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ABSTRACT

N

Background. Studies investigating resistance training (RT) effects on cardiovascular autonomic modulation (CAM) have shown
controversial results. Objective. To address the effect of RT on CAM in humans, in healthy and unhealthy individuals by analysing the
findings of previous studies. Methods. An updated search (MEDLINE on January 18, 2016) found 19 studies testing the basal heart rate
variability (HRV) before and after a RT intervention in humans. Results. Although, some individual studies showed significant effects
from RT on HRV in both directions, the overall effect (standard difference in means) was not significantly on all HRV parameters analysed
(time and frequency domains). No RT subgroup (samples and protocols features) presented significant effect on sympathovagal balance,
limiting the comprehension about these variations. Conclusion. We conclude RT does not change humans CAM.
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BACKGROUND

The cardiovascular diseases represent 30% of all
causes of deaths in the world. The normal heart function
maintenance is achieved through various mechanisms among
these, cardiovascular neural regulation, encompassing the
sympathetic and parasympathetic autonomic nervous system
regulation, As such, the assessment of cardiovascular
autonomic modulation (CAM), by direct or indirect methods,
has been used as an important tool on the clinical and research
scene in order to provide information that may contribute to
understanding of the cardiovascular complications.

Heart rate variability (HRV) is recognized as an indicator
of CAM and it is an independent predictor of mortality in
individuals free of cardiovascular diseases, in patients after
myocardial infarction, with sudden death risk, congestive heart
failure and individuals with diabetes mellitus®. Additionally,
HRV is reduced with aging”, hypertension® and can be
favorable modulated following exercise training period®.

Regarding the exercise training benefits on CAM,
several studies have demonstrated such positive changes
through endurance-training. In fact, beneficial impacts of
endurance-training on HRV have been seeing in diverse

health conditions, ages and physical condition basal level*?),
The benefits in HRV through exercise training could be
due to many factors including higher neuronal activity,
improved baroreflex sensitivity, increase in vasoactive factors
concentration and improvements in endothelial function®%12),
Otherwise, the resistance training (RT) effects on HRV are
quite controversial. Many studies have shown null effect on
HRV®3-1) while negative effect has also been observed*®, as
well as, more recently studies have demonstrated benefic
effects from RT on HRV in people with some diseases such
as hypertension and Chronic obstructive pulmonary disease
(CopPD)1718),

It is possible the belief about the negative effects of
RT on CAM lies in the fact that this training may increase
the sympathetic outflow for heart and blood vessels**29,
increasing electric instability and myocardial contraction
strength as well as the sudden death risks®??. Furthermore,
at high intensity, a traditional RT session may leads to CAM
imbalance®® and lasts longer time to complete recovery when
compared to traditional endurance-exercise®??, which might
explain divergent chronic effects.
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Although, several RT protocols effects have been tested
on HRV in populations who are diverse in age and health
condition, the literature lacks a consensus about RT effects
in humans HRV. The samples and RT protocols features
need to be analysed as confounder factors to address the RT
contribution to CAM in different populations, identifying how
the RT protocol variables should be modulated to reach the
target effects. Thus, this study consists of a systematic review
with meta-analysis on the RT influence on HRV parameters,
from young to elderly, in healthy and unhealthy individuals by
analysing the findings of previous studies.

METHODS

Search Strategy, Study Selection and Eligibility
Criteria

We searched the electronic database MEDLINE (accessed
by PubMed) on January 18, 2016 (see the Figure 1 in
Supplementary material). The initial search comprised the
terms heart rate variability, exercise, resistance and strength
training, and related entry terms. Our inclusion criteria were:
a) HRV measurements at rest in the supine or in seated position;
b) HRV measurements before and after at least 4 weeks of RT;
c) from young to elderly of any gender and healthy condition.
Our exclusion criteria were: a) animal studies; b) not written
in English language; c) training interventions with other type
of exercises besides RT; d) not presenting numeric values for
the meta-analysis.

Data Extraction

Titles and retrieved articles abstracts were independently
evaluated by two investigators (AVS). The investigators
were not blinded to authors, institutions and journals.
The abstracts which did not provide enough information
regarding the inclusion and exclusion criteria were retrieved
for full text evaluation. Investigators independently evaluated
full-text articles and determined eligibility studies.

Assessment of Risk of Bias

We assessed the methods quality studies using the PEDro
scale. We opted to null the questions regarding patient and
care provider to be blinded as it is impossible considering
exercise interventions. Thus, scores on the PEDro scale
range from O (very low methodologic quality) to 9 (high
methodological quality). Methodologic quality was not an
inclusion criterion of this review however they are detailed
in an additional table file (see Table 1 in Supplementary
material).

