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Abstract

Background Low cardiorespiratory fitness is associated with poor prognosis in individuals with coronary artery dis-
ease and after coronary artery bypass grafting surgery. Thus, we comment about a meta-analysis that adds important
information about the effect of exercise training on cardiac autonomic function in individuals following coronary
artery bypass grafting surgery.

Main body The study by Kushwaha et al. showed positive effects for heart rate variability and heart rate recovery in
subjects after coronary artery bypass grafting surgery in response to acute physical training. These data are relevant,
since heart rate variability is an independent predictor of for all-cause and cardiovascular mortality for individuals with
cardiovascular disorders. Additionally, attenuated heart rate recovery is associated with increased risk for the same
outcomes. Moreover, we summarize the quantitative data from studies that compared the effect of physical training
in comparison with control group in cardiorespiratory fitness in adults following coronary artery bypass grafting.

Conclusions Our findings suggest that improvements in peak oxygen consumption result in an additional benefit in
adults following coronary artery bypass grafting. Considered that, the increased cardiorespiratory fitness is an inde-
pendent predictor of longer survival in coronary artery disease.

Keywords Exercise training, Coronary artery bypass graft, Heart rate variability, Heart rate recovery, Cardiorespiratory
fitness
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P=0.002, I* 0%) and increase in square root of the mean
squared differences between successive RR intervals
(RMSSD) (SMD 0.68 [0.28—1.08], P=0.0008, I* 7%). Fur-
thermore, results showed an increase in high frequency
(HF) domain (SMD 0.58 [0.18-0.98], P=0.0005, I* 35%),
which may reflect additional positive changes in para-
sympathetic tone. In addition, suggesting an overall bal-
ance of sympathetic and parasympathetic function, there
was a reduction in the low frequency-to-high frequency
ratio (LE/HF) (SMD —0.34 [—0.65 to 0.02], P=0.03, I
0%). Moreover, for HRR in the first minute after exercise,
significant improvement was demonstrated (SMD 0.71
[0.39-1.02], P<0.001, I* 0%), corresponding to a larger
decrease HRR, that is, a greater reactivation of the para-
sympathetic nervous system [1, 2]. These data are rel-
evant, since regulation of the cardiac autonomic nervous
system is an important outcome of physical training [2].

Main text

Conceptually, HRV and HRR are indirect, noninvasive,
reliable and safe measures for monitoring and assess-
ing cardiac autonomic control. HRV is an independent
predictor of all-cause and cardiovascular mortality for
individuals with atrial fibrillation [3]. In addition, low
HRYV is associated with a higher risk of heart failure with
preserved ejection fraction and with a higher incidence
of hospitalization for heart failure in postmenopausal
women [4]. Attenuated HRR is associated with increased
risk of cardiovascular events and all-cause mortality [5]
(Table 1).

Physical training is a Class I recommendation and
one of the main elements in the cardiac rehabilitation
program by the American Heart Association College
of Cardiology and the European Society of Cardiology.
Physical training increases cardiorespiratory fitness,
reduces the risk of cardiovascular mortality, acute myo-
cardial infarction and hospitalization [12]. In addition,
a meta-analysis showed that resistance training resulted
in improvement of all HRV parameters in the time and
frequency domains, in contrast to resistance training and
aerobic high-intensity interval combined. A meta-regres-
sion also showed that after the physical training pro-
gram, improvement in LF/HF domains was significantly
associated with improvement in peak oxygen consump-
tion (VO2 peak) [coefficient: —0.05 (—0.081 to 0.019),
P=0.005, I 0.0%] [13]. In conclusion, studies show that
physical training alone or a combination of aerobic and
resistance training leads to adaptations in cardiac auto-
nomic control (Table 2).

Previous studies have shown that there are differences
in the magnitude of changes in HRV induced by physi-
cal training according to training protocol [2]. In the
study by Kushwaha et al. [1], an interesting point was
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the inclusion of studies that analyzed patients with and
without beta-blocker therapy (5 [16—20] and 3 [21-23]
studies respectively). Nevertheless, the study reported
improvements in HRV and HHR. Beta-blockers are the
first-line therapy to control symptoms in stable coronary
artery disease and to reduce exercise-induced angina [24,
25]. Beta-blockers modify heart rate [26] and, thus, can
affect HRV and HRR [25]. Therefore, as a contribution
to the present study, we suggest that further clinical tri-
als and systematic reviews should consider this type of
analysis to see how it affects the magnitude of the effect
and heterogeneity.

