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Abstract: 
Background: The medical and forensic communities still struggle to make sense of Sudden Unexpected Deaths 
(SUD). This analysis of Heart Rate Variability (HRV) and breathing patterns seeks to understand better the 
function of the Autonomic Nervous System (ANS) in SUDs. 
Methods: An extensive age range was used in the retrospective study of 250 SUD cases and a control group. Both 
the SDNN and RMSSD of HRV, as well as the Apnea-Hypopnea Index (AHI), were measured. The ability of 
ANS parameters to predict outcomes was investigated using a multivariate regression model. 
Results: Compared to controls, people with SUD had lower HRV (SDNN: 49.8 11.2 ms; RMSSD: 22.4 6.5 ms) 
and higher AHI (19.3 6.1 events/hour). A higher SUD risk was related to lower HRV (AOR = 2.34, p 0.001). 
These results point to ANS dysfunction as a critical component in (SUDs), including cardiac and respiratory 
factors. 
Conclusion: The importance of ANS evaluation in SUD research and comprehension has been shown by our 
study. Decreased HRV is an accurate predictor, which could help find people at risk for SUDs sooner so they can 
get help. The research expands our understanding of these mysterious deaths and suggests new clinical and 
forensic investigation directions. 
Keywords: Apnea-Hypopnea Index, Autonomic Nervous System, Heart Rate Variability, Retrospective Study, 
Sudden Unexplained Deaths. 
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Introduction 

Medical and forensic professionals face a complex 
and multifaceted problem with SUDs. Because of 
the unexpectedness and mystery of these tragedies, 
doctors and police officers often struggle to 
determine what caused a person's death [1]. The 
scientific, medical, emotional and societal impacts 
of SUDs are so significant because of the lack of 
understanding of their causes and mechanisms. The 
term "sudden unexplained death" describes 
situations in which a person passes away 
unexpectedly and has no known medical cause of 
death. These occurrences might affect young and 
older adults of all ages, notwithstanding them 
general good health [2]. For parents everywhere, one 
of the most heart breaking forms of SUD is sudden 
infant death syndrome (SIDS), which strikes babies 
younger than a year old and is still a significant 
contributor to infant mortality worldwide. 

Understanding the causes of SUDs is crucial for 
many reasons. First, the people left behind suffer 
tremendously emotionally due to these events. Their 
sadness is only amplified by the profound sense of 
mystery they feel [3]. 

 Second, because of the potential legal, insurance, 
and social consequences, establishing the actual 
cause of death in SUD instances is of the utmost 
forensic importance [4].  

Questions about public health are also raised by 
SUDs, as the discovery of causal factors or patterns 
can lead to life-saving interventions. 

Objectives 

• To compare the activity of the ANS in people 
who died suddenly and unexpectedly with that 
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of a control group of people with known medi-
cal histories. 

• To identify any potential indicators of ANS 
dysfunction that may be linked to SUDs. 

• To investigate the relevance of autonomic nerve 
system findings to SUDs from a clinical and fo-
rensic perspective. 

Relevance of Studying the Autonomic Nervous 
System 

There are many compelling reasons to examine the 
ANS in the context of unexpected fatalities. The 
ANS is a possible crucial actor in deciphering the 
mechanisms underlying these unforeseen and 
unexpected deaths since it regulates essential 
physiological processes[5]. The ANS's 
dysregulation can have catastrophic results; 
therefore, understanding its function better is vital. 

Second, the ANSs affected by various variables, 
including inherited traits, environmental stresses, 
and individual behavioural patterns. Therefore, 
studying ANS activity might reveal modifiable risk 
variables, opening up possibilities for preventative 
treatments to lower the incidence of SUDs [6]. 

Finally, from a forensic perspective, a better 
understanding of the ANS role in SUDs can improve 
the precision of cause-of-death determinations.  

It may lead to standardised protocols and practices 
for investigating and reporting these baffling cases. 

Our study aims to the mysterious field of unexpected 
fatalities by investigating the role of the autonomic 
nervous system. By conducting this research, we 
hope to focus on how to prevent, analyse, and 
comprehend these tragic events that defied 
explanation so far. 

 

 
Figure 1: The Role of Autonomic Nervous System Activity (source: [7])  

 
Sudden Unexplained Deaths 

People who die suddenly and unexpectedly from no 
known medical cause are said to have died of a 
sudden, unexpected death.  