Heart Rate Variability measurements

Alterations in the R-R interval duration assigned as HRV
are normal and expected. Since it is a periodic variable,
the HRV can be analysed according to time or frequency

),
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domains. The time domain analysis is applied through
statistical indexes calculated by a mathematical formula
based on the RR interval direct measurement or based on the
differences between the adjacent intervals (SDNN, RMSSD)#3),
The frequency domain analysis (spectral analysis) is based on
the identification through mathematic models (Fast Fourier
Transform or autoregressive model) of several cardiac cycles
oscillation frequency ranges?®. The most studied are the low
and high frequency bands representing sympathetic and
parasympathetic modulation indexes respectively. They are
determined by complex hemodynamic, electrophysiological,
and humoral interactions as well as by the autonomic and
central nervous system regulation®.

Statistical Analysis

We analysed the HRV parameters most investigated in
the studies: the RR interval (RRi); the root mean square
standard deviation (RMSSD); the standard deviation of
all RR normal intervals (SDNN); high frequency domain
(HF) and the normalized units of low frequency domain
(LF); and the sympathovagal balance (LF/HF)®?3. All meta-
analyses were performed using Comprehensive Meta-
Analysis (CMA) software, version 3.3.070. The effect size was
calculated based on standard mean difference, considering:
1) change from pre to post interventions mean difference
between training and control groups; and 2) change from
pre to post interventions when there was not control group
at the study. Since there was no statistical significance for
heterogeneity we opted for the fixed effects model. When we
had independent subgroups within a study, each subgroup
was treated as a separate study. We assumed a conservative
pre-post correlation of 0.5%4,

RESULTS

Table 2 (see Supplementary material) shows the
characteristics of the 19 studies reviewed herein, which
were published between 1996 and 2015. The mean score of
the studies evaluated through Pedro Scale were 6 (Table 1,
Supplementary material). A separate meta-analysis was
performed for the following HRV indexes: RRi (7 RT trials),
RMSSD (9 RT trials), SDNN (8 RT trials), HF (20 RT trials),
LF (19 RT trials) and LF/HF (14 RT trials). Among all time and
frequency domainindex analysed, RT presented no significant
effect on HRV (Figure 1, 2 and 3). Most analyses showed
an |2 equal to zero; however LF/HF meta-analysis showed
an 12 of 35%, which enable us to conduct subgroup analysis.
The LF/HF subgroup analysis showed no differences between
the subgroups analysed, excepting for weekly frequency
equal or lower than 2 days significant increased LF/HF (see
Table 3 in Supplementary material).
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A
Study name Subgroup  Std diff Standard p-Value
in means  error

Cooke, 2005 0.055 0.428 0.897
Gerage, 2013 0.158 0.372 0.671
Heffernan, 2007 0.185 0.270 0.493
Heffernan, 2009 african 0.030 0.236 0.899
Heffernan, 2009 white 0.122 0.209 0.561
Piras, 2015 0.581 0.342 0.089
Selig, 2004 0.027 0.385 0.945
Sumarized fixed effect 0.151 0.110 0.171

Heterogeneity: Tau’= 0.00; Q=2.03; df=6.00 (p=0.91); I>= 0.00%
Test for overall effect: Z= 1.37 (p=0.17)
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B
Study name Subgroup Std diff Standard p-Value
] in means  error

Gavi, 2014 -0.334 0.248 0.178
Gerage, 2013 0.138 0.372 0.711
Heffernan, 2009 african 0.202 0.238 0.396
Heffernan, 2009 white 0.135 0.209 0.521
Madden, 2006 0.227 0.379 0.550
Millar, 2013 -0.248 0.422 0.557
Piras, 2015 0.311 0.324 0.337
Ricci-Vitor, 2013 0.507 0.295 0.085
Selig, 2004 0.228 0.386 0.555
Sumarized fixed effect 0.122 0.098 0.212

Heterogeneity: Tau’= 0.00; Q= 6.46; df= 8.00 (p=0.59); I’=0.00%
Test for overall effect: Z= 1.24 (p=10.21)

3
Study name Std diff Standard p-Value
in means  error

Allen, 2003 -0.134 0.318 0.674
Gerage, 2013 0.000 0.372 1.000
Madden, 2006 -0.131 0.378 0729
Millar, 2013 0.152 0.421 0.718
Piras, 2015 0.406 0.329 0.217
Ricci-Vitor, 2013 0.632 0.304 0.037
Selig, 2004 -0.081 0.385 0.834
Wanderley, 2013 -0.541 0.385 0.160
Sumarized fixed effect 0.079 0.126 0.528

