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Abstract: Background: Autonomic balance measurement (ABM) is a valuable tool in clinical practice for 
assessing the functioning of the autonomic nervous system (ANS), which controls involuntary bodily functions. 
Here we summarize the current understanding of the utility of autonomic balance measurement in clinical 
practice. Methods: A narrative review of relevant literature was conducted, focusing on studies investigating 
the use of autonomic balance measures in various clinical settings. Results: ABM holds potential benefits in 
clinical practice, including aiding in diagnosing autonomic dysfunction, monitoring treatment efficacy, and 
predicting potential health complications. ABM can be crucial for diagnosing various conditions, including 
cardiovascular diseases (Heart failure, arrhythmias, and hypertension), neurological disorders (Parkinson's 
disease, Alzheimer's disease, and diabetic neuropathy), in sports medicine athletes can undergo ABM to 
optimize training regimens, enhance performance, assessing the impact of training stress, preventing 
overtraining, and promoting overall well-being and probably to assess potential health risks, in metabolic 
syndromes ABM can aid in the early detection of autonomic neuropathy, a diabetes-related complication, 
allowing for timely intervention and better management of the disease, and psychiatric disorders (Anxiety, 
depression, and post-traumatic stress disorder). In addition, ABM can be helpful in monitoring of treatment 
efficacy, by tracking changes in autonomic balance, clinicians can assess if treatments for conditions impacting 
the autonomic nervous system are effective. ABM can also be helpful in predicting outcomes by facilitating 
early recognition of future health complications in certain populations. However, limitations exist, including 
non-specificity, variability in measurements, and limited evidence for routine use in specific clinical settings. 
Conclusion: Incorporating autonomic balance measurement into routine clinical assessments provides a more 
comprehensive understanding of a patient's health. It complements traditional diagnostic methods, offering 
additional insights into the body's regulatory mechanisms. While autonomic balance measurement offers 
potential benefits, careful interpretation and consideration of its limitations are crucial for its effective use in 
clinical practice. ABM remains a valuable and versatile tool in clinical practice for a deeper understanding of 
the autonomic nervous system, enabling early detection, targeted interventions, and improved management 
of various medical conditions across different specialties. 

Keywords: autonomic physiology; cardiovascular; neurovascular; prognosis; risk analysis 
 

Introduction 

The autonomic nervous system (ANS) plays a pivotal role in regulating various physiological 
functions essential for maintaining homeostasis within the human body. Comprising the sympathetic 
and parasympathetic branches, the ANS dynamically modulates heart rate, blood pressure, 
respiratory rate, and other vital functions in response to internal and external stimuli (Figure 1).[1,2] 
The delicate balance between these opposing branches is crucial for overall well-being. In recent years, 
the significance of quantifying autonomic system balance has gained prominence in both clinical and 
research settings.[3,4] Accurate measurement of ANS activity provides valuable insights into the 
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underlying mechanisms of numerous physiological and pathological processes, aiding in the 
assessment, diagnosis, and management of various health conditions. As a result, a myriad of 
methodologies and techniques have been developed to capture the intricate interplay between 
sympathetic and parasympathetic activities. 

 

Figure 1. Overview of autonomic nervous system (ANS). ANS consist of two divisions i.e, 
sympathetic (pink, thoracolumbar, fight or flight) and parasympathetic (green, craniosacral, rest and 
Digest) system which are broadly with few exceptions, counterregulatory to each other. For optimal 
physiological regulations an appropriate balance between these two divisions of ANS is necessary, 
which we refer to as an autonomic balance. 

Autonomic balance measurement has an important role in the clinical assessment of several 
disorders which affect autonomic neurons, and these range from neurological, cardiovascular to 
gastrointestinal pathophysiologies.[5] The assessment of autonomic balance involves measuring 
physiological parameters which are regulated by the two component of autonomic nervous system 
(ANS) namely; sympathetic and parasympathetic systems[6,7] or alternatively directly measuring the 
neurotransmitters of sympathetic (norepinephrine) and parasympathetic (acetylcholine) system. 
Autonomic function is influenced by multiple factors including circadian rhythm, medications, body 
position and emotional state therefore making most current approaches to measuring autonomic 
balance difficult in clinical settings where continuous or frequent monitoring is necessary.[1,8] 

