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Abstract 
Background: Valve replacement surgery is a restores cardiac function, but many patients continue to experience persistent 
hypertension and autonomic imbalance during recovery. Additionally, fear of movement (kinesiophobia) may limit 
rehabilitation patients. Heart rate variability (HRV) guided slow breathing increase autonomic balance, and isometric handgrip 
reduces blood pressure. This study explores the combined effect of this intervention on physiological and psychological 
recovery. 
Aim: Evaluate the effect of HRV-guided autonomic modulation technique combined with isometric handgrip training on 
blood pressure and kinesiophobia in hypertensive patients after valve replacement surgery.  
Methods: A Quasi experimental pretest and posttest study was conducted among 30 valve replacement patients, 3 to 12 weeks 
of post-surgery. Patients received slow breathing (6 breaths/ minutes for 15 minutes) followed by isometric handgrip training 
at 30% maximum voluntary contraction (MVC), calculated a: training intensity=0.30×MVC. The intervention was performed 
five sessions per week for six weeks. Outcome measures included systolic and diastolic blood pressure and Tampa scale of 
kinesiophobia (TSK).  
Results: The combination of HRV guided autonomic modulation and isometric handgrip training significant reductions were 
observed in systolic and diastolic blood pressure and TSK score. (p=0.05) 
Conclusions: The combined effect of HRV guided autonomic modulation technique and isometric handgrip regulates blood 
pressure control, and reduces kinesiophobia. 
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Introduction 
Hypertension continues to be one of the most significant and 
preventable contributors to cardiovascular morbidity and 
mortality worldwide [1]. It affects more than one billion 
individuals globally and remains a major public health 
burden, particularly in developing countries [2]. Chronic 
elevation of blood pressure imposes continuous 
hemodynamic stress on the cardiovascular system, leading 
to structural remodeling such as left ventricular 
hypertrophy, endothelial dysfunction, arterial stiffness, and 
progressive degenerative changes in cardiac valves [3, 5]. 
Over time, sustained pressure overload accelerates calcific 
and fibrotic changes in the aortic and mitral valves, 
contributing to the development of valvular heart disease 
(VHD) [6]. Epidemiological data suggest that VHD affects 
approximately 2–3% of the general population, with 
prevalence increasing substantially with advancing age [7]. 
In advanced stages, when valvular dysfunction significantly 
compromises cardiac output and systemic circulation, valve 
replacement surgery becomes the definitive therapeutic 
intervention [8]. 
Although surgical valve replacement corrects the 
mechanical abnormality, it does not fully restore 
physiological homeostasis. Many patients continue to 
demonstrate elevated blood pressure, impaired vascular 
compliance, and persistent autonomic dysregulation 
postoperatively [9, 10]. Autonomic imbalance—characterized 

by increased sympathetic dominance and reduced 
parasympathetic (vagal) activity—plays a central role in the 
pathophysiology of hypertension and its long-term 
complications [11]. Reduced heart rate variability (HRV), a 
non-invasive marker of autonomic dysfunction, has been 
strongly associated with increased cardiovascular risk and 
adverse outcomes [12, 13]. 
In the postoperative cardiac population, impaired vagal 
modulation and reduced baroreflex sensitivity may delay 
recovery and contribute to persistent hemodynamic 
instability [14]. Therefore, targeting autonomic regulation has 
emerged as an important component of modern cardiac 
rehabilitation. 
Heart rate variability-guided autonomic modulation, 
particularly through slow-paced resonance-frequency 
breathing (approximately six breaths per minute), has 
demonstrated promising effects in improving 
sympathovagal balance [15, 16]. Controlled breathing 
enhances vagal tone, optimizes baroreflex sensitivity, 
reduces sympathetic overactivity, and subsequently lowers 
resting blood pressure [17, 18]. Recent systematic reviews 
have further confirmed the positive effects of slow breathing 
interventions on hemodynamic parameters in hypertensive 
individuals [19, 20]. 
Similarly, isometric handgrip training has gained 
recognition as an effective and practical non-
pharmacological intervention for blood pressure 
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management [21]. Repeated low-to-moderate intensity 
isometric contractions (typically 30% of maximal voluntary 
contraction) induce favorable vascular adaptations, improve 
endothelial function, enhance nitric oxide bioavailability, 
and reduce peripheral vascular resistance [22, 24]. Randomized 
controlled trials have consistently demonstrated significant 
reductions in systolic and diastolic blood pressure following 
structured isometric handgrip training programs [25, 27]. Due 
to its simplicity, safety, and minimal equipment 
requirement, this intervention is particularly suitable for 
integration into cardiac rehabilitation settings. 
Beyond physiological recovery, psychological readiness 
plays a crucial role in postoperative outcomes. 
Kinesiophobia, defined as an excessive and irrational fear of 
movement due to perceived vulnerability to injury or 
adverse events, has been increasingly recognized in cardiac 
populations [28]. Following valve replacement surgery, 
patients may avoid physical exertion due to anxiety about 
provoking cardiac symptoms, thereby limiting engagement 
in rehabilitation programs. According to the fear-avoidance 
model, persistent fear of movement may lead to avoidance 
behavior, physical deconditioning, and delayed functional 
recovery [29, 30]. 
Comprehensive cardiac rehabilitation should therefore 
address both physiological and psychological components 
of recovery [31]. While HRV-guided breathing and isometric 
handgrip training have independently demonstrated efficacy 
in hypertensive populations, limited research has 
investigated their combined effect on both cardiovascular 
parameters and kinesiophobia in hypertensive patients after 
valve replacement surgery [32]. 
An integrated approach targeting autonomic modulation and 
fear reduction may enhance hemodynamic stability, improve 
psychological confidence, and promote adherence to 
rehabilitation programs. Exploring this combined 
intervention may contribute to the development of more 
holistic, patient-centered cardiac rehabilitation strategies. 
Therefore, the present study aims to investigate the effect of 
heart rate variability-guided autonomic modulation 
combined with isometric handgrip training on blood 
pressure and kinesiophobia in hypertensive patients 
following valve replacement surgery. 
  
