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ABSTRACT 

 

Psychological stress is increasingly 

recognised as an important factor 

influencing both mental and physical health. 

Persistent activation of the hypothalamic–

pituitary–adrenal (HPA) axis and 

sympathetic nervous system (SNS) during 

chronic stress elevates cortisol and 

catecholamine levels, promoting oxidative 

stress, inflammation, and alterations in 

cellular hydration and membrane integrity. 

These physiological changes may be 

reflected by phase angle (PhA), a 

bioelectrical impedance analysis (BIA)-

derived parameter that serves as a non-

invasive indicator of cell membrane 

integrity, body cell mass, and overall 

cellular health. Emerging evidence suggests 

that lower PhA values are associated with 

poor nutritional status, reduced muscle 

quality, chronic inflammation, and several 

disease conditions. More recently, 

researchers have explored its relationship 

with mental well-being, reporting reduced 

PhA in individuals experiencing 

psychological distress, anxiety, and 

depression. The observed decline in PhA is 

believed to result from stress-induced shifts 

in intracellular and extracellular fluid 

balance, impaired cellular function, and loss 

of membrane integrity. As PhA integrates 

nutritional, metabolic, and physiological 

information, it may provide valuable insight 

into the biological consequences of 

psychological stress beyond conventional 

psychological assessments. This narrative 

review summarises the physiological 

mechanisms linking psychological stress 

with alterations in phase angle, examines 

current evidence supporting PhA as a 

potential biomarker of mental well-being, 

discusses its clinical relevance, and 

highlights future research directions for 

incorporating phase angle into 

comprehensive mental health assessment 

and monitoring. 

 

Keywords: Bioelectrical impedance, Phase 

angle, Psychological Stress, Mental well-

being, Cellular health, Stress biomarkers 

 

1. INTRODUCTION 

Mental health is a state of  well-being that 

enables people to cope with the stresses of 

life, realise their abilities, learn and work 

well, and contribute to their community(1). 

Mental well-being is vital to overall health, 

http://www.ijrrjournal.com/
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supporting clear thinking, emotional 

balance, effective coping, healthy 

relationships, and productive functioning. 

However, increasing academic, 

occupational, financial, and social demands 

have made psychological stress a common 

experience in modern life. Psychological 

stress arises when individuals perceive that 

the demands placed upon them exceed their 

ability to cope. Although short-term stress 

can enhance motivation and performance, 

persistent or excessive stress can negatively 

affect mental well-being. Chronic 

psychological stress is associated with 

anxiety, depressive symptoms, sleep 

disturbances, impaired concentration, 

emotional exhaustion, and a reduced quality 

of life. It may also contribute to physical 

health problems, including cardiovascular 

disease, obesity, diabetes, and impaired 

immune function. Conversely, good mental 

well-being, supported by healthy lifestyle 

habits, regular physical activity, relaxation 

practices, and strong social relationships, 

improves resilience and the ability to cope 

with stress. Thus, mental well-being and 

psychological stress share a dynamic, 

bidirectional relationship, with each 

significantly influencing the other. 

The number of people diagnosed with 

mental disorders has risen significantly over 

the years (2). Globally, more than a billion 

people live with a mental health 

condition(1). In 2019, about 970 million 

people worldwide suffered from a mental 

disorder, with anxiety and depression being 

the most common, which together 

accounted for more than two-thirds of all 

mental health conditions in 2021. The 

prevalence of mental disorders varies by 

sex, with females experiencing a higher rate 

than males(3). The burden of psychological 

stress has increased considerably in recent 

years, affecting individuals of all ages and 

backgrounds. Modern lifestyle changes, 

increasing work and academic demands, 

financial uncertainty, and social pressures 

have contributed to higher levels of stress in 

daily life. When stress becomes persistent, it 

can negatively influence both mental and 

physical health, reducing overall well-being 

and increasing the likelihood of stress-

related disorders. These growing concerns 

highlight the need for greater attention to 

stress prevention and early intervention 

strategies. 

In recent years, Phase Angle (PhA), 

obtained through bioelectrical impedance 

analysis, has attracted increasing attention 

as a simple, non-invasive indicator of 

cellular health and overall physiological 

status(4) (5) . Unlike conventional 

anthropometric measures, PhA reflects cell 

membrane integrity, body cell mass, and the 

distribution of intracellular and extracellular 

fluids, making it a valuable marker of 

nutritional status, physical fitness, disease 

severity, and clinical outcomes(6) . Growing 

evidence indicates that psychological stress 

produces measurable physiological changes 

by activating the body's stress response 

systems. Prolonged stress can disrupt 

hormonal balance, promote inflammation 

and oxidative stress, alter fluid distribution, 

and impair cellular integrity and function. 

