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Abstract:
This review sought to examine the relationship between sleep quality, heart rate
variability (HRV), suicidal ideation, and behavior in patients with depression. An in-
depth review of current literature revealed a consistent correlation between disrupted
sleep patterns, altered heart rate variability, and increased suicidal tendencies in
depressed patients. Compromised sleep quality, evident in insomnia and frequent
nighttime awakenings, is a common symptomatic feature of depression and has been
identified as a potential predictive factor for suicidality. Moreover, decreased HRV
reflects impaired autonomic regulation, often linked with emotional dysregulation and
increased suicide risk. Biopsychosocial factors and pathways that could potentially
connect sleep disturbances and HRV to suicidal ideation and behavior are discussed,
along with an emphasis on the importance of early detection and intervention in the
potential mitigation of suicide risk in this vulnerable population. Further research is
necessary to better understand these associations and translate findings into effective
clinical interventions. Through increased comprehension of the interplay between
these variables, the treatment strategies for depressed patients may be enhanced and
the risk of suicidal ideation and behavior mitigated.
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1. Introduction
The significance of quality sleep and regulated HRV in maintaining optimal mental

health is undeniably salient. Individuals experiencing Depressed Patients often
grapple with altered sleep patterns, frequent awakenings at night, and perturbation in
their heart rate variability, factors that contribute to increased susceptibility towards
suicidal thoughts and behavior.
Depression, a debilitating mental disorder characterized by pervasive melancholy,

hopelessness, fatigue, and a myriad of other symptoms, is recognized globally as a
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significant public health issue [1]. It has been estimated to affect over 300 million
people worldwide, leading to substantial impairment and disability. Suicidal ideation
and behavior, two of the most severe outcomes of depression, represent a significant
global health concern, contributing to the mortality rate associated with the disorder
[2]. The relationship between the sleep quality, heart rate variability, and suicidal
ideation and behavior in patients with depression is a complex but crucial field of
study requiring exploration. The impact of diminished sleep quality alongside
impaired heart rate variability on suicidal ideation and behavior cannot be
underestimated in depression management. Each concept – Sleep Quality, Heart Rate
Variability, Suicidal Ideation, Behavior, and Depression presents a unique influence
on patients' mental health and can act as potential indicators or predictors for
suicidality.
This review aspires to shed light on the intricate relationships and interactions

between these key concepts within the field of mental health. Not only does this
warrant a thorough synthesis of the current literature to delineate clear associations
but also underlines the urgency to highlight the role of early detection and
interventions. The deliverables from this review aim to contribute substantially to
enhance clinical practice by informing better treatment strategies for depressing
patients while mitigating the risk of suicidal ideation and behavior.

1.1. Definition of key concepts: Sleep Quality, Heart Rate Variability, Suicidal
Ideation, Behavior, and Depression
Sleep Quality is an integral aspect of an individual's mental and physical health that

can be categorized into three components: duration, continuity, and depth. It is
compromised in cases of sleep disorders like insomnia characterized by difficulty
falling asleep, staying asleep, or frequent nighttime awakenings [3].
HRV, a physiological phenomenon, represents the time variation between

consecutive heartbeats. It serves as a biomarker of the body's adaptive response to
stress, with decreased HRV often signaling a dysregulated function of the autonomic
nervous system. HRV is greatly influenced by the Autonomic Nervous System(ANS),
and lower HRV levels are associated with compromised ANS function, which can
manifest in emotional dysregulation and other symptoms [4].
Suicidal Ideation refers to thinking about, considering, or planning suicide. It is a

critical warning sign in mental health disorders, specifically depression, marking a
heightened level of distress and the need for immediate intervention [5].
Behavior, in this context, refers to the observable conduct of an individual,

including their interactions with self, others and environmental stimuli. In the realm of
mental health, behavior includes overt manifestations of mental distress such as self-
harm or suicidal attempts.

