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Abstract  

Background: Regular physical activity is associated with favourable cardiovascular outcomes, 

partly through effects on cardiac autonomic regulation. Heart rate variability (HRV) is a validated, 
non-invasive marker of autonomic balance. Whether graded physical activity levels relate to 

autonomic function in healthy young adults — before disease onset — is less well characterised. 
Objectives: To examine the association between self-reported physical activity levels and resting 

cardiac autonomic function, assessed by short-term HRV and standard bedside autonomic 

function tests, in young adults aged 18–30 years.  

Methods: In this cross-sectional analytical study, 210 apparently healthy young adults were 

classified into low, moderate, and high physical activity groups using the International Physical 
Activity Questionnaire–Short Form (IPAQ-SF). Resting 5-minute HRV was recorded under 

standardised conditions; time-domain (SDNN, RMSSD, pNN50) and frequency-domain (LF, HF, 
LF/HF ratio) indices were derived. Bedside autonomic tests (resting heart rate, E:I ratio, Valsalva 

ratio, 30:15 ratio, orthostatic blood pressure change, isometric handgrip) were performed. Groups 
were compared using one-way ANOVA or Kruskal–Wallis tests; associations were assessed with 

correlation and multivariable linear regression adjusted for age, sex, and BMI.  

Results (mock — illustrative): Higher physical activity was associated with higher 
parasympathetic indices (RMSSD, HF, pNN50) and lower resting heart rate and LF/HF ratio across 

groups (p < 0.05). Total MET-minutes/week correlated positively with RMSSD (r ≈ 0.54) and 

negatively with LF/HF ratio (r ≈ −0.47). Associations persisted after adjustment.  

Conclusion: In healthy young adults, higher physical activity levels were associated with greater 
parasympathetic (vagal) tone and improved sympathovagal balance, supporting physical activity 

as a modifiable determinant of cardiac autonomic health early in life. Causality cannot be inferred 

from this cross-sectional design.  
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1. Introduction  

Cardiovascular disease remains the leading global cause of mortality, and its physiological 

antecedents are increasingly recognised to begin in early adulthood. The autonomic nervous 

system (ANS) is a central regulator of cardiovascular homeostasis, continuously balancing 
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sympathetic and parasympathetic influences on heart rate, contractility, and vascular tone. Reduced 

parasympathetic (vagal) activity and sympathetic predominance are associated with adverse 
cardiovascular outcomes, including arrhythmia, hypertension, and increased all-cause mortality. 

Identifying modifiable behaviours that preserve favourable autonomic balance in young, healthy 

populations is therefore of preventive importance.  

Heart rate variability (HRV) — the beat-to-beat variation in successive R–R intervals — is a 

wellvalidated, non-invasive index of cardiac autonomic modulation. Time-domain measures such 
as RMSSD and pNN50 predominantly reflect parasympathetic activity, while frequency-domain 

measures partition variability into low-frequency (LF) and high-frequency (HF) bands, with the 
LF/HF ratio commonly interpreted as an index of sympathovagal balance. Complementary bedside 

autonomic tests — the E:I ratio during deep breathing, the Valsalva ratio, the 30:15 ratio on 

standing, orthostatic blood pressure response, and the isometric handgrip test — provide a 

clinically interpretable profile of parasympathetic and sympathetic reactivity.  

Regular physical activity is consistently associated with improved cardiovascular health. Proposed 
mechanisms include enhanced vagal tone, reduced resting sympathetic outflow, improved 

baroreflex sensitivity, favourable changes in body composition, and reduced systemic 
inflammation. Endurance-trained athletes characteristically exhibit resting bradycardia and 

elevated HRV. However, much supporting evidence derives from athletic or older/diseased 
populations, or from interventions, leaving an evidence gap regarding graded, habitual physical 

activity and autonomic function in apparently healthy young adults, in whom the influence may be 

subtle yet preventively meaningful.  

Young adults — including college and healthcare students — are a population in transition, with 

sedentary behaviour, irregular schedules, and variable activity patterns. Characterising the 
relationship between everyday physical activity and autonomic function in this group could inform 

early lifestyle counselling. We therefore conducted a cross-sectional analytical study to test the 
hypothesis that higher physical activity levels are associated with greater parasympathetic tone and 

more favourable sympathovagal balance in young adults aged 18–30 years.  

Aim: To determine whether physical activity levels are associated with cardiac autonomic function 

in healthy young adults.  

Primary objective: To compare resting short-term HRV indices across low, moderate, and high 

physical activity groups.  

Secondary objectives: (i) To correlate total physical activity (MET-minutes/week) with individual 

HRV and bedside autonomic parameters; (ii) to assess whether associations persist after adjustment 

for age, sex, and BMI.  

