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ABSTRACT

Background: Strength training is widely recognized for its benefits in young recreational athletes, yet limited research has
explored its effects on heart rate variability (HRV) across different body compositions. This study aimed to analyse the
autonomic modulation differences between normal-weight and overweight recreational athletes during strength training.
Methods: A total of 63 male recreational athletes (23.8 + 3.6 years, 174.9 + 8.2 cm, 70.8 + 11.7 kg) were categorized into
normal-weight (Body Mass Index < 25) (N = 38) and overweight (Body Mass Index > 25) (N = 25) groups. Participants
performed three sets of 10 repetitions at 70% 1RM for both squats and bench press. HRV parameters, including RMSSD,
SDNN, and PNN50, were measured before, during, and after training. Additionally, heart rate (HR), rate of perceived exertion
(RPE), and strength levels were assessed. Results: HR significantly increased during training in both groups, with a greater
post-exercise HR elevation observed in the normal-weight group. HRV parameters (RMSSD, SDNN, PNN50) decreased
significantly during training in the normal-weight group, indicating greater autonomic stress. RPE increased post-exercise in
both groups, while the overweight group demonstrated higher baseline strength levels. Conclusion: Strength training induced
acute autonomic stress in both groups, with greater HRV suppression observed in normal-weight athletes, suggesting a
higher physiological demand. In contrast, overweight athletes displayed better baseline strength levels and potentially greater
adaptability to strength training. These findings highlight the need for individualized training prescriptions based on body
composition to optimize performance and recovery in recreational athletes.
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INTRODUCTION

Recently there has been an increase in the number of young athletes who focus on strength training, as well
as an increase in training focused on improving heart rate variability (Nuzzo, 2020; Thompson, 2022). The
benefits of strength training are notable in the young athlete population. Strength training not only improves
muscle strength, but it also contributes to bone health, body composition, and enhances injury prevention
(Faigenbaumetal., 2013). Strength training has shown to be beneficial to the mental health of young athletes,
increasing self-confidence, self-esteem and body image, and reducing levels of anxiety and depression
(Robinson et al., 2023). Also, it's been shown an improvement in functional capacity and even help prevent
the development of chronic metabolic diseases like type Il diabetes and obesity (Granacher et al., 2016). Not
only does it help with metabolism and function, but it's also been linked to changes in the autonomic nervous
system and Heart Rate Variability (HRV).

The stress of the autonomous nervous system can be measured by HRV, which is a non-invasive method to
assess the prevalence of the sympathetic or parasympathetic branches to better adapt to different trainings
(Selig et al., 2004). Also, strength training has proven to be an interesting method for modulating heart rate
variability and thus avoiding potential risks to overall cardiovascular health (Glngér et al., 2024).

Historically, aerobic training is the most studied in the acute response for HRV values, however, the findings
on modulation of vagal tone through strength training do not reflect positive results (Cooke & Carter, 2005).
These effects depend on several factors, such as training intensity, exercise selection, cognitive workload
and the individual's previous experience in physical activities (Diaz-Garcia et al., 2023; Heffernan et al.,
2007). Interest in studying the relationship between strength training and HRV is also due to growing evidence
that reduced HRV is associated with an increased risk of cardiovascular accidents and mortality, especially
in individuals with chronic diseases such as hypertension or heart failure (Buchheit & Gindre, 2006), and in
overweight or obese individuals (Reena Tiwari et al., 2021). Identifying effective interventions to improve or
maintain healthy HRV is crucial for the prevention and management of these conditions.

Recent studies have observed that strength training programs performed at moderate to high intensity can
increase HRV, suggesting an improvement in the balance between sympathetic and parasympathetic activity
(Lee et al., 2024). Strength training in overweight individuals (BMI > 25) is related to HRV through the
relationship of several mechanisms. One is the reduction of systemic inflammation and oxidative stress,
which are common in overweight individuals and may contribute to autonomic dysfunction (Esco etal., 2010).
In addition, strength training improves insulin sensitivity and endothelial function, factors that influence
autonomic modulation and HRV (Ashor et al., 2015).

