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Abstract

Background: Coronary artery bypass grafting (CABQG) is associated with postoperative cardiovascular and autonomic
dysfunction, including impaired blood pressure regulation and delayed heart rate recovery (HRR), both predictors of
adverse cardiovascular outcomes [1-3]. Early structured exercise may enhance physiological recovery.

Objective: To evaluate the impact of structured exercise training on blood pressure and HRR in post-CABG individuals.
Methods: A prospective, parallel-group randomised controlled trial was conducted among 98 post-CABG patients (49
per group). Participants were randomised to structured exercise or conventional rehabilitation. The intervention was
administered from postoperative day 3 to day 15 (13 days). Outcomes included systolic blood pressure (SBP), diastolic
blood pressure (DBP), and HRR. Statistical analysis included paired t-tests, independent t-tests, chi-square tests, and
ANCOVA with Cohen's d effect sizes.

Results: HRR improved significantly in the intervention group (mean increase +8 bpm; p < 0.001; Cohen's d = 0.90).
Between-group differences in SBP and DBP showed favourable trends in the intervention group; however, these did not
reach statistical significance (p = 0.489 and p = 0.154, respectively).

Conclusion: Early structured exercise significantly improves autonomic recovery following CABG, as evidenced by
markedly improved HRR. Trends toward improved blood pressure regulation warrant further investigation with longer
follow-up periods.
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1. Introduction and resistance training have demonstrated superior
Coronary artery bypass grafting (CABG) is a widely benefits compared to conventional rehabilitation
performed surgical intervention for coronary artery approaches [6, 10].

disease, significantly improving survival and quality of Despite these benefits, early-phase rehabilitation
life [1, 4]. However, postoperative recovery is often remains underutilised in clinical practice, particularly in
complicated by impaired cardiovascular regulation, rural populations with limited access to specialised
including elevated blood pressure and delayed cardiac rehabilitation services [8, 9]. Few studies have
autonomic recovery [2, 3]. evaluated multicomponent exercise protocols initiated
Heart rate recovery (HRR), defined as the reduction in within 72 hours post-CABG in rural, resource-limited
heart rate following cessation of exercise, is a well- settings — a gap this study aimed to address. Therefore,
established marker of autonomic nervous system the present study evaluated the effect of early structured
function, particularly parasympathetic reactivation. exercise training on blood pressure and HRR in post-
Impaired HRR has been associated with increased CABG individuals.

cardiovascular mortality and poor prognosis [2, 14].

Exercise-based cardiac rehabilitation has been shown to 2. Materials and Methods

improve cardiovascular outcomes, including blood 2.1 Study Design and Setting

pressure control and autonomic regulation [5-7]. A prospective, parallel-group randomised controlled
Multicomponent exercise programs combining aerobic trial was conducted over a 13-day intervention period in
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rural community and primary healthcare settings to
ensure ecological validity and real-world applicability.
Ethical approval was obtained prior to commencement,
and the study was conducted in accordance with the
Declaration of Helsinki.

2.2 Participants

A total of 98 post-CABG patients aged 40—70 years were
recruited from the cardiothoracic surgery ward during
their postoperative inpatient stay. Participants were
screened for eligibility by a cardiologist and
physiotherapist and included only if medically stable
and cleared for rehabilitation.

Inclusion criteria:

* Individuals who had undergone CABG

* Age between 40 and 70 years

* Male or female participants

* Medically stable and cleared for physiotherapy by
the treating physician

» Baseline assessment conducted on day 3 post-CABG
(early postoperative phase)

* Residents of rural areas

* Willing to participate and provide written informed
consent

Exclusion criteria:

* Postoperative complications including unstable
angina, uncontrolled arrhythmias, or haemodynamic
instability

* Severe left ventricular dysfunction contraindicating
exercise participation

» Significant neurological disorders affecting balance
or mobility

* Severe musculoskeletal conditions limiting
functional movement or ambulation

* Any medical condition restricting safe participation
in exercise-based rehabilitation

* Unwillingness to participate

2.3 Recruitment and Randomisation

Recruitment involved four steps: (1) medical screening
for stability and eligibility by the treating team; (2)
physiotherapy screening to assess readiness for
mobilisation; (3) baseline assessment on postoperative
day 3; and (4) written informed consent after
explanation of study objectives, procedures, benefits,
and risks.

Participants were randomly allocated (1:1) to
intervention or control groups using a computer-
generated random sequence. Allocation concealment
was ensured using sealed opaque envelopes. Outcome
assessors were blinded to group allocation. Blinding of
participants and treating physiotherapists was not
feasible due to the nature of the exercise intervention;
this is acknowledged as a limitation.

