Future Integrative Medicine 2026 vol. 5(1) | 27-49
DOI: 10.14218/FIM.2025.00062

Integrated Management of Cortisol: A Multidimensional
Perspective

Check for
updates

Acharya Balkrishna'?, Nidhi Sharma', Sanu Diwakar!, Razia Parveen!, Ankita Kukreti!, Bhavya Trivedi®,
Deepika Srivastaval”® and Vedpriya Aryal?

!Patanjali Herbal Research Department, Patanjali Research Institute, Haridwar, Uttarakhand, India, *University of Patanjali, Patanjali Yogpeeth, Harid-
war, Uttarakhand, India, 3School of Applied & Lifesciences, UIT, Uttaranchal University, Dehradun, Uttarakhand, India

Received: November 06, 2025 | Revised: February 09, 2026 | Accepted: March 11, 2026 | Published online: March 28, 2026

Abstract

Cortisol, the body’s primary glucocorticoid, is central to maintaining homeostasis through its regulation of metabolism, im-
munity, cardiovascular tone, and neurobehavioral functions. However, chronic dysregulation of the hypothalamic-pituitary-
adrenal axis, whether from persistent psychological stress, lifestyle imbalance, or circadian disruption, contributes to diverse
metabolic, psychiatric, and inflammatory disorders. This comprehensive review aims to explore cortisol physiology, mecha-
nisms of dysregulation, and emerging strategies for restoring hormonal balance through integrative management. Conven-
tional approaches such as pharmacotherapy and surgical interventions remain essential for severe endocrine disorders like
Cushing’s syndrome and Addison’s disease; however, they inadequately address chronic, stress-related dysfunction. Nutri-
tional modulation, sleep optimization, moderate physical activity, and mind-body therapies, including yoga, meditation, and
mindfulness-based stress reduction, demonstrate measurable reductions in cortisol and inflammatory cytokines. Adaptogenic
botanicals such as Withania somnifera, Ocimum tenuiflorum, Rhodiola rosea, and Panax ginseng exhibit robust evidence for normal-
izing cortisol and enhancing resilience through hypothalamic-pituitary-adrenal axis modulation. Complementary modalities
such as acupuncture, naturopathy, and homeopathy show potential in improving autonomic and neuroendocrine balance. By
synthesizing biomedical, nutritional, psychological, and traditional perspectives, this review proposes an integrated model
of cortisol management that harmonizes physiology and behavior. Such multidimensional frameworks offer promising, evi-
dence-based pathways for mitigating stress-related diseases and promoting holistic well-being.

Introduction homeostasis during stress.! In humans, cortisol (and corticosterone
in rodents) is synthesized from cholesterol in the zona fasciculata
of the adrenal cortex. Its production and secretion are tightly regu-
lated by the HPA axis, which governs both circadian and ultra-
dian rhythms to ensure physiological balance and responsiveness
to stress.? Cortisol exhibits a well-defined 24-h circadian rhythm,
peaking approximately 30 min after awakening, known as the cor-
tisol awakening response (CAR), and gradually declining to reach
its lowest point during early sleep. Chronic stress can dysregulate
this rhythmicity by overstimulating the HPA axis, thereby contrib-
uting to a spectrum of stress-related, metabolic, and psychiatric
disorders.>*

Cortisol dysregulation manifests in two major clinical condi-
tions. Hypercortisolism, characterized by elevated cortisol levels,
underlies Cushing’s syndrome, which is associated with obesity,
insulin resistance, hypertension, glucose intolerance, and osteopo-
rosis.>® Conversely, hypocortisolism results from adrenal insuffi-

Cortisol is a steroid hormone that plays a pivotal role in the body’s
metabolic, physiological, and adaptive responses to stress, whether
physical (illness, injury, trauma) or psychological (emotional or
cognitive strain). Often associated with the “fight-or-flight” re-
sponse, cortisol equips the body to respond swiftly and effectively
to perceived threats. It is synthesized and secreted by the adrenal
cortex under the control of a finely tuned neuroendocrine system,
the hypothalamic—pituitary—adrenal (HPA) axis, which integrates
signals from the central nervous and endocrine systems to maintain
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ciency, primary (Addison’s disease), secondary, or tertiary, arising
from dysfunctions of the adrenal cortex, pituitary, or hypothala-
mus, respectively. Typical manifestations include fatigue, hypoten-
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sion, weight loss, hyperpigmentation, and hyperkalemia.® Given
cortisol’s wide-ranging influence on metabolic, immune, and neu-
robehavioral systems, there is a growing emphasis on integrated
therapeutic strategies that combine pharmacological, lifestyle, and
mind-body approaches to restore hormonal equilibrium and opti-
mize well-being. Increasing evidence suggests that adaptogenic
herbs can modulate cortisol levels and support HPA axis func-
tion. Key examples include Withania somnifera (Ashwagandha),
Camellia sinensis (green tea), Ocimum sanctum (Tulsi), Ginkgo
biloba, Glycyrrhiza glabra (licorice), and Elaeagnus angustifo-
lia.’® Complementary modalities such as massage therapy and
acupuncture have also demonstrated efficacy in reducing cortisol
levels and alleviating HPA axis dysregulation.!%11

Similarly, lifestyle interventions, including adequate sleep,
yoga, mindfulness, and balanced nutrition, play a vital role in
maintaining cortisol homeostasis.!>15 Integrated therapeutic
frameworks combining physical, dietary, and spiritual com-
ponents have shown promising results. For instance, a holistic
14-day intervention integrating yoga, dietary regulation, physi-
cal therapy, and dhikr-based spiritual practice was shown to sig-
nificantly reduce serum cortisol levels in women with polycystic
ovary syndrome, indicating improved stress regulation.'® Dhikr,
a core Islamic contemplative practice aimed at fostering mindful-
ness and spiritual connectedness, has also been independently as-
sociated with reduced anxiety and depression and enhanced psy-
chological well-being, suggesting its potential role in modulating
stress-related neuroendocrine responses.!” Similarly, a 12-week
yoga and meditation intervention among medical students led to
a marked decrease in morning cortisol levels.'® These findings
underscore that optimal cortisol regulation emerges from the syn-
ergy of balanced lifestyle domains, where mindfulness, restora-
tive sleep, and moderate physical activity collectively enhance
stress resilience.

This review aims to synthesize current knowledge on an in-
tegrated model for cortisol regulation that aligns physiological
mechanisms with behavioral interventions. It integrates evidence
on mechanisms of dysregulation, assessment strategies, and thera-
peutic interventions and critically evaluates evidence-based ap-
proaches for cortisol regulation. Distinct from existing reviews,
this work brings together traditionally fragmented domains into
a single, clinically meaningful narrative and proposes a holistic,
systems-level framework that transcends isolated, domain-specific
treatments. By aligning modern endocrinological insights with
traditional and lifestyle-based therapies, the review advances a
comprehensive, cortisol-centric approach to health that supports
personalized intervention and sustained hormonal balance across
body, mind, and environment.

Physiological roles of cortisol

Cortisol influences nearly every organ system by regulating me-
tabolism, immune response, brain activity, cardiovascular func-
tion, and reproductive function (Fig. 1). Beyond its role in stress
adaptation, cortisol is essential for energy regulation, inflamma-
tion control, and maintaining homeostasis. Understanding its phys-
iological roles provides insight into how the body responds to both
acute and chronic challenges.

Metabolic regulation (carbohydrate, protein, lipid)

Cortisol plays a central role in regulating the metabolism of car-
bohydrates, proteins, and lipids to ensure a continuous supply of
energy during stressful conditions, such as fasting, exercise, or the
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fight-or-flight response. As a potent catabolic hormone, its primary
function is to maintain adequate glucose availability for the brain.
In carbohydrate metabolism, cortisol raises blood glucose levels
by stimulating hepatic gluconeogenesis, converting non-carbohy-
drate substrates like amino acids and glycerol into glucose, while
simultaneously reducing glucose uptake in muscle and adipose tis-
sue by inducing insulin resistance. Paradoxically, it also promotes
glycogen synthesis in the liver, creating a glucose reserve for fu-
ture energy demands.!'®?! In protein metabolism, cortisol exerts
catabolic effects by promoting proteolysis in skeletal peripheral
tissues. The resulting amino acids are transported to the liver to
serve as substrates for gluconeogenesis, further supporting glucose
production.?? In lipid metabolism, cortisol has dual effects depend-
ing on the duration of exposure: during acute stress, it enhances
lipolysis, releasing fatty acids into the bloodstream for immedi-
ate energy use; however, chronic cortisol elevation promotes lipo-
genesis and central fat accumulation, contributing to abdominal
obesity and increasing the risk of metabolic disorders, including
metabolic syndrome.??

Cortisol controls inflammatory and immune responses

Cortisol is a key immunomodulatory hormone that maintains
immune homeostasis by regulating both innate and adaptive im-
mune responses. As a glucocorticoid secreted by the adrenal
cortex under the control of the HPA axis, cortisol exerts potent
anti-inflammatory and immunosuppressive actions, essential for
preventing excessive immune activation and tissue damage.?* At
the molecular level, cortisol binds to intracellular glucocorticoid
receptors (GRs), which translocate to the nucleus and modulate
gene transcription. This interaction inhibits pro-inflammatory
transcription factors such as nuclear factor-kappa B and activator
protein-1, thereby suppressing the production of cytokines, includ-
ing interleukin (IL)-1p, tumor necrosis factor-alpha (TNF-a), and
IL-6.%5 Cortisol also enhances the expression of anti-inflammatory
mediators such as annexin-1 and IL-10, promoting the resolution
phase of inflammation.2®

In addition to cytokine modulation, cortisol influences leu-
kocyte trafficking by reducing the migration of neutrophils and
lymphocytes to inflammatory sites, while promoting apoptosis
of activated immune cells to terminate immune responses.?’ Dur-
ing stress, transient increases in cortisol help suppress inflamma-
tion and maintain immune balance. However, chronic hypercor-
tisolemia, seen in prolonged stress or Cushing’s syndrome, can
cause immunosuppression and increased infection susceptibility,
while hypocortisolism, as in Addison’s disease, may result in un-
controlled inflammation and autoimmune tendencies.?® Thus, cor-
tisol serves as a critical regulator of the immune system, ensuring
that inflammatory processes remain proportionate, self-limiting,
and compatible with physiological homeostasis.

