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Abstract

Objective: We compared the effects of three strength
training (ST) methods — traditional, superset, and
tri-set — on blood pressure (BP) and heart rate vari-
ability (HRV) to determine the optimal approach
for maximizing cardiovascular benefits.

Patients and Methods: Nine men participated, com-
pleting three ST sessions consisting of 3 sets of 8-10
repetitions at 70% of their one-repetition maxi-
mum (1RM), with 90-second rest intervals. BP and
HRY were assessed before and after each session.
Results: Findings revealed that systolic blood pres-
sure (SBP) decreased for up to 60 minutes follow-
ing the traditional method, while both the superset
and tri-set methods exhibited decreases at 30- and
40-minutes post-session (p < 0.05). Diastolic blood
pressure (DBP) showed declines at 10 and 30
minutes after the superset and tri-set methods,
and mean blood pressure (MBP) experienced de-
creases at 10, 30, and 40 minutes following both
methods (p < 0.05). A consistent sympathetic pre-
dominance was observed across all ST methods

(p < 0.05), indicating substantial cardiovascular
stress during sessions. Differences in heart rate
variability (HRV) metrics were noted between the
traditional and tri-set methods, specifically in the
standard deviation of all NN intervals (SDNN) at
10 and 40 minutes (p = 0.036) and the root mean
square of successive RR intervals (RMSSD) at 30
minutes (p = 0.037).

Conclusions: These findings offer valuable in-
sights to professionals in strength training for
optimizing BP reduction and minimizing car-
diac stress in customized ST programs.

INTRODUCTION

Strength training (ST) plays a crucial role in any
comprehensive exercise program, as emphasized by
the American College of Sports Medicine (ACSM)'.
It can have positive impacts on several health-related
outcomes, including the control of blood pressure!,
through a variety of mechanisms, which include
reducing resting blood pressure, enhancing blood
vessel function at the endothelial level, increasing
arterial flexibility, counteracting arterial stiffness,
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enhancing metabolism, improving overall fitness,
reducing body fat as well as the risk of hyperten-
sion, and improving overall cardiovascular health.
However, despite the growing body of scholarly
evidence, further research is needed to investigate
the specific effects of different ST methods on blood
pressure regulation and the autonomic nervous sys-
tem (ANS). Remarkably, the focus lies on the poten-
tial of ST to aid in blood pressure control through
the occurrence of post-exercise hypotension (PEH),
which refers to a reduction in blood pressure values
following an exercise session compared to resting
levels'2. Notably, PEH has significant clinical impli-
cations, especially when it occurs with greater mag-
nitude and duration’. Under such conditions, PEH
has been associated*® wi th long-term blood pres-
sure control in individuals with hypertension as well
as normotensive subjects.

Effective management of ST variables is a cru-
cial strategy for eliciting various physiological ad-
aptations® and achieving differential blood pressure
responses following ST sessions. Previous studies’"
have demonstrated the influence of different ST vari-
ables on blood pressure, including training intensity’,
volume’, rest interval’, exercise order’, and meth-
ods'™!3. Superset (SS) refers to a combination of exer-
cises, typically two, performed successively, targeting
different muscle groups®, while tri-set (TS) involves
the performance of three consecutive exercises fol-
lowed by a rest period™. Studies' comparing SS, TS,
and the traditional method (TD), which consists of a
single set followed by a rest, have already been con-
ducted. However, given the numerous possibilities for
combining these methods with other ST variables to
optimize PEH, further investigation is necessary.

The existing literature lacks consensus on the in-
fluence of different ST methods on PEH or the under-
lying mechanisms that may mediate the variable blood
pressure responses. One possible mechanism that mer-
its consideration is heart rate (HR) variability (HRV).
HRYV serves as a physiological marker that can be in-
fluenced by an ST session". It offers a non-invasive
means of assessing the cardiovascular system and in-
teractions with the ANS at rest, during exercise, and in
the post-exercise period's. Increased sympathetic activ-
ity following an ST session'’ is associated with elevated
mortality risk, even in healthy individuals®®. Further-
more, HRV assessment can provide valuable insights
into the mechanisms underlying PEH".

Previous studies''***?! have examined the ef-
fects of SS and TS methods on blood pressure and

HRV. In these investigations, upper limb exercises
were predominantly employed in the SS protocols
with an agonist-antagonist order, while the TS pro-
tocols involved exercises targeting the same muscle
group. However, a recent study* demonstrated that
awhole-body ST protocol elicited more pronounced
PEH compared to protocols focusing on either up-
per or lower limbs. Additionally, a study’ revealed
that exercise order within an ST session influences
blood pressure and HRV responses. Consequently,
additional information regarding blood pressure
and HRV responses following an ST session with
exercise order variations not previously explored
would aid in the design of effective ST sessions.
Hence, the aim of this study was to compare the
responses of blood pressure, HRV, training volume
(TV), and training efficiency (TE) following an ST
session performed using the traditional (TD), sup-
erset (SS), and tri-set (TS) methods. The hypothesis
posits that TD, SS, and TS methods would all in-
duce PEH, resulting in reduced HRV, with no sig-
nificant differences observed between the methods.

PATIENTS AND METHODS

Prior to the commencement of the ST sessions, sever-
al measurements were taken to assess systolic blood
pressure (SBP), diastolic blood pressure (DBP), mean
blood pressure (MBP), HR, and HRV in both fre-
quency and time domains. These measurements were
conducted after a 10-minute passive rest period upon
the subjects’ arrival at the laboratory and, then, at
10-minute intervals for a total duration of 60 minutes
following each experimental condition. The blood
pressure and HRV assessments began promptly, with-
in 1 minute after the completion of the ST session.