Depression, officially termed Major Depressive Disorder（MDD, is a common and
debilitating mood disorder characterized by persistent feelings of sadness, loss of
interest in activities previously enjoyed, difficulty concentrating, and changes in sleep
patterns among other symptoms. It is often associated with suicidal ideation and
behavior.
Understanding the interlink between these concepts is essential for elucidating the

complex cognitive, physiological, and social mechanisms underlying depression and
suicide, and hence this review.
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1.2. An overview of depression and suicidal ideation and behavior
Studies have shown that a majority of patients with depression report a

diminishment in both sleep quality and quantity, primarily characterized by insomnia
and frequent awakenings during the night. This incurs a detrimental impact on
daytime functioning, leading to increased feelings of fatigue and despondency [6].
Moreover, disturbed sleep patterns have been consistently linked with an increased
risk of suicidal ideation and behavior in depressed patients.
Suicidal ideation refers to thoughts about self-harm or a wish to die, with or without

a specific suicide plan. Suicidal behavior, on the other hand, encompasses a spectrum
of actions that range from non-fatal self-harm to completed suicide. A substantial
body of research has demonstrated a strong interconnectedness between depression,
suicidal ideation, and suicide attempts. This disconcerting association is underscored
by the fact that suicide is now one of the leading causes of death among individuals
with MDD.
The role of HRV in this intricate relationship between depression and suicidality is

of growing interest in the field of mental health. Accumulating evidence points
towards a link between attenuated HRV and an elevated risk for suicide amongst
depressed patients [7].
In sum, this brief overview underscores the importance of exploring the multi-faced

relationship between sleep disturbances, altered HRV, and suicidal tendencies in
patients with depression. Understanding this connection has the potential to illuminate
crucial predictive factors for suicidality and guide more targeted interventions to
mitigate suicide risk in this vulnerable population.

1.3. The purpose of the review and its relevance in the field of mental health
This review aims to analyze and synthesize evidence linking sleep quality and HRV

to suicidal ideation and behavior in patients with depression. The goal is to deepen
understanding of these associations and highlight potential preventive and
intervention strategies to reduce suicide risk in this patient population. Suicidal
ideation and behavior in depressed patients pose a significant challenge in mental
health, and early detection and intervention based on factors like sleep quality and
HRV could be critical in saving lives. Exploring the relationships between these
variables could help mental health professionals identify high-risk individuals more
accurately and tailor interventions effectively to prevent suicide. In this light, this
review is highly pertinent to the field of mental health, as it seeks to provide a
conceptual framework that could guide research, clinical practice, and policy-making
towards improved suicide prevention in patients with depression. Future studies
should prioritize investigating the underlying biopsychosocial mechanisms connecting
sleep quality and HRV to suicidal ideation and behavior, enriching our knowledge
base and empowering mental health specialists with evidence-based practices to
address this important public health issue.

2. Sleep Quality and Suicide
Sleep quality plays a significant role in maintaining optimal mental health, where

disturbances to regular sleep patterns often predicate the onset of psychiatric disorders.
Normal sleep architecture purportedly aids in emotional regulation and the
proliferation of neurons within the brain. Conversely, deprived or fragmented sleep
can lead to impairments in cognitive functioning, emotional stability, and overall
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mental well-being [8]. Specifically concerning depression, poor sleep quality is not
merely a symptomatic marker but also a contributing factor. Quantitative literature
investigating the sleep-depression dyad has established a bidirectional relationship
between the two [9]. Insomnia and frequent awakenings during the night,
symptomatic of poor sleep quality, are common among depressed patients. Insomniac
patients carry a tenfold risk of developing depression compared to those without sleep
disturbances. The altered circadian rhythm perpetuates the depressive state by
interfering with normal neurochemical processes, further compromising sleep quality
and instigating a vicious cycle [10,11]. Sleep problems are more common among
depressed patients with suicidal ideation compared to non-suicidal depressed patients.
Specifically, insomnia, nightmares, and decreased sleep efficiency are associated with
an accentuated risk of suicidal ideation and attempts. Moreover, sleep disturbances
contribute to hopelessness - a robust predictor of suicide - reinforcing the linkage
between poor sleep quality and suicidal tendencies.
There is accumulated evidence to suggest that poor sleep quality may serve as a risk

factor for suicidal ideications and behaviors, and not merely a symptom of a
depressive state. However, further comprehensive research is needed to validate these
findings and to explore the precise underlying mechanisms that link poor sleep quality,
depression, and suicide.

