
Charlex et al. International Journal of Cell and Biomedical Science (2023) 2: (5) p143 -151 
 

143 

 
 © CBS. ISSN: 2829-6621. https://cbsjournal.com 

  REVIEW ARTICLE                                                                                         OPEN ACCESS  
 

Heart Rate Variability as a Prognostic Tool for 

Palliative Patients : a Literature Review 
Harold Jefferson Matthew Charlex1,Yanuar Ardani1, Hamzah Shatri2 

 

*Correspondence:  
haroldjefferson99@gmai l.com 

 

 
1Psyhosomatic and Palliative Division, 
Department of Internal Medicine, 
Faculty of Medicine, Universitas 
Diponegoro - Kariadi General Hospital, 
Semarang, Indonesia. 
2 Psychosomatic and Palliative 
Division, Department of Internal 
Medicine, Faculty of Medicine, 
Universitas Indonesia - Cipto 
Mangunkusumo National Hospital, 
Jakarta, Indonesia. 
 

Submission July 26, 2024  
Accepted August 28, 2024 

Available online on August 30, 2024 
 

© 2024 The Authors. Published by Stem Cell 
and Cancer Research, Semarang, Indonesia. 
This is an open-access article under the terms 
of the Creative Commons Attribution-

NonCommercial-ShareAlike License (CC BY-NC-
SA 4.0), which permits unrestricted use, 
distribution, and reproduction in any medium, 
provided the original author and source are 

credited. 
 

 
 
 
 

 
 
ABSTRACT 

 

Background: Heart rate variability (HRV) is the fluctuation in interval 

between two heartbeats. Decreased HRV indicates diminished flexibility of the 

autonomic nervous system (ANS) to physiological changes and is associated 
with poorer disease progression and mortality in several diseases. We reviewed 

conditions in which HRV can be utilized as a prognostic tool for palliative 

patients. Methods We performed a comprehensive search in PubMed, 

ScienceDirect, and Google Scholar to find articles published up to January 

2023 related to HRV and prognosis for cancer-related disorders, 
cardiovascular disease, and sepsis. 41 relevant articles were selected and 

reviewed. Results: ANS changes due to chronic cancer pain and metastastic 

bone cancer can be detected by HRV analysis and increased vagal activity is 

related with longer overall survival on advanced cancer patients. Lower HF is 

a risk factor for shorter life expectancy of metastatic or recurrent breast cancer. 

SDNN and RMSSD reduction correlates with poorer survival in NSCLC and 
metastatic brain cancer. Increased risk of stroke was observed in patients with 

lower RMSSD and SDNN. Reductions of LF were associated with two times 

increased risk myocardial infarction and higher mortality one year after stroke. 

A decrease in HRV is related to mortality, but are not specific to 

cardiovascular disease. SDNN and HF are HRV parameters that are most 
consistently correlated with sepsis and can predict mortality within 30 days of 

hospitalization. HRV analysis helps in assessing the prognosis of diseases. 

Typically, reduced HRV is linked to worse outcomes and increased mortality 

rates in conditions such as cancer, cardiovascular disease, and sepsis. HRV can 

be used as an adjunct for disease prognosis, but not as a standalone parameter. 

 

Keywords: Heart rate variability, prognosis, mortality 

  INTRODUCTION 

 Heart rate variability (HRV) is defined as the fluctuation in interval duration between two 
heartbeats.1,2 HRV reflects the function between the brain, heart, and autonomic nervous system 
(ANS).2 Heart rate variability can be calculated by the time-domain method, by assessing the time 
between R-R waves, and the frequency-domain method, which calculates the frequency, as described 

in Table 1.3 Currently, many HRV monitoring devices are sold commercially with high accuracy and 
can be used on a daily basis.4 In recent years, HRV use has been increasing significantly. Its popularity 
is perhaps due to its ease of use, noninvasive, relatively los cost, and utility across a wide range of 
discipline. This includes physiology, psychology, sports medicine, and palliative care. 5 
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 HRV analysis is useful for determining disease prognosis. Decreased HRV indicates less 

flexibility of the autonomic system to respond to physiological changes in the body and is associated 
with diseases such as infection, cardiovascular disease, depression, anxiety, psychosocial stress, cancer 
and predict mortality.6,7,8,9 Lower HRV was found in adult cancer patients as well as in recovered cancer 
patients. Decreased HRV was also found in pediatric leukemia patients. 10,11 Degree of reduction in HRV 

can also predict the occurrence of cancer-related fatigue and chronic pain in cancer.9 Other chronic 
condition such as cardiovascular disease and chronic kidney disease also presents with ANS instability 
could be assessed with HRV. 
 