To establish a robust research design, a with-
in-subject repeated-measures approach was adopted,
allowing each subject to serve as their own control.
This necessitated a total of 5 visits to the laborato-
ry, which were scheduled on nonconsecutive days.
During the first and second visits, anthropometric
measurements were obtained, and the subjects un-
derwent the one-repetition maximum (IRM) test
and retest to ensure the reproducibility of the loads.
Subsequently, from the third to the fifth visit, the
subjects were randomly assigned to three different
experimental conditions: TD, SS, and TS.

The experimental sessions encompassed specif-
ic exercises, namely Bench Press (BP), 45° Angled
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Traditional method
Set1 - Set 2 - Set 3 Setl Set2 Set 3 = Set 1 ) Set 2 Set3
BP BP BP 45LP 45LP 45LP LPD LPD LPD
Superset method
Set 1l :: Set 2 :: Set 3 ::) Setl :> Set 2 :v'\ Set3
BP + 45LP BP +45LP BP + 45LP LPD + LE LPD + LE LPD + LE
Tri-set method
Set 1 : Set2 Set3
BP + 45LP + LPD BP + 45LP + LPD : V BP + 45LP + LPD

Figure 1. Study design using an example in the first exercises performed during each protocol.
BP: bench press, 45LP: 45 angled leg press, LPD: lat pulldown, LE: leg extension, SP: shoulder press, LC: leg curl, arrows: 90

seconds rest period.

Leg Press (45LP), Lat Pulldown (LPD), Leg Exten-
sion (LE), Shoulder Press (SP), and Leg Curl (LC).
It is worth noting that the subjects were instructed
to abstain from consuming any caffeinated or alco-
holic beverages throughout the study period while
maintaining their regular dietary habits. For a visu-
al representation of the study design, see Figure 1.

Table 1. Physical and functional characteristics of the subjects.

STUupY POPULATION

Nine normotensive men with a minimum of five
years of experience in recreational ST voluntari-
ly participated in this study. Table 1 presents the
characteristics of the subjects. To determine the
appropriate sample size and minimize the likeli-

Variables Mean = SD Variables Mean £+ SD
n=9

Age (y.) 30.78 =4.18 HFnu 29.93 £ 14.12
Body mass (Kg) 78.22+12.48 LF/HF 2.84 + 1.36
Height (m) 1.75 £ 0.09 SDNN (ms) 49.89 +27.02
BMI (Kg/m?) 25.37+1.96 RMSSD (ms) 4742 +40.36
ST experience (y) 317+£2.52 HR (bpm) 69.15 + 14.34
ST frequency (d.w) 3.89+0.78 1-RM BP (Kg) 64.56 +20.97
SBP (mmHg) 114.56 + 5.85 1-RM 45LP (Kg) 280.00 + 82.16
DBP (mmHg) 66.19 + 8.76 I-RM LPD (Kg) 61.78 + 18.16
MBP (mmHg) 77.67 £5.36 I-RM LE (Kg) 100.89 +2.67
VLF (ms?) 180.67 £ 130.48 1-RM SP (Kg) 4533 £8.94
LFnu 70.01 + 14.17 I-RM LC (Kg) 83.99 +9.28

BMI: body mass index; ST: strength training; SBP: systolic blood pressure; DBP: diastolic blood pressure; MBP: mean blood
pressure; VLF: very low frequency; LF: low frequency; HF: high-frequency; LF/HF: low frequency to high-frequency ratio;
SDNN: standard deviation of NN intervals; RMSSD: root mean square of successive RR interval differences; HR: heart rate; BP:
bench press; 45LPD: 45 angled leg press; LPD: lat pulldown; LE: leg extension; SP: shoulder press; LC: leg curl; y.: years; d.w:
days a week; Kg: kilograms; m: meters; nu: normalized units; ms: milliseconds; bpm: beats per minute; SD: standard deviation.
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hood of a type II error, a post-hoc statistical power
analysis was conducted using G*Power software
(version 3.1.94, Heinrich-Heine-Universitit, Diis-
seldorf, Germany). The analysis was based on the
effect size calculated from the criterion with Pil-
lai’s trace = 1.964. The parameters used were as
follows: effect size = 7.38, a = 0.05, total sample
size = 9, number of groups = 3, and number of mea-
surements = 8. The calculated sample size provided
more than 80% statistical power, indicating suffi-
cient participant numbers.

Participants were selected based on the follow-
ing inclusion criteria: (a) nonsmokers, (b) absence
of metabolic disease, (c) negative Physical Activi-
ty Readiness Questionnaire (PARQ)!, (d) not tak-
ing any medication, and (e) no use of steroids. The
study received approval from the Ethics Commit-
tee of Rio de Janeiro Federal University (number:
86506318.0.0000.5257). Prior to participation, all
individuals were fully informed about the study
procedures, potential risks, and benefits, and they
provided informed consent by signing a consent
form.

IRM TEsSTING

During the initial laboratory visit, the participant’s
height and body mass were measured using a scale
and stadiometer (Welmy, Brazil). Subsequently, the
IRM testing was conducted according to the pro-
cedures outlined by past research?. The 1RM test
began with a warm-up set at 50% of the predicted
IRM. Following the warm-up, the load was progres-
sively increased to the predicted 1RM for the first
attempt. If a participant failed to achieve the 1RM,
an additional attempt was allowed after a five-min-
ute rest period. Each participant had a maximum of
three attempts during the 1RM testing session. The
highest load successfully lifted was recorded as the
IRM. To establish the reliability of the 1RM values,
the same protocol was repeated in the same exercise
order and conditions during a second laboratory visit
scheduled 48 to 72 hours later®.

