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ABSTRACT

The sleep-wake cycle is a homeostatic process regulated by circadian rhythm. In Ayurveda, Nidra (sleep) is considered one of the components of
Trayopastambha (the three pillars of life). Proper sleep is essential for maintaining nourishment, strength, cognitive clarity, and physical and mental
well-being. Modern lifestyle instigates a dual crisis of sleep disorders and acquired metabolic diseases like type 2 diabetes mellitus (T2DM), obesity,
dyslipidaemia, etc. This review aims to integrate the Ayurvedic perspective on Nidra (sleep) and its role as a metabolic regulator. Also understand the
concept of Kale Nidra (timely sleep) with evidence from modern circadian biology. According to Ayurveda, timely sleep is associated with Agnidipan
(optimal metabolic activity), Pusti (proper nutritional status), and Dhatusamya (homeostasis). A conceptual parallel is found in circadian biology;
synchronization of the ‘master clock’, the Suprachiasmatic Nucleus (SCN), to the peripheral oscillators in different organs is essential for normal
metabolism. Disruption of this rhythm leads to impaired Agni and the formation of Ama, which results in diseases. Current research reflects this, linking
sleep deprivation to insulin resistance, dysregulated hunger hormones, and elevated cortisol levels. The role of Clock genes in tissue-level metabolism
provides an analogy to the concept of Dhatwagni. Metabolic health is inseparably linked to the circadian integrity of Nidra (sleep). Synchronizing sleep
patterns with circadian rhythm helps to restore synergy between Agni and metabolic health. Timely sleep, being a modifiable factor of the
pathophysiological loop, can be administered as a potent non-pharmacological tool for the global surge in metabolic disorders.
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INTRODUCTION

Sleep is regulated by the homeostatic physiology of the circadian
rhythm. Circadian rhythm is the 24-hour clock in our body that
regulates the sleep-wake cycle in response to environmental light
!, The Suprachiasmatic Nucleus (SCN) in the hypothalamus acts
as the ‘master clock’ for this rhythm?. When homeostatically
regulated functions are in synchrony, they impart a feeling of
well-being. When disruption happens in this rthythmic pattern, in
terms of sleep deprivation, it results in a detrimental effect on
health.

Ahar (diet), Nidra (sleep), and Brahmacharya (regulated
lifestyle/energy conservation), are referred to as Trayopastambha
(three pillars of life) in Ayurveda texts 3. Proper Nidra (sleep) is
essential for maintaining balanced Doshas and overall physical
and mental well-being. Nidra is responsible for physiological
functions like Sukham (happiness), Dukham (unhappiness), Pusti
(nourishment), Karshya (emaciation), Bala (strength), Abala
(debility), Vrisata (aphrodisiac capacity), Klibata (sterility), Jnana
(cognitive clarity), Ajnanam (cognitive impairment), and Jivitam
longevity)*. Acharya Chakrapani explains in the Ayurveda Dipika
commentary® that the positive effects of Sukham (happiness),
Bala (strength), Vrisata (aphrodisiac capacity), and Jnana
(cognitive clarity), etc., are due to sleep taken at the proper time,
in the proper quantity and quality. On the other hand, if sleep is
taken at an improper time, quantity, and quality, there will be
disruption in normal physiological processes and result in

Dukham (unhappiness), Karsya (emaciation), Abala (debility),
Klibata (sterility), and Ajnanam (cognitive impairment)®.

Timely sleep is mentioned to endow with — Pusti (nourishment),
Bala (strength), Utsaha (enthusiasm/ mental wellbeing),
Agnidipan (metabolic activity), Dhatu samya (homeostasis)’. It
highlights the role of consistent bedtime and waking up aligned
with the body’s circadian rhythm, which sustains regulation of
normal metabolism, thereby promoting homeostasis. In other
words, disturbance in Nidra (sleep) affects overall health,
including metabolic activity, leading to metabolic disorders.