Cortisol influences cognitive performance, mood, and memory
consolidation

Cortisol exerts significant effects on brain function, influencing
cognition, emotion, and memory through its actions on the central
nervous system. GRs and mineralocorticoid receptors, which me-
diate cortisol’s effects, are abundantly expressed in brain regions
critical for cognitive and emotional regulation, particularly the hip-
pocampus, amygdala, and prefrontal cortex.?**% Under physiologi-
cal conditions, moderate cortisol levels facilitate optimal arousal,
attention, and memory consolidation, especially for emotionally
salient events. Cortisol enhances long-term potentiation in the hip-
pocampus, supporting declarative memory formation, while tran-
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Fig. 1. Multifaceted physiological actions of cortisol across major organ systems. This figure illustrates cortisol as a central stress-responsive glucocorticoid
hormone that helps the body adapt to daily demands. Cortisol mobilizes energy by regulating carbohydrate, protein, and lipid metabolism. In the brain,
it supports alertness, mood regulation, and memory formation, including long-term potentiation (LTP). Cortisol contributes to cardiovascular stability by
modulating vascular tone and blood pressure and supports reproductive homeostasis via effects on gonadotropin-releasing hormone (GnRH), luteinizing
hormone (LH), and follicle-stimulating hormone (FSH). Its tightly regulated diurnal rhythm enables effective stress responses while maintaining circadian
control. Cortisol also maintains immune balance by suppressing pro-inflammatory signaling pathways, including nuclear factor kappa B (NF-kB), interleukin

(IL)-6, and tumor necrosis factor (TNF). FA, fatty acids; FSHV, follicle-stimulating hormone beta subunit; SPT, serine palmitoyltransferase.

sient increases during stress aid in encoding adaptive responses.3!
However, chronic stress or persistent hypercortisolemia disrupts
hippocampal neurogenesis, impairs synaptic plasticity, and con-
tributes to memory deficits, anxiety, and depression.?? Excessive
cortisol exposure is linked to hippocampal atrophy, cognitive de-
cline, and increased risk of neurodegenerative disorders such as
Alzheimer’s disease.3%3

Cortisol also modulates emotional processing via its effects
on the amygdala and prefrontal cortex, influencing mood and ex-
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ecutive control. Acute elevations may improve focus and threat
recognition, whereas prolonged elevations blunt emotional regu-
lation, increase rumination, and predispose to mood disorders.?3
Conversely, hypocortisolism, often observed in chronic fatigue
or post-traumatic stress disorder, is associated with emotional
numbing and impaired stress resilience. Thus, maintaining bal-
anced cortisol secretion is vital for cognitive health, emotional
stability, and adaptive memory processing across varying stress
conditions.
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Cortisol and the cardiovascular system

Cortisol plays a vital role in maintaining cardiovascular homeosta-
sis and regulating blood pressure through its effects on the heart,
blood vessels, and hormonal pathways. It enhances vascular re-
sponsiveness to catecholamines such as epinephrine and norepi-
nephrine, promoting vasoconstriction and sustaining systemic vas-
cular resistance. This action involves upregulation of a-adrenergic
receptors on vascular smooth muscle and modulation of endothe-
lial nitric oxide production, thereby balancing vasoconstrictive and
vasodilatory signals.3%37 Cortisol also interacts with the renin-an-
giotensin-aldosterone system, influencing renal sodium and water
retention by increasing the sensitivity of renal tubules to angioten-
sin II and inducing mineralocorticoid-responsive genes, thus main-
taining circulating volume and stable blood pressure.’®

At the cardiac level, cortisol modulates myocardial contractil-
ity, heart rate, and energy metabolism, ensuring sufficient energy
substrate availability during stress. Through glucocorticoid and
mineralocorticoid receptor interactions, it affects cardiac output
and vascular tone, while chronic excess, as in Cushing’s syn-
drome, can result in hypertension, arterial stiffness, and increased
cardiovascular risk. Conversely, cortisol deficiency, such as in
Addison’s disease, leads to hypotension and impaired vascular
responsiveness, underscoring its essential role in cardiovascular
stability.3%40

Effects of cortisol on the reproductive system

Cortisol exerts profound regulatory effects on the reproductive
system, primarily through its influence on the hypothalamic-pitu-
itary-gonadal axis. Under physiological conditions, cortisol helps
maintain reproductive homeostasis by modulating gonadotropin-
releasing hormone (GnRH), luteinizing hormone, and follicle-
stimulating hormone secretion. However, elevated cortisol levels,
such as during chronic stress, can suppress reproductive function
by inhibiting GnRH release from the hypothalamus and reduc-
ing pituitary responsiveness to gonadotropins.*!*? This suppres-
sion leads to decreased secretion of sex steroids like estrogen and
testosterone, impairing gametogenesis and reproductive behavior.
In females, hypercortisolemia is associated with menstrual irregu-
larities, anovulation, and reduced fertility due to impaired ovarian
steroidogenesis and follicular development.*? In males, excessive
cortisol can lower testosterone synthesis, impair spermatogenesis,
and cause erectile dysfunction by inhibiting Leydig cell activity
and altering testicular blood flow.** Furthermore, cortisol interacts
with glucocorticoid and mineralocorticoid receptors in reproduc-
tive tissues, influencing local gene expression and reproductive tis-
sue integrity. Conversely, cortisol deficiency, as seen in Addison’s
disease, may also disrupt reproductive function due to impaired
metabolic and hormonal balance. Thus, optimal cortisol levels are
essential for normal reproductive physiology, while dysregulation,
either excess or deficiency, can significantly compromise fertility
and sexual health.

Diurnal rhythm of cortisol secretion

Cortisol secretion is tightly regulated by the HPA axis and follows
a robust circadian rhythm that aligns with the body’s sleep—wake
cycle. Under normal physiological conditions, cortisol levels be-
gin to rise during the late night or early morning hours (around
3—4 a.m.), peaking approximately 30-45 min after awakening,
a phenomenon known as the CAR.3*5 This early morning surge
promotes wakefulness, energy mobilization, and cognitive alert-
ness by enhancing gluconeogenesis and increasing blood glucose
availability.
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Following its morning peak, cortisol levels gradually decline
throughout the day, reaching their lowest point (nadir) during the
late evening and early sleep phases.*® This rhythmic pattern is
orchestrated by the suprachiasmatic nucleus (SCN) of the hypo-
thalamus, which synchronizes adrenal activity with environmental
light—dark cycles. Maintaining a healthy diurnal cortisol rhythm
is crucial for overall homeostasis. Proper sleep hygiene, exposure
to natural light, and regular daily routines help sustain this natu-
ral hormonal cycle, supporting physical vitality and psychological
well-being.

Collectively, cortisol serves as a master regulator of physiologi-
cal balance, influencing metabolism, cardiovascular stability, im-
mune defense, cognition, reproduction, and circadian homeostasis.
Its dynamic and context-dependent actions ensure optimal adapta-
tion to both internal and external challenges. However, persistent
dysregulation, whether hyper- or hypocortisolemia, can disrupt
this equilibrium, leading to a range of metabolic, psychological,
and reproductive disorders. Understanding these diverse physi-
ological roles is therefore crucial for designing targeted interven-
tions that promote adaptive resilience and holistic health.

Dysregulation of cortisol: Mechanisms and consequences

Cortisol dysregulation disrupts the finely balanced HPA axis, lead-
ing to significant physiological and psychological consequences.
Both excess and deficiency in cortisol secretion can impair meta-
bolic, immune, and neuroendocrine functions, contributing to a
wide range of stress-related and chronic disorders. Under normal
conditions, the HPA axis responds to stressors via a cascade: corti-
cotropin-releasing hormone (CRH) from the hypothalamus stimu-
lates adrenocorticotropic hormone (ACTH) release from the ante-
rior pituitary, which in turn prompts cortisol synthesis in the zona
fasciculata. Cortisol exerts negative feedback on the hypothalamus
and pituitary via GRs, ensuring pulsatile, circadian-regulated se-
cretion, peaking at awakening and declining nocturnally. However,
dysregulation disrupts this balance, manifesting as hypersecretion,
hyposecretion, or circadian misalignment, often compounded by
allostatic load—the cumulative physiological toll of repeated stress
adaptations that, when excessive, fosters maladaptive responses
such as sustained inflammation and insulin resistance. This section
clucidates these patterns, integrating biomarker insights and epige-
netic programming, drawing from human and preclinical evidence
to underscore clinical relevance in integrated cortisol management
(Fig. 2).

HPA axis dysregulation: Allostatic load and maladaptive stress
responses

The concept of allostasis describes proactive physiological adjust-
ments to anticipated stressors, contrasting with homeostasis’s re-
active maintenance. Allostatic load arises when these adaptations
overburden systems, particularly the HPA axis, leading to dysregu-
lation characterized by altered cortisol trajectories: blunted awak-
ening responses, flattened diurnal slopes, or impaired feedback. In
chronic stress, persistent CRH and ACTH elevation overwhelms
GR-mediated inhibition, promoting glucocorticoid resistance and
visceral adiposity. This maladaptive shift is bidirectional; for in-
stance, in type 2 diabetes mellitus (T2DM), hyperglycemia im-
pairs hippocampal GR sensitivity, exacerbating HPA hyperactiv-
ity and perpetuating a cycle of insulin resistance and depressive
symptoms. Longitudinal cohorts, such as the Multi-Ethnic Study
of Atherosclerosis, reveal that higher allostatic load, quantified via
multisystem biomarkers including cortisol, associates with 36%
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Fig. 2. Mechanisms of cortisol dysregulation and their systemic consequences. This figure summarizes how disruption of the hypothalamic—pituitary—adre-
nal (HPA) axis alters cortisol regulation and contributes to disease risk. Under normal conditions, cortisol is released through coordinated signaling between
the hypothalamus (corticotropin-releasing hormone, CRH), pituitary gland (adrenocorticotropic hormone, ACTH), and adrenal glands. Chronic stress can
lead to hypercortisolism (excess cortisol), hypocortisolism (insufficient cortisol), or circadian rhythm disruption, each representing distinct patterns of HPA
axis dysregulation. These alterations are associated with adverse metabolic outcomes (e.g., hyperglycemia, visceral obesity, insulin resistance), neuropsy-
chological effects (anxiety, depression, cognitive decline), and immune dysfunction (chronic inflammation and impaired immune responses). Persistent
cortisol imbalance increases allostatic load, promoting maladaptive stress responses and reinforcing a vicious cycle linking inflammation, insulin resistance,

and poor sleep quality.

greater salivary cortisol output during stress in diabetics, alongside
poorer recovery in heart rate and blood pressure.*”-4?