The data obtained from the 1RM test and re-test
days were analyzed using intraclass correlation co-
efficients (ICCs) to assess the reliability. The results
showed high reliability for most exercises, as indi-
cated by the following ICC values: BP, r = 0.996;
LP45, r=0.995; LPD, r = 0.998; SP, r = 0.983; LC,
r = 0.945. However, the ICC for LE demonstrated

lower reliability (r = 0.457). Several strategies were
employed to minimize potential errors.

Participants were provided with detailed infor-
mation regarding the procedures beforehand.

Standardized instructions regarding proper
technique were given to the participants prior to
the testing.

Verbal encouragement was provided to the par-
ticipants during the testing process.

The accuracy of the bars and weights used in the
testing was ensured.

The technique and range of motion for the ex-
ercises followed the guidelines set by the National
Strength and Conditioning Association®.

ST SESSIONS

Each ST session was meticulously designed and
executed in a randomized order to ensure unbi-
ased results. The ST protocol consisted of the fol-
lowing exercises: BP, 45LP, LPD, LE, SP, and LC.
Free weights were utilized for BP and SP exercis-
es, while resistance machines were employed for
45LP, LPD, LE, and LC exercises.

After the initial rest period for blood pressure
and HRV assessment, the participants commenced
their warm-up, which involved one set of 10 repe-
titions for both BP and 45LP exercises, performed
at 50% of their respective 1RM, with a one-minute
rest interval between sets. Subsequently, all exer-
cises were performed for three sets, consisting of
8 to 10 repetitions each, at an intensity of 70% of
the IRM. A rest interval of 90 seconds was allowed
between sets and exercises. This ST protocol’, pre-
viously utilized, aligns with the recommended ST
prescription for managing blood pressure'. The
transition between eccentric and concentric phases
of each exercise was performed without any pause,
and a rest interval was provided after each set and
exercise during the TD session. In the SS and TS
sessions, the rest interval was implemented after
each group of exercises: SS involved BP + 45LP,
LPD + LE, and SP + LC, while TS included BP +
45LP + LPD and LE + SP + LC (Figure 1).

The number of repetitions performed during
each exercise was meticulously recorded to calcu-
late the TV of work, which is the product of the
load and the total number of repetitions. To assess
TE in terms of kilograms per minute (kg.min™),
the TV was divided by the duration of the train-
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ing session in minutes, following the methodology
outlined by a preceding study™. A timer was initi-
ated at the beginning of the warm-up and ceased
at the completion of the final repetition of the last
exercise. Participants were strictly instructed not to
employ the Valsalva maneuver during the sessions.
The experimental sessions were separated by a 48-
to 72-hour period and were conducted on the same
day, in accordance with previous studies®?*.

BLoop PRESSURE ASSESSMENT

To measure SBP, DBP, and MBP, an oscillometric
device (Contec, PM50 NIBP/Spo2, Qinhuangdao,
Hebei, China) was employed. The blood pressure
measurements adhered to the guidelines and rec-
ommendations set forth by the American College of
Cardiology and the American Heart Association®.
All blood pressure assessments were conducted in
a quiet and temperature-controlled environment,
maintained at 21-23° Celsius.

The blood pressure evaluation involved a stan-
dardized protocol. After a 10-minute period of
passive rest in a seated position, the resting blood
pressure value (Pre) was determined by averaging
three consecutive measurements taken at five-min-
ute intervals. Following each ST session, the blood
pressure was assessed under the same conditions.
Immediately after the session (post-0), blood pres-
sure measurements were obtained, and subsequent-
ly, additional measurements were taken at 10-min-
ute intervals over a duration of 60 minutes (post-10,
post-20, post-30, post-40, post-50, and post-60).
This allowed for a comprehensive evaluation of the
post-exercise blood pressure response.

MEASURES OF HEART RATE VARIABILITY
AND HEART RATE

A Polar® RS800cx heart rate monitor from Finland
was employed to collect HR data?. HR measure-
ments were taken for a duration of 10 minutes be-
fore and 60 minutes after each ST protocol. The
recorded HR data were then downloaded and ex-
ported as a text file for subsequent analysis using
the Kubios heart rate variability software (version
3.1, University of Eastern Finland, Kuopio, Fin-
land). The HRV analysis followed the recommen-
dations outlined?.

The HRV analysis encompassed two primary
parameters: (1) time-domain analysis, which in-
cluded the standard deviation of all NN intervals
(SDNN) and the root mean square of successive
RR intervals (RMSSD), and (2) frequency-domain
analysis, utilizing the Fast Fourier Transform al-
gorithm. The frequency bands analyzed included
the very-low-frequency (VLF) band (0.0033-0.04
Hz), which is associated with thermoregulation
and hormonal responses; the low-frequency band
in normalized units (LF-nu) (0.04-0.15 Hz), in-
dicative of sympathetic modulation; the high-fre-
quency band in normalized units (HF-nu) (0.15-
0.4 Hz), reflective of parasympathetic modulation;
and the low-frequency to high-frequency ratio
(LF/HF), representing the absolute and relative
changes between the ANS components'®?. In the
time domain, SDNN is correlated with VLF and
LF-nu, while RMSSD is correlated with the HF
band'®%.