 

MATERIAL AND METHODS 

 We conducted a literature search for papers published up to January 2023 on PubMed, Google 
Scholar, and ScienceDirect. The topic was heart rate variability for prognosis of cancer, cardiovascular 

disease, sepsis, and chronic kidney disease. Study selection  was based from a search strategy using 
Medical Subject Heading, MeSH: “heart rate variability”,”sepsis/prognosis, “cancer/prognosis”, 
“cardiovascular diseases/prognosis”, “chronic kidney disease”. 41 relevant articles were selected, 
reviewed and analyzed.   

Table 1. HRV domain measures2 

Parameter Unit Description 

VLF ms2 Very low frequency: Absolute power of the very-low-frequency band 
(0.0033–0.04 Hz) 

LF ms2 Low frequency: Absolute power of the low-frequency band (0.04–
0.15 Hz) 

HF ms2 High frequency: Absolute power of the high-frequency band (0.15–
0.4 Hz) 

SDNN ms Standard deviation of normal to normal intervals 
RMSSD ms Root mean square of successive R-to-R interval differences 

 

 

DISCUSSIONS 

Use of HRV in Cancer-Related Pain 

 
 Pain is defined as an unpleasant sensory and emotional experience caused by an injury. Pain 
intensity is usually reported on a numerical scale that ranges from 0 to 10. This numerical scale can be 

used for acute pain as well as chronic pain. Anatomically, parts of  the brain responsible for pain 
perception (the insula cortex, the anterior cingulate cortex, the amygdala, the prefrontal cortex, and the 
nucleus tractus solitarius) are also related to the regulation of ANS, in which HRV can be used as a 
marker of ANS reactivity to nociceptive stimulation.12 Several studies focusing on pain sensitivity have 

used HRV to assess autonomic response. A systematic review on this topic was carried out by Koenig 
et al. that identified 20 studies demonstrating increased sympathetic baroreflex activity and decreased 
vagal parasympathetic activity, and found changes in HRV frequency domain. 12 Pain-related HRV 
changes are associated with ANS fluctuation and instability which can be detected in palliative care 

patients with advanced cancer. Current evidence suggests longer survival in cancer patients who have 
increased vagal nerve activity.13 In addition, the effect of chronic pain on HRV is also influenced by 
depression. A study examining the relationship between bone metastatic cancer pain with pain scale 
above 4, adjusted for depression scores on the Hospital Anxiety and Depression Scale (HADS) found a 
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significant association with HRV, as measured by the LF/HF ratio (p=0.03) and were influenced by the 

patient’s emotional state.14  
 

Use of HRV on Cancer-Related Stress 

 

 Cancer and its treatment often cause physical and psychological distress. Previous studies have 
shown that the influence of the cancer itself, the effects of surgery or cancer treatments, and 
psychological distress can also influence cardiac autonomic function and modulate ANS in patients with 
cancer. ANS changes and dysfunction have been reported in cancer patients, with lower HRV than 

healthy controls.15 Fatigue and depression have marked impact on impaired vagal function in patients 
with breast cancer, but there has been few investigation into the relationship between HRV and more 
specific psychological dimensions.16 Besides the influence of depression, a decrease in anger emotions 
is also followed by an increase in HRV, especially on HF domain.  

 
 In one study, HRV was compared between two groups, namely breast cancer survivors 
undergoing aggressive treatment in the first year vs. healthy woman. Cardiovascular imbalances were 
observed in breast cancer survivors with significantly higher resting heart rates, and HF domain.17 On 

the other side, low HF domain is a risk factor for shorter life expectancy in women diagnosed with 
metastatic or recurrent breast cancer.18 HRV can also be used as a substitute for plasma cortisol and a 
marker of increased inflammation to detect surgery-related stress and autonomic dysfunction in patients 
undergoing radical gastrectomy for gastric cancer.19,20  

 
Use of HRV as a Prognostic Tool for Cancer Patients 

 
 HRV may be a useful noninvasive tool for evaluating the prognosis of cancer patients. 