Maladaptive responses vary by stressor chronicity and demo-
graphics. Acute stress elicits adaptive cortisol surges for energy
mobilization, but chronic psychological strain (e.g., job strain)
flattens decline slopes, correlating with higher evening cortisol
and T2DM incidence (hazard ratio 1.33). Racial/ethnic differences
emerge: discrimination predicts steeper slopes in African Ameri-
cans but flatter curves in other minorities, highlighting intersec-
tional vulnerabilities. In depression, HPA dysregulation manifests
as elevated morning area-under-the-curve (AUC) cortisol, with
blunted CAR forecasting recurrence. Preclinical models reinforce
this; chronic corticosterone exposure in rodents reduces Fkbp5
methylation, amplifying GR sensitivity and anxiety-like behaviors.
Clinically, selective serotonin reuptake inhibitors normalize AUC
cortisol, improving glycemic control in comorbid cases. Thus, al-
lostatic overload unifies HPA perturbations across metabolic and
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psychiatric domains, advocating for multimodal interventions tar-
geting feedback loops.4*> The characteristic patterns and conse-
quences of HPA axis dysregulation, encompassing allostatic load,
maladaptive cortisol feedback, and demographic variability, are
summarized in Table 1.48:50-52

Hypersecretion of cortisol: Clinical syndromes and metabolic
links

Hypercortisolism, or excessive glucocorticoid exposure, underlies
a spectrum from subclinical states to overt Cushing’s syndrome,
affecting approximately 2—8 cases per million people annually,
with a clear female predominance (about 70-75% of cases) and a
female-to-male ratio of nearly 3-4:1.5%3* Endogenous Cushing’s
syndrome arises in 80-85% from ACTH-dependent sources (e.g.,
pituitary adenomas in Cushing disease) or 15-20% from ACTH-
independent adrenal pathologies (e.g., adenomas, carcinomas).>3
Exogenous iatrogenic forms dominate, stemming from glucocorti-
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Table 1. Key aspects of HPA axis dysregulation and their associated physiological and clinical outcomes

G ':IPA Key features Associated outcomes Example evidence References
dysregulation
Allostatic load Cumulative “wear and tear” from chronic Insulin resistance, MESA cohort: 36% 48

activation; multisystem involvement
(HPA, autonomic, immune)

Maladaptive
response

Flattened diurnal curve,
impaired GR feedback

Demographic Sex/race differences in slope steepness

variability

hippocampal
atrophy, T2DM risk

Depression recurrence,
visceral obesity

Heightened risk in
women/minorities
under discrimination

higher cortisol output in
diabetics during stress

Whitehall Il Study: Higher 50
evening cortisol predicts
incident T2DM (OR =1.18)

Flatter slopes in non-African 51,52
American minorities

GR, glucocorticoid receptor; HPA, hypothalamic—pituitary—adrenal; MESA, Multi-Ethnic Study of Atherosclerosis; OR, odds ratio; T2DM, type 2 diabetes mellitus.

coid therapy, while pseudo-Cushing states mimic via physiologic
surges in obesity, alcoholism, or depression.

Classically, Cushing’s syndrome presents with central obesity
(“buffalo hump,” moon facies), proximal myopathy, wide purple
striae (>1 cm), hypertension, and hyperglycemia—features driven
by cortisol’s promotion of lipolysis, gluconeogenesis, and sodium
retention. In obesity and metabolic syndrome, functional hyper-
cortisolism exacerbates visceral adipogenesis; 11p-hydroxysteroid
dehydrogenase type 1 regenerates active cortisol in adipose tissue,
linking to dyslipidemia and insulin resistance. Depression intersects
via HPA hyperactivity: 50-81% of Cushing’s syndrome patients
develop major depressive disorder, with elevated CAR and even-
ing cortisol mirroring chronic stress patterns. Chronic stress itself
induces subclinical hypercortisolism, graded by intensity; for exam-
ple, work strain doubles T2DM risk in women via sustained ACTH.
Untreated, hypercortisolism triples cardiovascular mortality through
endothelial damage and hypercoagulability, underscoring urgency in
screening adrenal incidentalomas (prevalence 1-9%).57-59

Hyposecretion of cortisol: Adrenal insufficiency and fatigue
syndromes

Hypocortisolism, conversely, reflects adrenal cortex underproduc-
tion, spanning primary (Addison’s disease), secondary (pituitary
ACTH deficiency), and tertiary (hypothalamic CRH loss) forms.
Primary adrenal insufficiency, or Addison’s, affects 100—140 per
million, primarily autoimmune (90% via anti-21-hydroxylase an-
tibodies), with insidious onset: fatigue (universal), weight loss,
hypotension, and salt craving from aldosterone deficit. Hyperpig-
mentation (due to elevated ACTH/MSH) distinguishes primary
from secondary/tertiary, where mineralocorticoids remain intact.
Infections (e.g., tuberculosis, HIV), hemorrhage, or metastases ac-
count for 10-20% of cases; congenital adrenal hyperplasia pre-
dominates in pediatrics (1:14,200 births).6%-61

Fatigue-related syndromes, including chronic fatigue syn-
drome, overlap with secondary insufficiency post-glucocorticoid
withdrawal or Sheehan syndrome, manifesting as orthostatic in-
tolerance, anorexia, crisis, hypotension, hyponatremia, hyper-
kalemia, and hypoglycemia, triggered by infection or surgery
(mortality 5-10% if untreated). Mechanisms involve disrupted
energy metabolism and stress unresponsiveness; hypocortisolism
impairs catecholamine sensitization, worsening autonomic insta-
bility. In chronic fatigue syndrome, subtle HPA blunting correlates
with symptom severity, though not all cases confirm frank insuf-
ficiency. Lifelong hydrocortisone replacement normalizes progno-
sis, but “sick day rules” are critical to avert crises.%?

32

Circadian disruption: Lifestyle factors and disease risks

Disruption of the physiological circadian thythm of cortisol, char-
acterized by a ~50% CAR occurring 30—45 min post-awakening
followed by an approximately 75% decline by evening, has wide-
ranging metabolic, cardiovascular, immune, and neurocognitive
consequences. Chronic stress, night-shift work, jet lag, and sleep
deprivation impair SCN-mediated synchronization of ultradian
and circadian cortisol oscillations, resulting in flattened diurnal
slopes and elevated nocturnal cortisol levels.®*%* For instance,
Leproult et al.% demonstrated that a single night of restricted
sleep caused a significant rise in evening cortisol concentrations,
indicating an acute stress response. Similarly, chronic partial
sleep deprivation in healthy adults disrupted the cortisol nadir
and prolonged nocturnal secretion, leading to reduced recovery
and heightened stress reactivity. These findings highlight the sen-
sitivity of the HPA axis to sleep quality and duration.®® Large-
scale epidemiological studies have confirmed the long-term im-
plications of poor sleep on cortisol regulation. A landmark cohort
study involving 3,314 participants assessed the association be-
tween recurrent short sleep (<5 h), chronic insomnia, and diurnal
cortisol thythm.%” Individuals with persistent sleep disturbances
exhibited a flatter diurnal cortisol slope—marked by a steeper
morning rise and elevated evening levels—compared to those
with adequate sleep. This pattern signifies chronic HPA axis acti-
vation and impaired physiological recovery. Such dysregulation
predisposes individuals to fatigue, anxiety, depression, and car-
diometabolic diseases.

Shift work disrupts circadian rhythms and may elevate the risk
of metabolic disorders. A cohort study of 1,499 oilfield work-
ers found a higher prevalence of T2DM among shift workers
(6.56%) compared with day workers (4.21%). After adjusting
for confounders, shift work remained a significant risk factor for
T2DM (odds ratio = 1.91, 95% confidence interval: 1.17-3.14).
Additionally, shift workers exhibited significantly higher retinol-
binding protein-4 levels, suggesting its potential role as an early
biomarker for T2DM risk in this population.® Poor sleep hygiene
further compounds these effects by reducing sleep efficiency and
increasing sympathetic tone, while artificial light exposure at night
suppresses melatonin and sustains HPA axis activation; age-relat-
ed melatonin decline exacerbates this vulnerability.®® Importantly,
chronotherapeutic strategies, such as timed light exposure and me-
latonin supplementation, have demonstrated potential to partially
restore circadian alignment and mitigate cardiometabolic and neu-
rocognitive risk, underscoring the central role of lifestyle-based
prevention. A summary of key behavioral and environmental dis-
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Table 2. Major behavioral and environmental disruptors of the HPA axis: their cortisol-related impacts, associated metabolic and cardiovascular risks,

and evidence-based mitigation strategies

Disruptor Cortisol impact Associated risks Mitigation strategies References

Shift work Flattened slope, elevated Diabetes (HR 1.09/5 Rotating forward 70,71
evening levels yrs), CVD (20-40% 1) schedules, napping

Jet lag Acute desynchronization, Transient metabolic Melatonin 0.5-5 72,73
blunted CAR inflexibility mg pre-flight

Poor sleep hygiene Sustained hypercortisolism Neurodegeneration, Consistent bedtime, 74,75

inflammation

blue-light avoidance

CAR, cortisol awakening response; CVD, cardiovascular disease; HPA, hypothalamic—pituitary—adrenal; HR, hazard ratio.

ruptors, their cortisol-related impacts, associated health risks, and
mitigation strategies is presented in Table 2.70-75