Studies evaluating strength training traditionally use methods such as 1RM (one maximum repetition) to
establish loads, but some authors suggest the possibility of monitoring strength training loads through
pulsometers and heart rate variability (Buchheit, 2014; Stanley et al., 2013).

Assessing the acute responses of the autonomic nervous system during strength training provide interesting
results that would help to discover whether strength training can generate adaptations of the cardiac system.
This study aimed to analyse differences in autonomic modulation between normal weight and overweight
young recreational athletes during a strength training. We hypothesized that both groups would decrease
their HRV values due to the stress of the strength training, and that heart rate variability would be lower in
the overweight group.
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METHODS

Participants

We analysed N = 63 male recreational athletes (23.8 £+ 3.6 years. 174.9 £ 8.2 cm. 70.8 £ 11.7 kg), which
were divided in two groups: normal weight group (BMI < 25, N = 38) and overweight group (BMI > 25, N =
25). Subjects were stratified according to their Body Mass Index (BMI), determined by calculating BMI as
weight in kilograms divided by the square of height in meters (kg/m?), using anthropometric data obtained
during the baseline assessment. This study is quasi-experimental research. Convenience sampling was
used, as participants were recruited among volunteers that agreed to participate in the study. The
experimental procedures were explained to all the participants, following the Declaration of Helsinki, and
approved by the Ethics Committee of the University (CIPI/18/74).

Procedure

All the participants performed a strength training following the procedures of previous research (Bustamante-
Sanchez et al., 2018; Bustamante-Sanchez & Clemente-Suarez, 2020). 1 RM (maximum repetition) tests
were conducted between 09:00 a.m. to 12:00 p.m., under the same environmental conditions (temperature
25-26°C, humidity 52-54%). Participants were asked to conduct the training session with at least 8 h of
sleep, hydrated (drink at least 500 ml of liquid between wake up and the test), and having a standardized
breakfast composed of fruit juice, milk, and cereals. The participants verbally agreed to have followed these
rules prior to the strength intervention.

The estimation of 70% of 1 RM was calculated on a separate day, prior to baseline testing, for all two
exercises.

A 15min rest was allowed before every 1 RM assessment. Training session started with a standardized warm
up for 15 min. Before and after warming up participants conducted the flicker fusion test.

After warming up, participants performed 3 sets composed of the following exercises:
o 10 repetitions of squat at 70% of the 1 RM.
o 10 repetitions of bench-press at 70% 1 RM.

Before and after the 1 RM assessment, the following parameters were analysed:

(1) Body mass (to the nearest 0.1 kg) was measured by a bio impedance analyser (InBody 720,
Biospace Co. Ltd., Seoul, South Korea).

(2) Body height (to the nearest 1 cm) was measured by a portable stadiometer (SECA, Leicester,
UK).

(3) Cortical arousal through the Critical Flicker Fusion Threshold (CFFT) in a viewing chamber
(Lafayette Instrument Flicker Fusion Control Unit Model 12,021) following the procedures
conducted in previous studies (Bustamante-Sanchez & Clemente-Suéarez, 2020).

(4) Isometric handgrip strength by a grip dynamometer (Takei Kiki Koyo. Japan). (Bustamante-
Sanchez & Clemente-Suarez, 2020).

(5) Horizontal jump with hands on waist.

(6) Jump tests (Squat Jump, Countermovement Jump, and Abalakov jump) were assessed through
the Optojump system (Microgate Engineering, Bolzano, ltaly).

(7) Subjective perceived stress was assessed with a 0-100 scale, like in previous studies
(Bustamante-Sanchez et al., 2018; Bustamante-Sanchez & Clemente-Suarez, 2020).
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(8) Rate of perceived exertion (RPE) in a 6-20 rank was assessed through the Borg scale (Borg,
1982).

(9) Heart Rate Variability (HRV) through a Polar v800 heart rate monitor (Polar Electro Oy, Finland)
validated to record RR function to analyse heart rate variability (HRV) (Giles, Draper & Neil,
2015), by the Kubie’s HRV software (University of Kuopio. Kuopio, Finland) following procedures
of previous research (Bustamante-Sanchez et al., 2021).