The two components of the autonomic nervous system (ANS) operate in close proximity, 
demonstrating a somewhat antagonistic innervation pattern that enables precise regulation of bodily 
systems. The sympathetic nervous system (SNS), commonly referred to as the "fight or flight" system, 
responds to stressors primarily through adrenergic receptors.[1,2,8] With exceptions such as the 
coronary arteries and vessels of skeletal muscles and external genitalia, heightened SNS tone 
generally leads to vasoconstriction.[1–3,8] Additional functions of the SNS include pupil dilation and 
adjustment of the eyes for distant vision, augmentation of cardiac output, bronchodilation in the 
lungs, relaxation of the detrusor muscle, contraction of the urinary sphincter, suppression of the 
immune system, and promotion of glycolysis and lipolysis.[2,9] Conversely, the Parasympathetic 
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nervous system (PNS), often referred to as “rest and digest”, acts on five muscarinic receptors 
allowing rest and preservation of energy.[2,8,9] Increased PNS tone promotes blood vessels to dilate, 
and the alveoli in lungs to constrict.  It also induces pupil constriction and adjusts the eyes for near 
vision, promotes gut motility, decreases cardiac output, aids urinary output by contraction of 
detrusor muscle and relaxation of urinary sphincter, and actively promotes energy conservation and 
increase glycogen synthesis.[2,8,9]  

In this review we aim to comprehensively examine the current state of literature on the 
measurement of autonomic system balance with a focus on different applications of autonomic 
balance measurement in various healthcare settings. By synthesizing and critically evaluating 
existing studies, we seek to elucidate the strengths, limitations, and advancements in methodologies 
employed for assessing autonomic function. Additionally, we will explore the diverse applications 
of these measures across different populations, from healthy individuals to those with specific 
medical conditions. 

Methods 

This review employed a systematic approach to identify relevant studies. We searched the 
Google Scholar database (https://scholar.google.com), using a combination of keywords and Boolean 
operators tailored to our research question. The search was performed between 1st July to 30th 
November 2023. The search terms encompassed ‘autonomic balance’, ‘measurement’, ‘autonomic 
nervous system’, ‘sympathetic balance’, ‘parasympathetic balance’ and ‘clinical setting’. We limited 
the search to articles published from 2000 onwards and included only those written in English. 
Studies were then selected based on pre-defined inclusion and exclusion criteria. Included studies 
were randomized controlled trials, observational/interventional and general investigational studies. 
To be eligible, studies had to focus on use of at least any one autonomic balance measurement tool 
highlighted in Figure 2. Conversely, we excluded animal studies, case reports, studies with 
methodological limitations. 
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Figure 2. Approaches to measure autonomic balance. The autonomic balance can be indirectly 
measured by assessing several physiological processes regulated by the autonomic nervous system 
(ANS). 

 
Following the initial search, reference management software (Endnote version 21) was used to 

screen titles, abstracts, and full texts based on the inclusion criteria mentioned above. This process 
ensured consistency and facilitated the identification of relevant articles. A final set of studies 
comprising of 50 articles were identified, and data extraction was conducted using a standardized 
form. This form captured key information such as study design, participant characteristics, 
interventions employed, and reported outcomes. The data analysis strategy was determined based 
on the nature of the included studies and the research question of assessing the utility of autonomic 
balance measurement in clinical practice. A narrative synthesis was employed to provide a 
comprehensive overview of the findings, identify key themes and patterns across studies. It is 
important to acknowledge both the strengths and limitations of our methodology. The use of a 
systematic search strategy and pre-defined criteria helped to minimize bias and ensure the 
transparency of the selection process. However, limitations include the potential for publication bias, 
which favours studies with statistically significant findings, and the exclusion of non-English 
language articles, which might limit the generalizability of our results. 