Epigenetic influences: Programming by early-life stress and
trauma

Early-life stress, including abuse, neglect, or separation, epigeneti-
cally “programs” HPA reactivity during neurodevelopmental win-
dows via DNA methylation, histone acetylation, and non-coding
RNAs at stress-related genes. The dual-activation hypothesis pos-
its concurrent HPA and sensory network priming: Early-life stress
hypermethylates hippocampal GR (Nr3cl exon 1F), reducing
expression and feedback, yielding lifelong hypercortisolism. Rat
models of low maternal care replicate this, with Avp hypomethyla-
tion in the paraventricular nucleus amplifying CRH/AVP synergy;
human analogs in suicide victims confirm GR hypermethylation
post-maltreatment.”®

Trauma specificity emerges: sexual abuse thins somatosensory
cortices via BDNF hypermethylation, impairing neuroplasticity,
while verbal trauma thickens auditory regions. FKBP5 demeth-
ylation heightens the risk of post-traumatic stress disorder, with
allele-specific effects; sex dimorphism favors male hypersensitiv-
ity. Transgenerational echoes appear in FKBP5 patterns of Holo-
caust survivors’ progeny. Long-term, this fosters psychopathology
(depression odds 2-3x) and metabolic sequelae, but plasticity
persists; mindfulness reduces GR methylation. Epigenetic clocks
thus inform trauma-informed care, prioritizing early screening.””’8
Altogether, cortisol dysregulation encapsulates a nexus of endo-
crine, environmental, and genetic factors, demanding integrated
approaches: pharmacotherapy for acute states, chronobiology for
rhythms, and epigenome-targeted therapies for resilience. Future
research should prioritize longitudinal, diverse cohorts to refine
predictive models.

Biomarkers of dysregulation

The assessment of cortisol dysregulation necessitates precise and
reliable biomarkers that reflect both acute and chronic alterations
in HPA axis activity. Since cortisol secretion follows a distinct
circadian rhythm and is modulated by stress reactivity, diverse
biomarker modalities are employed to capture its dynamic and
integrated physiological expression across different timeframes.
Serum cortisol remains the most widely used clinical indicator for
evaluating adrenal function and acute stress responses. However,
its diagnostic utility is limited by substantial diurnal variation, rap-
id responsiveness to transient stressors, and approximately 95%
protein binding to corticosteroid-binding globulin, which restricts
its reflection of biologically active cortisol.”80 Further, salivary
cortisol provides a non-invasive and accurate measure of unbound
cortisol, directly representing free hormone concentrations. It is
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particularly useful in determining the CAR and diurnal slope, key
indicators of HPA axis rhythmicity and feedback sensitivity.81-82
The CAR is typically assessed through saliva samples collected at
awakening and at 30- and 60-min intervals post-awakening, quan-
tifying the anticipatory surge that reflects hippocampal-SCN in-
terplay. A blunted CAR is indicative of chronic stress vulnerability
and has been associated with recurrent major depressive disorder,
impaired cognitive function, and reduced memory performance.
Flexibility in CAR dynamics, rather than magnitude alone, bet-
ter predicts psychological resilience and emotional adaptability.>83
Standardized CAR assay kits and AUC analyses enhance repro-
ducibility and distinguish total hormonal output from response
kinetics.

Urinary free cortisol, quantifying unbound cortisol excreted
over a 24-h period, offers an integrated estimate of total daily
secretion. It remains the gold standard in diagnosing hypercorti-
solism, particularly in Cushing’s syndrome, and provides a less
time-sensitive measure compared to serum or saliva.$485 The dexa-
methasone suppression test assesses negative feedback sensitivity
of the HPA axis by measuring the suppression of endogenous cor-
tisol after administration of exogenous dexamethasone. Impaired
suppression reflects feedback resistance, commonly observed in
major depression, chronic stress, and other neuroendocrine disor-
ders.358¢ Further, hair cortisol concentration (HCC) has emerged
as a robust biomarker reflecting long-term systemic cortisol expo-
sure, integrating cumulative secretion over weeks to months. Un-
like plasma or saliva, which capture momentary snapshots, HCC
offers retrospective insights into chronic stress physiology via cor-
tisol diffusion from capillary blood into growing hair shafts. Typi-
cally, 3 cm of proximal scalp hair corresponds to approximately
three months of cortisol accumulation.®” Accurate assessment de-
mands reliable biomarkers beyond plasma assays, given that tradi-
tional measures capture transient cortisol levels and overlook long-
term exposure. HCC levels generally increase with age (ranging
from 21-40 pg/mg in adults above 50 years) and exhibit positive
correlations with body composition and cardiovascular risk.%8 Its
methodological advantages include non-invasiveness (single ~50
mg snip of hair), cost-effectiveness (~$50 per assay), and superior
adherence compared to multi-day saliva protocols, particularly in
elderly or community settings. Epidemiological studies show that
elevated HCC predicts incident T2DM and cardiovascular events,
while also serving as a longitudinal biomarker to track intervention
efficacy.?”°" However, external factors such as cosmetic hair treat-
ments or bleaching can confound cortisol recovery and should be
controlled for during sampling.

Together, HCC and CAR provide a multidimensional perspec-
tive on cortisol physiology, with HCC indexing chronic exposure
and CAR reflecting dynamic reactivity, enabling comprehensive
profiling of HPA axis function. These biomarkers not only enhance
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understanding of stress-related pathophysiology but also guide
personalized management strategies by identifying individuals
at heightened risk of stress-induced disorders. Collectively, the
integration of multiple biomarkers, i.e., serum, salivary, urinary,
hair, and dynamic suppression tests, offers a holistic framework
for assessing cortisol regulation and dysregulation across tempo-
ral domains, improving both diagnostic precision and therapeutic
monitoring in clinical and research contexts.

In summary, cortisol dysregulation embodies a complex inter-
play of neuroendocrine, metabolic, and psychosocial determinants,
where sustained allostatic load progressively shifts adaptive stress
responses into maladaptive physiological states. From hypercorti-
solism driving cardiometabolic and psychiatric morbidity to hypo-
cortisolism underlying fatigue syndromes and adrenal insufficien-
cy, the spectrum underscores the bidirectional crosstalk between
stress biology and systemic health. Modern lifestyles, character-
ized by disrupted circadian rhythms, chronic psychological stress,
and environmental disturbances, further exacerbate these altera-
tions, heightening disease vulnerability. Epigenetic programming
through early-life stress adds a transgenerational layer of risk, re-
inforcing the need for preventive and restorative strategies. The
multidimensional biomarker landscape spanning serum, salivary,
urinary, and hair cortisol, along with suppression tests, provides
valuable tools for decoding both acute reactivity and chronic expo-
sure, thus enabling individualized stress profiling. Understanding
these dysregulatory mechanisms not only deepens insight into the
pathophysiology of stress-related disorders but also establishes a
scientific foundation for exploring adaptogenic and herbal inter-
ventions that restore HPA homeostasis and promote resilience.

Conventional medical approaches for cortisol balancing

Conventional medical approaches for cortisol balancing integrate
pharmacological, diagnostic, and psychological strategies aimed
at restoring HPA axis homeostasis. Pharmacological interven-
tions are determined by the underlying pathology. In adrenal in-
sufficiency, physiological glucocorticoid replacement remains the
cornerstone of therapy, typically with hydrocortisone (15-25 mg/
day in divided doses) or prednisone as a longer-acting option. For
primary adrenal insufficiency, fludrocortisone is added to replace
mineralocorticoid activity and maintain electrolyte balance.’! In
contrast, hypercortisolism or Cushing’s syndrome is primarily
managed through surgical removal of ACTH- or cortisol-secreting
tumors. When surgery is not feasible or is incomplete, pharma-
cologic therapies such as ketoconazole, metyrapone, mitotane, or
osilodrostat are used to inhibit adrenal steroidogenesis and reduce
cortisol synthesis.??*3 Pituitary surgery is considered the first-line
treatment for Cushing’s disease, achieving remission in about 78%
of cases, although nearly one-third experience relapse, necessitat-
ing second-line therapies such as pituitary radiotherapy, bilateral
adrenalectomy, or long-term medical therapy. The therapeutic goal
is to normalize cortisol levels, reverse the clinical manifestations of
hypercortisolism, and minimize recurrence risk.?*-%¢ Medical ther-
apy has gained increasing importance as an adjunct or alternative
to surgery, particularly in severe or inoperable cases. Adrenal ster-
oidogenesis inhibitors, such as ketoconazole, metyrapone, mito-
tane (Lysodren), etomidate, and mifepristone (Korlym, Mifeprex),
act by blocking key enzymatic pathways of cortisol biosynthesis,
though they do not correct underlying pituitary dysfunction.®”-%8
The approval of osilodrostat by the U.S. Food and Drug Adminis-
tration (FDA) in 2020 represents a significant advancement, offer-
ing a potent oral option for cortisol control in Cushing’s disease.*’
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In adrenal insufficiency, treatment focuses on lifelong glucocor-
ticoid and mineralocorticoid replacement, supplemented by an-
drogen therapy when indicated. Patient education, stress-dose ad-
justments, and crisis prevention strategies are vital components of
management. In cases of adrenal crisis, prompt administration of
intravenous fluids and glucocorticoids is lifesaving,100:101
Accurate diagnostic evaluation is essential for effective therapy.
Serum cortisol, especially morning levels, assists in detecting ad-
renal insufficiency, while late-night salivary cortisol is a sensitive,
noninvasive marker for Cushing’s syndrome, identifying loss of
the normal nocturnal nadir. Twenty-four-hour urinary free cortisol
quantifies total cortisol production and is often used as a confirma-
tory test. The dexamethasone suppression test remains a corner-
stone diagnostic tool for differentiating physiological from patho-
logical cortisol elevation.!”? Expanding diagnostic frontiers now
include saliva, urine, interstitial fluid, sweat, and hair cortisol anal-
ysis, offering temporal insights into short- and long-term cortisol
dynamics.!%® Emerging electrochemical sensors and wearable bio-
sensing platforms allow point-of-care cortisol monitoring, while
mass spectrometry and immunoassays remain the gold standards
for laboratory-based quantification.!’* In addition to pharmacolog-
ical and diagnostic strategies, psychological therapies play a key
role in modulating cortisol dynamics, particularly in stress-related
dysregulation. Cognitive-behavioral therapy, stress-management
counseling, and biofeedback have shown efficacy in reducing
salivary and plasma cortisol in individuals under chronic psycho-
logical or occupational stress.!> Mindfulness-based interventions
and relaxation techniques further support HPA axis regulation
by attenuating stress reactivity and enhancing adaptive recovery.
Overall, the integration of precision pharmacotherapy, advanced
diagnostics, and behavioral modification forms a comprehensive,
evidence-based framework for maintaining cortisol balance. Such
an approach not only addresses endocrine dysfunction but also
promotes holistic well-being by harmonizing physiological, psy-
chological, and environmental factors governing HPA axis activity.