Since PhA reflects cell membrane integrity, 

body cell mass, and cellular health, the 

stress-induced physiological alterations may 

be accompanied by changes in PhA values. 

Consequently, PhA has emerged as a 

potential objective marker for evaluating the 

biological effects of chronic psychological 

stress. Investigating the relationship 

between psychological stress and Phase 

Angle may provide valuable insights into 

the physiological basis of mental well-being 

and support the use of PhA as a non-

invasive biomarker for the early 

identification and monitoring of stress-

related health changes. 

 

2. BIOELECTRICAL IMPEDANCE 

ANALYSIS AND PHASE ANGLE 

2.1 Bioelectrical Impedance Analysis: 

Principle and Measurement of Phase 

Angle 

PhA is a bioelectrical parameter derived 

from bioelectrical impedance analysis (BIA) 

that reflects the electrical properties of body 

tissues. It provides an indirect measure of 

https://en.wikipedia.org/wiki/Anxiety_disorder
https://en.wikipedia.org/wiki/Depression_disorder
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cell membrane integrity, body cell mass, 

and the balance between intracellular and 

extracellular water(4) (5). Higher Phase 

Angle values generally indicate healthy cell 

membranes, better cellular function, and 

good nutritional and functional status, 

whereas lower values may suggest impaired 

cellular integrity, reduced body cell mass, 

inflammation, or underlying disease. 

Because it is a rapid and non-invasive PhA 

has gained increasing recognition as a 

valuable biomarker for assessing overall 

health, nutritional status, physical 

performance, and prognosis in various 

clinical and non-clinical populations. 

The physiological basis of BIA is founded 

on the electrical properties of biological 

tissues. Biological tissues do not behave as 

simple electrical conductors because they 

comprise conductive intra- and extracellular 

fluids separated by phospholipid cell 

membranes that possess capacitive 

properties. Consequently, the human body 

can be represented as an equivalent 

electrical circuit, commonly described by 

the Cole–Cole model, which incorporates 

both resistance and capacitance to explain 

the flow of alternating current through 

tissues(4). This model provides the 

theoretical framework for understanding 

impedance components, including resistance 

and reactance, and forms the basis for the 

derivation of phase angle as an indicator of 

cellular integrity and body composition. 

BIA is a widely used, non-invasive field 

method for assessing body composition, 

which measures the electrical characteristics 

of the human body either at 50 kHz (single-

frequency BIA) or at several frequencies in 

the range 1–1000 kHz (multifrequency BIA 

and BIS = bioimpedance spectroscopy) (4). 

The biological tissues have important 

electrical properties such as conductivity, 

resistivity and permittivity. These properties 

depend on the movement of ions and the 

presence of cell membranes. When an 

electrical current passes through the body, 

tissues oppose the flow of current and can 

also store electrical charge. Because of these 

properties, tissues behave like electrical 

circuits. Understanding them helps in 

techniques such as bioelectrical impedance 

analysis, which is used to assess body 

composition and health status. The 

technique was originally developed to 

provide data-driven prediction of total body 

water (TBW) and fat free mass (FFM) or 

lean body mass (LBM) based on a two-

compartment model of the human body. 

This technique is generally considered to 

provide clinically acceptable predictions of 

body composition. 

When a low-amplitude alternating electrical 

current is passed through the body during 

BIA, it encounters different biological 

tissues that influence its flow according to 

their electrical properties. Body fluids, 

which are rich in water and electrolytes, 

conduct electricity readily, whereas fat and 

bone offer greater opposition because of 

their lower water content. This opposition to 

current flow is known as resistance and 

primarily reflects the body's hydration 

status. In addition to resistance, the 

electrical current also interacts with cell 

membranes, which are composed of 

phospholipid bilayers that behave as 

biological capacitors. Rather than allowing 

the current to pass instantly, these 

membranes temporarily store electrical 

charge and release it with a slight delay, 

producing reactance. Consequently, body 

tissues function like countless microscopic 

resistor-capacitor circuits, where 

extracellular and intracellular fluids serve as 

conductive pathways and cell membranes 

provide capacitive properties. The combined 

effect of resistance and reactance is termed 

impedance, which represents the total 

opposition to the flow of alternating current 

through the body(4). Because the capacitive 

effect of cell membranes causes a delay 

between the applied current and the 

resulting voltage, a measurable angular 

difference known as the phase angle is 

generated. Phase angle is calculated from 

the ratio of reactance to resistance and 

reflects both the quantity and functional 

integrity of cell membranes as well as the 

distribution of body water. Hence, PhA is an 
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indirect marker of cellular health that 