2.1. The role of sleep quality in mental health
Sleep quality is an integral part of overall mental health. It has been widely studied

and firmly established that adequate, restful sleep is fundamental to overall well-being
and directly impacts cognitive function, emotional regulation, and physical health.
This section sheds light on how disrupted sleep patterns adversely affect mental health,
amplifying the existing psychological distress in individuals.
Lack of sleep or poor quality of sleep has been associated with various mental

health disorders. It can decrease an individual’s resistance to stressful situations,
heighten the emotional responses, and weaken cognitive function which interacts
negatively with both the psychological and biological aspects of mental health.
Insomnia, a primary indicator of poor sleep quality, has been linked to the onset and
exacerbation of several psychiatric conditions such as anxiety disorders, depression,
and bipolar disorder [12].
More specific to the context of the present review, disrupted sleep patterns, seen in

the form of compromised sleep quality, are a common symptomatic feature of
depression. It is worth noting that these sleep disruptions not only function as an
indicator or symptom of a pre-existing condition but have also been shown to play a
significant role in the development, recurrence, and severity of mental health
conditions, including depression.
Research shows that the underlying mechanisms of sleep’s effect on mental health

are multifaceted. On a biological level, lack of sleep causes imbalances in various
neurotransmitters and stress hormones, thus aggravating mood disorders [13,14].
Sleep disruption is similarly believed to diminish the efficacy of the pre-frontal cortex,
an area of the brain responsible for tasks related to emotional regulation.
In summary, sleep quality substantively intersects with mental health, with poor

sleep quality contributing to the onset and severity of mental health disorders. Its
impact, as reviewed above, is increasingly noticeable in conditions like depression,
warranting further exploration in the context of suicidal ideation and behavior within
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this review. The following sections will delve further into the relationship between
poor sleep quality, depression, and suicidal ideation and behavior.

2.2. The relationship between poor sleep quality and depression
A substantial body of research has identified a consistent and remarkable

relationship between poor sleep quality and depression. This relationship is
characterized by a multidimensional interaction, underpinning depression as both a
consequence and a contributor to poor sleep quality.
Depressive disorder often co-exists with significant sleep disturbances [15]. These

disturbances can manifest in various ways including difficulties in falling asleep,
repeated nocturnal awakenings, and early-morning awakenings, or even hypersomnia.
Epidemiological studies consistently suggest that sleep problems, particularly
insomnia, are prevalent in patients grappling with depression. As high as 90% of
people suffering from depression report experiencing troubles with their sleep,
illustrating the close connection between sleep quality and depression [16].
The relationship between these two entities is a reciprocal one. On the one hand,

poor sleep quality can exacerbate depressive symptoms, creating a cycle of worsening
mental health. People experiencing sleep disturbances tend to show a pessimistic
outlook, impaired cognitive functioning, and decreased quality of life, all of which
can lead to or aggravate depression. On the other hand, depression itself can lead to
poor sleep quality, a fact that is reflected in disturbed sleep patterns becoming a
criterion included in the diagnostic symptomatology for major depressive disorder.
Neurobiological factors and processes are also likely to play a significant role in the

relationship between sleep quality and depression. Similar physiological pathways
may be affected in both depression and sleep disturbances, such as alterations in
circadian rhythms, dysregulation of the hypothalamic-pituitary-adrenal (HPA) axis,
and anomalies in brain neurotransmitters [17]. Therefore, alterations in these
physiological systems manifesting as sleep disturbances may also be implicated in the
pathogenesis of depression.

2.3. Impact of sleep disturbances on suicidal ideation and behavior in depressed
patients
Sleep disturbances are a significant factor in suicidal ideation and behaviour

amongst depressed patients. There appears to be a consistent correlation between
disrupted sleep patterns and increased suicidal tendencies for those suffering from
depression. The most common symptomatic evidence often revolves around
compromised sleep quality, characterized by insomnia and frequent nighttime
awakenings, and these have been recurrently flagged as potential predictive factors for
suicidality [11].
Depressed patients with sleep disturbances have been observed to display

exaggerated depressive symptoms, with escalated dimensions of hopelessness and
cognitive distortions, often culminating in suicidal ideation which, unfortunately,
could be a precursor for suicide attempts. The correlation between sleep disturbances
and suicidal tendencies is multidimensional inherently- both directly and as a
magnifying factor of depressive symptoms. On one hand, sleep disturbances
potentially illuminate core processes exacerbating depression and suicidality
including impaired cognitive functioning, and alteration of emotional processing and
regulation that accentuates negative emotions [18].
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On another outlook, sleep disturbances in depressed patients might indirectly
enhance suicide risk by virtue of potentiate other well-established suicide risk factors
such as psychosocial stressors, impulsivity, or alcohol and substance abuse which are
frequently co-occur with disturbed sleep [19].
Furthermore, it is also worth noting that, reciprocal relationships likely exist,

strengthening the sinister intersection of sleep disturbances, depression, and
suicidality. For instance, suicidal ideation or behaviors could further disrupt the
already vulnerable sleep of depressed individuals and erode their sleep quality,
initiating a possible vicious cycle.
Moreover, the entirety of these suggestions bring to the forefront the necessity for

proper early detection and intervention methodology, paramount in the potential
mitigation of suicide risk in this vulnerable population. Through a comprehensive
understanding of these interlinkages, treatment strategies for depressed patients could
be enhanced and the risk of suicidal ideation and behavior may be mitigated.
Lastly, it is crucial to acknowledge the need for further research to fortify these

theoretical claims in strengthening our understanding of this relationship, facilitating
developments in relevant clinical interventions. Through increased comprehension of
the interplay between these variables, the treatment strategies for depressed patients
may be enhanced and the risk of suicidal ideation and behavior mitigated.