2.4 Intervention Protocol

Participants in the intervention group received a
structured  multicomponent  exercise = programme
initiated on postoperative day 3 and continued until day
15 (13 sessions). Table 1 summarises the components of
each arm.

Table 1. Structured Multicomponent Exercise Programme vs. Conventional Rehabilitation

Component Intervention Group

Control Group

Aerobic Training Walking-based (20-30

min/session, 5 Light activity / general mobility

sessions/week, moderate intensity: Borg RPE 11—

13)

Resistance Training  Major muscle groups; 2—-3 sets x 10—15 reps using Not included

elastic bands/bodyweight

Flexibility Exercises  Static stretching of major muscle groups

Minimal / not structured

Balance Training
tasks

Tandem stance, single-leg stance, functional reach Not included

Breathing Exercises  Included in warm-up and cool-down phases

Primary intervention component

Progression Gradual increase in intensity/duration based on No structured progression
patient tolerance and clinical response
Supervision Structured, monitored programme General advice only

2.5 Outcome Measures
Three primary outcomes were assessed: systolic blood pressure (SBP), diastolic blood pressure (DBP), and heart rate
recovery (HRR). Table 2 details the measurement methods and clinical interpretation for each outcome.

Table 2. Outcome Measures and Assessment Protocol
Outcome Method Procedure Clinical Interpretation
SBP Calibrated After 10-min seated rest; mean of = Indicator of cardiovascular load;
sphygmomanometer = two readings (mmHg) reduction reflects improved vascular
function
DBP Calibrated After 10-min seated rest; mean of = Reflects peripheral vascular
sphygmomanometer | two readings (mmHg) resistance;  reduction  indicates
improved haemodynamic control
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HRR Standardised

walking test post-exercise

HRR = Peak HR — HR at 1 min Higher HRR indicates improved

parasympathetic reactivation

Assessments were conducted at two time points: baseline on postoperative day 3 and post-intervention on day 15.

2.6 Statistical Analysis

Data were analysed using IBM SPSS Statistics, Version
26.0. Normality was assessed using the Shapiro—Wilk
test. Within-group changes were evaluated with paired
t-tests; between-group differences were assessed with
independent t-tests and ANCOVA to control for baseline
values. Effect sizes were calculated using Cohen's d.

Categorical distributions (BP categories) were compared
with chi-square tests. Statistical significance was set at p
<0.05.

3. Results
3.1 Systolic Blood Pressure

Table 3. Distribution of Systolic Blood Pressure by Category

Category Day 3 — Control = Day 3 — Day 15 - Control | Day 15 -
Intervention Intervention

Below normal 0 1 2 3

Normal 6 3 6 7

Above normal 44 46 42 40

Between-group p-value — — p=10.489

At baseline (postoperative day 3), the distribution of
SBP categories was comparable between groups, with
the majority of participants in the above-normal
category. After the 13-day intervention, both groups
demonstrated a reduction in the proportion of above-
normal SBP. The intervention group showed a
numerically greater shift toward the normal and below-

difference did not reach statistical significance (p =
0.489). These trends should be interpreted cautiously
given the lack of statistical significance. Mean = SD
values for SBP at both time points are recommended for
inclusion in future reporting to enable meta-analytic
pooling.

normal categories; however, the between-group 3.2 Diastolic Blood Pressure
Table 4. Distribution of Diastolic Blood Pressure by Category
Category Day 3 - Control = Day 3 — Day 15 - Control | Day 15 -
Intervention Intervention

Below normal 10 5 11 14

Normal 18 29 20 22

Above normal 22 16 19 14
Between-group p-value — — p=0.154

At baseline, both groups showed a mixed distribution of
DBP categories. After the intervention period, both
groups demonstrated improvements reflected by a
reduction in the above-normal category. The
intervention group showed a numerically greater shift
toward the normal range; however, the between-group

difference was not statistically significant (p = 0.154).
These findings suggest a trend toward improved DBP
regulation with structured exercise training, which may
become statistically significant with a larger sample or
longer intervention.

3.3 Heart Rate Recovery
Table 5. Comparison of Heart Rate Recovery (HRR)
Variable Group Day 3 Mean | Day 15  Mean p-value  Cohen's d
+SD Mean = SD Difference
HRR (bpm) | Intervention 12+3 20+ 4 +8 <0.001 @ 0.90
HRR (bpm) | Control 13+£3 14+3 +1 >0.05 —

HRR improved significantly in the intervention group,
increasing from 12 + 3 bpm at baseline to 20 + 4 bpm
post-intervention (mean increase +8 bpm; p < 0.001;
Cohen's d = 0.90, indicating a large effect). In contrast,
the control group showed only minimal improvement
(+1 bpm; p > 0.05). The between-group comparison was
statistically significant, with a large effect size,

indicating that structured exercise training produced a
strong positive impact on autonomic recovery in post-
CABG individuals.