reflects cell membrane integrity, body cell 

mass (BCM), and the balance between 

intracellular and extracellular water. 

Healthy cells with intact membranes and 

adequate intracellular water exhibit higher 

Phase Angle values, whereas aging, 

malnutrition, inflammation, oxidative stress, 

chronic disease, and psychological stress 

can reduce membrane integrity and 

intracellular water, leading to lower Phase 

Angle. Consequently, PhA has emerged as a 

non-invasive biomarker of nutritional status, 

cellular function, and overall physiological 

health, with growing evidence supporting its 

potential role in assessing the physiological 

impact of chronic psychological stress. 

 

2.2 Device-Related Variability in Phase 

Angle Measurement 

Phase angle measurements obtained through 

bioelectrical impedance analysis may vary 

according to the characteristics and 

configuration of the BIA device used(7) (8). 

Differences in measurement frequency, 

single- versus multifrequency technology, 

electrode configuration, current pathway, 

body position, and the algorithms applied by 

different analysers can influence resistance 

and reactance and, consequently, the 

derived PhA (6) (9). Comparative studies 

have demonstrated that PhA values obtained 

from different BIA systems may not be 

directly interchangeable, with some devices 

showing substantial differences despite 

assessing the same individuals(9) (10). 

Variations have also been reported between 

supine and standing measurements and with 

changes in electrode placement, 

emphasizing the importance of a consistent 

measurement protocol(11). PhA has been 

reported to be higher in the supine than in 

the standing position(8) (10). Electrode 

type, anatomical placement, and the side of 

the body assessed can also produce 

measurable differences in PhA. In addition, 

hydration status, recent food and fluid 

intake, physical activity, bladder volume, 

skin temperature, ambient temperature, time 

of measurement, and duration of rest before 

assessment may modify tissue conductivity 

and fluid distribution, resulting in variability 

in BIA parameters(6) (11). Therefore, for 

reliable comparison of PhA values, 

measurements should preferably be 

performed using the same device, at a 

consistent time of day, under standardised 

conditions, with the same body position and 

electrode configuration, following an 

appropriate period of rest and controlled 

food, fluid, and exercise intake. Therefore, 

clinical and research studies should 

preferably use the same BIA analyser, 

measurement frequency, electrode 

configuration, body position, and 

standardised pre-measurement conditions 

throughout the study. Device-specific 

reference values and appropriate equipment 

calibration should also be considered when 

interpreting PhA, particularly when 

comparing results across studies or 

populations(7) (12). Standardised PhA 

measurement protocols are essential for 

obtaining reliable and comparable results in 

clinical research and for accurately 

monitoring low PhA and treatment-related 

changes. It has prognostic value in health 

and disease(10). 

 

2.3 Determinants and Factors Affecting 

Phase Angle 

Phase angle is influenced by multiple 

physiological and pathological factors that 

reflect cellular health, body composition, 

and fluid distribution. Since phase angle is 

derived from the relationship between 

resistance and reactance, any condition that 

alters cell membrane integrity, body cell 

mass, or the balance between intracellular 

and extracellular water can modify its value. 

Therefore, understanding the determinants 

and influencing factors of phase angle is 

essential for its accurate interpretation in 

both healthy individuals and clinical 

populations. 

At the cellular level, the electrical properties 

of biological tissues are primarily 

determined by their water content, 

electrolyte concentration, structural 

macromolecules, and metabolically active 
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cell mass. These components collectively 

influence tissue conductivity and membrane 

capacitance, thereby affecting the resistance 

and reactance measured during bioelectrical 

impedance analysis. 

Body water and inorganic ions constitute the 

primary conductive medium within the 

body. Approximately 60% of adult body 

weight consists of water, although this 

proportion varies with age, sex, and 

adiposity. Water itself is a poor conductor; 

however, its dissolved electrolytes, 

including sodium, potassium, chloride, 

calcium, and magnesium, enable the 

transmission of electrical current. 