Heterogeneity: Tau?= 0.01; Q= 7.89; df= 7.00 (p= 0.34); I*=11.35%
Test for overall effect: Z=0.63 (p=0.52)
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Figure 1. Forest plots of the effect of resistance training on time domain index. A:RR interval; B: the root mean square standard deviation (RMSSD); C: standard

deviation of all RR normal intervals (SDNN).
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A

Study name Subgroup Std diff Standard p-Value Relative Std diff in means and 95% CI

in means error weight

Allen, 2003 0.164 0318 0.606 4.71%

Collier. 2009 -0.046 0.258 0.858 7.15% r

Cocke, 2005 0.230 0.430 0.592 2.59% &

Forte, 2003 high mtensity 0.240 0321 0.454 4.64% e e

Forte, 2003 low intensity -0.472 0.333 0.157 4.29% ———

Gavi, 2014 0.109 0.247 0.660 7.83% e

Gerage, 2013 0.072 0.372 0.847 3.45% Hi—

Heffernan, 2007 -0.058 0.267 0.827 6.67%

Heffernan, 2009 african 0.066 0.236 0.779 8.57% i

Heffernan, 2009 white -0.147 0210 0.483 10.85% —.——

Karavirta, 2009 -0.177 0.321 0.581 4.64% ——

Kingslsy, 2010 0.000 0.224 1.000 9.54% ——

Madden, 2006 0.122 0.378 0.746 3.33% =

Melo, 2008 -0.786 0.381 0.039 3.28% € i

Millar, 2013 0.192 0422 0.649 2.68% L

Piras, 2015 0.135 0318 0.670 4.73% s p——

Selig. 2004 0.328 0.388 0.398 3.17% i

Taylor, 2003 0.260 0.529 0.624 1.70% i

Van Hoof, 1996 0.576 0.409 0.158 2.86% &

Wanderley, 2013 0.004 0.379 0.992 3.32%

Sumarized fixed effect 0.011 0.069 0.872 100% | | | |
Heterogeneity: Tau’= 0.00; Q= 11.96; df= 19.00 (p=0.88); I’= 0.00% _l_sln _0_;',-5 0_[:0 I}.‘flS 15[|]
Test for overall effect: Z=0.16 (p=0.87)

B

Study name Subgroup Std diff ~ Standard p-Value Relative Std diff in means and 95% CI

in means  error weight

Allen, 2003 -0.164 0318 0.606 4.91%

Collier, 2009 0.065 0.258 0.803 7.44%

Cooke, 2005 0.046 0.428 0914 271%

Forte, 2003 high intensity -0.660 0.349 0.058 4.08% ——

Forte, 2003 low intensity 0.471 0.333 0:157 4.48% ey ]

Gavi, 2014 0.099 0.247 0.690 8.17% —'.—

Gerage, 2013 0.164 0.372 0.660 3.59% —_——

Heffernan, 2007 0.058 0.267 0.827 6.95% ——

Heffernan, 2009 african -0.166 0.237 0485 8.83% ——

Heffernan, 2009 white 0.131 0.209 0.531 11.34% —-.—

Karavirta, 2009 -0.107 0.320 0.739 4.84% e

Kingsley, 2010 0.000 0.224 1.000 9.95% ——

Madden, 2006 0.226 0.379 0.551 3.46% i

Melo, 2008 0.786 0.381 0.03% 3.42% ——

Millar, 2013 0.187 0.422 0.657 2.80% i

Piras, 2015 -0.135 0.318 0.670 4.93% —_——

Selig, 2004 0.561 0393 0.153 3.23% i

Taylor, 2003 -0.170 0.528 0.747 1.78% i

Van Hoof, 1996 0.091 0.401 0.820 3.10% &

Sumarized fixed effect 0.036 0.071 0424 100% | | | |
Heterogeneity: Tau?= 0.00; Q= 13.84; df= 18.00 (p= 0.73); !=0.00% —l.SllJ _0_-];5 0_0|0 0_7|5 1_5|0

Test for overall effect: Z= 0.79 (p=0.42)

Figure 2. Forest plots of the effect of resistance training on frequency domain indexes. A: High frequency domain (HF); B: Low frequency domain (LF).
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LF/HF
Study name Subgroup Std diff

in means error
Collier, 2009 0.372 0.267
Forte, 2003 high intensity  -0.794 0.363
Forte, 2003 low intensity 0.454 0.332
Gavi, 2014 0.477 0.250
Gerage, 2013 -0.050 0.372
Heffernan, 2007 0.208 0.270
Heffernan, 2009 african -0.169 0.237
Heffernan, 2009 white 0.063 0.209
Kingsley, 2010 0.311 0.324
Melo, 2008 0.614 0.363
Millar, 2013 -0.333 0.423
Piras, 2015 -0.175 0.319
Selig, 2004 -0.624 0.394
Taylor, 2003 -0.290 0.530
Sumarized fixed effect 0.072 0.081

\..