Methodology 
Study Design 
This study was conducted as a quasi-experimental study to 
evaluate the effects of heart rate variability (HRV) breathing 
exercises combined with isometric handgrip training on 
blood pressure and kinesiophobia among individuals 
undergoing cardiac rehabilitation. The study was carried out 
in the Department of Physiotherapy/Cardiac Rehabilitation 
Unit of a tertiary care hospital, where participants receiving 
routine cardiac rehabilitation services were recruited based 
on predefined inclusion and exclusion criteria. Eligible 
participants were allocated into an experimental group and a 
control group to compare the outcomes of the intervention. 
Baseline assessments were performed prior to the 
intervention, and post-intervention assessments were 
conducted after completion of the training program. All 
procedures and exercise sessions were supervised by 
qualified physiotherapists in a controlled clinical setting to 
ensure participant safety and adherence to the protocol. The 
study, including participant recruitment, intervention, and 
data collection, was conducted over a period of 6 weeks 

Sample Size 
A total of 25 participants were included in this study. The 
sample size was calculated using a 95% confidence level 
based on previous similar studies. Participants were 
recruited from the cardiac rehabilitation unit using a 
convenience sampling technique according to the inclusion 
and exclusion criteria. As this was a single-group quasi-
experimental study, all participants received the 
intervention, and outcome measures were assessed pre-test 
and post-test the intervention program. 
 
Study Participants 
Participants were included in the study if they were 
individuals diagnosed with cardiovascular disease and 
enrolled in a cardiac rehabilitation program, aged between 
30 and 65 years, medically stable to participate in exercise 
training as approved by a physician, and willing to provide 
written informed consent. Both male and female participants 
were considered eligible. Participants were excluded if they 
had uncontrolled hypertension or unstable cardiovascular 
conditions, severe musculoskeletal disorders affecting the 
upper limb that could limit handgrip exercise, neurological 
conditions interfering with breathing or movement, 
cognitive impairment affecting their ability to follow 
instructions, or if they were participating in other structured 
exercise programs during the study period. 
 
Intervention Protocol 
1. HRV-Guided Autonomic Modulation 
 Slow-paced breathing at ~6 breaths/minute 
 Inhalation: 5 seconds 
 Exhalation: 5 seconds 
 Duration: 15 minutes/session 
 Frequency: 5 days/week 
 Total duration: 6 weeks 
 
(Participants were guided using breathing pacing 
instructions; HRV was monitored using pulse rate 
variability.) 
 
2. Isometric Handgrip Training 
 Intensity: 30% of Maximum Voluntary Contraction 

(MVC) 
 4 sets of 2-minute sustained contraction 
 1-minute rest between sets 
 Frequency: 3 days/week 
 Duration: 6 weeks 
 
Performed using handgrip dynamometer 
 
Outcome Measures 
Primary Outcome 
Blood Pressure (SBP & DBP) - Measured using calibrated 
digital sphygmomanometer in seated position after 5 
minutes rest. 
 
Secondary Outcome 
Kinesiophobia - Assessed using the Tampa Scale of 
Kinesiophobia (TSK). 
 
Procedure 
Eligible participants were assessed for baseline blood 
pressure and kinesiophobia scores. Following this, 
participants underwent the combined intervention protocol 
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for six weeks under physiotherapy supervision. Post-
intervention assessments were performed using the same 
outcome measures. 
  
Statistical Analysis 
Data were analyzed using paired sample t-test. 
Mean and standard deviation were calculated for all 
outcome variables. 
Significance level was set at p < 0.05. 
Statistical analysis was performed using manual calculation 
method. 
  
Results 
A total of 25 hypertensive patients who underwent valve 
replacement surgery completed the 6-week intervention. 
1. BLOOD PRESSURE 
There was a statistically significant reduction in systolic and 
diastolic blood pressure following the intervention. 
 