Consequently, body fluids with higher ionic 

concentrations exhibit greater electrical 

conductivity than relatively pure water. 

Differences in total body water, such as the 

lower water content typically observed in 

women because of higher body fat 

percentage, can influence impedance 

measurements and ultimately affect PhA(6). 

Adequate cellular hydration increases PhA, 

while dehydration and fluid imbalance 

lower it(13). 

Earlier studies have shown that organic 

cellular components contribute substantially 

to the electrical characteristics of tissues. 

Phospholipid-rich cell membranes function 

as biological capacitors by temporarily 

storing electrical charge, thereby generating 

reactance. Similar capacitive properties are 

exhibited by the membranes of intracellular 

organelles, further contributing to the 

overall electrical behaviour of cells. 

Membrane-associated proteins, ion 

channels, and transporters regulate ion 

movement across the membrane and 

maintain cellular electrical activity. 

Structural alterations resulting from ageing, 

oxidative stress, chronic disease, or 

abnormal protein accumulation may impair 

membrane integrity, reduce membrane 

capacitance, and consequently lower PhA. 

Intracellular energy substrates such as 

glycogen and creatine also indirectly 

enhance conductivity by promoting 

intracellular water retention and preserving 

muscle cell integrity. 

To the present date, most evidence shows 

that higher levels of PhA are conceptually 

associated with increased Body Cell Mass 

(BCM). BCM accounts for nearly 20–55% 

of body mass and is considered one of the 

strongest physiological determinants of  

PhA because it represents the body's 

metabolically active cell compartment. 

Approximately 85% of BCM consists of 

intracellular water, making it highly 

conductive to electrical current. An increase 

in BCM enhances intracellular conductivity 

and is generally associated with higher PhA 

values(6). However, PhA reflects not only 

the quantity of body cell mass but also its 

functional quality. Healthy muscle cells 

with intact membranes generate greater 

reactance owing to their superior capacitive 

properties, whereas muscle wasting, ageing, 

inflammation, or disease impairs membrane 

integrity and lowers PhA. Although 

adipocytes are included within BCM, their 

relatively low water content and limited 

conductive pathways result in a much 

smaller contribution to conductivity than 

skeletal muscle. Therefore, PhA should be 

interpreted as a comprehensive marker of 

cellular integrity, hydration status, and 

metabolically active body cell mass rather 

than as a direct measure of muscle or 

adipose tissue alone. 

Beyond the intrinsic cellular determinants, 

PhA is influenced by a wide range of 

physiological and pathological factors that 

modify body composition, hydration status, 

cellular integrity, and membrane function. 

These factors include age, gender, ethnicity, 

BMI, fat free mass , Physical activity, 

athelets, nutrition, infection, inflammation, 

disease , oxidative stress , psychological 

stress and smoking(13)  (6)  (14)  (15) (5) . 

Gender also influences PhA, with males 

generally exhibiting higher values than 

females due to their greater skeletal muscle 

mass, body cell mass, and intracellular 

water content. Although PhA increases in 

both sexes after puberty, the increase is 

more pronounced in males(6)  (16). 

Ethnicity is another physiological factor 

contributing to variations in PhA. 
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Differences in body composition and fluid 

distribution among ethnic populations 

influence bioelectrical properties. For 

example, lower PhA values have been 

reported in Japanese individuals, which may 

be attributed to a higher extracellular water-

to-total body water ratio and lower skeletal 

muscle mass. In contrast, higher PhA values 

observed in Mexicans compared with 

Germans have been associated with greater 

fat-free mass related to differences in body 

size and height (16) (17). 

Nutritional status has a significant impact on 

PhA and is widely recognised as an 

indicator of functional nutritional status 

(18). Adequate nutrition preserves body cell 

mass, intracellular water, and cell 

membrane integrity, thereby maintaining 

higher PhA values. Conversely, disease-

associated malnutrition promotes a shift of 

fluid from the intracellular to the 

extracellular compartment, increasing the 

extracellular water-to-body cell mass ratio 

and reducing PhA (14). In healthy adults, 

phase angle values typically range between 

5° and 7°, whereas values below 5° have 

been associated with malnutrition (19)  (15). 