Results 
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Cardiovascular System 

Several tests have been implicated in the measurement of autonomic cardiovascular 
reflexes.[2,8,9] The Valsalva manoeuvre, isometric handgrip test, active standing and head-up tilt test 
are all used to measure the efficiency of the autonomic nervous system (ANS) for the control of blood 
pressure.[2,8,9] However, these tests may be affected by age, sex and medications taken. Heart rate 
variability (HRV)[2,8,9] is one of the most popular non-invasive methods of ANS measurement, 
through 24-hour ECG recording or even at 5 minute intervals, to evaluate the influence of different 
factors on sympathetic and parasympathetic stimulations.[2,8,9] This is done by using fluctuations in 
RR intervals to evaluate how heart rate is modulated by the ANS. Decreased RR variability could 
indicate a pathological process and may be useful in various clinical settings.[8,10] It has been 
established that HRV is an early predictor of brain death and that reduced HRV is associated with 
increased mortality and morbidity after trauma.[8,10] It is also related to increased intracranial 
pressure and decreased cerebral perfusion pressure. In the setting of trauma, HRV has been shown 
to have implications in pre-hospital and hospital settings. It was reported that HRV was a more 
accurate predictor of major injury and has applications for life-saving measures than heart rate, 
systolic blood pressure and Glasgow coma scale.[9,10] Also, a 2007 study by Proctor et al. showed 
that specific HRV patterns correlated with the presence of traumatic brain injury on CT as well as 
mortality.[9,11] Additionally, the HRV algorithm can be altered to take into account patient-specific 
factors to further refine its diagnostic and prognostic ability.[9,11] Furthermore, the diagnostic merit 
of HRV is supported by the use of its separate low frequency and high frequency components. Its 
low frequency component is predominantly determined by vagal activity which underlines the 
parasympathetic system’s importance in cardiac regulation.[9,12] The ratio between the low 
frequency and high frequency HRV can be used as a measure of autonomic balance in the context of 
cardiovascular regulation.[9,12] Despite these merits of HRV, one of the major limitations of relying 
on HRV for measuring autonomic balance is a large array of paracrine factors independent of ANS 
which can influence it.  

Cardiac autonomic dysfunction is linked to several cardiovascular diseases and increased risk 
of mortality,[4,12] and this can be measured using heart rate decrement after exercise which can be 
quantified by heart rate recovery (HRR). HRR can be used to measure autonomic activity and could 
also predict mortality.[4,12] HRR is characterised by a fast phase which is mediated by a rapid decline 
in heart rate through vagal stimulation, whereas the slow phase causes a more gradual decline in 
heart rate and is mediated by vagal reactivation in addition to sympathetic withdrawal.[1,4] 
Sympathetic overactivation can damage cardiomyocytes through coronary constriction and 
malignant ventricular arrhythmias.[1,4] Population cohort studies have shown that HRR is an 
independent predictor of all-cause cardiovascular mortality. It was also found that an abnormally 
low HRR value was predictive of all-cause mortality regardless of age, gender, exercise capacity and 
other medical comorbidities.[1,4] Surprisingly, HRR was shown to be a better prognostic indicator 
than the 6-minute walk test.[1,4,13] However, it is important to mention that exercise and recovery 
protocols employed by each study varies widely and similar to HRV several paracrine factors can 
also influence HRR.  

Recently, Chinaka and Kumar[6] reported the merit of Iris-pupil area ratio (IPR) as a predictor 
of myocardial infarction, supporting the role of non-invasive tools for the measurement of autonomic 
balance in relation to cardiovascular health. Thus, this could be a novel method for predicting 
myocardial infarctions. Moreover, unlike the influence of several paracrine factors on HRV and HRR, 
the IPR based assessment of autonomic balance is exclusively under the control of ANS under 
constant light intensity conditions. Hence under clinical setting where light intensity remains 
constant, the IPR based approach offers a specific and much sensitive system for the assessment of 
autonomic balance.      

Neurovascular System 

HRV has also been used to identify autonomic dysfunction after an acute stroke,[3] specifically 
for cardiac complications such as arrhythmias and ischemic heart damage.[3] This is specifically 
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influenced by levels of dopamine, noradrenaline and adrenaline released by the ANS. Results by 
Esref et al,[3] revealed that patients with right middle cerebral artery lesions had significant 
autonomic dysfunction, with increased HRV, suggesting cardiovascular autonomic dysfunction. 
These patients also had higher catecholamine levels, which implies that possibly HRV monitoring 
after acute stroke could help prevent cardiovascular complications. Interestingly, Colvicchi et al.,[14] 
and Korpelainen et al.,[15] have suggested that stimulation of the right insular cortex increases 
sympathetic cardiovascular activity, whereas left insular cortex stimulation influences 
parasympathetic tone. Thus, HRV monitoring could be a useful measure of predicting cardiovascular 
outcomes after ischemic stroke.  