Nutritional and lifestyle interventions for cortisol management

Cortisol, the primary stress hormone, regulates metabolism, im-
munity, and cardiovascular function, maintaining homeostasis
during stress. However, its chronic imbalance leads to metabolic,
psychological, and immune disorders, making nutritional and life-
style strategies vital for restoring balance and overall well-being.

Nutritional strategies for optimal cortisol balance

Diet is a key modulator of HPA axis activity. Fluctuating blood
glucose levels are a potent physiological trigger for cortisol re-
lease; hence, maintaining glycemic stability is crucial. Research
indicates that high-glycemic diets elevate cortisol secretion com-
pared to low-glycemic diets due to rapid glucose absorption and
subsequent hypoglycemia-induced stress responses.!?®197 There-
fore, consuming balanced meals with complex carbohydrates, lean
proteins, and healthy fats, such as whole grains, legumes, nuts, and
seeds, helps to stabilize glucose and prevent cortisol spikes. A con-
trolled dietary intervention study involving adults on a high-glyce-
mic index (GI) diet for three weeks reported significantly higher
salivary cortisol levels and lower subjective energy compared to a
low-GI group.!"” Participants who switched to low-GI foods, such
as oats and lentils, experienced improved energy and reduced fa-
tigue, highlighting that diet composition directly influences cor-
tisol patterns. Incorporating such findings into dietary planning,
especially for individuals under chronic stress, can mitigate HPA
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axis hyperactivity.

In addition to macronutrient quality, micronutrients such as
magnesium, vitamin C, and B vitamins play crucial roles in ad-
renal function and neurotransmitter synthesis. Magnesium acts
as a natural relaxant, and studies have demonstrated that magne-
sium supplementation reduces cortisol and anxiety in individuals
with stress-related fatigue.!*® Vitamin C, abundant in citrus fruits
and amla, modulates cortisol responses to psychological stress.!?”
Therefore, nutrient-dense diets rich in leafy greens, fruits, and
whole foods support both adrenal and nervous system health.

Chronic inflammation amplifies cortisol production via cy-
tokine-mediated HPA activation. Omega-3 fatty acids, particularly
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA),
exert anti-inflammatory and neuroprotective effects, and their sup-
plementation has been shown to lower basal cortisol levels. In a
randomized controlled trial, university students receiving 2.5 g/
day of omega-3 for 12 weeks exhibited a 20% reduction in salivary
cortisol and improved mood compared to placebo.!? The research-
ers concluded that omega-3 intake buffered stress-induced cortisol
surges, possibly by dampening pro-inflammatory cytokines. Such
findings reinforce the value of including fatty fish, flaxseed, and
walnuts in a cortisol-conscious diet.

The emerging science of the gut-brain axis provides another
promising dietary pathway. Gut microbiota communicate bidi-
rectionally with the HPA axis through immune, neural, and meta-
bolic signaling."'! A study investigated the impact of prebiotics on
stress and emotional regulation in healthy adults. Forty-five par-
ticipants received either fructooligosaccharides (FOS), Bimuno®-
galactooligosaccharides (B-GOS), or placebo for three weeks.
B-GOS supplementation significantly reduced the salivary CAR
and shifted attention toward positive emotional cues, while FOS
showed no effect. These findings suggest that B-GOS may benefi-
cially modulate the gut-brain axis and stress response, supporting
its potential role in managing stress-related disorders.!!?

Sleep and circadian rhythm optimization

Restoring circadian alignment through consistent sleep-wake sched-
ules, morning sunlight exposure, and limiting late-night screen time
has been shown to be beneficial.!'®!4 Light exposure, particularly
blue-wavelength light, directly influences the SCN, the brain’s cir-
cadian pacemaker, thereby affecting cortisol and melatonin rhythms.
Excessive blue light at night delays melatonin onset and suppresses
nocturnal cortisol decline, worsening sleep latency and quality.!!s
Interventions targeting both behavioral and light-related factors
have demonstrated synergistic benefits. Jank(i et al.''® investigated
the combined effect of Cognitive Behavioral Therapy for Insomnia
(CBT-I) and blue-light-blocking glasses in 30 adults with chronic
insomnia. Participants using blue-light-filtering glasses 90 min be-
fore bedtime showed greater improvements in anxiety, depression,
and hyperarousal scores compared to placebo. Additionally, subjec-
tive total sleep time increased while sleep latency shortened. These
results suggest that blocking short-wavelength light in the evening
enhances CBT-I outcomes by facilitating melatonin release and re-
ducing HPA axis overactivation.!1¢

Further, occupational studies revealed that disrupted circadian
rhythms, such as in shift workers, distort cortisol and melatonin cy-
cles. Brum et al."'” compared fixed night-shift and day-shift hos-
pital staff and found that night-shift workers experienced reduced
nighttime sleep, higher social jet lag, and attenuated cortisol rhythms
during work and rest days. Although both groups maintained a nor-
mal circadian cortisol pattern, night-shift workers exhibited lower
amplitude and slower recovery of the HPA axis.!!” Overall, optimiz-
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ing sleep and circadian rhythm through structured bedtime routines,
light management, and cognitive—behavioral interventions is vital
for maintaining healthy cortisol regulation. These strategies not only
normalize HPA axis function but also enhance emotional resilience,
cognitive performance, and overall well-being.

Physical activity: The dual role of exercise

Physical activity plays a dual role in cortisol regulation, exerting
both acute and long-term effects. Intense physical exertion tem-
porarily raises cortisol levels to mobilize energy, while consist-
ent moderate exercise helps lower baseline cortisol and enhances
overall stress resilience.!'® A meta-analysis assessing the relation-
ship between physical activity and HPA axis regulation found that
higher physical activity was modestly associated with a steeper
diurnal cortisol slope (r = —0.043), reflecting improved cortisol
rhythm and adaptive stress response, although it did not signifi-
cantly affect the CAR."'® A 12-week intervention study on young
men from Peshawar demonstrated a significant reduction in serum
cortisol levels (from 142.98 to 106.88; P < 0.000) and perceived
stress scores (from 32.76 to 23.71; P < 0.000), confirming the po-
tential of aerobic exercise to lower stress and support balanced cor-
tisol regulation in healthy adults.'?? Further, a systematic review
following PRISMA (Preferred Reporting Items for Systematic
reviews and Meta-Analyses) guidelines examined the impact of
physical activity on cortisol regulation and sleep quality in adults.
Ten intervention studies with low-to-moderate bias showed that
physical activity significantly reduced cortisol levels (standardized
mean difference = —0.37, P < 0.001) and improved sleep quality
(standardized mean difference = —0.30, P = 0.02). However, most
trials involved breast cancer patients, with limited male and older
adult participants. Findings suggest that regular physical activity
may enhance both stress regulation and sleep, particularly in in-
dividuals with poor health, though further research is needed for
broader generalization.'?! Regular and moderate exercise fosters
adaptive HPA axis functioning and psychological well-being. In-
tegrating structured physical activity into daily routines can thus
serve as an effective non-pharmacological strategy for maintaining
optimal cortisol balance and long-term health.

Mind-body therapies and stress reduction

Psychological stress is the most potent activator of the HPA axis,
making mind-body interventions integral to cortisol regulation.
Meditation, yoga, deep breathing, and mindfulness-based stress
reduction (MBSR) have all demonstrated measurable effects on
cortisol reduction. In a landmark study, breast and prostate cancer
outpatients participating in an eight-week MBSR program showed
decreased salivary cortisol and improved quality of life compared
to controls.!?»123 A 10-day yoga-based lifestyle intervention fur-
ther highlighted these benefits in patients with chronic inflamma-
tory diseases. Among 86 participants, cortisol levels decreased
significantly (149.95 — 129.07 ng/mL; P = 0.001), accompanied
by reductions in inflammatory cytokines IL-6 and TNF-a and an
increase in 3-endorphins. These findings indicate that even a short-
term, structured yoga program can effectively alleviate stress and
inflammation, supporting its potential as a complementary therapy
in chronic disease management.!?* Similarly, an open-label clini-
cal study on 54 patients with depression compared yoga alone,
yoga combined with antidepressants, and antidepressant medica-
tion alone. After three months, participants in both yoga groups
exhibited greater reductions in serum cortisol and Hamilton De-
pression Rating Scale scores than those receiving only medication.
The decline in cortisol levels correlated with mood improvement,
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suggesting that yoga may exert antidepressant effects through
modulation of the HPA axis and reduction of stress hormones.!?3
Further a systematic review and meta-analysis of 42 randomized
controlled trials evaluated yoga asanas with or without mindful-
ness components on physiological stress markers. The analysis
revealed notable decreases in waking and evening cortisol, blood
pressure, and resting heart rate, alongside improvements in heart
rate variability—signifying better autonomic and HPA axis regula-
tion. These findings reinforce yoga’s role in restoring balance to
the body’s stress response systems across varied populations.!26

In adults with insomnia, 12 weeks of Classical Yoga combined
with Naturopathy supplements significantly reduced Pittsburgh
Sleep Quality Index scores and cortisol levels versus active rest,
demonstrating improved sleep regulation and diminished stress
burden.’?” Yoga and meditation programs for medical students
also induced significant reductions in serum cortisol and opti-
mized heart rate variability indices, reflecting greater autonomic
resilience to chronic stress.!?® Self-care strategies such as transcen-
dental meditation further support stress regulation, with reductions
in urinary cortisol linked to relaxation behavior, suggesting a role
for cortisol as a potential biomarker in stress-related therapeutic
monitoring.'??