Sleep disturbances consist of disorders of initiating and
maintaining sleep, disorders of sleep—wake schedule, disorders of
excessive somnolence, and dysfunctions associated with sleep,
sleep stages, or partial arousals®. The common causes of
disturbance in initiating and maintaining sleep are -poor sleep
hygiene (irregular schedule, environment, naps), psychiatric
disorders (depression, anxiety, bipolar disorder), stress-related
insomnia (transient or chronic), and use of substances & drugs
(alcohol, caffeine, nicotine, hypnotics, CNS stimulants, steroids,
etc.). Medical causes include pain, respiratory issues, endocrine
disorders, neurological conditions associated with sleep
disorders, sleep apnoea, restless legs syndrome, and nocturnal
myoclonus, etc. Disorders of sleep -wake schedule are due to
desynchronization between the internal biological clock and
external (social/environmental) time. Types include transient
disorders (jet lag), shift work sleep disorder, circadian rhythm
disorders, and non-24-hour sleep-wake syndrome’.
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Metabolic disorders refer to a broad term that includes all diseases
that are caused by disturbances in the body’s biochemical
metabolism!?. 1t is classified into two types: inherited metabolic
diseases and acquired metabolic diseases. Inherited ones are
caused by genetic disorders that impair specific metabolic
functions from birth, eg, phenylketonuria (PKU), Gaucher
disease, and mucopolysaccharidoses. The acquired metabolic
diseases are more prevalent and have become major
epidemiological crises over the last few decades. They are
primarily driven by lifestyle and civilization changes. This
includes: obesity, which affects one-third of the global
population; diabetes (type 2): affects over 462 million people
(approx. 6.28% of the world); osteoporosis: affects nearly 23% of
women and 12% of men globally; and metabolic syndrome. Key
causative factors of acquired disorders include a sedentary
lifestyle, nutritional imbalance, and energy surplus''. Acquired
Metabolic disorder interferes with the fundamental cellular
process that transforms nutrients into energy. It compromises a
cell’s capacity to execute vital biochemical reactions, including
the transport of proteins (amino acids), carbohydrates (sugars), or
lipids (fatty acids). It increases the risk of type 2 diabetes mellitus,
cardiovascular disease, hypertension, obesity, etc. The major
pathophysiology includes insulin resistance, dyslipidaemia,
adiposity, endothelial dysfunction, etc!?.

The global burden of metabolic diseases and mortality associated
with them has been increasing, especially in the past three
decades, imposing significant health challenges worldwide'3.

Sleep disturbance is also an emerging issue globally and is
associated with major adverse health concerns, impacting quality
of life'*. Recent evidence suggests that metabolic disorders are
linked to sleep disturbances.

This review aims at understanding the role of Nidra in metabolic
health relevant to the circadian rhythm, and how disruption/
desynchrony of the same leads to metabolic disorders.

Physiology of Sleep (Nidra) in Ayurveda

As per Charaka Samhita, when the mind (Manasa) becomes
exhausted along with sensory and motor organs, and dissociate
themselves from objects, an individual falls asleep'>.

According to Acharya Sushruta, the site of consciousness is
Hriday. Sleep happens in a living being when the Hriday gets
Abhibhuta (subdued) by Tama guna. Tamoguna is the responsible
factor for sleep, and Satvaguna is for waking up'®.

According to Vriddha Vagbhata, the root cause of Nidra (sleep) is
the Tama guna. It is called Tamomayi. In the night, Tama quality
gets increased by nature, which is why animals fall asleep. When
the Srotas get encompassed by Sleshma, and Indriya (sensory,
motor organs) get withdrawn from their objects due to fatigue,
sleep is induced'’.

