CLT at
20–40‐min postexercise. Previous studies examining BP re-
sponses after TRD and CLT have reported inconsistent results.
For instance, two studies showed no between‐condition differ-
ences in postexercise BP responses (Mayo, Iglesias‐Soler, Car-
balleira‐Fernández, et al. 2016; Rúa‐Alonso et al. 2020) whereas
one study reported interaction effects. Specifically, Mayo,
Iglesias‐Soler, Fariñas‐Rodríguez, et al. (2016) reported that SBP
and DBP were significantly lower following a muscle failure
protocol versus CLT at 30 and 35min postexercise, respectively.
Discrepant findings may reflect variations in subject character-
istics (e.g., health status such as normotensive vs. hypertensive),
type of exercise performed (e.g., single vs. multiple exercises, or
targeting upper, lower, or whole body), resistance training
experience, age, and gender. In addition, postexercise hypoten-
sion following RT is thought to be influenced by factors, such as
total exercise volume, muscle mass involved, and proximity to
muscle failure, with training volume considered the primary
factor (Figueiredo et al. 2015; Polito and Farinatti 2009). For
example, De Souza et al. (2013) observed SBP, DBP, and MAP
reductions only following a muscle failure protocol (volume was
not equalized), suggesting that the decrease in BP was mainly
due to higher training volumes. However, volume differences
cannot explain the SBP effects observed for TRD in the current
study. Our TRD protocol had overall significantly lower SBP and
moderate postexercise effect size reductions in SBP through the
40 min period. We speculate that this may be due to greater
metabolic stress and transient muscular occlusion from a longer
time under tension per set during TRD. These effects promote
reactive hyperemia and flow‐mediated vasodilation as a result of
shear stress and nitric oxide signaling in the active tissue,
thereby promoting acute reductions in SBP (Collier et al. 2010).
Furthermore, unloading of arterial baroreceptors resulting from
postexercise hypotension can evoke a reflex increase in heart
rate and reduction in HRV through vagal withdrawal in an
effort to maintain BP (Farinatti et al. 2021). This may help
further explain our finding of a more prolonged suppression of
parasympathetic HRV parameters following TRD versus CLT.

This study has some limitations. First, blood lactate concen-
tration and perceived exertion were not measured. Second, HRV
parameters were assessed in the supine position, both at rest
and postexercise, yet different body positions may affect HRV
and BP variables (de Tarso Veras Farinatti et al. 2009; Rabbani
et al. 2021). Third, respiratory rate and tidal volume were not
controlled, which can also affect HRV. Fourth, use of spotters
during TRD may have had a small effect on mechanical load
differences between groups. Lastly, only young trained men
were included in this study, limiting the generalizability of our
findings to this population. Future research should investigate
the influence of blood lactate accumulation and other metabolic
markers on postexercise HRV and BP responses. Moreover,
future studies should examine cardiovascular responses in
diverse populations with varying health conditions, training
experience, and age ranges. Additionally, exploring other mus-
cle groups and exercise intensities within these protocols could

provide further insight into the optimal configuration for car-
diovascular recovery following RT.

5 | Conclusion

Our findings provide novel insight into the acute cardiovascular
effects of upper body RT. The CLT protocol was associated with
accelerated cardiac‐autonomic recovery, inferred from signifi-
cantly higher postexercise RMSSD and lower Mean‐HR
compared to TRD. Moreover, a tendency for greater post‐RT
systolic hypotension was observed following TRD compared to
CLT based on effect size analysis. Differences in HRV and BP
responses were observed despite matched volume, intensity, and
total rest periods between protocols. From a clinical perspective,
our findings may support the use of CLT‐style resistance
training for patients who are at a risk of dysrhythmia during
prolonged postexercise parasympathetic withdrawal. Moreover,
postexercise hypotension may (e.g., for hypertensive individuals
without cardiac complications) or may not (e.g., for individuals
with postural orthostatic hypotension) be desirable for different
individuals. Thus, our findings may help guide RT program-
ming considerations for targeting the desired cardiac‐autonomic
and hemodynamic response for a specific population.
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