3. HRV and Suicide
Research suggests that individuals with high HRV often exhibit strong emotional

regulation and resilience to psychological stress [20]. Conversely, a decrease in HRV
is seen as a biomarker for various psychological conditions, such as depression. Low
HRV indicates a reduced capacity for autonomic regulation, which is closely linked to
emotional dysregulation and can lead to higher levels of psychological distress.
Impaired autonomic control, often seen in low HRV, is associated with an increased
risk of severe mental health issues, including suicidal ideation and behavior. Studies
have shown a strong connection between low HRV and suicidal tendencies in patients
with depression, highlighting the importance of HRV in suicide risk assessment and
prevention strategies [21]. Further research is needed to better understand these
relationships and develop effective clinical interventions.

3.1. Understanding HRV and its significance in mental health
The complex and diverse biological mechanisms of suicidal behavior in depressed

individuals often involve low HRV, which is considered a potential predictor of
suicide risk [22]. Utilizing 24-hour ambulatory electrocardiogram monitoring allows
for a comprehensive evaluation of HRV levels in patients, shedding light on heart rate
fluctuations at rest and in response to stress. These insights collectively support the
idea that a significant correlation exists between decreased HRV and suicide risk in
depressed patients, particularly when the LF power is elevated, indicating a higher
predictive value for suicide risk assessment [23]. Given these compelling correlations,
healthcare professionals should recognize the importance of HRV as an indicator of
psychological stress in preventing suicidal behaviors. It is essential to tailor
individualized psychological interventions and management strategies for patients by
integrating HRV data with other clinical information, such as insomnia status, pain
experience, and depression severity. By combining physiological indicators with
clinical data and employing scientific statistical models, a quantitative foundation for
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assessing suicide risk in depressed patients can be established, facilitating early
identification and intervention.

3.2. Connection between low HRV and emotional dysregulation
models of mental health, HRV emerges as a crucial physiological marker for

emotional regulation. A substantial body of research has established a connection
between decreased HRV and emotional dysregulation, a key characteristic often
observed in individuals with depressive disorders. Emotional dysregulation, marked
by intense and poorly managed emotional reactions, can impede a person’s ability to
handle life's challenges in a balanced and adaptive manner [24]. Essentially, HRV
reflects the autonomic nervous system's health and its ability to adjust to
environmental stimuli, which is closely linked to emotional regulation [26]. Lower
HRV indicates a less adaptive autonomic nervous system, typically associated with
increased emotional inflexibility and less effective emotion-regulation strategies.
Numerous scientific studies have supported this concept, with research showing
reduced HRV in patients diagnosed with various affective disorders, indicating
compromised autonomic function and reduced emotional adaptability. This manifests
as maladaptive emotional responses, persistent feelings of hopelessness, irritability,
and struggles with impulse control [25]. Moreover, the correlation between low HRV
and emotional dysregulation has direct implications for suicide risk among individuals
with depression. Given that emotional dysregulation is linked to ineffective coping
mechanisms, it contributes to suicidal thoughts and behaviors. Decreased HRV,
reflecting impaired emotion regulation, signifies a reduced ability to cope with
emotional distress, thereby increasing the likelihood of suicidal tendencies in
depressed patients.

3.3. The correlation between altered HRV and suicide risk in depressed patients
HRV, as previously discussed, is an index of the body's autonomic regulation

capability which, when impaired, can contribute to emotional dysregulation with
evidence suggesting a direct connection to heightened suicide risk.
Studies on patients diagnosed with Major Depressive Disorder have shown a