Classification of Nidra (sleep)

Charaka Sambhita has described 6 types of sleep-

1. Tamobhava - caused by Tamas

2. Sleshma Samudbhava - caused by Sleshma or Kapha dosha

3. Mana-Shareer Shrama Sambhava - caused by physical and
mental fatigue /exertion

4. Aagantuki - due to external factors, indicates a bad prognosis
5. Vyaadhianuvartinee — secondary to other diseases -
complication

6. Raatrisvabhaava Prabhavaa — The physiological sleep occurs at
night normally sleep'®

Sushruta Samhita has described 3 types of sleep-
1. Tamasi - When Sanghyavaha Srotamsi (channels carrying
sensation) become filled with Shlesma (Kapha) and dominated by

Tamo Guna, Tamasi Nidra happens, from which persons cannot
be awakened; this occurs at the time of death.

2. Swabhaviki — The natural sleep is called Swabhaviki.

3. Vaikariki — Unnatural sleep happens due to decreased Kapha
and increased Vata condition sleep'”

Ayurvedic Perspective of Nidra Relevant to Circadian
Biology

Ayurveda emphasizes that physiological processes follow daily
and seasonal rhythms and are influenced by environmental
factors. Disruption of these rhythms is considered a key cause of
disease?. Sushruta Samhita has mentioned that Nidra taken in
proper kala, i.e., in proper duration and timing, results in Pusti
(nourishment), Bala (strength), Utsaha (enthusiasm/ mental
wellbeing), Agnidipan (metabolic activity), and Dhatu samya
(homeostasis)?'. Agni plays a central role in the regulation of
metabolism, digestion, and energy balance. When Agni is
balanced, it carries out digestion, assimilation of nutrients, and
biotransformation in tissues to meet energy needs. It supports Oja
and thereby maintains a healthy state?>. However, impaired Agni
leads to poor metabolism, accumulation of toxins (Ama), and
increased susceptibility to lifestyle disorders. Nidra (sleep) is
essential as a restorative process, while sleep deprivation is linked
to mood disturbances, weakened immunity, and metabolic
disorders. Agni, Ahara, and Nidra are interdependent. Proper
nutrition sustains Agni, balanced Agni enables effective
utilization of nutrients, and sufficient sleep maintains metabolic
stability and supports Agni. Disturbance in any one of these
disrupts the others, leading to a cascade of physiological
imbalance?.

Molecular and Genetic Basis of Circadian Rhythm

The suprachiasmatic nucleus (SCN) in the hypothalamus acts as
the master clock for regulating circadian rhythms. Also, there are
some secondary or peripheral oscillators in organs like the heart,
liver, kidneys, esophagus, spleen, lungs, adrenal gland, prostate,
intestines, skin, lymphocytes, thymus, and olfactory bulb, which
are synchronized to the SCN?. The link between the signal from
SCN and the function of the organ is the molecular clockwork
within each cell. Clock genes mediate this mechanism. The
expression of the CLOCK gene (circadian locomotor output
cycles kaput gene) contributes to metabolic activity, while at the
cellular level, the CCGs (core clock genes) regulate the
oscillatory expression of the COGs (clock output genes).
Numerous nuclear receptors present in metabolic organs are
linked to several of these output genes. The CLOCK gene is
responsible for pathophysiology related to metabolic disorders?.

Pathophysiology of Sleep-Wake Cycle
Metabolic Disorders

Disruption in

Circadian rhythm disruption by disturbed sleep can lead to
metabolic disorders through hormonal dysregulation, glucose
metabolism, and gut microbiome dysbiosis.

