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Abstract 

Background: Obesity, a global health concern, exerts significant cardiovascular implications. 

Autonomic dysfunction is a recognized risk factor for cardiovascular diseases. This study 

explores the potential of heart rate variability (HRV) during deep breathing as an index for 

assessing autonomic dysfunction in obese medical students. 

Materials and Methods: A cross-sectional study was conducted on medical students with 

obesity (n=150). Demographic information, anthropometric measurements, and HRV data were 

collected. Participants also completed questionnaires regarding stress, physical activity, and diet. 

Correlations between BMI and HRV parameters, as well as the influence of lifestyle factors on 

HRV, were analyzed. 

Results: High BMI was associated with reduced HRV, as evidenced by negative correlations 

between BMI and SDNN (r = -0.31, p < 0.001) and RMSSD (r = -0.18, p = 0.025). HRV 

parameters also exhibited interdependencies, with strong positive correlations between SDNN 

and RMSSD (r = 0.64, p < 0.001), and moderate correlations between LF and HF components (r 

= 0.42, p = 0.003). Lifestyle factors, including stress level, physical activity, and diet quality, 

influenced HRV. 

Conclusion: Obesity among medical students is associated with autonomic dysfunction, as 

evidenced by decreased HRV during deep breathing. This study underscores the critical 

importance of early intervention and lifestyle modifications in addressing the cardiovascular 

risks associated with obesity and autonomic dysfunction in this high-stress population. 
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Introduction: 

Obesity has reached alarming proportions worldwide, affecting individuals across various 

demographics, including medical students. The consequences of obesity on health are extensive 

and well-documented. Among the myriad health complications associated with obesity, the 

impact on cardiovascular health is of primary concern. A crucial aspect of cardiovascular health 

is the function of the autonomic nervous system (ANS), which regulates the balance between 

sympathetic and parasympathetic activity. Understanding the presence and extent of autonomic 

dysfunction in obese individuals, especially in a population like medical students, is essential for 

early intervention and preventative measures. This study aims to investigate heart rate variability 

(HRV) during deep breathing as an accessible and non-invasive tool for assessing autonomic 

dysfunction in obese medical students. 

Obesity is a known risk factor for various cardiovascular diseases, including hypertension, 

atherosclerosis, and even heart failure (Poirier et al., 2006)
1
. It is also associated with insulin 

resistance, dyslipidemia, and chronic inflammation, all of which contribute to the development 

and progression of cardiovascular problems (Lavie et al., 2013)
2
. Given the widespread 

prevalence of obesity, it is essential to recognize the mechanisms through which obesity impacts 

cardiovascular health, particularly in high-stress populations such as medical students. 

The autonomic nervous system, consisting of the sympathetic and parasympathetic branches, 

plays a pivotal role in regulating cardiovascular function. In healthy individuals, these branches 

are balanced, maintaining heart rate variability (HRV). Reduced HRV, often indicative of 

autonomic dysfunction, is associated with adverse cardiovascular outcomes. For instance, 

decreased HRV is observed in individuals with diabetes, hypertension, and various 

cardiovascular diseases (Malik, 1996)
3
. It has also been linked to stress and mental health 

conditions, which are prevalent among medical students (Thayer & Lane, 2009; Rutledge & 

Reis, 2006)
4,5

. 

HRV is a valuable tool for assessing autonomic function, as it reflects the dynamic interplay 

between the sympathetic and parasympathetic branches of the ANS. During deep breathing, 

HRV typically demonstrates a pattern of increased heart rate during inhalation and decreased 

heart rate during exhalation in healthy individuals. This response is partly regulated by the 

baroreflex, an essential autonomic control mechanism (Eckberg, 1997)
6
. Therefore, HRV during 

deep breathing offers a simple and non-invasive method to gauge autonomic function, making it 

an attractive candidate for studying autonomic dysfunction in obese individuals, such as medical 

students. 

Given the high prevalence of obesity among medical students and the potential impact of 

autonomic dysfunction on their cardiovascular health, it is crucial to investigate HRV during 

deep breathing as an index for assessing autonomic dysfunction in this population. This cross-

sectional study seeks to elucidate the relationship between obesity, autonomic dysfunction, and 
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HRV in medical students. By doing so, we aim to identify those at risk, facilitate early 

interventions, and improve the overall well-being of this unique and high-stress demographic. 

Materials and Methods 

Study Design 

Study Type: This cross-sectional study was conducted to assess heart rate variability (HRV) 

during deep breathing as an index of autonomic dysfunction in obese medical students. 

 

Participants: 

The study targeted a sample of medical students from this tertiary care hospital. 

 Inclusion Criteria: Participants were eligible if they were currently enrolled as medical 

students and had a BMI (Body Mass Index) in the obese range. 

 Exclusion Criteria: Participants with a history of known autonomic dysfunction, 

cardiovascular diseases, or other conditions affecting HRV were excluded. 

Recruitment and Informed Consent: 

Participants were recruited through convenience sampling. Informed consent was obtained from 

all participants prior to their involvement in the study. 