The data obtained was divided into three segments, which are used to summarize the entire procedure. The
first segment was designated the 'pre-test' and consisted of measurement in basal state without intervention.
The second segment was designated ‘during the strength tests' and consisted of measurements during
strength tests. The third segment was designated the 'post-test' and consisted of measurement after 5
minutes of rest, during which an attempt was made to return to the basal state.

Statistical analysis

The IBM SPSS statistical package (version 26.0; SPSS, Inc. Chicago, lllinois) was used to analyse the data.
Normality assumptions were checked with a Kolmogorov-Smirnov test. Descriptive statistics were presented
as mean and standard deviation. A mixed ANOVA test, with three repeated measures for HRV tests and two
repeated measures for the arousal and physical tests was used. Moreover, one factor (BMI group) was added
to compare the effect of the test, the effect of the BMI group, and the interaction among the type of test, and
the effect of the BMI group. To analyse pairwise comparisons, a Bonferroni post hoc test was used. The level
of significance for all the comparisons was set at p < .05. For the HRV analysis we used the average of the
intervals.

RESULTS

Table 1 shows the heart rate variability differences among BMI groups and pre, during, and post
measurements. Heart rate (HR) was higher during strength training (108.5 £ 22.6; 102.3 £ 20.8) than in the
pre-measurements (91.3 £ 15.4; 90.1 £ 15.99) in both groups. HR was also higher in the normal weight
group (BMI < 25) during the post-test (97.4 + 17.8) than during the pre-measurement (90.1 £ 15.99). RMSSD,
SDNN and PNN50 were lower during strength training than during the pre-test in the normal weight group
(31.2 £15.8; 43.8 + 19.5; 8.26 £ 5.90 vs 41.9 £ 22.3; 58.3 £ 32.5; 12.7 + 13.7). SDNN was lower in the
post-test than in the pre-measurement. HF was higher for the normal weight group when compared to the
overweight group during the pre-test (23.4 + 8.86 vs 15.6 £ 2.85).

Table 2 shows the arousal and physical differences among BMI groups and measurement instants. RPE was
higher in the post measurements than in the pre-tests in both BMI groups (p < .05). Strength levels were
higher in the overweight group than in the normal weight group during the pre-tests (p <.05).

DISCUSSION

This study aimed to analyse differences in autonomic modulation between normal weight and overweight
recreational athletes during a strength training. The findings supported the initial hypothesis: both groups
decreased their HRV values during the training showing greater stress. When comparing pre- and post-
exercise results in groups with different BMI, the findings suggest that, although strength exercises improve
physical performance, BMI may influence perceived exertion and jumping performance.
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Table 1. Heart-rate variability results.

Pre During Post

BMI > 25 BMI< 25 BMI > 25 BMI< 25 BMI>25  BMi<zs  Strength and BMI effect

M SD M SO M SO M SO M SO M SO F  pvae P
HR 0135 154 Q04 159 1085 226 1023F 208 1021 242 974f 178 0296 745 008
RMSSD 419 223  506% 382 353 227 312t 158 443 288 363 216 1027 363 028
SDNN 583 325 633t 269 484 184 438t 195 584 282 488t 208 1084 344 029
PNNSO 127 137  174% 171 116 146 826t 590 131 136 128 169 1102 338 030
SD1 314 142 481 579 264 161 258 170 328 193 267 151 0871 423 024
SD2 864 406 797 336 673 393 587 279 801 353 666 260 0119 888 003