Physical activity is positively associated 

with phase angle, as regular exercise 

promotes skeletal muscle mass, muscle 

strength, and body cell mass while 

preserving cellular integrity. These 

physiological adaptations are accompanied 

by increased intracellular water content and 

improved membrane function, leading to 

higher PhA values. Consequently, 

physically active individuals generally 

exhibit higher PhA than sedentary 

individuals, reflecting better body 

composition and overall cellular health(20) 

(21) (22)  (16). 

Pathological conditions such as infection, 

inflammation, oxidative stress, 

psychological stress, chronic diseases and 

cancer, adversely affect PhA by impairing 

cell membrane integrity, reducing body cell 

mass, and altering intracellular–extracellular 

fluid distribution. These changes modify 

tissue resistance and reactance, resulting in 

lower PhA values that reflect compromised 

cellular health and function. 

 

3. PSYCHOLOGICAL STRESS: 

PHYSIOLOGICAL AND CELLULAR 

EFFECT 

Stress has a different meaning for different 

people under different circumstances. In 

1936, the term Stress was coined by Hans 

Selye, which means ‘the non-specific 

response of the body to any demand for 

change’(23) . Cannon coined the term the 

flight or fight to describe animal’s response 

to threat(24). It is also known as the acute 

stress response, which leads to activation of 

sympathetic nervous system (SNS). This 

response was later recognized as first stage 

of General Adaptation Syndrome (GAS), 

which was postulated by Hans Selye. 

Another definition in terms of 

neuroendocrinology: Eugene Yates defined 

stress any stimulus that will provoke the 

release of ACTH and adrenal 

glucocorticoids(24). 

Stress is experienced by everyone at some 

point in their lifespan. Stress affects both 

mental and physical health. Stress often 

triggers emotional responses such as 

anxiety, frustration, or irritability. It may 

also reduce our ability to concentrate and 

think clearly. When stress continues for a 

long time, it can aggravate existing health 

conditions and increase the likelihood of 

relying on alcohol, tobacco, or other 

substances as coping mechanisms. Ongoing 

or intense stress can also contribute to the 

development or worsening of mental health 

disorders, particularly anxiety and 

depression, which often require appropriate 

medical or psychological support. In many 

cases, a mental health condition develops 

when stress-related symptoms persist over 

time and begin to interfere with everyday 

activities, including work, education, and 

personal responsibilities. 

Many scientists have noticed that the stress 

system contains several elements, such as a 

stressful stimulus, a stressor, and a stress 

response(25). Stressors are the factors that 

affect the internal environment and vary 
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widely from acute to chronic stressors. By 

repetitive and prolonged exposure to 

stressors, the stress response leads to 

maladaptation, leading to detrimental effects 

on health. Chronic stressors, in particular, 

can provoke maladaptive responses such as 

depression, anxiety, cognitive impairment, 

and cardiovascular disease(26). A specific 

stressor may potentially bring about specific 

local stress, while the intensity of stress 

beyond a threshold may commonly activate 

the hypothalamic-pituitary-adrenal(HPA) 

axis and result in a systemic stress 

response(25). Selye defined “GAS” as, in 

fact, both stress response and stress effect: 

the activation of the HPA axis is a systemic 

stress response, while physical and mental 

disorders produced by prolonged stress are 

stress effects (25). There are two different 

types of stress in humans, such as 

psychological stress and physiological 

stress(27). 

Psychological stress arises when an 

individual perceives emotional, cognitive, or 

social demands as exceeding their ability to 

cope, leading to feelings such as anxiety, 

fear, frustration, or emotional tension. 

Adverse life experiences, such as poverty, 

losing a job, serious illness, or the death of a 

loved one, can negatively affect 

psychological well-being (28). In contrast, 

physiological stress results from physical 

challenges such as infection, injury, 

strenuous exercise, inflammation, surgery, 

or exposure to extreme environmental 

conditions, which activate protective 

biological responses. Although 

psychological and physiological stressors 

differ in their origin, both stimulate 

interconnected neuroendocrine and 

autonomic pathways that help the body 

maintain homeostasis(29). 

Stress may be classified as acute or chronic 

depending on its duration and persistence.  