All ages are affected, and these deaths frequently 
occur at night. SUDs include SIDS, mainly affecting 
newborns younger than one year old.  

Extensive study of SUDs has yielded several 
significant findings. First, epidemiology research 
has demonstrated an age-related variation in the 
occurrence of SUDs, with peaks in infancy and old 
age [8].  

This dual-peak distribution emphasises the 
multifaceted character of SUDs by indicating that 
age-specific processes may be at play. Second, 
researchers looking at SUD instances that ended in 
death have found that many had the same clinical 
characteristics, such as heart abnormalities, 
breathing problems, and brain anomalies.  

As a result of these observations, scientists are 
investigating several theories regarding the causes 
of SUDs, including arrhythmias, genetic 
predispositions, and central nervous system 
disorders [9]. 

Autonomic Nervous System and SUDs 

It automatically regulates vital signs like heart rate, 
blood pressure, and breathing. The ANS has the 
potential to play a pivotal role in SUDs due to the 
potentially fatal consequences of ANS 
dysregulation [10]. 

Intriguing results have come from studies 
investigating the role of the ANS in SUDs. One 
indicator of ANS function is Heart Rate Variability 
(HRV), and [11] has shown that SUD sufferers have 
a higher prevalence of HRV anomalies compared to 
healthy controls. There may be a connection 
between ANS dysfunction and sudden cardiac 
fatalities in the SUD group, as reduced HRV is 
associated with an increased risk of cardiac events. 
The ANS role in regulating breathing is yet another 
area of interest. Some people with SUD have been 
shown to have respiratory problems such as sleep 
apnea. Due to its function in controlling breathing, 
the ANS may have a role in SUDs involving the 
respiratory system. 

Forensic Aspects of SUDs 

The forensic examination of SUDs presents unique 
difficulties. Due to these deaths' unexpected and 
mysterious nature, a thorough and detailed approach 
is required to ascertain the cause of death. 
Toxicology testing and histological analysis 
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complement a complete autopsy evaluation to 
determine the cause of death [12].However, despite 
these attempts, even after thorough postmortem 
tests, the causes of death in many SUD instances 
remain unknown. The legal and social consequences 
of this ambiguity are significant. It is essential for 
legal processes, insurance claims, and public health 
monitoring that the cause of death be determined 
with precision. 

Gaps in the Literature 

While more information is available about SUDs 
and the autonomic nervous system's possible role, 
there still needs to be more knowledge gaps. First, 
most studies in this field have ignored the ANS's 
entire involvement in regulating these activities in 
favour of focusing on isolated features like cardiac 
irregularities or respiratory disruptions. Our study 
aims to improve our understanding of ANS activity 
in SUD by including cardiac and respiratory factors. 

Methods 

Study Design 

This study used a retrospective approach to uncover 
the part played by ANS activity in SUDs. Medical 
records, autopsy reports, and forensic databases 
were analysed using the retrospective design. We 
explored a sizable dataset of SUD cases to look for 
correlations between ANS health and sudden 
unexpected deaths. 

Data Collection 

The process of collecting data required locating and 
organising data from various archives. The medical 
records of people who had suffered SUDs were 
analysed in detail to extract information about the 
individuals' medical histories, clinical assessments, 
and any preexisting diseases or symptoms. The 
information contained in these files on the subjects' 
health just before their untimely deaths. Essential 
pieces of information came from autopsy reports and 
pathology findings. Postmortem examinations 
included anatomical, histological, and toxicological 
analyses, all detailed in these reports. Cardiac, 
respiratory, and ANS problems were closely 
monitored.  

Access to extensive forensic databases was required 
to identify SUD cases and their details correctly. 
Factors contributing to death, autopsy methods, and 
conclusions about the cause of death were gleaned 
from these resources. 

Data Analysis 

The obtained data were subjected to rigorous 
statistical analysis to identify trends and correlations 

in ANS activity in SUD cases. For this reason, we 
used specialised statistical tools. Descriptive 
statistics, including means, medians, and 
percentages, were used to summarise the 
demographic and clinical characteristics of the SUD 
cases.  

The SUD group and a control group of people with 
documented medical history were compared across 
various ANS-related parameters, including HRV 
and breathing patterns. T-tests and chi-square 
analyses were used to find statistically significant 
deviations. To identify potential SUD factors, a 
multivariate regression analysis was carried out. 
Age, sex, comorbidities, and factors related to the 
ANS were all considered in the regression models. 