Patients with acute ischemic stroke often show impaired autonomic function, characterized by 
sympathetic activity predominance.[16] Raedt et al.,[16] correlated the right and left insular ischemia 
with ventricular arrhythmias and prolonged QT interval. Additionally, experimental and human 
studies have implied that coagulation and platelet activation may be influenced by sympathetic 
stimulation which increases the risk for further vascular events.[17] Although studies investigating 
the role of the ANS in recurrent stroke or thrombotic events are lacking, Sander et al.,[17] reported 
that recurrent stroke, transient ischemic attack (TIA) and myocardial infarctions during 1 year follow-
up only occurred in ischemic stroke patients who initially had increased serum norepinephrine levels. 
Aside from the acute phase after stroke, cardiovascular autonomic dysfunction may persist up to six 
months after stroke and parasympathetic dysfunction predominates.[18] However, studies are 
conflicting over whether sympathetic or parasympathetic dysfunction predominates, hence more 
studies under randomised settings are necessary to validate the findings. Nevertheless, autonomic 
function after acute stroke could be considered for monitoring of therapeutic progress and as a 
prognostic indicator.  

Furthermore, autonomic balance measurement has been implicated as an early marker of 
dementia. A study by Femminella et al.,[19] revealed that autonomic dysfunction in common 
subtypes of dementia may be caused by generalized underactivity of the cholinergic system which is 
indirectly influenced by the balance between sympathetic and parasympathetic systems. There are 
six stages of Alzheimer's dementia (AD),[20] on the basis of progressive involvement of the insular 
cortex and brainstem, which are major structures involved in autonomic control. Thus, 
neurodegeneration of these structures before other regions could mean that autonomic dysfunction 
may serve as the ‘early clinical’ stage of AD, making it a possible biomarker of neurodegeneration. 
Collins et al.,[21] examined autonomic dysfunction in patients with mild cognitive impairment which 
represents the earliest stage of dementia and reported significant autonomic dysfunction (measured 
by Ewing battery of autonomic tests) in these patients compared to controls. Additionally, a 
predominance of parasympathetic dysfunction is also reported in patients with mild cognitive 
impairment, suggesting the pivotal role of cholinergic system in cognitive function. 

Autonomic balance measurement has also been shown to be useful in patients with drug-
resistant focal epilepsy. In these patients, Vagus nerve (Cranial nerve X) stimulation is thought to 
have cardioprotective effects against sudden unexpected death in epilepsy (SUDEP).[22] Markedly 
elevated levels of T-wave alternans and fluctuations in the morphology of the ST or T-wave segments 
is observed in these patients, which is a marker for sudden cardiac death and these levels are doubled 
during seizures, which increases the risk for life-threatening arrhythmias in those who have 
background cardiovascular disease.[23,24] It has also been suggested that the sympathetic tone of the 
heart is increased as measured by HRV, and this is an independent predictor of mortality in patients 
with drug-resistant focal epilepsy.[22] Schomer et al.,[22] measured autonomic balance with T-wave 
alternans, HRV and KF/HF ratio in patients with drug resistant epilepsy and used vagal nerve 
stimulation to modulate them. In these patients, repeated seizures lead to hypoxemia and increased 
catecholamine levels which could be the basis for the pathologic cardiac changes, ultimately causing 
ischemia. In the interictal period, SNS dominance was confirmed at baseline, with decreased levels 
of Vagus nerve activity compared to healthy controls.[22] Upon initiation of vagal nerve stimulation, 
Schomer et al report a reduced HRV and LF/HF ratio, making it plausible that autonomic balance 
was shifted in favour of increased PNS activity and decreased SNS activity which both contribute to 
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a reduction in T-wave alternans and hence SUDEP by reducing cardiac electrical instability.[22]-[24] 
Therefore, autonomic balance measurement and modulation could be of merit in improving 
mortality and morbidity from cardiovascular effects of drug-resistant epilepsy.  

Pain and Inflammation Management 

Autonomic cardiac control has also been implicated in patients with rheumatoid 
arthritis.[4,13,25] It was observed that not only was basal heart rate significantly higher in these 
patients, but there were also lower variations in parasympathetic activity. Compared to controls, 
rheumatoid arthritis patients also had less vagal withdrawal and lower sympathetic response 
compared to healthy controls. Thus, it was inferred that an inability of the ANS to efficiently 
compensate for internal and external environmental changes imply a decreased HRV and so put 
rheumatoid arthritis patients at a high risk of arrythmias.[4,13,25] Hence, ANS evaluation and 
measurement could be useful in planning management of these patients and anticipation of 
cardiovascular complications.  