Acute stress occurs during a particular time 

or event and is isolated to that incident. It 

includes events like a near-miss car 

accident, or preparing for an important 

presentation at work. Common symptoms of 

acute stress include: heart palpitations, 

shortness of breath, feeling lightheaded, 

headaches, stomach pain or indigestion, 

sweating and chest pain. Acute stress 

disorder symptoms occur within 3 days to 1 

month of the stressor and last at least 3 days 

(according to Diagnostic and Statistical 

Manual of Mental Disorders, 5th edition 

(DSM-5))(30). Once the stressor is 

removed, physiological functions generally 

return to baseline, minimising adverse 

effects. Chronic stress is ongoing. Chronic 

stress could increase or decrease in severity 

but is relatively consistent in its presence, in 

which stressors persist for weeks, months 

and even years. Common symptoms of 

chronic stress include: isolation or 

emotional withdrawal, low energy, aches 

and pains, trouble sleeping, trouble staying 

focused and change in appetite. Persistent 

activation of the HPA axis and sympathetic 

nervous system results in sustained 

elevations of stress mediators, promoting 

chronic inflammation, oxidative stress, 

metabolic disturbances, and impaired 

immune regulation(31). Over time, these 

alterations contribute to structural and 

functional changes in multiple organ 

systems and increase the risk of 

cardiovascular disease, diabetes, depression, 

and other chronic disorders. Consequently, 

while acute stress is often adaptive and 

protective, chronic stress represents a 

maladaptive state that can significantly 

compromise overall health and well-being. 

The stress response is initiated in the brain 

when sensory signals indicating a potential 

threat are processed by the amygdala, which 

activates the hypothalamus, which is the 

master command center for homeostasis to 

initiate downstream neuroendocrine and 

autonomic responses. Hypothalamus 

regulate functions such as body temperature, 

hunger, thirst, sleep, stress, and 

reproduction.  When someone experiences a 

stressful event, the amygdala, an area of the 

brain that contributes to emotional 

processing, sends a distress signal to the 

hypothalamus (32). The hypothalamus 

activates the autonomic nervous system 

(ANS) and HPA axis through corticotropin 

https://psychcentral.com/lib/dsm-5/
https://psychcentral.com/lib/dsm-5/
https://psychcentral.com/lib/dsm-5/
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releasing hormone (CRH) release, along 

with vasopressin (ADH) secretion (33) (34). 

The sympathetic and parasympathetic 

nervous systems are the two components of 

the ANS. The sympathetic system drives the 

rapid fight-or-flight response, whereas the 

parasympathetic system promotes rest, 

digestion, energy conservation, and 

recovery (35). Threat perception activates 

the amygdala–hypothalamic pathway, 

triggering sympathetic stimulation of the 

adrenal medulla and rapid epinephrine 

release. Epinephrine  rapidly enhances 

cardiovascular and respiratory activity while 

mobilising glucose and fatty acids to meet 

the increased energy demands of acute 

stress(36) . The stress response is further 

coordinated through activation of the HPA 

axis, resulting in cortisol secretion(37)  (38) 

Cortisol helps sustain the body's response to 

prolonged stress by maintaining blood 

glucose levels, supporting cardiovascular 

function, and ensuring a continuous supply 

of energy to essential organs. As long as the 

brain perceives the stressor to be present, 

cortisol secretion remains elevated, keeping 

the body in a state of heightened readiness. 

Once the threat has resolved, cortisol levels 

gradually decline, and the parasympathetic 

nervous system (PNS) becomes dominant. 

This system slows heart rate, reduces blood 

pressure, conserves energy, and restores 

normal physiological function, thereby 

returning the body to a state of homeostasis. 

Psychological stress activates the HPA axis 

and sympathetic-adrenal-medullary(SAM 

)axis, increasing cortisol and epinephrine 

release(39). Although stress hormones 

support acute adaptation, their prolonged 

elevation during chronic stress can disrupt 

cellular and physiological functions (31). 

Epinephrine and cortisol mobilise energy 

substrates and enhance metabolic activity; 

prolonged stress may increase reactive 

oxygen species (ROS) generation and 

promote oxidative stress(40)  (41).  

Excessive ROS initiate lipid peroxidation of 

membrane phospholipids and damage 

membrane proteins, including ion channels, 

transporters, and receptors, thereby 

disrupting membrane structure and 

function(42) (43). At the same time, chronic 

cortisol exposure impairs the repair and 

replacement of damaged membrane 

components, allowing cellular injury to 

accumulate(44). Persistent stress is also 

associated with low-grade inflammation, 

characterised by increased production of 

pro-inflammatory cytokines such as 

interleukin-6 (IL-6) and tumour necrosis 

factor-α (TNF-α), which further amplify 

oxidative damage(41) (45) (46). 