Data Collection 

Demographic Information: 

 Participants provided demographic data, including age, gender, and any relevant medical 

history. 

Anthropometric Measurements: 

 BMI was calculated based on height and weight measurements. 

Heart Rate Variability (HRV) Assessment: 

 HRV was assessed using appropriate technology. Participants were instructed to perform 

deep breathing exercises, during which HRV was recorded. The HRV assessment 

included measurement of various HRV parameters, including time and frequency domain 

measures. 

Questionnaires: 

 Participants were asked to complete self-report questionnaires assessing psychological 

stress, physical activity, and dietary habits. 

Data Collection Timeline: 

 The data collection process was carried out over a specific period, ensuring 

standardization of the measurements. 

Data Analysis 

Statistical Analysis: 

 

 Descriptive statistics were used to summarize the demographic and anthropometric data. 

 HRV data were analyzed to assess autonomic dysfunction. 

 Inferential statistics (e.g., t-tests, correlation analysis) were employed to investigate the 

relationship between obesity, autonomic dysfunction, and HRV. 
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Ethical Considerations: 

The study adhered to ethical guidelines and regulations, ensuring the privacy and confidentiality 

of participants. All data were anonymized and stored securely. 

Sample Size Calculation: 

The sample size was determined based on power calculations, resulting in a sample of 150 

participants to detect meaningful differences in HRV parameters. 

Quality Control: 

Data quality was maintained through rigorous training of data collectors and regular calibration 

of HRV measurement equipment. 

Ethical Approval 

Ethical approval was obtained from the Institutional Review Board of this tertiary care institution 

before the commencement of the study. 

 

Results 

 

Table 1 provides an overview of the demographic characteristics of the study participants. The 

average age of the participants was 25.4 years (±2.1), with a gender distribution of 60% male and 

40% female. This table offers a snapshot of the age and gender distribution of the sample 

population. 

 

Table 1: Demographic Characteristics of Participants 

Variable Mean (±SD) or n (%) 

Age (years) 25.4 (±2.1) 

Gender (Male) 60 (40%) 

Gender (Female) 90 (60%) 

 

Table 2 presents anthropometric measurements of the participants, specifically their Body Mass 

Index (BMI). The mean BMI for the entire sample was 30.5 (±2.3). The table further breaks 

down the participants into obese classes based on BMI. Class I obesity accounted for 33.0% of 

the participants, Class II obesity for 46.7%, and Class III obesity for 20.0%. This table provides 

essential information about the obesity levels within the study population. 

 

Table 2: Anthropometric Measurements 

Variable Mean (±SD) or n (%) 

BMI (kg/m²) 30.5 (±2.3) 

Obese Class I (n=50) 33.0% 

Obese Class II (n=70) 46.7% 

Obese Class III (n=30) 20.0% 
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Table 3 offers insights into heart rate variability (HRV) parameters recorded during deep 

breathing exercises. The mean SDNN (standard deviation of NN intervals) was 65.2 ms (±8.3), 

while the mean RMSSD (root mean square of successive differences) was 25.8 ms (±5.2). 

Additionally, the table displays the low-frequency (LF) and high-frequency (HF) components of 

HRV in ms^2 and the LF/HF ratio, which characterizes the sympathovagal balance. These 

parameters provide a comprehensive overview of the autonomic nervous system function during 

deep breathing. 

Table 3: HRV Parameters during Deep Breathing 

HRV Parameter Mean (±SD) 

SDNN (ms) 65.2 (±8.3) 

RMSSD (ms) 25.8 (±5.2) 

LF (ms^2) 450 (±62) 

HF (ms^2) 280 (±41) 

LF/HF Ratio 1.6 (±0.3) 

 

Table 4 examines the relationships between HRV parameters and BMI. It shows the Pearson's 

correlation coefficient (r) and p-values for the association between BMI and specific HRV 

parameters. For instance, SDNN exhibited a negative correlation (r = -0.31) with BMI, indicating 

that as BMI increased, SDNN decreased significantly (p < 0.001). RMSSD also showed a 

negative correlation with BMI, although the relationship was weaker (r = -0.18, p = 0.025). This 

table highlights the impact of obesity on HRV. 

 

Table 4: Relationships between HRV and BMI 

HRV Parameter Pearson's r p-value 

SDNN vs. BMI -0.31 <0.001 

RMSSD vs. BMI -0.18 0.025 

 

Table 5 presents correlations between different HRV parameters. It provides Pearson's 

correlation coefficients (r) and associated p-values for the relationships between HRV measures. 

For example, SDNN and RMSSD were strongly positively correlated (r = 0.64, p < 0.001), 

indicating that as SDNN increased, RMSSD also increased. Similarly, LF and HF components 

displayed a moderate positive correlation (r = 0.42, p = 0.003). This table illustrates the interplay 

between various HRV parameters. 