The ANS and autonomic balance has been implicated in pain, with regards to nociceptive and 
anti-nociceptive balance. In pain monitoring for anaesthesia, assessment of analgesia is based on 
unspecific ‘clinical end points’ of movement, tachycardia or hypertension. In the current day, rapid 
detection of nociceptive input is performed through evaluation of autonomic balance, hence 
supporting its merit in pain measurement in those unable to verbalise.[26] The analgesia nociceptive 
index (ANI) is based on HRV and has been proposed to be reflective of pain levels in the 
postoperative period.[27] A small but significant correlation was found between ANI and higher 
states of sedation,[27] but it cannot be used to differentiate between minor and severe pain. This is 
because anaesthetic agents may affect sympathetic function and act as confounding factors, thus, 
more research needs to be conducted in this area.[27]  

The ANS tone is strongly influenced by anaesthetic drugs, and various studies have supported 
the use of HRV for pain measurement.[28] Novel measurement methods of ANI can be used to inform 
the anaesthetist of the pain/analgesia balance during general anaesthesia, in order to optimize drug 
delivery.[28] Logier et al describe PhysioDoloris, a monitoring device for nociceptive balance in real-
time using HRV during and after surgery to optimize pain management. However, it is important to 
note that ANI and influences on the ANS could be due to multiple factors.[28] It is reported that ANI 
values of less than 50% mean sympathetic activation only which could often be related to insufficient 
analgesia/nociception balance.[28] Therefore, although this is a new field with limited literature, the 
merit of ANS measurement and significance should not be underestimated because of its wide variety 
of applications in clinical medicine.  

Interestingly, cardiovascular regulation through the ANS in fibromyalgia syndrome has been 
shown to be relevant in clinical pain reports. Through HRV measurement, del Reyes et al found that 
cardiovascular regulation is impaired in such patients due to reduced sympathetic and 
parasympathetic influences and baroreflex malfunctioning.[29] This reduced baroreceptor sensitivity 
has an inverse relationship with pain severity, which reflects the pain inhibition functions of the 
baroreceptor system which has been well-documented.[29] Hence, it could be inferred that deficient 
ascending pain inhibition due to ANS and baroreceptor malfunction may contribute to hyperalgesia 
and pain sensation.[29]  

Gastrointestinal System 

Irritable bowel syndrome (IBS) is a chronic and debilitating functional gastrointestinal disorder 
with recurrent abdominal discomfort and changes in bowel habits. It does not have a set of defining 
criteria.[30] A meta-analysis by Liu et al.,[30] aimed to investigate the links between ANS and the 
pathophysiology of IBS, through HRV analysis. Their results revealed that vagal activity was 
significantly lower in patients with IBS than in controls. They also suggested that IBS patients have 
abnormal sympatho-vagal balance, suggesting vagal dysfunction or excess sympathetic activity in 
these patients.[30] Thus, ANS dysfunction may be a factor in IBS, but it cannot be determined whether 
it is a cause or consequence of this disease.  
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Additionally, the ANS function has been implicated in irritable bowel disease (IBD), specifically 
Crohn’s disease (CD), as well. Pellisier et al.,[31,32] aimed to study the association between vagal 
tone and inflammatory markers in patients with Crohn’s disease and IBS versus health controls. Their 
results showed that those who had low vagal tone as measured by HRV had higher salivary cortisol 
levels compared to healthy controls with high vagal tone. Also, there was an inverse association 
observed between vagal tone and TNF-alpha level in patients with Crohn’s disease exclusively and 
an inverse relationship between vagal tone and plasma epinephrine in IBS patients.[31,32] 
Accordingly, their data argues for vagal tone and the ANS having a role in IBD and IBS, suggesting 
a homeostatic link which highlights the relevance of autonomic balance measurement and its 
implications for designing novel disease interventions.  