However, some studies still found that HRV is an imprecise prognostic tool, especially in patients with 
advanced cancer.21–23 Prognostic function of HRV, especially for patients with metastatic cancer, has 
been discussed in several studies. The main hypothesis is that lower HRV is associated with tumor 
growth through three pathways, namely inflammation, oxidative stress, and ANS activation, especially 

the sympathetic nervous system. In the early stages of cancer, conventional treatments such as surgery 
and radiotherapy reduce the tumor, perhaps leaving less margin for vagal nerve activity to contribute to 
the process.21 The effects of chemotherapy and radiotherapy that decrease HRV appear to be reversible 
with discontinuation of treatment. Therefore, this effect may not be relevant for patient prognosis.  

 
   In a recent study, HRV index was compared with other clinical variables to describe overall 
survival in patients with advanced non-small cell lung carcinoma (NSCLC).24 SDNN significantly 
correlated with poor survival. Therefore, HRV may be a useful tool for monitoring patient’s general 

well-being, rather than predicting overall survival. A 2010 study examined the relationship between 
HRV and patient survival with metastatic brain cancer. HRV analysis used SDNN and RMSSD with a 
limit value of 10 milliseconds and 7 milliseconds respectively in healthy populations. In patients with 
metastatic brain cancer, the median SDNN and RMSSD were 15 milliseconds and 10.5 milliseconds. 

These results indicate that HRV in cancer patients is slower than the healthy population.25 Kim et al also 
investigated the relationship between HRV and survival of cancer patients in palliative care. The data 
analysis included the Karnofsky Scale, HRV, and anorexia. The HRV parameter used was SDNN, with 
a median of 21.3 milliseconds indicating significantly lower duration of survival.26 Therefore, HRV can 

be used as a prognostic tool in terminal cancer patients.  
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Use of HRV in Stroke Patients and Cardiovascular Disease 

 

  Chen et al found an association between decreased HRV and the vascular system involved in 
stroke. Significantly lower HRV was found in patients with small vascular occlusive stroke compared 
with large vessel atherosclerosis. In addition, in small vessel occlusion, the VLF, LF, and HF scores 

were lower while the LF/HF ratio was higher compared to healthy controls. 27 Decreased SDNN and 
RMSSD scores also correlates with an increased risk of stroke, especially in patients with diabetes, in 
which HRV could be used as a predictor of stroke occurrence in this population.28 Zeynep et al found a 
correlation between decreased SDNN at night (using a 48-hour Holter monitoring recording) and an 

increased risk of stroke.29 Stroke patients are also at high risk of stroke recurrence and other diseases, 
this can have a long-term impact on quality of life and mortality. In an analysis by Krause et al., 
reductions in SDNN, RMSSD, and LF were associated with increased mortality in 12 months after 
stroke. Decreased HF and LF/HF ratio were also associated with an increase in myocardial infarction 

after stroke within 365 days.30  
  

 Because HRV is reflects cardiac ANS function, it can be assumed that HRV can be used to 
identify certain cardiovascular disease. This hypothesis is also stated from several studies that low HRV 

is associated with coronary heart disease, a predictor of mortality from cardiovascular disease, and 
sudden cardiac death.31,32 Low HRV is also associated with two times increased risk of myocardial 
ischemia, and can also increase the sensitivity and specificity of stress testing to detect myocardial 
ischemia if used concurrently.31 An increase in HRV has also been shown to reduce the lifetime risk of 

cardiovascular disease, especially in the SDNN, LF, LF/HF parameters, while a decrease HRV indicates 
an increased risk.33 However, the use of HRV as a predictor of mortality is less specific. The results of 
a study by Vuoti et al showed that a decrease in HRV is related to mortality, but these deaths are not 
specific to cardiovascular disease, but also correlates with other causes of death.34  

 

Use of HRV in Sepsis Patients 

 
 Sepsis is defined as a life-threatening condition of organ dysfunction and is caused by 

dysregulation of body response to infection.35 Sepsis and septic shock are the leading causes of death 
in critically ill patients, with mortality rate up to 50%. Serological assays and inflammatory biomarkers 
such as C-reactive protein (CRP), lactate, and procalcitonin can aid in the diagnosis of sepsis, but their 
use is sometimes difficult due to the time consuming results.36,37 Therefore, the use of HRV can be 

considered because the results appear in real-time. 
 