noticeable decrease in HRV, indicating compromised parasympathetic function and
subsequent dysregulation in emotional responses. This dysregulation is believed to
play a significant role in the development of suicidal behavior. Additionally,
concurrent sleep disturbances in individuals with depression, such as insomnia and
frequent nighttime awakenings, may worsen this effect, as sleep plays a restorative
role in autonomic and emotional regulation systems. Some researchers suggest that
HRV could be a reliable biological marker for assessing suicide risk. Changes in HRV
are strongly linked to suicidal thoughts and actions, with depressed patients who have
attempted suicide often exhibiting lower HRV compared to those who have not [28].
Furthermore, a decline in HRV frequently precedes suicide attempts, indicating its
potential predictive value. It is important to note, however, that while substantial
evidence supports the connection between low HRV and increased suicidality, the
exact nature of this relationship remains somewhat unclear, highlighting the need for
further investigation [27]. The prospect of low HRV not only being a consequence but
also a precursor of suicide risk emphasizes the importance of early HRV assessment
in clinical settings for individuals with depression. This approach shows promise for
early detection and intervention, contributing to the overarching goal of preventing
self-harm and suicide in this vulnerable population.
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4. Interplay between Sleep Quality, Heart Rate Variability, and
Suicide

The intricate connection between sleep quality, HRV and suicidality in depressed
patients forms a complex framework which requires a meticulous examination. Sleep
disturbances, involving insomnia and frequent awakenings during the night, are
commonly observed in the depressed population and have been linked to increased
suicidal ideation and behavior [29]. Altered HRV has also emerged as an important
physiological consequence in depression, reflecting a dysfunctional autonomic
regulation, which in turn intensifies the risk of suicide into a concrete reality.
At the crux of this trifaceted interplay, there is an array of biopsychosocial

influences. Biological factors are prevalent, with sleep deprivation impairing
neurocognitive functions, heightening emotional response, and contributing to
disrupted mood regulation, known precursors to suicidal ideation [30]. Similarly,
decreased HRV is often coupled with other physiological abnormalities like increased
inflammatory response and HPA axis dysregulation, known to exacerbate depressive
symptoms.
Social factors come into play as worsening sleep quality and increased social

isolation often display a reciprocal relationship. The deterioration of sleep quality can
induce feelings of loneliness, leading to social withdrawal, ultimately amplifying
suicidal ideation [31]. Psychological factors also play a significant role, with
chronically disturbed sleep patterns and altered HRV often leading to heightened
feelings of hopelessness and helplessness, key markers for suicidal behavior.
In conclusion, the entwined relationship of sleep disturbances, altered HRV, and

suicidal ideation in the depressed population warrants focused attention. A
comprehensive understanding of this triad could potentially enhance treatment
strategies, justify early detection strategies, and ultimately mitigate the risk of suicide
in this vulnerable group [32]. However, further research is still needed to fully unveil
the deep-seated interlinks.

5. Conclusive Remarks and Future Directions
The current review unveiled a consistent correlation between sleep disorders,

altered HRV, and an increased proclivity towards suicidal ideation among patients
with depression. These established connections suggest that these variables both
independently contribute and synergistically interact to shape the suicide risk
landscape among mentally afflicted patients.
Compromised sleep quality, particularized by phenomena such as insomnia and

frequent nocturnal arousals, has been recurrently recognized as a symptomatic
hallmark of depressive disorders. Emerging research narratives have suggested that
these sleep disturbances might not merely be an accompanying feature but might play
a pivotal role in precipitating suicidal tendencies, emphasizing the need for a more in-
depth investigation into delineating exact mechanisms that underpin this association.
Similarly, the compilation of current literature also highlighted that depressed

patients often exhibited diminished HRV, indicative of a disrupted autonomic
regulatory system. This dysregulation is frequently correlated with heightened
emotional instability, further accentuating suicide susceptibility. Therefore, HRV
could offer a promising marker for diagnosis and risk assessment.
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Early detection and timely intervention could significantly revolutionize the
treatment outcomes for depressive patients. Mapping sleep patterns and tracking HRV
could enable healthcare providers to proactively identify patients at increased suicide
risk, allowing for necessary treatment modifications or interventions.
Future explorations should commit to constructing a robust evidence base through

large-scale, longitudinal studies with more diverse samples to validate these
associations. The impact of potential confounding factors such as socioeconomic
influences, lifestyle changes, and comorbid psychiatric conditions should also be
considered.
Ultimately, these findings could potentially transform clinical practices by offering

an evidence-based intervention strategy. A more comprehensive understanding of the
role of sleep and HRV in suicide risk can help tailor personalized treatment plans for
depressed patients, addressing these anomalies and thereby mitigating the likelihood
of suicide.
In conclusion, understanding the complex interplay of sleep quality, HRV, and

suicidality can move us one step closer in not only improving the management of
depression but also in working towards the prevention of suicide in a high-risk
population.
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