Standard p-Value Relative
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Figure 3. Forest plot of the effect of resistance training on sympathovagal balance (LF/HF).

DISCUSSION

This study aimed to determine the RT effect on CAM in
humans and our main finding was RT does not change the
general population CAM. Many factors would justify these
findings such as sample features, training protocols and type
of HRV measurements. Although there was not statistical
significance for the difference among these features a
discursive explanation is indispensable.

Observing the effect of each study, HRV maintenance
following RT interventions were evidenced in young, middle-
aged and elderly; in men and women; in normal weight,
overweight and obese; in healthy and unhealthy individuals.

In addition, some researchers suggest that individuals
beginning training intervention with higher HRV compared
to the sedentary ones might reach smaller magnitudes of
adaptation?>?®), Regarding the results of original studies
reviewed, two of them with COPD or hypertensive individuals
samples really showed benefits over HRV parameters after RT
intervention*”??, Nevertheless, the subgroup analysis showed
the effect size in unhealthy group was very small and not
significantly different of the healthy group.

HRV may be changed depending on volume and intensity
protocol, as seeing higher volumes and/or intensities of
endurance training improved CAM®%31, Forte et al.?
compared the different RT intensities effects on HRV however
none of the training protocols were able to change the HRV
parameters.

RT protocols are composed of dynamic and static
components. The dynamic component affects the
cardiovascular system in a different fashion to the static
component®, and the magnitude of participation of each
component diverge among RT protocols. Despite the known
static component influence on huge increases in sympathetic
outflow®*3 it is not clearly if the acute post exercise changes
magnitude could explain the chronic RT effects. Nevertheless,
in the present study, subgroup analysis showed the diverse
durations, volumes or intensities applied were not able to
differentiate cardiovascular autonomic adaptations (Table 3,
in Supplementary material). We believe the difference found
in weekly frequency was a coincidence, since we have gotten
the low number studies within this category leading to high
homogeneity (Table 3, in Supplementary material).
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The mechanisms leading to CAM changes with exercise
training are not completely elucidated however some
good candidates have been identified especially regarding
endurance exercise training. The benefits of exercise training
in CAM could be due to many factors, including increased
neuronal activity or plasticity in the cardiovascular control
center, increased central arterial compliance that improves
baroreflex sensitivity, reduced angiotensin Il and renin,
decreased catecholamine levels, decreased beta-adrenergic
receptor density or improved endothelial function and
oxide nitric availability with exercise training*12:37:38),
Whether endurance training prompt different effects
compared to RT, it is quite difficult to identify among all the
causes of these adaptations, the ones that should not happen
following RT. However, the increase in central arterial stiffness
following RT®%, might explain at least part of the divergent
results between exercise training types, since it reduces
baroreflex sensitivity*Y). Since nervous system is complex and
interact with the other systems we guess several mechanisms
related to HRV and exercise stills unknown.

A limitation of this study was the absence of heterogeneity
between studies which is controversial. The variance for
cardiovascular autonomic adaptations through exercise
is high among individuals leading to higher heterogeneity
within studies limiting the appearance between studies
differences.

CONCLUSION

RT is already known to promote diverse cardiovascular
adaptations in healthy and unhealthy individuals.
Nevertheless, when the cardiovascular health is assessed
by HRV parameters, the RT is unable to induce adaptations
in the traditional time and frequency domain analyses, in the
whole population investigated. Thus, based on the present
systematic review and meta-analysis, we conclude RT can
be prescribed for health purposes without affect CAM in
humans. Moreover, since human cardiovascular autonomic
adaptation following RT is widely heterogeneous further
studies and reviews are needed to enrich and confirm this
finding in the future.
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SUPPLEMENTARY MATERIAL
Supplementary material accompanies this paper.
Figure 1. Studies selection flowchart.
Table 1. Quality metrics of studies according to PEDro scale questionnaire.

Table 2. Sample and RT protocol features.
Table 3. Subgroup analysis of RT effects on LF/HF.

This material is available as part of the online article from http://www.mtprehabjournal.com/.