SD1/SD2 039 0.08 0.97 213 037 009 087 253 044 014 095 184 0.003 997 .000

LF (n.u.) 81.0 8.35 76.1 907 767 134 767 156 761 144 778 127 0612 945 017

HF (n.u.) 156 2.85 23.4% 886 21.0 113 207 945 218 142 202 124 2261 112 .061

LF/HF 5.30 1.06 4.50 470 490 328 049 267 581 582 540 315 0.061 941 002
Note. BMI: Body Mass Index. M: Mean. SD: Standard Deviation. t: t test. HR: Heart Rate. RR: R-R interval. RMSSD: Root mean square of successive RR interval differences. SDSD:
Standard Deviation of the differences between successive NN intervals. SDNN: Standard deviation of NN intervals. PNN50: Percentage of successive RR intervals that differ by more
than 50ms. SD1: Poincaré plot standard deviation perpendicular to the line of identity. SD2: Poincaré plot standard deviation along the line of identity. SD1/SD2: Ratio of SD1-to-
SD2. LF: Low-frequency band (0.04-0.15 Hz). HF: High-frequency band (0.15-0.4 Hz). LF (n.u.): Relative power of the low-frequency band (0.04-0.15 Hz) in normal units. HF (n.u.):
Relative power of the high-frequency band (0.15-0.4 Hz) in normal units. 1 Difference with pretest (p < .05). 11 Difference with Strength period (p < .05). 111 Difference with post-
test (p < .05). *Differences between BMI groups (p < .05).

Table 2. Arousal and physical results.

Pre Post

BMI > 25 BMI < 25 BMI > 25 BMI < 25 Strength and BMI effect

M SD M SD M SD M SD F p-value N2
Flicker (hz) 386 451 389 432 388 364 406 106 0219 642 004
Stress (0-100 rank) 273 174 253 179 456 189 491 210 0344 560 007
RPE (6-20 rank) 741 145  748% 285 143t 300 134t 431 0453 504 009
Strength (kg) 505+ 116  416* 929 495 122 426 987 1934 A71 040
SJ (cm) 303 835 305 815 296 830 308 839 0385 538 008
CMJ (cm) 335 818 336 793 325 78 342 773 1263 267 027
ABK (cm) 381 876 389 109 355 805 399 107 3434 070 071

Note. BMI: Body Mass Index. M: Mean. SD: Standard Deviation. RPE: Rate of Perceived Exertion. SJ: Squat Jump. CMJ: Countermovement Jump. ABK: Abalakov Jump. ¥ Difference
with pre-test (p < .05). 11 Difference with post-test (p < .05). * Differences between BMI groups (p < .05).
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The results of this study revealed a significant reduction in heart rate variability (HRV) during strength training
in both normal-weight and overweight athletes, highlighting an acute autonomic stress response. RMSSD,
SDNN, and PNN50 values were notably lower during the training session compared to pre-exercise levels,
with @ more pronounced decrease observed in the normal-weight group. These findings align with previous
studies indicating that strength training acutely suppresses parasympathetic activity while increasing
sympathetic dominance, leading to decreased HRV (Kingsley & Figueroa, 2016). Although previous research
has suggested that overweight individuals tend to have lower baseline HRV due to impaired autonomic
function (Lopes et al., 2007), our results did not show a significantly different HRV response between groups.
This may be attributed to the fact that the participants were recreational athletes who had undergone previous
training adaptations that could mitigate potential baseline autonomic differences. Additionally, strength
training has been reported to improve HRV over time, particularly in individuals with lower baseline values,
through mechanisms such as enhanced endothelial function and reduced inflammation (Selig et al., 2004).
Comparing our findings to prior studies, Figueiredo et al. (2015) (Figueiredo et al., 2015) found that HRV
suppression during strength training is dependent on the training load, with higher intensities leading to more
pronounced reductions. Similarly, Melo et al. (2008) (Melo et al., 2008) observed that eccentric strength
training in healthy older adults led to HRV reductions, suggesting that training modality plays a role in
autonomic responses. However, some studies have reported that strength training does not lead to significant
HRV changes, particularly when performed at moderate intensities (Lemos et al., 2018). These discrepancies
may stem from differences in participant demographics, training protocols, and HRV measurement methods.

It was also found that perceived stress levels increased in both groups after the strength exercise protocol.
This is in line with the findings of other studies which indicate that high-intensity training, such as strength
exercises, may induce a temporary increase in perceived stress due to the physical and psychological
demand of the effort (Atakan et al., 2021). Both groups experienced an increase in perceived stress, and
there were no significant differences between the two groups. Walker et al. (2020) (Walker et al., 2020) found
similar results. They reported that strength exercise increases cortisol levels and perceived stress, and these
effects are not modulated by BMI.