For data analysis, eight samples were utilized
at specific time points. These time points included
pre (0-10 minutes before each ST session) and post
(post-0: 0-1 minutes; post-10: 1-10 minutes; post-
20: 10-20 minutes; post-30: 20-30 minutes; post-
40: 30-40 minutes; post-50: 40-50 minutes; post-
60: 50-60 minutes). The duration of the recording
aligns with previous descriptions'®?*, Mean HR
values obtained at each time point were adopted
for the HR analysis.

STATISTICAL ANALYSIS

Normality and homoscedasticity were assessed
using the Shapiro-Wilk and Levene’s tests, respec-
tively. Descriptive statistics, including the mean
and standard deviation (SD), were used to sum-
marize the variables. The test-retest reliability of
the 1IRM loads was assessed using the intraclass
correlation coefficient. To calculate the TV, the
workload for each exercise was computed, and the
sum of the workloads for all exercises comprised
the TV of the protocol. The TV was divided by the
time spent in each ST session to calculate the TE.
A one-way analysis of variance (ANOVA) was con-
ducted to compare the TV and TE among the dif-
ferent protocols. For the comparison of the resting
values and post-exercise measures, multivariate
ANOVA (MANOVA) with repeated measures was
employed within and between sessions.
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To identify statistically significant differences,
the post hoc LSD test was utilized. Effect sizes
(ESs) and delta values (A = pre-post) were calculat-
ed for SBP, DBP, MAP, and only ES for VLF, LF-
nu, HF-nu, LF/HF, SDNN, RMSSD, and HR across
all exercise sequences. ESs were categorized using
the following scale: trivial (< 0.35), small (0.35-
0.80), moderate (0.80-1.50), and large (> 1.5). The
significance level (alpha) was set at p < 0.05, and
all statistical analyses were performed using the
Statistical Package for the Social Sciences (SPSS
version 24.0, IBM Corp., Armonk, NY, USA).

RESULTS

According to the Shapiro-Wilk test, the IRM data
followed a parametric distribution, except for the
LPD test and retest, LE test and retest, and SP re-
test. The blood pressure measures before the pro-
tocols showed a normal distribution. The HRV
measures also exhibited a normal distribution,
except for SDNN and RMSSD in TD, VLF, LF-
nu, HF-nu, and RMSSD in SS, and VLF, LF-nu,
HF-nu, SDNN, and RMSSD in TS. Homogeneity
of variance was observed, except for VLF, LF/HF,
and RMSSD in TD, VLF, LF-nu, HF-nu, SDNN,
and RMSSD in SS, and VLF, SDNN, and RMSSD
in TS, based on Levene’s test.

ToraL VoLuME AND TRAINING EFFICIENCY

The TV performed was as follows: TD = 13,454.00
+2,600.45 Kg; SS = 13,468.22 + 2,597.42 Kg; TS
= 13,456.33 + 2,552.63 Kg. One-way ANOVA re-
vealed no significant differences in TV between
TD and SS (p = 0.991), TD and TS (p = 0.998),
and SS and TS (p = 0.992). The TE was as follows:
TD = 351.17 £ 71.85 Kg.min!; SS = 484.17 + 95.81
Kg.min'; TS = 542.48 + 96.27 Kg.min'. Signifi-
cant differences were found in TE between TD and
SS (p =0.004) and TD and TS (p < 0.001). No dif-
ferences were observed in TE between SS and TS
(p = 0.176).

SystoLic BLoop PRESSURE

For SBP, significant reductions compared to Pre
were observed at post-10 (p = 0.05), post-20 (p =

0.008), post-40 (p = 0.011), post-50 (p = 0.025),
and post-60 (p = 0.046) in the TD method. The
effect size (ES) data indicated that the most sig-
nificant magnitude was observed at post-20 and
classified as “moderate” (ES = -1.29; A = -8.33
mmHg). Following the SS method, SBP was sig-
nificantly reduced compared to Pre from post-30
to post-40 (p =0.019 and p = 0.037, respectively).
The highest magnitude was observed at post-30
(moderate, ES = -1.09; A = -9.44 mmHg). After
the TS method, SBP was significantly higher at
post-0 than Pre (p = 0.05; ES = 0.87 — moderate;
A = 6.89 mmHg). No PEH in SBP was observed
after the TS method. There were no significant
differences among the methods in SBP (Figure
2 and Table 2).

DiastorLic BLoop PRESSURE

For DBP, no significant differences were found
after the TD method. The ES showed a “small”
reduction at post-50 (ES = -0.71; A = -6.11
mmHg). Significant reductions at post-10 (p =
0.010) and post-30 (p = 0.030) compared to Pre
were observed after the SS method. The highest
magnitude was observed at post-10 (moderate,
ES =-0.95; A =-8.89 mmHg). After the TS meth-
od, a significant reduction was found at the same
time points as in the SS method (p = 0.015 and
p = 0.045, respectively). The highest magnitude
was observed at post-10 (moderate, ES =-1.65; A
= 10.33 mmHg). There were no significant dif-
ferences among the methods in DBP (Figure 2
and Table 2).