Collectively, these changes compromise cell 

membrane integrity, alter intracellular water 

distribution, and reduce the capacitive 

properties of the cell membrane. Since PhA 

derived from bioelectrical impedance 

analysis reflects cell membrane integrity 

and body cell mass, chronic stress-induced 

oxidative damage and impaired membrane 

function may contribute to a reduction in 

PhA. It is important to note that cortisol and 

epinephrine do not directly damage the cell 

membrane; rather, their chronic elevation 

indirectly affects membrane integrity 

through oxidative stress, inflammation, and 

impaired cellular repair. 

 

4. LINK BETWEEN PHASE ANGLE 

AND PSYCHOLOGICAL STRESS 

Recent studies indicate a possible 

relationship between phase angle and 

mental health, particularly depression, 

anxiety, and psychological distress(47). 

Together, fear- and anxiety-based 

psychiatric disorders are at the same time 

the most prevalent and the most costly of 

mental health disorders(48).  Anxiety and 

depressive disorders are highly prevalent 

mental health conditions that often coexist 

and arise from interacting biological, 

psychological, and social factors(49). 

Anxiety is a normal stress response, but 

anxiety disorders involve excessive and 

persistent fear or worry that can impair daily 

functioning  (50). By causing persistent fear 

and excessive worry, anxiety disorders can 

impair multiple aspects of life, including 

personal relationships, social participation, 

educational achievement, and professional 
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performance. In 2021, 359 million people in 

the world had an anxiety disorder, making 

anxiety disorders the most common of all 

mental disorders (50). According to the 

World Health Organisation (WHO), anxiety 

disorders are the world’s most common 

mental disorders (50). These disorders 

include generalised anxiety disorder (GAD), 

panic disorder, social anxiety disorder, 

separation anxiety disorder, agoraphobia, 

specific phobias, selective mutism, and 

other specified anxiety disorders. More 

women are affected by anxiety disorders 

than men(50). Depressive disorder is a 

common mental disorder. It involves a 

depressed mood or loss of pleasure or 

interest in activities for long periods of 

time(51). Approximately 332 million people 

in the world have depression. Depression is 

about 1.5 times more common among 

women than among men(51). 

Prolonged exposure to stressful stimuli that 

elicit fear and anxiety in PTSD, GAD, PD, 

and phobias activates both central and 

peripheral immune cells to release cytokines 

(48) . Psychological stress engages the 

hypothalamic PVN and LC–noradrenergic 

system, activating the HPA and SAM axes 

and increasing cortisol and catecholamine 

release. Persistent activation of these 

pathways may contribute to maladaptive 

physiological changes(52)  (53). 

Psychological stress activates the HPA axis 

and SNS, increasing cortisol and 

catecholamines. These hormones then 

communicate with immune cells and 

regulate inflammatory responses(54). 

Immune cells, including monocytes, 

macrophages, neutrophils, dendritic cells, T 

lymphocytes, B lymphocytes, and natural 

killer cells, express glucocorticoid and 

adrenergic receptors, allowing them to 

respond directly to stress hormones(55) . 

Under acute conditions, cortisol generally 

acts as a feedback mechanism that limits 

excessive inflammation by suppressing pro-

inflammatory cytokine production such as 

TNF-α, IL-1β, and IL-6, and suppressing the 

activity of pro-inflammatory transcription 

factors such as nuclear factor-kappa B (NF-

κB) and activator protein-1 (AP-1), thereby 

limiting the production of inflammatory 

cytokines and supporting inflammatory 

control and homeostasis(56). 

Glucocorticoids can inhibit inflammatory 

signalling and promote mechanisms that 

resolve inflammation. However, chronic 

psychological stress is different. Persistent 

exposure to cortisol can impair 

glucocorticoid receptor sensitivity, a 

phenomenon known as glucocorticoid 

resistance, which reduces the ability of 

immune cells to respond to cortisol's anti-

inflammatory actions and simultaneously, 

persistent sympathetic activation through β-

adrenergic receptor signalling further alters 

immune cell function and promotes the 

release of inflammatory mediators(57)  (58).  

Repeated stress has been associated with 

altered cytokines, microglial activation, and 

changes in immune-cell activity(54).  