In addition to these findings, other issues regard-
ing to the cardiorespiratory fitness of individuals after
CABG surgery need to be considered. In 2016, a scien-
tific statement from the American Heart Association
considered the importance of assessing cardiorespira-
tory fitness in clinical practice considering it as a clini-
cal vital sign [27]. Moreover, it is already well described
in the scientific literature that low cardiorespiratory
fitness is associated with poor prognosis in individu-
als with coronary artery disease and after CABG sur-
gery [24, 27]. Despite the excellent systematic review
with meta-analysis performed by Kushwaha et al. [1],
no meta-analysis has been performed for VO2 peak.
When pooling the available studies for the meta-analy-
sis comparing physical training (different types of exer-
cise training including aerobic, resistance, interval and
combined aerobic and resistance training either alone
or combined) with controls (no exercise), we observed
significant effect for the VO2 peak in the physical train-
ing group (MD=1.59 mL O, Kg~' min~!, (95% CI
1.04-2.14, P =61%, 5 [16, 17, 19, 23, 28] studies, N= 300,
P<0.00001), (Fig. 1). Considering the results presented
by Kushwaha et al. [1] and confirmed by our meta-anal-
ysis, the improvement in HRR can also be associated
with improvement in cardiorespiratory fitness [1, 27].
Improvements in cardiorespiratory fitness play a role as
an independent predictor for survival in coronary artery
disease. In addition, increments in VO2 peak have been
associated with a 14—17% reduction in the risk of cardi-
ovascular disease and death from all causes [24]. There-
fore, it is reasonable for healthcare professionals to assess
the cardiorespiratory fitness of individuals after CABG.

Conclusions

In conclusion, we congratulate Kushwaha et al. [1]
in this important research. Additionally, we pro-
vide information about cardiorespiratory fitness
of the included studies that showed a difference of
1.59 mL O, Kg~! min~! in VO2 peak between physi-
cal training and control after CABG surgery. Finally, it
is important to address the need for further studies to
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Table 2 Effect of physical training on heart rate variability
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Conditions Modality

HRV—time and frequency domains

Older people [14]
frequency and duration

Hypertensive women [15]
Type 2 diabetes mellitus [13]

General training

Endurance

Resistance

Training protocols were subdivided according to their

Aerobic and resistance training

SDNN 0.721 (0.184-1.257), P=0.008, > 41.72%

SDNN +54.3%, P<0.001;
HFnu +66.8%, P<0.001;
RMSSD +37.3%, P<0.001;
LF/HF —68.6%, P<0.001

SDNN 0.59 (0.26-0.93), > 69.5%;

RMSSD 0.62 (0.28-0.95), > 60.8%;

LF/HF —052(—0.79to —0.24),  61.1%;
LF-0.37 (—0.69 to —0.05),  78.9%

SDNN 0.65 (0.19-1.10), /> 68.4%;

RMSSD 0.66 (0.21-1.11), > 66.5%;

LF/HF — 049 (—0.74to —0.24), ¥ 18.4%;
LF —0.55(—0.95to —0.15), * 79.6%;

HF —0.56 (0.18-0.94), * 72.8%

LF—093 (—156t0 —0.3), ” 0%;
LF/HF —0.96 (—1.59to —0.33), 0%

Endurance combined with resistance -

High-intensity interval training

RMSSD 1.26 (0.78 — 1.94) I =
LF/HF — 163 (—2.64t0 —062), 1 65.2%

HRV Heart rate variability, RMSSD Square root of the mean squared differences between adjacent RR intervals, LF Low frequency, HFnu High frequency normalize units,

LF/HF Ratio of low and high frequency, SDNN Standard deviation of the RR intervals

Exercise Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Takeyamaetal. 2000 217 26 13 18 2 15 8.3% 3.70[1.96, 5.44] 2000 —_—
Lellamo et al. 2000 20 05 45 184 05 41 458% 1.60[1.39,1.81] 2000 =
Wu et al. 2006 242 444 18 185 33 18 0.1% 4.70[15.87,25.27] 2006 4 3g
Mehani etal. 2012 13897 06 25 1285 087 25 38.4% 1.12[0.71,1.53] 2012 -
Bilinska etal. 2013 273 45 50 257 49 50 7.5% 1.60[-0.24, 3.44] 2013 T
Total (95% CI) 151 149 100.0% 1.59[1.04, 2.14] B
Heterogeneity: Tau®= 0.16; Chi*=10.26, df=4 (P = 0.04); F=61% 14 ?2 3 é }1

Test for overall effect: Z=5.70 (P < 0.00001)

Control Exercise

Fig. 1 Forest plot of comparison: exercise versus control, outcome: peak oxygen consumption

investigate if there is any association between improve-
ments in cardiorespiratory fitness and improvement
cardiac autonomic function (HRV and HRR), as well as
additional benefits from physical/exercise training in
adults after CABG surgery.

Abbreviations

CABG Coronary artery bypass grafting

HRV Heart rate variability

HRR Heart rate recovery

SDNN Deviation of RR intervals

RMSSD Squared differences between successive RR intervals

HF High frequency

LF/HF Low frequency-to-high frequency ratio

VO2 peak Peak oxygen consumption

VLF Very low frequency

cv Cardiovascular

SDNNi Standard deviations of RR intervals of all 5 min segments
SDANN Standard deviations of RR intervals of all 5 min segments

LF Low frequency
HFnu High frequency normalize units
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