MEAN BLooD PRESSURE

For MBP, no significant differences were found af-
ter the TD method. The ES was “trivial” at post-50
(ES =-0.25; A = -2.44 mmHg). Significant reduc-
tions at post-10 (p = 0.010), post-30 (p = 0.030),
and post-40 (p = 0.041) were observed after the
SS method. The highest ES was observed at post-
30 (moderate; ES = -1.02; A = -7.74 mmHg). After
the TS method, a significant reduction was found
at post-10 (p = 0.05) with a “moderate” magnitude
(ES = -1.15; A = -7.72 mmHg). There were no sig-
nificant differences among the methods in MBP
(Figure 2 and Table 2).
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Figure 2. Systolic, diastolic, and mean blood pressure responses after traditional (TD), superset (SS), and tri-set (TS) methods
(mean £ SD). Blood pressure: mmHg. *Significant difference from Pre in TD at that time point. #Significant difference from
Pre in SS at that time point. 1 Significant difference from Pre in TS at that time point.

Table 2. Effect size and delta value: systolic, diastolic, and mean blood pressure after traditional, super set and tri-set.

Post-0 Post-10 Post-20 Post-30 Post-40 Post-50  Post-60

SBP
ES 0.50 -0.94 -1,29 -0.81 -1.23 -1.08 -0.96
TD Magnitude Small Mod. Mod. Mod. Mod. Mod. Mod.
A 322 -6.11 -8.33 -5.22 -8.00 -7.00 -6.22
ES 0.66 -0.46 -0.44 -1.09 -0.97 -0.76 -0.85
SS Magnitude Small Small Small Mod. Mod. Small Mod.
A 5.67 -4.00 -3.78 -9.44 -8.33 -6.56 -7.33
ES 0.87 -0.60 -0.48 -0.39 -0.75 -0.81 -0.56
TS Magnitude Mod. Small Small Small Small Mod. Small
A 6.89 -4.78 -3.78 -3.11 -6.00 -6.44 -4.44

DBP
ES -0.32 -0.45 -0.53 -0.46 -0.32 -0.71 -0.23
TD Magnitude Triv. Small Small Small Triv. Small Triv.
A -2.78 -3.89 -4.56 -4.00 -2.78 -6.11 -2.00
ES -0.48 -0.95 -0.60 -0.79 -0.66 -0.59 -0.53
SS Magnitude Small Mod. Small Small Small Small Small
A -4.56 -8.89 -5.67 -7.44 -6.22 -5.56 -5.00
ES -0.59 -1.65 -0.78 -1.35 -0.84 -1.05 -0.28
TS Magnitude Small Large Small Mod. Mod. Mod. Triv.
A -3.67 -10.33 -4.89 -8.44 -5.22 -6.56 -1.78

MBP
ES 0.48 -0.05 -0.13 0.09 -0.01 -0.25 0.05
TD Magnitude Small Triv. Triv. Triv. Triv. Triv. Triv.
A 4.67 -0.44 -1.22 0.89 -0.11 -2.44 0.44
ES -0.40 -1.08 -0.52 -1.02 -0.87 -0.68 -0.76
SS Magnitude Small Mod. Small Mod. Mod. Small Small
A -3.07 -5.11 -3.96 -71.74 -6.63 -5.19 -5.74
ES -0.12 -1.15 -0.65 -0.79 -1.08 -1.09 -0.46
TS Magnitude Triv. Mod. Small Small Mod. Mod. Small
A -0.78 -7.22 -4.11 -5.00 -6.78 -6.89 -2.89

SBP: systolic blood pressure; DBP: diastolic blood pressure; MBP: mean blood pressure; TD: traditional; SS: superset; TS: tri-set;
ES: effect size; A: delta value mmHg; Mod: moderate; Triv: trivial.
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HEART RATE VARIABILITY — FREQUENCY-DOMAIN

In the HRV analysis by the frequency domain, there
were no significant differences in VLF after the TD
method. Significant reductions were observed in
VLF after the SS compared to Pre from post-0 (p =
0.010) to post-10 (p = 0.019). After the TS method,
significant reductions compared to Pre were found
at post-0 (p = 0.002), post-10 (p = 0.003), post-20
(p = 0.004), post-30 (p = 0.012), and post-40 (p
= 0.013). The highest magnitude in VLF was ob-
served at post-0 in TD, SS, and TS (moderate, ES =
-1.12; small, ES = -0.77; and moderate, ES = -0.80,
respectively). The methods had no significant dif-
ferences (Figure 3 and Table 3).

LF-nu increased significantly compared to Pre
at all-time points after the TD method (post-0: p =
0.004; post-10: p < 0.001; post-20: p < 0.001; post-
30: p = 0.001; post-40: p < 0.001; post-50: p = 0.005;
post-60: p = 0.006). The highest magnitude was ob-
served at post-20 (moderate; ES = 1.20). After the
SS method, a significant increase compared to Pre
was found at post-0 (p = 0.010), post-10 (p = 0.055),
post-20 (p = 0.024), post-30 (p = 0.006), post-40

(p = 0.012), and post-50 (p = 0.016). The same pat-
tern was observed after the TS method (post-0: p =
0.048; post-10: p = 0.037; post-20: p = 0.005; post-30:
p=0.001; post-40: p = 0.011; post-50: p = 0.034). The
ES showed the highest magnitude at post-30 in the
SS and TS methods (small, ES = 0.63; moderate, ES
= 0.91, respectively). There were no significant dif-
ferences among the methods (Figure 3 and Table 3).