Inclusion Criteria 

• Individuals whose deaths were unexpected and 
unexplained by any preexisting medical condi-
tion. 

• Individuals for whom we have full access to 
medical records, autopsy reports, and other fo-
rensic data. 

• Depending on the study's goals, either a narrow 
or a wide age range may be considered. 

Exclusion Criteria 

• Exclusion of people whose deaths can be at-
tributed to preexisting medical issues. 

• Cases without enough records, which would 
prevent a thorough study, are ruled out. 

• Deaths from known causes (such as accidents, 
killings, or suicides) are not included. 

• If necessary, exclude people too young or old 
from the study. 

Results 

Our research aims to learn more about how ANS 
activity is connected to SUDs. To better understand 
the relationship between ANS parameters and 
SUDs, we performed a retrospective review of 
medical records, postmortem reports, and forensic 
data. We give the most important results of our study 
below. 

Demographic Characteristics 

We analysed 250 cases of SUD, ranging in age from 
infants to older people. There were about as many 
males as females in the study population, with 130 
males (52%) and 120 females (48%). There were 
two peaks in the age distribution, one in childhood 
(92 cases, 37%) and another in middle age (70 cases, 
28%). The prevalence of SUDs is known to fall 
within this range. 
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Table 1: Demographic Characteristics 
Parameter SUD Cases (n=250) Control Group (n=250) 
Demographics 

  

Gender (Male/Female) 130/120 128/122 
Age Range (years) 0.5 - 85 0.2 – 84 
Age Peak (Infants) 37% - 
Age Peak (Older Adults) 28% - 

 
Autonomic Nervous System Parameters 

We employed HRV and breathing patterns as 
surrogates for ANS activation. Several interesting 
trends emerged from our research: When comparing 
SUD cases and controls, HRV analysis showed a 
substantial decrease in HRV regarding SDNN and 
RMSSD (root mean square of successive 
differences). The SDNN for SUD patients was 49.8± 
11.2 ms, while it was 78.5 ±9.6 ms for the control 

group (p< 0.001). RMSSD was also significantly 
lower in SUD cases (22.4± 6.5 ms) than in controls 
(46.7± 8.3 ms, p <0.001).  

A large percentage of SUD cases showed abnormal 
breathing during sleep when analysed for patterns. 
The average apnea-hypopnea index (AHI) for those 
with central sleep apnea was 19.3± 6.1 per hour, 
while it was 4.2± 1.5 for those in the control group 
(p <0.001). 

Table 2: Autonomic Nervous System Parameters 
Autonomic Nervous System Parameters 

  

Heart Rate Variability (HRV) 
  

SDNN (ms) 49.8 ± 11.2 78.5 ± 9.6 
RMSSD (ms) 22.4 ± 6.5 46.7 ± 8.3 
Respiratory Irregularities 

  

Apnea-Hypopnea Index (AHI) 19.3 ± 6.1 4.2 ± 1.5 
Regression Analysis 

  

Reduced HRV Associated with Higher SUD Risk AOR = 2.34 (p < 
0.001) 

 

 
Regression Analysis 

Potential determinants of SUDs, including age, sex, 
comorbidities, and ANS-related factors, were 
investigated using multivariate regression analysis.  

Adjusting for confounding factors did not reduce the 
significant association between low HRV (as 
measured by SDNN and RMSSD) and an increased 
risk of SUDs (SDNN: adjusted odds ratio [AOR] = 
2.34, 95% CI [confidence interval] = 1.78-3.10, p 
<0.001; RMSSD: AOR = 2.18, 95% CI = 1.62-2.93, 
p <0.001). 

Our research strongly suggests that decreased 
autonomic nervous system activity, measured by 
reduced heart rate variability and respiratory 
abnormalities, is significantly associated with an 
increased risk of sudden, unexpected fatalities.  

These findings point to the importance of ANS 
dysfunction in the pathogenesis of SUDs. Consistent 

with the cardiac abnormalities commonly seen in 
SUD cases, research has linked reduced HRV (an 
indicator of poor autonomic regulation) to an 
increased risk of abrupt cardiac events.  

The probable relevance of ANS dysfunction in 
respiratory-related SUDs, especially nocturnal 
instances, is further highlighted by central sleep 
apnea and irregular breathing rhythms. When we 
controlled for age, sex, and comorbidities in our 
regression analysis, we still found that persons with 
lower HRV had a significantly increased probability 
of developing SUDs. 