Hypotheses: Null (H₀) — no association between physical activity level and autonomic indices. 
Alternative (H₁) — higher physical activity is associated with higher parasympathetic indices and 

lower LF/HF ratio.  

2. Materials and Methods  

This manuscript is reported in accordance with the STROBE statement for cross-sectional 

observational studies.  

2.1 Study design and setting  

Cross-sectional analytical study conducted in the Department of Physiology, Sri Lakshmi 
Narayana Institute of Medical Sciences, Puducherry. Autonomic assessments were performed in 

the autonomic function laboratory under standardised environmental conditions.  

2.2 Ethics  

Written informed consent was obtained from all participants. The study adhered to the Declaration 

of Helsinki.  
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2.3 Participants  

Inclusion: apparently healthy adults aged 18–30 years willing to consent. Exclusion: known 

cardiovascular, endocrine (diabetes, thyroid), respiratory, or neurological disease; current 

smoking; medications affecting autonomic function (beta-blockers, anticholinergics); pregnancy; 
acute illness within two weeks; competitive/elite athletic training. Participants avoided caffeine, 

alcohol, and vigorous exercise for ≥12 hours before testing.  

2.4 Sampling and group allocation  

Participants were recruited by [consecutive/convenience] sampling. Physical activity was assessed 

with the IPAQ-SF, expressed as MET-minutes/week, and categorised per IPAQ scoring into low, 

moderate, and high groups (the primary exposure).  

2.5 Sample size  

Assuming a moderate effect (difference in mean RMSSD across groups, f = 0.25), α = 0.05, power 

= 80%, three groups, the required total is approximately 159 (≈53 per group) by one-way ANOVA. 
Inflating ~10% for incomplete recordings gives a target of ~175. [Recalculate using your 

pilot/reference SD.]  

2.6 Variables  

• Exposure (independent): physical activity level (categorical low/moderate/high; 

continuous MET-min/week).  

• Primary outcomes: HRV — time domain (SDNN, RMSSD, pNN50) and frequency domain 

(LF, HF n.u., LF/HF ratio).  

• Secondary outcomes: resting heart rate; E:I ratio; Valsalva ratio; 30:15 ratio; orthostatic BP 

change; isometric handgrip diastolic BP rise.  

• Covariates/confounders: age, sex, BMI, waist circumference, resting blood pressure, sleep 

duration.  

2.7 Measurements  

After 10 minutes of supine rest in a quiet, temperature-controlled room, a 5-minute resting ECG 

(lead II) was recorded during normal breathing for short-term HRV analysis, processed per Task 

Force (1996) standards using [software/device]. Bedside autonomic tests followed in standardised 
sequence. Anthropometry and blood pressure were measured with calibrated instruments. 

Recordings occurred at the same time of day by trained personnel blinded to IPAQ category where 

feasible. 2.8 Bias  

Selection bias was minimised by predefined eligibility and consecutive recruitment; measurement 
bias by standardised protocols, calibrated equipment, and blinded scoring; confounding by 

multivariable adjustment.  

2.9 Statistical analysis  

Normality assessed (Shapiro–Wilk). Continuous variables summarised as mean ± SD or median 
(IQR); categorical as n (%). Across the three groups, continuous outcomes were compared with 

one-way ANOVA (post-hoc Tukey) or Kruskal–Wallis (post-hoc Dunn); categorical variables with 
chi-square. Associations between MET-min/week and autonomic indices used Pearson/Spearman 

correlation. Multivariable linear regression modelled each primary outcome against physical 

activity, adjusting for age, sex, and BMI. Two-sided p < 0.05 was significant.  

  

3. Results  

3.1 Participant characteristics  

Of 226, 210 participants completed assessment. Mean age was [22.4 ± 2.6] years; [52%] were 

female. Groups were comparable in age and sex; BMI tended to be lower in the high-activity group 

(Table 1).  
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Characteristic  Low  Moderate  High  p  

Age (years), mean ± SD  22.6 ± 2.7  22.3 ± 2.5  22.1 ± 2.6  0.61  

Female, n (%)  30 (56)  27 (51)  26 (49)  0.74  

BMI (kg/m²)  24.8 ± 3.1  23.5 ± 2.8  22.4 ± 2.6  <0.01  

Resting SBP (mmHg)  120 ± 9  117 ± 8  114 ± 8  0.02  

MET-min/week,  median  

(IQR)  

480  (300–  

600)  

1,800 (1,400–  

2,300)  

3,600 (3,000–  

4,500)  

<0.001  

Table 1. Baseline characteristics by physical activity group (mock data).  