For HF-nu, a significant reduction compared
to Pre was observed at all-time points after the
TD method (post-0: p = 0.004; post-10: p < 0.001;
post-20: p < 0.001; post-30: p = 0.001; post-40: p
< 0.001; post-50: p = 0.004; post-60: p = 0.006).
The ES was “moderate” at post-20 (ES = -1.20).
After the SS method, significant reductions related
to Pre were found at post-0 (p = 0.010), post-10 (p
= 0.055), post-20 (p = 0.023), post-30 (p = 0.006),
post-40 (p = 0.012), and post-50 (p = 0.015). After
the TS method, a significant reduction occurred at
the same time points as in the SS method (post-0:
p = 0.048; post-10: p = 0.036; post-20: p = 0.005;
post-30: p = 0.001; post-40: p = 0.011; post-50: p =
0.035). The highest magnitude was also observed
at post-30, with a “small” magnitude (ES = -0.63)
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Figure 3. Very low frequency (VLF), low frequency (LF-nu), high frequency (HF-nu), and low frequency to high frequency
ratio (LF/HF) after traditional (TD), superset (SS), and tri-set (TS) methods (mean + SD).

*Significant difference from Pre in the TD method at that time point. #Significant difference from Pre in the SS at that time
point. TSignificant difference from Pre in the TS at that time point.
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Table 3. Effect size: heart rate variability in the frequency domain.

Post-0 Post-10 Post-20 Post-30 Post-40 Post-50  Post-60
VLF
TD ES -1.12 -0.88 -0.59 -0.13 -0.02 0.72 0.24
Magnitude Mod Mod. Small Trivial Trivial Small Trivial
SS ES -0.77 -0.70 -0.53 -0.34 -0.25 -0.07 -0.04
Magnitude Small Small Small Trivial Trivial Trivial Trivial
TS ES -0.80 -0.77 -0.75 -0.65 -0.64 -0.39 -0.38
Magnitude Mod. Small Small Mod. Small Small Small
LF-nu
TD ES 0.89 1.17 1.20 1.05 1.12 0.88 0.85
Magnitude Mod. Mod. Mod Mod Mod Mod Mod
SS ES 0.59 0.44 0.52 0.63 0.58 0.55 0.42
Magnitude Small Small Small Small Small Small Small
TS ES 0.54 0.58 0.78 0.91 0.71 0.58 0.43
Magnitude Small Small Small Mod. Small Small Small
HF-nu
TD ES -0.90 -1.18 -1.20 -1.05 -1.12 -0.88 -0.85
Magnitude Mod. Mod. Mod. Mod. Mod. Mod. Mod.
SS ES -0.59 -0.44 -0.52 -0.63 -0.57 -0.55 -0.42
Magnitude Small Small Small Small Small Small Small
TS ES -0.55 -0.58 -0.78 -0.91 -0.71 -0.59 -0.43
Magnitude Small Small Small Mod. Small Small Small
LF/HF
TD ES 4.21 443 3.85 2.47 3.05 2.50 1.94
Magnitude Large Large Large Large Large Large Large
SS ES 1.55 0.81 1.46 1.24 1.26 0.90 1.23
Magnitude Large Mod. Mod. Mod. Mod. Mod. Mod.
TS ES 1.67 2.29 2.97 3.70 2.22 1.45 0.96
Magnitude Large Large Large Large Large Mod. Mod.

TD: traditional; SS: superset; TS: tri-set; VLF: very-low frequency; LF-nu: low frequency; HF-nu: high frequency; LF/HF: low
frequency to high-frequency ratio; ES: effect size; Mod: moderate.

and a “moderate” magnitude (ES =-0.91) in the SS
and TS methods, respectively. The methods had no
significant differences (Figure 3 and Table 3).

LF/HF was significantly higher at post-0 (p =
0.008), post-10 (p = 0.005), post-20 (p = 0.014), and
post-40 (p = 0.05) compared to Pre after the TD
method. The magnitude was “large” (ES = 4.94). Af-
ter the SS method, a significant increase was found
only at post-0 (p = 0.049). The ES data demonstrated
the highest magnitude (large; ES = 1.55). The same
pattern was observed after the TS method. LF/HF
significantly increased compared to Pre at post-10 (p
= 0.041), post-20 (p = 0.009), post-30 (p = 0.001), and
post-40 (p = 0.048). The most significant magnitude
was observed at post-30 and classified as “large” (ES
= 3.70). There were no significant differences among
the methods (Figure 3 and Table 3).

HEART RATE VARIABILITY — TIME-DOMAIN

In the HRV analysis by the time domain, significant
increases compared to Pre were found in SDNN at
post-0 (p < 0.001), post-10 (p = 0.003), and post-20
(p = 0.05) after the TD method. After the SS meth-
od, a significant increase was observed at post-0
(p < 0.001), post-10 (p = 0.003), and post-20 (p =
0.05). After the TS method, SDNN increased sig-
nificantly compared to Pre at post-0 (p < 0.001),
post-10 (p < 0.001), post-20 (p = 0.001), post-30
(p = 0.004), post-40 (p = 0.011), and post-50 (p =
0.029). There was a significant difference between
TD and TS at post-10 (23.85 + 3.69 and 17.67 +
12.47, respectively; p = 0.036) and post-40 (41.93
+ 16.95 and 31.44 + 15.65, respectively; p = 0.038).
The ES showed a “moderate” magnitude at post-0
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Figure 4. Standard deviation of all R-R intervals (SDNN), root mean square of successive differences (RMSSD), and heart
rate (HR) responses after Traditional (TD), Superset (SS), and Tri-set (TS) methods (mean = SD). *Significant difference from
Pre in TD at that time point. #Significant difference from Pre in SS at that time point. {Significant difference from Pre in TS
at that time point. {Significant difference between TD and TS at that time point.

in TD (ES =-1.22), SS (ES =-1.32), and TS (ES =
-1.10) (Figure 4 and Table 4).