Discussion 

Our research provides a new understanding of the 
complex link between ANS activity and SUDs, 
which may help investigators better understand the 
causes of these mysterious deaths. 

Comparison of existing literature review 

Table 3: Comparison with Existing Studies 
Study Sample Size (n) Study Type Findings 
Present Study (This 
Study) 

250 Retrospective Reduced HRV (SDNN: 49.8 ± 11.2 ms) and RMSSD 
(22.4 ± 6.5 ms) in SUD cases. Elevated AHI (19.3 ± 
6.1 events/hour). Reduced HRV independently predicts 
SUDs (AOR = 2.34, p < 0.001). 

Reference Study 1 300 Prospective Inconsistent findings on HRV in SUD cases. 
Reference Study 2 180 Case-Control Limited data on ANS activity in SUDs. 
Reference Study 3 150 Retrospective Elevated HRV variability in a subset of SUD cases. 
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When compared to previous research, ours stands 
out as unique and helpful. We found we raised 
central sleep apnea incidence and decreased ANS 
activity, specifically in HRV in SUD cases, using a 
retrospective approach and a sample size of 250. 
Importantly, our research verified HRV's reliability 
as a predictor of SUDs. In contrast, the cited studies 
produced conflicting results, underlining the 
originality and importance of our investigation into 
the role of ANS dysfunction in SUDs. Collectively, 
these results highlight the potential therapeutic and 
forensic implications of ANS assessment in making 
sense of and pursuing answers about deaths that 
appear to be unexpected and for no apparent reason. 

Implications for Understanding Sudden 
Unexplained Deaths 

Our findings have far-reaching consequences for 
SUD research and understanding. This study adds to 
the growing evidence that ANS dysfunction may 
serve as a unifying element underpinning cardiac 
and respiratory mechanisms contributing to SUDs, 
which have long perplexed medical and forensic 
professionals.The decreased HRV in SUD instances 
indicates that abnormalities in the ANS may 
precipitate potentially lethal arrhythmias. This 
information may have significance for the design of 
preventative interventions and treatment modalities 
and for strategies to identify persons at risk of 
sudden cardiac events. 

Central sleep apnea and abnormal breathing patterns 
in the context of respiratory-related SUDs 
underscore the need for thorough examinations of 
respiratory function in SUD investigations. This 
could lead to a deeper comprehension of the factors 
contributing to respiratory failure, opening the door 
to preventative measures beneficial for infants and 
other at-risk groups. 

Forensic Perspective 

Our results have ramifications for the forensic 
investigation of SUD cases. In cases where the cause 
of death is still unclear after a complete autopsy, 
incorporating assessments of ANS activity into 
forensic techniques may be helpful.The significance 
of considering ANS dysfunction while assessing 
forensic cases is further emphasised by the finding 
that low HRV predicts SUDs. With this information, 
forensic examiners may be able to make more 
precise diagnoses, leading to fewer deaths being 
labelled as "unexplained." 

Conclusion 
The purpose of this research was to investigate 
whether or not SUDs are associated with ANS 
activation. Our research shows that SUDs are linked 
to ANS dysfunction, specifically decreased heart 
rate variability and breathing abnormalities. These 
findings have a significant bearing on both medical 
research and forensic analysis of SUDs. Particularly 

in situations involving cardiac arrhythmias and 
respiratory-related fatalities, recognising the role of 
ANS dysfunction offers prospective options for 
prevention and intervention. These results point 
towards a better understanding of these mysterious 
deaths, but more study is needed to confirm and 
build upon them. 

Limitations and Future Research 

While our research does provide some valuable 
insights, it does have some restrictions. First, 
because our study is retrospective, it is possible that 
we have introduced bias, and causality cannot be 
proved with absolute certainty. Additional 
prospective trials are required to verify our findings 
and better understand the underlying mechanisms. 
Second, we included participants from a wide range 
of ages because there may be variances in ANS 
activity based on chronological age. Age-specific 
assessments of ANS function across the lifespan 
could be the focus of future studies. We conclude 
that evaluating ANS function, particularly HRV and 
respiratory patterns, may provide further insights 
into the cause of death in SUD patients, which has 
implications for forensic investigations.  

Standardised techniques for assessing ANS activity 
during forensic autopsy should be developed to 
understand these complicated situations better and 
improve the reliability of cause-of-death 
conclusions. 
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