The ANS by its contribution to psychological factors could also influence the pathogenesis and 
symptomatology of IBS and IBD. Compared to healthy controls, CD patients with positive affectivity 
had an adapted high sympathetic activity, whereas in ulcerative colitis negative affectivity blunted 
parasympathetic activity.[31,32] However, in IBS, dysautonomia with high sympathetic and low 
parasympathetic tone persisted with both affectivity states of the patients.[31,32] Hence, ANS activity 
adapts according to the disease with regards to its pathogenesis as well as psychological adjustment. 
Hence ANS function and its measurement is important for understanding disease and treatment 
pathways, which merits its integration into routine clinical practice. Although, more research is 
needed in this area, especially with regards to understanding the mechanisms associated around the 
gastrointestinal disorders.  

Acute and Critical Care 

ANS dysfunction may complicate the course of critically ill patients and may adversely affect 
the outcome of those in intensive care units (ICU) with cardiovascular, septic and neurologic 
complications. Mazzeo et al.,[33] have suggested that due to its role in systemic homeostasis, ANS 
measurement and assessment of its function may be useful for stratifying patients according to risk, 
pathophysiology and prognosis. As a bedside test, HRV is a non-invasive tool for ANS balance 
measurement by detecting ANS dysfunction in various diseases. Episodes of increased intracranial 
pressure have been associated with low HRV, leading to increased mortality and disability[33] after 
traumatic brain injury (TBI). However, changes in HRV may present changes in intracranial pressure 
and low HRV independently predicts mortality.[34] Thus, this would be extremely useful in 
unconscious patients in neurosurgical ICU, as it would help assess their prognosis and initiate early 
interventions. This also includes patients with spinal cord infarction, as they have profound 
alterations in cardiovascular, gastrointestinal and thermoregulatory and urinary systems. A 
decreased HRV in these patients suggests reduced sympathetic cardiac control and parasympathetic 
predominance.[35] Therefore, monitoring HRV for these patients in critical care can help physicians 
foresee a prognosis and decide for appropriate early treatment options.  

A recent study has suggested a possible association between HRV indices and inflammatory 
biomarkers in septic patients.[36] A decrease in HRV and sympatho-vagal balance is associated with 
increased hyperinflammatory and anti-inflammatory responses during septic shock.[36] An 
explanation for this could be decreased reflex responses of the end target organs and central nervous 
system, in turn affecting autonomic balance.[36] To characterize autonomic dysfunction then, HRV 
measurement can be used to characterize autonomic function and prognosticate patients at risk of 
multiple organ dysfunction syndrome.[36] Furthermore, Mazzeo et al.,[33] also found that altered 
sympathetic modulation of cardiac activity and HRV suppression could be an early marker for 
impending septic shock which could be useful in the emergency department.  

It is important however, to recognize that various factors may interfere with the ANS and its 
measurement in the ICU, such as sedation, nursing manoeuvres and ambient noise in the 
environment. Concomitant diseases also play a role, as do the multiple drugs used in ICU, hence 
many times it can be hard to determine the cause of autonomic dysfunction and the merit of its 
measurement for prognostic and therapeutic purposes.[33] HRV has also been shown to be useful in 
monitoring of critically injured patients and trauma triage.[10] A systematic review by Ryan et al.,[10] 
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showed that HRV decrease in trauma patients, which accurately predicted mortality and morbidity 
and indicated significant injury. However, a major issue for its use is the lack of normal values and 
treatment thresholds, as well as lack of appropriate guidelines for its use in clinical practice.[10]  

Conclusion 

Overall, our review highlights that autonomic balance measurement is a novel approach to 
clinical management of various diseases (Figure 3). The role of the ANS is evident and significant in 
all organ systems of the body, and its measurement can help with the understanding of various 
pathophysiological mechanisms and even the physiological effects of drugs (Figure 4). Although the 
lack of standardized tools or therapeutic protocols has limited its wider use in routine clinical practice. 
Nevertheless, our review illustrates the merits and limitations of ANS balance measurement, which 
should encourage targeted clinical research to address the current gaps. Clinical benefit will become 
more apparent once more research is done in this area, including robust clinical trials that help with 
the development of standardized protocols.  

 

Figure 3. Clinical applications of measuring autonomic balance. A summary of major clinical areas 
where the measurement of autonomic balance could be helpful is shown.  . 
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Figure 4. Graphical abstract. Routine monitoring of autonomic balance measurement under both 
hospital and home care environment can help to facilitate early risk identification, predict prognosis, 
initiate targeted interventions, and provide optimal health care for a range of clinical conditions. . 
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