Mind-body interventions also hold promise for younger popu-
lations. A 10-week classroom-based yoga program conducted
among second- and third-grade students demonstrated that regular
yoga practice could significantly reduce baseline cortisol in sec-
ond graders and lower stress reactivity in both grades. Teachers
observed improvements in emotional regulation, attention, and
classroom behavior, underscoring the potential of school-based
yoga in fostering stress resilience from an early age.'3" Togeth-
er, these findings provide compelling evidence that mind—body
therapies—whether practiced in clinical settings or educational
environments—promote balanced cortisol rthythms, reduce stress-
related inflammation, and enhance psychological well-being.
They underscore the therapeutic promise of integrating yoga and
mindfulness into holistic approaches for both physical and mental
health management.

Herbal and nutritional supplements: Evidence and caution

Among herbal interventions, Withania somnifera remains the most
extensively studied adaptogen for cortisol regulation. A double-
blind, placebo-controlled trial involving 64 adults with chronic
stress showed that 300 mg of high-concentration Ashwagan-
dha root extract twice daily for 60 days reduced serum cortisol
by 27.9% and improved anxiety and sleep quality.'3! This trial
demonstrates the potential of standardized adaptogens in normal-
izing HPA activity. However, experts advise caution due to vari-
able product quality and rare reports of adverse reactions with
prolonged unsupervised use.!3? Other emerging supplements with
promising evidence for cortisol regulation include phosphatidyl-
serine, L-theanine, and vitamin C, although further well-controlled
trials are needed to confirm their efficacy. Phosphatidylserine sup-
plementation (300 mg/day for one month) has been shown to re-
duce stress and improve mood among young adults with high neu-
roticism scores, suggesting its potential to blunt cortisol responses
and support emotional balance.'3? Similarly, a single 200 mg dose
of AlphaWave® L-theanine significantly increased frontal alpha
brain activity and lowered salivary cortisol, reflecting enhanced re-
laxation and reduced stress in healthy, moderately stressed adults;
the supplement was found to be safe and well tolerated.!3* Moreo-
ver, daily intake of 1,000 mg vitamin C (ascorbic acid) for two
months effectively reduced elevated cortisol and DHEA-S levels
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in women with functional hypercortisolemia, highlighting its role
in restoring hormonal balance under stress.!3%

Inclusively, nutritional and lifestyle strategies provide a mul-
tifaceted yet practical framework for cortisol regulation. In met-
abolic dysfunction-associated steatotic liver disease, exercise
combined with diet, particularly high-intensity interval train-
ing, significantly lowered cortisol while improving hepatic and
metabolic health markers.'3¢ Balanced, low-glycemic diets rich
in omega-3s and micronutrients stabilize blood sugar and reduce
inflammation; probiotics and fermented foods support gut—brain
communication; consistent sleep restores circadian rhythm; mod-
erate exercise enhances resilience; and mind-body practices im-
prove psychological adaptability. Carefully selected adaptogenic
herbs may further enhance these benefits under clinical guidance.
Together, these interventions not only normalize cortisol secretion
but also promote holistic physical and mental health.

Traditional and integrative medicine approaches for manage-
ment of cortisol

Managing cortisol dysregulation is vital, as chronic stress disrupts
metabolic, immune, and neurological balance. Traditional and
integrative approaches aim to naturally restore HPA axis harmo-
ny. Ayurvedic adaptogens such as Withania somnifera, Ocimum
sanctum, and Glycyrrhiza glabra, along with Traditional Chinese
herbs like Rhodiola rosea and Panax ginseng, help regulate cor-
tisol and enhance resilience. Complementary practices including
yoga, pranayama, meditation, acupuncture, and MBSR further
lower cortisol and promote emotional stability, offering a holistic,
evidence-based approach to restoring endocrine balance and over-
all well-being.

Ayurveda: Rasayana herbs for HPA axis modulation

Ayurveda emphasizes Rasayana therapy to restore psychophysi-
ological balance and improve resilience against stress-induced
disorders. Rasayana is one of the eight clinical specialties of clas-
sical Ayurveda, concerned with health preservation, rejuvenation,
and longevity. It encompasses rejuvenative formulations, dietary
regimens, and health-promoting conduct (Acara Rasdyana) that
enhance the quality and circulation of rasa dhatu, thereby strength-
ening immunity, delaying aging, improving physical and cogni-
tive functions, and preventing disease recurrence. Rasayana thera-
pies act as nutritional and antioxidant interventions that counter
oxidative stress and support systemic resilience, contributing to
sustained physiological balance and vitality."3”-13° Among these,
Withania somnifera is one of the most extensively validated adap-
togens for HPA axis modulation. Multiple randomized, double-
blind, placebo-controlled clinical trials consistently demonstrate
its ability to reduce perceived stress levels, normalize cortisol se-
cretion, and enhance sleep and overall well-being. A 60-day clini-
cal trial using standardized Ashwagandha extract (240 mg/day;
Shoden) significantly reduced HAM-A anxiety scores (P = 0.040),
morning cortisol (P < 0.001), and DHEA-S (P = 0.004) in stressed
adults, with excellent tolerability.!4%!4! Dose-dependent improve-
ments in stress markers, including serum cortisol, perceived stress,
and sleep quality, were observed with 300-600 mg/day administra-
tion over eight weeks,'*? and reduced stress-related weight gain
was further reported.!*? Additional studies show significant de-
creases in cortisol accompanied by improved mood, cardiovascu-
lar function, biochemical markers of inflammation and oxidative
stress, and cognitive performance.!3:144-147 Preclinical findings
corroborate strong adaptogenic potential through protective effects
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against acute stress—induced biochemical disruptions.'*® Together,
these findings establish Ashwagandha as a potent Rasayana herb
that helps regulate the HPA axis and enhance stress resilience.
Other classical Rasayana plants also demonstrate cortisol-
modulating potential. Ocimum tenuiflorum supplementation for
eight weeks significantly reduced hair and salivary cortisol, blood
pressure, stress biomarkers, and improved sleep and perceived
stress scores in adults experiencing stress (Holixer™ extract; rand-
omized controlled trial), while showing good safety. Bacopa mon-
nieri (Brahmi) has shown stress-buffering properties, as observed
in clinical trials reporting reduced salivary cortisol and improve-
ments in emotional well-being, sleep-related fatigue, and other
stress-associated biomarkers.!*%15" These Ayurvedic herbs con-
tribute to restoring HPA axis balance and mitigating chronic stress
burden through multifactorial neuroendocrine mechanisms.

Traditional Chinese medicine (TCM): Adaptogens for cortisol
normalization

TCM conceptualizes stress-related neuroendocrine imbalance in
terms of Qi deficiency and disruption of Shen, reflecting reduced
physiological vitality and impaired mental-emotional regulation.
04, the vital life force supporting integrated mind-body function,
becomes deficient due to factors such as poor nutrition or diges-
tion, constrained respiration, chronic stress, illness, or constitu-
tionally weak inherited reserves, leading to diminished adaptive
capacity.'51-153 Shen, regarded as the governor of life, governs
consciousness, emotion, cognition, and perception; its disturbance
manifests as altered awareness and stress reactivity.!3* Within this
framework, TCM employs adaptogenic botanicals and restorative
practices to strengthen resilience and buffer the neuroendocrine
stress response (Table 3).7:131:140,142-147,149,150,155-159 Papgyx gin-
seng has been widely studied for such effects. Although clinical tri-
als in chronic fatigue and psychological stress have shown mixed
outcomes, subgroup analyses indicate greater benefits in individu-
als >50 years old, demonstrating reductions in fatigue and stress-
related symptoms with favorable safety.155160

Beyond ginseng, several TCM adaptogens show promise for corti-
sol regulation. Rhodiola rosea supplementation (200400 mg/day)
consistently attenuated fatigue, burnout, and anxiety symptoms
while improving concentration and reducing CAR, with effects
emerging as early as week 1 and excellent tolerability,!56:161-163
Eleutherococcus senticosus also enhanced stress resilience and
quality of life in individuals with stress-related asthenia, with re-
ductions in CAR observed within two weeks.!®* Additionally, Eu-
rycoma longifolia (Tongkat ali), used in Southeast Asian tradition-
al medicine with overlap in TCM practice, significantly reduced
salivary cortisol (—16%) and improved negative mood parameters
after four weeks,!%5 while Lepidium peruvianum (Maca) demon-
strated hormonal homeostasis, including improved ACTH and
cardiometabolic indicators in perimenopausal women.!S? Overall,
adaptogenic herbs commonly employed in TCM exhibit promising
stress-modulating actions through regulation of the HPA axis and
cortisol dynamics. However, response variability across popula-
tions highlights the need for personalized-medicine-based clinical
evaluations and long-term mechanistic studies to validate thera-
peutic consistency.

Altogether, herbal adaptogens and stress-response modulators
provide a promising complementary strategy to regulate corti-
sol dynamics, improve overall stress resilience, and restore neu-
roendocrine balance. Evidence from clinical studies suggests that
plants such as Withania somnifera, Ocimum tenuiflorum, Rhodiola
rosea, and Bacopa monnieri most consistently reduce cortisol lev-
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els while enhancing psychological and physiological recovery.
However, inconsistencies remain in dosage standardization, sam-
pling time, and study duration, along with marked inter-individual
variability in cortisol reactivity. Continued research incorporating
robust biomarkers, long-term follow-up, and multi-herb formula-
tions is essential to translate these benefits into optimized thera-
peutic protocols for stress-related health issues.