Table 1: Systolic Blood Pressure 
 

Variables Pre-test Post-test Mean 
difference T P 

Systolic Blood 
Pressure (SBP) 

152.4 ± 8.6 
mmHg 

136.2 ± 7.9 
mmHg 16.2 mmHg 9.84  < 

0.001 
  

 
 

Graph 1 
 

Table 2: Diastolic Blood Pressure 
 

Variables Pre-test Post-test Mean 
difference T P 

Diastolic Blood 
Pressure (DBP)  

94.8 ± 5.7 
mmHg 

 84.3 ± 5.2 
mmHg 10.5 mmHg  8.72 < 

0.001 
  

 
 

Graph 2 
  
These graph shows a significant reduction in the blood 
pressure following HRV-guided autonomic modulation 
combined with isometric handgrip training. 

2. Kinesiophobia (Tampa Scale of Kinesiophobia – 
Tsk) 

A significant reduction in kinesiophobia scores was 
observed post-intervention. 
 

Table 3: Tampa Scale of Kinesiophobia 
 

Variables Pre-test Post-test Mean 
difference T P 

TSK Score 42.6 ± 
4.3 

: 32.8 ± 
3.9  9.8 points = 

10.12 
< 

0.001 
 

 
 

Graph 3 
 
This graph shows a significant decrease in fear of movement 
after the intervention period 
  
Discussion 
The current research sought to look into if mixing HRV-
guided autonomic modification with static handgrip 
workouts could better blood pressure and lessen 
kinesiophobia in hypertensive people following valve 
replacement operations. The outcomes demonstrated notable 
drops in both systolic and diastolic blood pressure, along 
with a clear lessening of movement fear following six weeks 
of therapy. A primary reason for the lower blood pressure 
might be better autonomic equilibrium. Hypertensive 
patients, especially after heart surgery, frequently show 
sympathetic overdrive and diminished vagal responsiveness. 
Lehrer and Gevirtz (2014) clarified that slow breathing 
elevates vagal action and boosts baroreflex responsiveness, 
which directly aids in improved blood pressure control. 
Likewise, Bernardi et al. (2001) illustrated that managed 
slow breathing can meaningfully decrease blood pressure 
through modifying autonomic function. The enhancements 
noted in our investigation concur with these physiological 
processes. Aside from the breathing practice, isometric 
handgrip exercise probably held a vital function. Carlson et 
al. (2014), in their broad review, noted that isometric 
exercise training substantially lowers resting blood pressure 
among people with hypertension. Cornelissen and Fagard 
(2011) further pointed out that resistance style training 
enhances vessel flexibility and lessens outward resistance. 
The blood pressure decrease seen in this present study 
matches these earlier reports, implying that changes in blood 
vessels and improved endothelial performance might have 
influenced the results. An additional significant discovery 
from this investigation was the lowering of kinesiophobia. 
Following valve replacement surgery, individuals frequently 
develop a dread of movement from worries about heart 
stress or problems. Vlaeyen et al. (1995) detailed how 
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movement fear can result in avoidance actions and slower 
functional recovery. 
Through presenting step by step, monitored, and secure 
exercise exposure, this current treatment might have assisted 
patients in recovering belief in their physical capabilities. 
This mental easing probably added to the noted drop in 
Tampa Scale results. What makes this research clinically 
important is the combined method. HRV-guided breathing 
focused on autonomic regulation while isometric handgrip 
training enhanced vascular function, and both addressed 
physical and mental parts of getting better. 
Current cardiac rehabilitation stresses this unified 
framework, which Piepoli et al. (2016) also backed up, 
stressing the need to mix physical and behavioral plans in 
cardiovascular recovery. In general, the results indicate that 
mixing autonomic modulation methods with planned 
isometric exercise might present a secure, straightforward, 
and affordable approach to boost cardiovascular steadiness 
and lower movement anxiety among hypertensive patients 
after valve replacement procedures. 
  
Conclusion 
The present study concludes that a combination of heart rate 
variability-guided autonomic modulation techniques and 
isometric handgrip training may be a useful 
physiotherapeutic approach for individuals with 
hypertension following valve replacement surgery. The 
intervention focuses on both autonomic regulation and 
controlled muscular activity, which may contribute to better 
blood pressure control and improved psychological 
confidence during physical activity. In addition to its 
potential cardiovascular benefits, the approach may help 
reduce kinesiophobia, thereby encouraging patients to 
participate more actively in rehabilitation and daily 
functional activities. 
The findings support the integration of individualized 
autonomic modulation strategies with appropriately 
prescribed isometric exercise as part of comprehensive 
cardiac rehabilitation after valve replacement surgery. 
However, further studies involving larger sample sizes, 
longer follow-up periods, and comparison with conventional 
cardiac rehabilitation approaches are recommended to 
establish the long-term effectiveness and clinical 
applicability of this combined intervention. 
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