Perceived exertion (RPE) increased markedly after the exercise protocol in both groups, with post-exercise
values that were higher than pre-exercise values. However, no significant differences were found between
the two groups. This finding is consistent with previous results indicating that, although individuals with higher
BMI may experience higher cardiovascular and respiratory load during exercise, subjective perception of
exertion tends to increase similarly between individuals with different BMI when adjusting exercise intensity
(Haff et al., 1997). Strength levels, measured through the handgrip strength test, showed significant
differences between both groups before the exercise protocol, with the overweight group showing higher
strength levels. After the training session, no significant differences were observed in both groups. Results
suggest that individuals with higher BMI, who may have greater absolute muscle mass (despite the absence
of empirical data on muscle mass levels at this stage, this hypothesis remains conjectural), tend to show
higher levels of strength (Tomlinson et al., 2016). We probably did not find significant differences between
the two groups due to the hours of exercise practiced by the subjects. This is a hypothesis, and as such, it
remains provisional pending further evidence. Being accustomed to a certain level of training, the subjects
may already be adapted to these physical demands regardless of their BMI. The absence of significant post-
exercise differences could indicate that, despite differences in absolute strength, the ability to adapt to
strength training is similar between the two groups when controlling relative training intensity (Holloszy &
Coyle, 1984). Measures of jumping performance (Squat Jump, Countermovement Jump and Abalakov Jump)
showed no significant differences between the two groups. These results agree with studies that have shown
that jumping ability is closely related to power and explosive strength but may be less efficient in individuals
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with higher BMI due to the greater body mass they must displace during jumping (Ben Brahim et al., 2023).
Both groups showed improvements in jump heights, which affirms the idea that strength training is effective
in improving jumping power regardless of BMI (Paavolainen et al., 1999).

The main limitation of this study was the lack of variables of body composition and the hours of training
practiced by the subjects. It would be beneficial to include additional variables in future studies to assess
body composition, as this also plays an important role in cardiovascular and autonomic modulation health. In
addition to BMI, it would be beneficial to consider the ratio of skeletal muscle mass to body fat percentage
when assessing physical fitness.

Practical applications

The findings of this study highlight important practical implications for strength training programming,
particularly regarding its autonomic impact on recreational athletes with different body compositions. The
observed decrease in HRV during training suggests that strength exercises induce acute autonomic stress,
which should be considered when designing training programs to optimize recovery and performance.
Coaches and practitioners can use HRV monitoring as a tool to assess training load and ensure adequate
recovery, preventing excessive autonomic fatigue, especially in normal-weight athletes who exhibited greater
HRV reductions. Moreover, given that overweight athletes demonstrated better strength levels and potentially
greater adaptability to strength training, individualized training programs could leverage this advantage by
incorporating progressive overload strategies tailored to their physiological responses. The use of HRV-
based biofeedback and wearable heart rate monitors may also help athletes regulate their training intensity
and recovery strategies more effectively. Incorporating strength training into structured fitness programs for
individuals with different BMI classifications can contribute to long-term cardiovascular and neuromuscular
adaptations. Future research should focus on the chronic effects of strength training on HRV across diverse
populations to further refine training prescriptions and optimize health and performance outcomes.

CONCLUSION

This study aimed to analyse differences in autonomic modulation between normal-weight and overweight
young recreational athletes in strength training. The results showed that both groups experienced a reduction
in HRV during training, indicating increased autonomic stress. However, the normal-weight group exhibited
a greater decrease in HRV, suggesting a higher physiological demand. Additionally, the overweight group
demonstrated higher pre-test strength levels, indicating better baseline muscular capacity. These findings
suggest that body composition influences autonomic and performance responses to strength training, with
overweight athletes potentially exhibiting better adaptability. Future research should further explore the
chronic effects of strength training on HRV to optimize training strategies based on BMI classifications.
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