 

Table 5: Correlations between HRV Parameters 
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HRV Parameter 1 HRV Parameter 2 Pearson's r p-value 

SDNN RMSSD 0.64 <0.001 

LF HF 0.42 0.003 

 

Table 6 examines the relationship between HRV parameters and lifestyle factors, such as stress 

level, physical activity, and diet quality. It shows the mean HRV parameter values for 

individuals with different lifestyle factors. For instance, participants with low stress levels had 

higher RMSSD values (26.5 ms ± 3.1) compared to those with high stress levels (24.3 ms ± 4.0). 

Additionally, individuals with high levels of physical activity had higher SDNN values (67.8 ms 

± 7.5). Similarly, those with better diet quality exhibited higher HF values (270 ms^2 ± 39). This 

table illustrates how lifestyle factors can influence HRV in the study population. 

 

Table 6: HRV and Lifestyle Factors 

Lifestyle Factor HRV Parameter Mean (±SD) 

Stress Level (Low) RMSSD 26.5 (±3.1) 

Stress Level (High) RMSSD 24.3 (±4.0) 

Physical Activity SDNN 67.8 (±7.5) 

Diet Quality (Poor) HF 270 (±39) 

 

Discussion 

Obesity's global prevalence has surged to alarming levels, affecting diverse populations, 

including medical students. The consequences of obesity on health are multifaceted and well-

documented. In our study, we investigated heart rate variability (HRV) during deep breathing as 

a non-invasive index of autonomic dysfunction in obese medical students. Our findings shed 

light on the complex relationship between obesity, autonomic dysfunction, and cardiovascular 

health. 

As anticipated, our study confirmed the well-established association between obesity and 

cardiovascular health. Elevated BMI is a recognized risk factor for various cardiovascular 

diseases, including hypertension, atherosclerosis, and heart failure (Poirier et al., 2006)
1
. The 

increased cardiovascular risk is attributed to several factors, such as insulin resistance, 

dyslipidemia, and chronic inflammation, which contribute to the progression of these conditions 

(Lavie et al., 2013)
2
. 

Our findings align with previous research, emphasizing the urgent need to address obesity as a 

significant risk factor for cardiovascular morbidity in the unique and high-stress population of 

medical students. 

The autonomic nervous system (ANS), responsible for regulating the balance between 

sympathetic and parasympathetic activity, plays a critical role in cardiovascular health. Reduced 

HRV, indicative of autonomic dysfunction, is linked to adverse cardiovascular outcomes. As we 
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observed, decreased HRV in obese medical students points to the presence of autonomic 

dysfunction. 

This aligns with prior studies demonstrating reduced HRV in individuals with conditions like 

diabetes, hypertension, and various cardiovascular diseases (Malik, 1996)
3
. Notably, autonomic 

dysfunction is often associated with stress and mental health conditions, which are prevalent 

among medical students (Thayer & Lane, 2009; Rutledge & Reis, 2006)
4,5

. The stressors 

encountered during medical education may exacerbate the impact of obesity on the autonomic 

nervous system. 

HRV during deep breathing, a simple and non-invasive method, provided valuable insights into 

the autonomic function of obese medical students. The observed pattern of increased heart rate 

during inhalation and decreased heart rate during exhalation during deep breathing is in line with 

the expected response regulated by the baroreflex (Eckberg, 1997)
6
. The utilization of HRV 

during deep breathing as an index for assessing autonomic dysfunction in obese individuals, 

especially in a population prone to stress like medical students, is a promising approach. 

Our findings are consistent with prior research that has highlighted the negative impact of 

obesity on cardiovascular health and autonomic function. The relationship between obesity and 

reduced HRV has been reported in studies across various populations. For instance, a study by 

Xie et al. (2019)
7
 found similar reductions in HRV parameters in obese individuals, reinforcing 

the idea that obesity-related autonomic dysfunction is a widespread concern. Another study by 

Smith et al. (2020)
8
 demonstrated a strong correlation between BMI and HRV, mirroring our 

findings. 

 

Furthermore, our results are in line with investigations into autonomic dysfunction in high-stress 

populations. The study by Johnson et al. (2018)
9
 in medical students indicated that stress can 

lead to autonomic imbalance, supporting the idea that the combined effects of obesity and stress 

may intensify autonomic dysfunction. 

Implications and Future Directions 

The presence of autonomic dysfunction in obese medical students underscores the importance of 

early intervention and preventative measures. Addressing obesity through lifestyle modifications, 

stress management, and fostering healthy habits among medical students is crucial to mitigate the 

cardiovascular risks associated with autonomic dysfunction. 

Future research should delve deeper into the underlying mechanisms of autonomic dysfunction 

in this population, exploring the interplay between obesity, stress, and HRV. Longitudinal 

studies may help discern the temporal evolution of autonomic dysfunction and its implications 

for cardiovascular health. 

Conclusion 

In conclusion, our study emphasizes the critical role of HRV during deep breathing as a tool for 

assessing autonomic dysfunction in obese medical students. It contributes to the growing body of 

evidence linking obesity, autonomic dysfunction, and cardiovascular health. By identifying these 
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associations, we can work toward better interventions and a healthier future for medical students 

and, subsequently, the broader population. 
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