Acupuncture: Restoring autonomic and HPA axis balance

Acupuncture is increasingly being explored as a complementary
strategy to reduce stress-related disorders by normalizing auto-
nomic function and the HPA axis. Anxiety disorders affect over
301 million people globally, and nearly one-third of patients re-
main unresponsive or intolerant to conventional therapies, driving
interest toward alternatives. Electro-acupuncture and Bioelectric
Meridian Therapy activate specific acupoints to enhance parasym-
pathetic activity, regulate heart rhythms, and reduce cortisol levels,
thereby helping restore autonomic balance. These modalities may
further modulate vagal tone, brain wave activity, and neurotrans-
mitter release, although larger confirmatory trials are needed.!%

Clinical findings support acupuncture’s potential in differ-
ent stress-associated conditions. In mild to moderate bronchial
asthma, daily 20-min acupuncture sessions over one month sig-
nificantly improved pulmonary function and favorably modulated
inflammatory and stress markers: cortisol, TNF-a, and salivary
alpha-amylase decreased, while IL-10 and DHEA-S increased,
highlighting improved immune and adrenal balance.!®” In mildly
stressed university students, 30-min stimulation at ST36 reduced
systolic blood pressure and heart rate, suggesting autonomic relax-
ation, although reductions in salivary cortisol were not statistically
significant, indicating the need for larger trials.!8

Following total knee arthroplasty, acupuncture modestly re-
duced postoperative stress: cortisol levels on day 2 were signifi-
cantly lower in the acupuncture group than in controls (P < 0.05),
with a trend toward reduced analgesic consumption.!®® Likewise,
a randomized double-blind sham-controlled trial in dysthymic
patients with opioid use disorder undergoing methadone mainte-
nance therapy showed that four weeks of auricular acupuncture
significantly reduced salivary cortisol levels and suicidal ideation
(P < 0.01).17 Auricular acupuncture has shown benefits in major
depressive disorder, dysthymia, and suicidal ideation, with single-
case studies reporting significant decreases in salivary cortisol and
improvements in affective symptoms,'”!'”2 supporting potential
HPA axis regulation. In chronic nonspecific lower back pain, laser
acupuncture combined with cupping therapy significantly reduced
plasma cortisol and pain intensity, indicating both stress-buffering
and anti-inflammatory effects.!”3

Together, these studies indicate that acupuncture may modu-
late cortisol-related pathways across stress, pain, respiratory, and
psychiatric disorders. However, standardized treatment protocols,
long-term follow-ups, and head-to-head comparisons with estab-
lished therapies are necessary to strengthen clinical recommenda-
tions.

Homeopathy: Modulation of cortisol and stress pathways

Homeopathy is increasingly investigated for its potential role in
regulating stress physiology and HPA axis activity. Evidence,
though limited, suggests possible reductions in cortisol and im-
provements in stress-linked symptoms. In ACTH-dependent Cush-
ing’s disease, individualized homeopathic treatment with Mercu-
rius SOM was associated with symptomatic improvement, weight
reduction, and normalization of elevated plasma and urinary cor-
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tisol, indicating supportive endocrine benefits when conventional
therapeutic options are limited.!’* In a 12-week intervention in-
volving adults with chronic stress, homeopathic remedies such as
Ignatia amara and Arsenicum album resulted in lowered salivary
cortisol and improved oxidative and inflammatory markers (MDA,
SOD, IL-6, TNF-a), suggesting HPA axis modulation.'”S Homeop-
athy has also been tested in sleep disturbances: Nux vomica nota-
bly reduced cortisol levels and sleep-related symptoms in healthy
volunteers, whereas effects on melatonin remained minimal, indi-
cating selective neuroendocrine influence.!”®

Traditional and integrative medicine approaches offer a com-
prehensive framework for managing cortisol dysregulation by ad-
dressing both physiological and psychological aspects of stress.
Evidence from Ayurveda, TCM, acupuncture, homeopathy, na-
turopathy, yoga, and other mind-body interventions highlights
their effectiveness in modulating the HPA axis and restoring hor-
monal balance. Herbal adaptogens such as Withania somnifera,
Ocimum tenuiflorum, Rhodiola rosea, and Panax ginseng have
demonstrated consistent efficacy in lowering cortisol and enhanc-
ing resilience, while practices like yoga, meditation, acupuncture,
and naturopathy promote neuroendocrine and emotional stability.
These integrative modalities complement conventional therapy
by targeting the root causes of HPA axis imbalance and fostering
holistic well-being. Continued interdisciplinary research integrat-
ing systems biology, personalized medicine, and long-term clini-
cal validation will be crucial to solidify their role in sustainable
cortisol regulation.

Emerging evidence suggests that cortisol regulation extends be-
yond the classical HPA axis and is shaped by integrated circadian
and systemic signals. In particular, interactions between neuroen-
docrine rhythms and gut-derived metabolic cues are increasingly
recognized as critical modulators of glucocorticoid signaling and
stress physiology. Recent work indicates that cortisol is signifi-
cantly regulated by the interactions of circadian (pineal melatonin)
and systemic (gut-derived butyrate) factors.!”” Both melatonin and
the gut microbiome—derived short-chain fatty acid butyrate sup-
press the nuclear translocation of the GR-o from its cytoplasmic
complex, thereby attenuating cortisol/GR-o—mediated transcrip-
tional effects.'”®!7? In addition to suppressing adrenal cortisol
production,'®” melatonin plays a key role in maintaining gut bar-
rier integrity and preventing dysbiosis. Consequently, age-related
and disease-associated reductions in pineal melatonin, observed
in conditions such as T2DM and chronic stress, can disrupt cor-
tisol/GR-o regulation.'8! These interactions warrant further inves-
tigation, particularly in relation to how traditional interventions
discussed in this review may modulate circadian—microbiome—
endocrine crosstalk. Moreover, given the existence of multiple
GR subtypes (GR-a, GR-B), haplotypes, and distinct subcellular
localizations, including cytoplasmic, plasma membrane, and mi-
tochondrial compartments, each with unique functional conse-
quences,'8? it is essential to explore how traditional therapeutic
approaches influence this broader complexity of cortisol signal-
ing. Taken together, these insights underscore the need for future
research frameworks that integrate circadian biology, gut-brain
interactions, and GR heterogeneity. Such an integrative perspec-
tive may provide a more comprehensive understanding of cortisol
modulation and enhance the scientific grounding of traditional and
lifestyle-based therapeutic strategies.

Strength of evidence and clinical interpretation of traditional
and integrative interventions for cortisol regulation

Given the growing integration of traditional medical systems
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into stress and endocrine management, it is critical to clearly dis-
tinguish the strength of clinical evidence supporting individual
interventions to ensure accurate interpretation and responsible
application. The traditional and integrative therapies discussed in
this review exhibit substantial heterogeneity in evidentiary qual-
ity, necessitating a structured and transparent grading framework
to avoid misrepresentation of therapeutic credibility. According-
ly, interventions were systematically categorized based on study
design, sample size, reproducibility, and robustness of cortisol-
related outcomes.

Grade A evidence includes Withania somnifera and yoga-based
practices, supported by multiple large, randomized, double-blind,
placebo-controlled trials consistently demonstrating significant
reductions in cortisol levels and improvements in stress-related
outcomes, 131:140,142,144,146 Grade B evidence encompasses Ocimum
tenuiflorum, Bacopa monnieri, Rhodiola rosea, Panax ginseng,
acupuncture, mindfulness/meditation practices, and Rasayana
formulations overall, which are supported by small-to-moderate
randomized trials or controlled observational studies reporting
generally favorable but occasionally heterogeneous cortisol re-
sponses. 14%:150.156,160,167 Grade C evidence includes homeopathy
and certain individualized or non-standardized traditional inter-
ventions that currently rely on case reports, pilot studies, or small
uncontrolled trials and therefore require further rigorous validation
prior to broad clinical generalization.!7117%174176 Clear evidence
stratification is essential to prevent false equivalence across thera-
peutic modalities, strengthen scientific rigor, and guide clinicians,
researchers, and policymakers toward evidence-informed integra-
tion. By balancing respect for traditional knowledge systems with
transparent acknowledgment of current evidentiary limitations,
this framework supports ethical clinical translation while clearly
identifying priorities for future high-quality, standardized research
in cortisol regulation.

Towards an integrated model for cortisol management

Cortisol, the principal glucocorticoid secreted by the adrenal cor-
tex, plays a pivotal role in maintaining homeostasis by modulating
metabolism, immune function, cardiovascular tone, and stress re-
sponses. However, chronic dysregulation of the HPA axis, whether
through persistent psychological stress, inflammatory conditions,
or disrupted circadian rhythms, leads to pathological states such
as metabolic syndrome, depression, immunosuppression, hyper-
tension, and reproductive dysfunction.!$3184 This underscores the
need for an integrated, multidimensional model of cortisol man-
agement that combines biomedical, behavioral, and traditional
healing perspectives.

An integrated model begins with the recognition that corti-
sol balance is both a physiological and psychosocial construct
(Fig. 3). Effective regulation involves lifestyle optimization—
adequate sleep, balanced nutrition, regular physical activity, and
stress reduction—to stabilize circadian rhythm and autonomic
function.!®S Nutritional strategies emphasizing complex carbo-
hydrates, omega-3 fatty acids, vitamins C and B5, and poly-
phenol-rich foods can modulate HPA-axis activity and lower
oxidative stress.!8¢-187 Mind-body interventions such as yoga,
meditation, and MBSR have demonstrated efficacy in normal-
izing diurnal cortisol patterns and enhancing resilience against
chronic stress.!?¢

Pharmacological and complementary approaches can further
support this model. Adaptogenic botanicals, such as Withania
somnifera, Rhodiola rosea, Panax ginseng, and Bacopa monnieri,
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Fig. 3. Integrated mind—body approaches for restoring cortisol balance. This figure depicts how hypothalamic—pituitary—adrenal (HPA) axis dysregulation
driven by chronic stress and inflammation disrupts cortisol balance, contributing to sleep disturbance, anxiety, depression, metabolic syndrome, hyperten-
sion, and immune dysfunction. The lower panel highlights a holistic strategy for cortisol regulation, integrating body-based interventions (adaptogenic
herbs, nutrition, and exercise) with mind-based practices (yoga and meditation). Together, these approaches act synergistically to reduce allostatic load,

improve stress resilience, and restore adaptive neuroendocrine balance.

have shown clinical potential in mitigating stress-induced hyper-
cortisolemia and improving energy metabolism, cognitive func-
tion, and mood.!4%188:189 Integrative endocrinology also advocates
monitoring cortisol rhythms via salivary or serum assays, aligning
therapeutic interventions with the body’s circadian patterns. Impor-
tantly, psychosocial interventions addressing emotional regulation,
social support, and work-life balance are essential for long-term
success. An integrated cortisol management framework, therefore,
blends biomedical monitoring, psychoneuroendocrine regulation,
lifestyle transformation, and traditional healing wisdom, reflecting

DOI: 10.14218/FIM.2025.00062 | Volume 5 Issue 1, March 2026

a holistic and sustainable approach to stress adaptation and overall
well-being.