4. Discussion
This study evaluated the effect of early structured
multicomponent exercise training on blood pressure
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regulation and autonomic recovery in post-CABG
individuals. The principal finding is a significant, large-
effect improvement in HRR in the intervention group,
supporting enhanced autonomic recovery. Blood
pressure trends also favoured the intervention group,
though these did not reach statistical significance over
the 13-day programme.

4.1 Blood Pressure Findings

While between-group differences in SBP and DBP were
not statistically significant, the observed trends are
consistent with previous meta-analyses demonstrating
that exercise-based cardiac rehabilitation can reduce
blood pressure in cardiac populations [5, 11, 12]. It is
plausible that a 13-day programme is insufficient to
produce statistically detectable group differences in
blood pressure — longer interventions (8—12 weeks) in
the literature have yielded reductions of approximately
10 mmHg in SBP, which are associated with substantial
reductions in cardiovascular morbidity and mortality
[13]. The observed categorical shifts in this study may
reflect early mechanistic changes — including enhanced
endothelial  function, increased nitric  oxide
bioavailability, reduced arterial stiffness, and improved
autonomic balance [22] — that would manifest as
significant blood pressure differences with continued
training.

4.2 Heart Rate Recovery and Autonomic Function
The marked improvement in HRR in the intervention
group (mean +8 bpm; p < 0.001; d = 0.90) is the most
significant finding of this study. HRR is a well-
established predictor of cardiovascular mortality, with
impaired HRR indicating reduced parasympathetic
reactivation [2, 14]. The improvement observed here
suggests enhanced vagal tone and reduced sympathetic
dominance, reflecting meaningful autonomic recovery.
These findings are consistent with prior studies
demonstrating that exercise training modulates the
autonomic nervous system and improves vagal tone
[15,16], and with cardiac rehabilitation studies reporting
similar HRR improvements following structured
exercise [17].

4.3 Early Rehabilitation Advantage

A key strength of this study is the early initiation of
exercise from postoperative day 3. Early mobilisation
has been shown to improve circulation, prevent
postoperative complications, and accelerate functional
recovery [7, 18]. The feasibility of achieving a large
HRR effect within 13 days supports the clinical rationale
for initiating rehabilitation in the early inpatient phase
rather than deferring to outpatient settings.

4.4 Comparison with Conventional Rehabilitation

The substantially greater HRR improvement in the
intervention group compared to the control group (+8 vs
+1 bpm) highlights the importance of structured,
progressive, multicomponent exercise programmes over
standard care alone. These findings align with evidence
that multicomponent programmes are superior to

standard care for improving cardiovascular outcomes
[10, 19].

4.5 Rural and Clinical Implications

This study is particularly relevant for rural populations,
where access to structured cardiac rehabilitation is
limited [8, 9]. The programme in this study — using
elastic bands, bodyweight exercises, and supervised
walking — requires minimal equipment and is
deliverable in primary care or community settings. This
supports the feasibility of implementing low-cost,
structured exercise rehabilitation in resource-limited
environments [21, 22].

4.6 Strengths and Limitations

Strengths of this study include its randomised controlled
design, allocation concealment, blinded outcome
assessment, early intervention initiation (day 3 post-
CABGQG), rural community setting, and inclusion of HRR
as an advanced marker of autonomic function.
Limitations include the short 13-day intervention period,
which may be insufficient to detect statistically
significant blood pressure changes; the absence of long-
term follow-up; single-centre recruitment limiting
generalisability; and the inability to blind participants
and treating physiotherapists, which is inherent to
exercise trials. Future studies should include longer
follow-up periods, continuous ambulatory blood
pressure monitoring, and heart rate variability
assessment to provide a more comprehensive evaluation
of autonomic outcomes.

5. Conclusion

Early structured multicomponent exercise training

initiated on postoperative day 3 significantly improves

heart rate recovery — a validated marker of autonomic

function — in post-CABG individuals, with a large

effect size (d = 0.90). Favourable but non-significant

trends were observed for blood pressure regulation.

These findings support the integration of early structured

exercise into inpatient cardiac  rehabilitation

programmes, particularly in rural and resource-limited

settings. Longer intervention studies are warranted to

confirm blood pressure benefits and establish optimal

programme parameters.
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