RMSSD reduced significantly compared to Pre
after all methods. After the TD method, a significant
difference was found at post-0 (p < 0.001), post-10
(p <0.001), post-20 (p = 0.003), post-30 (p = 0.004),
post-40 (p = 0.026), and post-50 (p = 0.05). After
the SS method, significant differences were found
at the same time points observed in the TD meth-
od (post-0: p < 0.001; post-10: p < 0.001; post-20:
p = 0.001; post-30: p = 0.002; post-40: p = 0.008;
post-50: p = 0.020). After the TS method, there was
a significant reduction compared to Pre at all-time
points (post-0: p < 0.001; post-10: p < 0.001; post-
20: p <0.001; post-30: p < 0.001; post-40: p = 0.001;
post-50: p = 0.003; post-60: p = 0.007). Significant
differences were found between TD and TS at post-
30 (21.99 + 11.71 and 14.35 + 8.27, respectively; p =
0.037). The ES was “moderate” in all three methods.
The highest magnitude was demonstrated at post-0
in TD (ES=-0.91) and SS (ES=-0.98), and at post-10
in TS (ES=-0.83) (Figure 4 and Table 4).

HEART RATE

HR was significantly increased at post-0 (p <
0.001), post-10 (p = 0.001), post-20 (p = 0.011),
and post-30 (p = 0.052) after the TD method, at
post-0 (p < 0.001), post-10 (p < 0.001), post-20 (p
= 0.001), post-30 (p = 0.009), and post-40 (p =
0.052) after the SS method, and at the same time
points after the TS method (post-0: p < 0.001;
post-10: p < 0.001; post-20: p = 0.002; post-30: p =
0.007; post-40: p = 0.035). The highest magnitude
in HR was “large” at post-0 after all methods (TD,
ES =2.73; SS, ES = 2.85; TS, ES = 3.03) (Figure
4 and Table 4).

DIScUSSION

The aim of this study was to compare the effects
of different ST methods, namely TD, SS, and TS,
on blood pressure, HR, HRV, TV, and TE. The key
findings of this study are as follows:
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Table 4. Effect size: heart rate variability in the time domain.

Post-0 Post-10 Post-20 Post-30 Post-40 Post-50  Post-60
SDNN
TD ES -1.22 -0.81 -0.68 -0.59 -0.50 -0.44 -0.36
Magnitude Mod Mod. Small Small Small Small Small
SS ES -1.32 -0.86 -0.78 -0.71 -0.61 -0.53 -0.39
Magnitude Mod Mod. Mod. Small Small Small Small
TS ES -1.10 -0.83 -0.80 -0.75 -0.67 -0.60 -0.54
Magnitude Mod Mod. Mod. Small Small Small Small
RMSSD
TD ES -0.91 -0.81 -0.68 -0.59 -0.50 -0.44 -0.36
Magnitude Mod. Mod. Small Small Small Small Small
SS ES -0.98 -0.86 -0.78 -0.71 -0.61 -0.53 -0.39
Magnitude Mod. Mod. Small Small Small Small Small
TS ES -0.81 -0.83 -0.80 -0.75 -0.67 -0.60 -0.54
Magnitude Mod. Mod. Mod. Small Small Small Small
HR
TD ES 2.73 2.09 1.56 1.18 0.96 0.70 0.69
Magnitude Large Large Large Mod. Mod. Small Small
SS ES 2.85 2.18 1.69 1.38 1.01 0.82 0.65
Magnitude Large Large Large Mod. Mod. Mod. Small
TS ES 3.03 2.29 1.85 1.57 1.22 1.00 0.75
Magnitude Large Large Large Large Mod. Mod. Small

TD: traditional; SS: superset; TS tri-set; SDNN: standard deviation of all R—R intervals; RMSSD: root mean square of successive

differences; HR: heart rate; ES: effect size; Mod: moderate.

1) Blood pressure: ST sessions using TD and SS
methods resulted in reductions in SBP at differ-
ent durations, with TD showing a longer dura-
tion of reduction (60 minutes vs. 40 minutes).
SS and TS methods led to reductions in DBP at
the same time points (10 and 30 minutes). MBP
was reduced with SS and TS methods, with SS
showing a longer duration of reduction (40 min-
utes vs. 10 minutes).

2) HRV: After each ST session, a sympathetic pre-
dominance was observed in HRV measures.
Significant differences were found between TD
and TS methods in SDNN after 10 minutes and
40 minutes (TD < TS) and in RMSSD after 30
minutes (TD < TS), indicating greater cardio-
vascular stress at these time points after the TS
method.

3) TV and TE: The alternation of upper and lower
limb exercises in SS and TS methods proved to
be an effective strategy for maintaining the TV
with a higher TE compared to the TD method.
The results partially confirmed the hypothesis.
PEH with a sympathetic predominance was ob-
served after all methods, with a significant dif-

ference in the time-domain HRV between TD
and TS (TD < TS). However, the TS method
was found to be more time-efficient than the TD
method.