3.2 Autonomic indices across activity groups  

Parasympathetic indices (RMSSD, pNN50, HF) increased and LF/HF ratio decreased with higher 

activity; resting heart rate was lowest in the high-activity group (Table 2, Figure 1).  

  

Parameter  Low  Moderate  High  p  

Resting HR (bpm)  78 ± 8  73 ± 7  68 ± 6  <0.001  

SDNN (ms)  42 ± 12  50 ± 13  58 ± 14  <0.001  

RMSSD (ms)  34 ± 11  43 ± 13  52 ± 15  <0.001  

pNN50 (%)  12 ± 7  18 ± 9  25 ± 11  <0.001  

HF (n.u.)  42 ± 10  49 ± 11  56 ± 12  <0.001  

LF (n.u.)  58 ± 10  51 ± 11  44 ± 12  <0.001  

LF/HF ratio  1.6 ± 0.6  1.2 ± 0.5  0.9 ± 0.4  <0.001  

E:I ratio  1.28 ± 0.10  1.34 ± 0.11  1.41 ± 0.12  <0.01  

Valsalva ratio  1.5 ± 0.2  1.7 ± 0.2  1.8 ± 0.3  <0.01  

Table 2. Autonomic function parameters by physical activity group (mock data).  
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Figure 1. Box plots of RMSSD, pNN50, LF/HF ratio, and resting heart rate across low, 

moderate, and high physical activity groups (mock data). Boxes show median and interquartile 

range; whiskers, 1.5×IQR.  

  

3.3 Correlation analysis  

Total MET-min/week correlated positively with RMSSD (r ≈ 0.54, p < 0.001), HF (r ≈ 0.38), and 

SDNN (r ≈ 0.35), and negatively with resting heart rate (r ≈ −0.40) and LF/HF ratio (r ≈ −0.47, p 

< 0.001); see Figure 2.  

  

 

Figure 2. Scatter plots of physical activity (MET-min/week) versus RMSSD (A) and LF/HF ratio 

(B) with linear regression line (mock data).  

3.4 Multivariable regression  

After adjustment for age, sex, and BMI, physical activity remained an independent predictor of  
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RMSSD (adjusted β ≈ [value], 95% CI [  to  ], p < 0.01) and LF/HF ratio. [Report full model, R², 

and assumption checks.]  

4. Discussion  

In this cross-sectional study of healthy young adults, higher habitual physical activity was 
associated with a more favourable cardiac autonomic profile — greater vagally mediated HRV 

(RMSSD, pNN50, HF), lower resting heart rate, and a lower LF/HF ratio. These associations 
persisted after adjustment for age, sex, and BMI, suggesting an influence on autonomic regulation 

at least partly independent of body composition.  

The findings are physiologically coherent. Regular aerobic activity is thought to enhance tonic 

vagal outflow and reduce resting sympathetic activity, improving baroreflex sensitivity and 

lowering resting heart rate — the classic training bradycardia. Greater parasympathetic 
modulation, reflected in higher RMSSD and HF power, is consistent with this mechanism. The 

observed shift toward parasympathetic predominance (lower LF/HF) in more active participants 

aligns with the broader literature linking fitness to autonomic health.  

Importantly, the present study extends evidence — largely derived from athletes, older adults, or 
clinical populations — to apparently healthy young adults across a realistic spectrum of everyday 

activity. Detectable graded associations support promoting routine physical activity early, before 

subclinical autonomic changes evolve into manifest cardiovascular risk. The results are relevant to 
lifestyle counselling for students and young professionals, in whom sedentary behaviour is 

common.  

Strengths include a standardised validated activity measure (IPAQ-SF), Task Force–compliant 

short-term HRV, complementary bedside autonomic tests, and multivariable adjustment for key 

confounders.  

Limitations. The cross-sectional design precludes causal inference, and reverse causation cannot 

be excluded. Physical activity was self-reported (recall and social-desirability bias); accelerometry 
would strengthen exposure assessment. Short-term HRV is sensitive to respiration, posture, and 

acute behaviours despite standardisation. Single-centre recruitment limits generalisability. 
Residual confounding (diet, stress, sleep quality, fitness level) is possible. As mock data are 

presented here, real analyses must confirm the direction and magnitude of effects.  

Future directions. Longitudinal and interventional studies with objectively measured activity and 

cardiorespiratory fitness (VO₂max) would clarify causality and dose–response. 5. Conclusion  

Higher physical activity levels were associated with greater parasympathetic tone and improved 
sympathovagal balance in healthy young adults, independent of age, sex, and BMI. These findings 

reinforce physical activity as a modifiable determinant of autonomic cardiovascular health and 
support early lifestyle promotion. Given the cross-sectional design, prospective studies are 

warranted to confirm causality.  
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