 When there is systemic injury and inflammation, there will be a response that is regulated by 
the brain to eliminate pathogens and reduce inflammation, called the cholinergic anti-inflammatory 

pathway. This reflex is regulated primarily by the parasympathetic system, and is useful in keeping 
inflammatory cytokines from rising too high in the circulation. A meta-analysis by Williams et al found 
that was a negative correlation between HRV and inflammatory markers. SDNN and HF are HRV 
parameters that are most consistently correlated with inflammatory markers. CRP and leukocyte count 

are inflammatory markers most strongly associated with HRV.38 HRV can also be used as a marker of 
septic shock. Septic shock patients were found to have higher RMSSD and HF values, also lower LF 
and LF/HF compared to sepsis without shock.39,40  
 

 Furthermore, HRV can also be used as a predictor of mortality in septic patients. A systematic 
review by Castilho et al concluded that SDNN, VLF, LF, and LF/HF decreased in sepsis patients who 
died, and SDNN was the most accurate parameter with a cutoff value of 17 ms.41  A scoring system for 
Singapore Emergency Department Sepsis (SEDS) also uses several HRV parameters, such as mean NN 
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and detrended fluctuation analysis (DFA) to identify and predict sepsis emergency patients and 

mortality within 30 days of hospitalization.39,42 
 

Use of HRV in Chronic Kidney Disease Patients 

 

 In patients with chronic kidney disease (CKD), an ANS imbalance occurs due to decreased 
kidney function. Changes that occur include a decrease in parasympathetic function compared to 
sympathetic, thereby affecting the hemodynamics of the kidney.43 Decreased parasympathetic function 
is represented by lower HF values in the morning compared to healthy people. 44 The relationship 

between HRV and CKD is similar to other diseases that have been discussed, namely a decrease in 
SDNN parameter is related to lower Glomerular Filtration Rate (GFR) and is not affected by age, 
diabetes mellitus and hypertension. However, other HRV parameters such as RMSSD, HF, LF and 
LF/HF did not show a significant relationship. This suggests that a low HRV does not cause CKD but 

may occur together.43 Keiko et al found that SDNN values less than 75 milliseconds were associated 
with an increased incidence of CKD patient mortality on hemodialysis.45 However, other studies stated 
that changes from SDNN and RMSSD, whether decreasing or increasing, are associated with 
significantly increased mortality in patients with kidney disease and other diseases such as coronary 

heart disease and diabetes, so their use in predicting mortality for CKD patients is less specific.46  
 

CONCLUSIONS 

 HRV reflects the interaction between the brain, heart, and ANS. Analyzing HRV can help 
assess disease prognosis, with reduced HRV indicating diminished flexibility of the autonomic system 
to adapt to physiological changes. HRV can serve as an indicator of ANS responsiveness to nociceptive 

stimuli in advanced cancer patients receiving palliative care. Additionally, the ANS is influenced by the 
patient's psychological state; for instance, depression can lead to reduced vagal function, which in turn 
can increase HRV. Research has demonstrated that HRV values are influenced by cancer treatments, 
making HRV a potential prognostic marker for terminal cancer patients.  

A low HRV indicates a disturbance in cardiovascular function (myocardial infarction, ischemia, stroke), 
although it can't be used as a specific predictor of mortality. In addition, ANS also regulates 
parasympathetic reflexes in the cholinergic antiinflammatory pathway so that in systemic infection 
conditions such as sepsis, HRV can be a marker of septic shock and a predictor of patient mortality. In 

chronic kidney disease (CKD), where there is an imbalance of ANS, HRV parameter decreases along 
with a decrease in the glomerular filtration rate (GFR). Although related to parasympathetic function, 
HRV cannot be used as a specific predictor of mortality in CKD. 
 

 HRV analysis appears to be versatile in its applications, but current studies do not support its 
use as a standalone prognostic tool for palliative patients. It is advisable to use HRV alongside other 
prognostic tools, such as performance scores and various assessment methods. Additional research is 
needed to compare HRV with other disease prognosis assessment techniques. The authors aim for this 

review to provide a summary and direction for future research in this expanding field.  
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