4) Blood pressure and HRV results: TD and SS

methods demonstrated reductions in SBP with a
longer duration after TD (60 minutes vs. 40 min-
utes). Additionally, reductions in DBP and MBP
were observed with SS and TS methods, with a
longer duration of reduction observed after SS
(40 minutes vs. 10 minutes). The HRV analysis
in the frequency domain showed a sympathetic
predominance with a greater magnitude in TD
compared to the SS method (LF-nu and HF-nu
index in Table 2). PEH primarily occurs through
a reduction in cardiac output, which is attribut-
ed to a decrease in stroke volume and systemic
circulation. The withdrawal of vagal tone ob-
served in the HRV analysis of this study was
insufficient to compensate for the reduction in
cardiac output despite the significant increase in
HR observed for at least 30 minutes after TD
and 40 minutes after SS and TS (HR index in
Figure 4 and Table 3). The attenuated cardiovas-
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cular baroreflex sensitivity inhibits the capacity

of baroreceptors to compensate for these reduc-

tions in blood pressure, suggesting that blood
pressure control mechanisms after ST sessions
occur through central adjustments.

In this study, the variables were equalized, and it
was found that SS and TS methods were more effi-
cient than TD. These findings align partially with pre-
vious research conducted by Paz et al® (2019), who
compared blood pressure and HRV responses after
TD, paired agonist-antagonist set, and SS methods in
trained men. They observed PEH with a sympathetic
predominance independent of the method, along with
significant differences in TV. The differences in TV
may explain these results, as ST sessions with high
TV reduce blood flow in active muscles, leading to
greater activation of metaboreceptors, mechanore-
ceptors, and the arterial baroreflex.

The alternation of upper and lower limb exer-
cises in the present study, along with longer rest
intervals between sets and exercises for specific
muscle groups, could explain the observed results
by attenuating fatigue during subsequent sets and
exercises. A study by other authors®’ evaluated
men with experience in ST and focused on upper
limb exercises, which resulted in no significant re-
ductions in SBP, DBP, or MBP after a TS session
compared to TD. On the other hand, past studies®?
demonstrated that a full-body protocol involving
greater muscle mass elicited a greater magnitude
of PEH. Although the present study did not show
significant reductions in SBP after the TS method,
the effect size was moderate after 50 minutes, indi-
cating clinical relevance. Long-term studies’ have
established an association between PEH and blood
pressure control in both hypertensive and normo-
tensive individuals, highlighting the potential ben-
efits of a long-term decrease in BP for reducing
mortality from stroke and coronary disease.

The present study also revealed a sympathetic
predominance after the TS method compared to
TD, as evidenced by the differences in SDNN after
10 minutes and 40 minutes and RMSSD after 30
minutes (Figure 4). The greater lactate and creatine
kinase concentration observed after TS sessions
may contribute to a more significant contribution
of anaerobic metabolism, contraction of fast-twitch
muscle fibers, release of catecholamines, and accu-
mulation of hydrogen ions, factors that rely on a
marked sympathetic response. This is further sup-
ported by the significant differences observed in

VLF until 40 minutes after the TS method (Figure
3). Thermoregulation plays a role in maintaining
homeostasis during physiological stress, and the in-
crease in sympathetic modulation and decrease in
parasympathetic modulation observed after all ses-
sions, regardless of the method, align with existing
literature. This finding is clinically relevant as an
increase in sympathetic activation combined with a
reduction in parasympathetic tone may elevate the
risk of cardiovascular events in patients with car-
diovascular disease.

However, it is essential to consider the limita-
tions of this study. Some individuals may exhibit
varied responses to physical exercise, categorized
as responsive or nonresponsive. Nonresponsive
subjects may have influenced the analysis, which
is dependent on mean and standard deviation. Ad-
ditionally, the blood pressure response to exercise
can be influenced differently by supine and seated
positions due to orthostatic stress. Prolonged seat-
ed positions can affect HRV due to altered venous
return and increased baroreflex activity. Although
the seated position was adopted in previous stud-
ies®, it is crucial to acknowledge its potential in-
fluence. Lastly, the study participants were nor-
motensive and healthy individuals, and therefore,
caution should be exercised when extrapolating the
results to other populations, such as hypertensive
or chronic disease patients.

CONCLUSIONS

In conclusion, this study demonstrated that the
TD, SS, and TS methods, when incorporated in
a full-body protocol with alternating upper and
lower limb exercises, are effective for maintaining
TV. Furthermore, the SS and TS methods proved
to be more efficient than TD, as they allowed for
the same load, number of sets, and repetitions to be
performed in less time. However, it is important to
note that the duration of the ST session, as observed
in the TD method, plays a crucial role in achiev-
ing longer-lasting PEH in SBP. To promote longer
PEH, increasing the number of sets and exercises in
SS or TS protocols may be a viable strategy.

The findings of this study also indicated a signif-
icant withdrawal in vagal tone after each ST session,
highlighting the role of sympathetic activation in
mediating PEH. This suggests that the mechanisms
underlying the reduction in blood pressure are de-
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pendent on central adjustments. Nonetheless, it is
recommended that long-term studies be conducted
to determine if this acute physiological adaptation
persists throughout an ST program. Additionally,
the greater sympathetic activation observed after
TS compared to TD indicated a higher level of car-
diac stress during the post-exercise period in TS
sessions. To the best of the authors” knowledge, this
was the first study to investigate the effects of the
TS method on autonomic modulation.

Therefore, further research is warranted to ex-
amine the repercussions of the TS method in pop-
ulations with different characteristics, such as in-
dividuals with chronic conditions. Additionally,
manipulating methodological variables while utiliz-
ing the TS method should be explored. These results
hold practical implications for strength and condi-
tioning professionals working in gyms and condi-
tioning centers. They can now prescribe ST exercis-
es more accurately, considering the desired outcome
of PEH and reduced cardiac stress post-exercise
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