Safety considerations, contraindications, and potential risks of
traditional interventions

Traditional, lifestyle-based, and integrative interventions show
promise in enhancing stress resilience and regulating cortisol, but
their use must be grounded in careful assessment of safety and
contraindications. As cortisol is essential for metabolic, immune,
and cardiovascular homeostasis, indiscriminate suppression, espe-
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cially in vulnerable populations, may cause adverse effects. Hence,
a balanced benefit-risk evaluation is crucial for responsible clinical
integration. Nutritional and lifestyle interventions, although gener-
ally safe, are not without physiological boundaries. Dietary strate-
gies aimed at stabilizing blood glucose and reducing inflammation
may become counterproductive when implemented in extreme
forms. Prolonged fasting, severe caloric restriction, or very low-
carbohydrate regimens can paradoxically activate stress pathways,
elevating cortisol through hypoglycemia-induced neuroendocrine
responses.!?%1! Clinical evidence further indicates that unsuper-
vised caloric restriction or intermittent fasting may disrupt thyroid
and reproductive hormone balance, particularly in women, thereby
impairing overall endocrine homeostasis.'*>!%3 Omega-3 fatty ac-
ids exert anti-inflammatory and stress-modulating effects; how-
ever, excessive supplementation may increase bleeding risk and
interact with anticoagulant therapy.!*!5 The Institute of Medi-
cine recommends an acceptable macronutrient distribution range
for omega-3 fatty acids (as alpha-linolenic acid) of 0.6-1.2% of
total energy intake, with limited derivation from EPA and DHA.
While intakes up to 5 g/day of EPA + DHA are considered safe by
European Food Safety Authority and the FDA, higher or prolonged
doses may increase bleeding tendency, modestly elevate atrial fi-
brillation risk, suppress immune responses, and cause gastrointes-
tinal discomfort.!%

Sleep optimization and circadian alignment remain foundation-
al to cortisol regulation and are broadly safe when behaviorally
driven. However, chronic or high-dose use of exogenous melatonin
(>5 mg/day) may cause next-day somnolence, headache, or hor-
monal interactions, particularly in individuals with autoimmune
disorders or those receiving antidepressants or antihypertensive
medications.!?®!%7 Gradual circadian entrainment through light
exposure, sleep hygiene, and behavioral modification is therefore
preferable to long-term pharmacological reliance. Moderate physi-
cal activity consistently improves HPA axis resilience; neverthe-
less, excessive high-intensity training without adequate recovery
may induce chronic cortisol elevation, immune suppression, and
overtraining syndrome.!”® Exercise prescriptions should thus be
individualized based on baseline fitness, age, and clinical status.
Herbal adaptogens, despite their widespread perception as inher-
ently safe, contain pharmacologically active constituents capable
of producing clinically significant effects and interactions. Witha-
nia somnifera has demonstrated efficacy in stress reduction and
cortisol modulation; however, it may increase thyroid hormone
levels and should be avoided or closely monitored in individuals
with hyperthyroidism or those receiving thyroid hormone replace-
ment therapy.**2% Glycyrrhiza glabra presents well-documented
risks due to its mineralocorticoid-like activity. Glycyrrhizin inhib-
its 11B-hydroxysteroid dehydrogenase type 2, leading to sodium
retention, potassium loss, hypertension, edema, and hypokalemic
metabolic alkalosis—effects that may exacerbate cardiovascular
disease and directly counter cortisol-lowering objectives.201:202
Glycyrrhiza glabra is therefore contraindicated in hypertension,
chronic kidney disease, pregnancy, and in patients using diuret-
ics or corticosteroids. Panax ginseng and Rhodiola rosea are gen-
erally well tolerated; however, adverse effects such as insomnia,
agitation, headache, and gastrointestinal upset have been reported,
particularly at higher doses or when combined with stimulants, an-
tidepressants, or antihypertensive drugs.?0%204

Mind-body therapies and procedural interventions exhibit fa-
vorable safety profiles when appropriately administered. Yoga,
meditation, and MBSR are associated with minimal adverse ef-
fects; nonetheless, musculoskeletal strain, dizziness, or psycholog-
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ical distress may occur during intensive or unsupervised practice,
particularly in individuals with trauma histories or severe psychi-
atric illness.2%> Trauma-informed, graded, and professionally su-
pervised approaches are therefore recommended. Acupuncture is
generally safe when performed by trained practitioners following
established safety guidelines. Minor adverse effects such as bruis-
ing, pain, or transient dizziness are relatively common, while seri-
ous complications, such as infection or pneumothorax, are rare and
typically associated with improper technique.2°%-207 Patients with
bleeding disorders, those receiving anticoagulant therapy, or im-
munocompromised individuals require additional caution.

Homeopathy, contrary to the assumption of inherent safety
from extreme dilutions, may carry risks. Commonly prescribed
classical, tincture-based, and proprietary homeopathic formu-
lations can contain concerning levels of ethanol, heavy metals,
undisclosed bioactive compounds, or industrial/pharmaceutical
residues. An additional major risk is the delay or substitution of
evidence-based care. These findings highlight serious safety and
transparency concerns and reinforce the need for stricter regula-
tion, quality control, and cautious, evidence-based clinical deci-
sion-making.2%829? Despite being largely non-invasive, therapies
such as heat and water carry risks, including burns and allergies.
Implementation of NABH-mandated incidence monitoring in
an accredited yoga and naturopathy hospital enabled systematic
reporting of adverse events, treatment errors, and near-misses
among over 27,000 patients. The findings highlight that struc-
tured quality and safety frameworks are essential to improve pa-
tient safety, clinical governance, and the credibility of using these
natural therapies.?'’

Herb-drug interactions can significantly affect drug safety and
efficacy by altering absorption, metabolism, and receptor activity,
most commonly via CYP450 enzymes and transporters. Wide-
spread herbal use, underreporting, and limited patient-physician
communication increase the risk of unrecognized adverse effects.
Greater awareness and evidence-based monitoring are essential to
ensure patient safety.?!? Clinical implications and risk mitigation
require a personalized, evidence-informed, and clinically super-
vised approach. Given the heterogeneity of cortisol physiology and
individual stress reactivity, integrative interventions should be ap-
plied cautiously in patients with endocrine disorders, cardiovascu-
lar disease, autoimmune conditions, pregnancy, or polypharmacy.
Clear differentiation between high-quality evidence and low-qual-
ity or exploratory evidence is essential to prevent therapeutic mis-
interpretation. Conclusively, traditional and integrative strategies
for cortisol modulation offer meaningful benefits when applied
judiciously, but they are not devoid of risk. Future research should
prioritize long-term safety data, standardized formulations, inter-
action studies, and robust evidence-grading frameworks to support
the safe, ethical, and sustainable integration of these interventions
into stress and endocrine care.

Limitations and scope of the review

While this review provides a comprehensive and integrative per-
spective on cortisol regulation, certain limitations should be inter-
preted as reflections of its broad, translational scope rather than
methodological shortcomings. First, the review adopts a narrative
and conceptual approach, which allows synthesis across diverse
disciplines including endocrinology, psychoneuroimmunology,
and integrative medicine. Although this approach does not permit
quantitative comparison of effect sizes, it enables a systems-level
understanding that would not be achievable through narrowly fo-
cused systematic reviews. This integrative breadth represents a key
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strength, particularly for emerging, interdisciplinary fields. Sec-
ond, the diversity of evidence sources, ranging from randomized
controlled trials to observational and traditional knowledge-based
studies, introduces heterogeneity in study design and outcome
measures. Rather than diminishing validity, this heterogeneity re-
flects the real-world complexity of cortisol dysregulation, which
spans biological, behavioral, and environmental domains. The
review therefore emphasizes conceptual coherence and clinical
relevance over strict methodological uniformity. Third, some tra-
ditional and complementary interventions discussed remain sup-
ported by early-stage or limited clinical evidence. This limitation
is acknowledged to avoid overinterpretation and is presented in-
tentionally to highlight research gaps and future investigative pri-
orities, rather than to equate all therapies in terms of evidentiary
strength. Fourth, cortisol biomarkers such as the CAR and diurnal
slope are influenced by multiple contextual factors, which may
limit their standalone diagnostic precision. However, the review
frames these measures within integrated assessment models, rein-
forcing their value when interpreted alongside clinical symptoms
and lifestyle context. Overall, the proposed integrated model of
cortisol regulation is conceptual rather than prescriptive. While not
yet validated in large-scale clinical trials, it serves as a theoretical
scaffold to guide hypothesis generation, interdisciplinary collabo-
ration, and future translational research.

Conclusions

Cortisol serves as the body’s master regulator of stress and
metabolic adaptation, yet its chronic dysregulation represents a
critical link between lifestyle stress and systemic disease. This
review underscores that effective management extends beyond
pharmacological correction to embrace integrative, preventive,
and restorative strategies. Evidence from both modern and tra-
ditional systems demonstrates that balanced nutrition, restora-
tive sleep, structured physical activity, and mind-body practices
are fundamental for maintaining HPA axis homeostasis. Herbal
adaptogens such as Withania somnifera, Ocimum tenuiflorum,
Rhodiola rosea, and Bacopa monnieri further strengthen resil-
ience by modulating neuroendocrine and immune pathways.
When combined with complementary modalities like acupunc-
ture and naturopathy, these approaches form a synergistic net-
work that supports endocrine stability and emotional well-being.
Future directions should focus on large-scale, longitudinal stud-
ies employing validated biomarkers, such as salivary, urinary,
and hair cortisol, to personalize interventions and measure thera-
peutic efficacy. Ultimately, the integration of biomedical preci-
sion with traditional wisdom provides a sustainable model for
cortisol regulation, advancing the model of holistic health and
stress resilience in modern medicine.
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