Consequently, NF-κB signalling remains 

active, leading to sustained production of 

pro-inflammatory cytokines, including 

tumour necrosis factor-α (TNF-α), 

interleukin-1β (IL-1β), and interleukin-6 

(IL-6), thereby establishing a state of 

chronic low-grade inflammation(57)  . 

Prolonged psychological stress can disturb 

the redox balance by increasing ROS 

production and reactive nitrogen species 

(RNS), primarily through activation of 

enzymes such as NADPH oxidase, xanthine 

oxidase, and inducible nitric oxide synthase, 

as well as increased mitochondrial oxidative 

activity(59). When the production of these 

reactive molecules exceeds the capacity of 

endogenous antioxidant defences, oxidative 

stress develops. This provides a bridge 

between chronic stress and cellular 

injury(60). Excess ROS can attack the 

polyunsaturated fatty acids in membrane 

phospholipids, causing lipid peroxidation. 

This can alter membrane fluidity, 

permeability, lipid–protein interactions, ion 

transport, and membrane signalling(61). 

There is also experimental evidence that 

chronic psychological stress can alter 

membrane fatty-acid composition. A rat 

study found changes in platelet membrane 
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fatty acids associated with chronic 

psychological stress and described the 

connection between oxidative/inflammatory 

processes and membrane phospholipid 

oxidation(62). Progressive oxidation of 

membrane lipids and proteins reduces 

membrane fluidity, increases membrane 

rigidity, and compromises the structural and 

functional integrity of the plasma 

membrane(63). Oxidative injury also 

extends to mitochondrial membranes, 

resulting in impaired ATP synthesis, 

dysfunction of energy-dependent ion 

pumps, intracellular ionic imbalance, and 

activation of apoptotic pathways(64). 

Collectively, these alterations contribute to 

loss of cellular integrity and body cell mass. 

Since the phase angle measured by 

bioelectrical impedance analysis primarily 

reflects cell membrane integrity and cellular 

health, chronic stress-induced inflammation 

and oxidative membrane damage may 

reduce membrane capacitance and 

reactance, ultimately leading to lower phase 

angle values(65). These mechanisms 

support the potential role of phase angle as 

an indirect biomarker of cellular 

dysfunction associated with chronic 

psychological stress. 

 

5. CLINICAL APPLICATIONS AND 

POTENTIAL IMPLICATIONS 

Phase angle (PhA) is a non-invasive 

indicator of cellular integrity, body cell 

mass, and fluid balance that may reflect 

physiological changes associated with 

psychological stress. The available evidence 

indicates that prolonged psychological stress 

can disrupt cellular homeostasis through 

sustained activation of the HPA axis and 

SNS, resulting in inflammation, oxidative 

stress, and alterations in membrane 

function. These physiological disturbances 

are often accompanied by a reduction in 

PhA, suggesting that this parameter may 

serve as an indirect marker of stress-related 

cellular dysfunction. Thus, PhA may have 

potential as an indirect marker for 

monitoring stress-related physiological 

changes. It offers a practical approach for 

evaluating overall physiological status in 

both healthy individuals and patients with 

chronic diseases. In addition, lower PhA has 

been associated with poorer nutritional 

status, reduced functional capacity, and 

adverse clinical outcomes, supporting its 

potential role in risk assessment. Serial PhA 

measurements may also complement 

nutritional and rehabilitation monitoring by 

tracking changes in cellular health and 

recovery. However, PhA is influenced by 

age, sex, body composition, hydration, and 

disease status; therefore, further prospective 

studies are needed to establish its specific 

association with psychological stress and 

determine its usefulness for stress 

assessment and longitudinal monitoring. 

Such evidence could support the use of PhA 

in stress assessment and personalised 

healthcare. 

 

6. FUTURE DIRECTIONS 

Future research should establish the direct 

relationship between psychological stress 

and phase angle through large-scale, 

longitudinal studies across diverse 

populations. Mechanistic studies should 

explore how neuroendocrine activation, 

inflammation, oxidative stress, 

mitochondrial dysfunction, and membrane 

alterations influence PhA. Combining PhA 

with stress-related measures such as 

cortisol, inflammatory cytokines, and heart 

rate variability may strengthen its 

interpretation. Standardised reference values 

based on age, sex, ethnicity, body 

composition, and health status are also 

needed. Finally, research should assess PhA 

responses to stress-reducing interventions 

and integrate it with physiological and 

digital health measures to determine their 

potential for stress monitoring, risk 

assessment, and personalised healthcare. 
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