Circadian Desynchrony and Glucose Metabolism: Proper
sleep maintains the circadian rhythm, which enables the body to
restore energy for metabolic activities, neuronal remodelling for
optimal synaptic function, and the integration of complex motor
systems?®. The action of insulin varies across the 24-hour cycle,
and its sensitivity is reduced during the inactivity period. An
animal study shows that circadian-disrupted mice (Bmall
transcription factor knockout) exhibit loss of rhythmicity and low
insulin sensitivity. Restoration of normal insulin function is
achieved through restoration of rhythmicity (via the Bmal2
transcription factor)?’. Shorter sleep duration is linked to the
prevalence of Type 2 Diabetes Mellitus (T2DM), and it worsens
preexisting glucose intolerance.
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Impaired Insulin Action - short sleep time results in impaired
glucose homeostasis in healthy individuals?®. Growing evidence
links obstructive sleep apnoea (OSA) with insulin resistance®.
Frequent insomnia symptoms are significantly associated with
insulin resistance and its further consequences®. The central
clock is responsible for food intake, energy expenditure, and
insulin sensitivity, while peripheral clocks in organs (liver,
pancreas, gut, adipose tissue) regulate glucose absorption and
insulin secretion. Desynchrony between these clocks, caused by
artificial light exposure, poor sleep, etc., can lead to insulin
resistance®!. A systematic review suggests that there is a
significant association between sleep deprivation and insulin
resistance 2. Thus, circadian desynchrony in terms of sleep
disturbance potentially leads to disrupted glucose metabolism,
insulin resistance that finally results in obesity, and diabetes
mellitus.

Sleep Disturbance and Cortisol —Evidence suggests that higher
insomnia severity is associated with higher cortisol levels. It is a
well-established fact that compared with normal controls, 24-h
cortisol secretion is significantly higher in individuals with
insomnia, compared with normal controls 33, Higher cortisol
leads to anxiety and obesity.
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Decreased Sleep Duration and Leptin —Leptin, a peptide
hormone produced by adipocytes that regulates appetite and
energy expenditure, is often known as a satiety hormone.
Reduced sleep duration is found to be linked to decreased levels
of leptin, which increases hunger and contributes to the
development of obesity and type 2 diabetes mellitus 3.

Sleep Deprivation and Ghrelin — Ghrelin, often referred to as
the hunger hormone, is secreted by the stomach and released into
the bloodstream. Its relationship is inversely proportional to body
mass index (BMI). Sleep deprivation increases ghrelin levels,
even at an acute level. It promotes hunger and higher intake of
food, which ultimately leads to obesity*®.

Short Sleep and Dyslipidaemia- Dyslipidaemia is a potential
risk factor for cardiovascular disease, and serum lipid and
lipoproteins are influenced by lifestyle factors, including sleep.
Evidence from a cross-sectional study shows shorter sleep
duration is associated with dyslipidaemia®’.

Circadian Misalignment Can Cause Metabolic Diseases -
Recent research has explored that circadian rhythm disruption
and alteration in the sleep-wake cycle are potentially linked to a
range of metabolic and health disorders, such as hypertension,
obesity, dyslipidemia, diabetes, neurodegenerative conditions,
and even cancer3$.
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Figure 1: Circadian desynchrony leads to different types of metabolic disorders
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Figure 3: Circadian disruption leads to increased cortisol and its metabolic consequences
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Figure 4: Circadian disruption leads to dysregulated hunger hormones and their consequences

DISCUSSION

The synthesis of modern evidence with Ayurvedic wisdom and
circadian biology reveals a profound parallel in how sleep
disturbance contributes to metabolic disorders. This discussion
evaluates Circadian desynchrony and the Ayurvedic concept of
Nidra (sleep) to explain the global rise in metabolic disorders and
sleep disturbance. In Ayurveda, there is the concept of diurnal and
nocturnal cyclical dominance of Dosha. Proper Nidra (sleep) is
responsible for optimum nutritional status, mental well-being,
and vitality, which correlate with normal metabolic function. The
synchronization of the ‘master clock’(SCN) in the hypothalamus
reflects the Ayurvedic concept of Kale Nidra (timely sleep). When
a person follows Kale Nidra, the peripheral oscillators found in
the liver, pancreas, and gut get synchronized to the central
oscillator SCN. As mentioned in Sushruta Sambhita, this alignment
results in Agnidipan (optimal metabolic activity) and
Dhatusamya (homeostasis). On the other hand, circadian
desynchrony caused by erratic sleep patterns leads to improper
Agni (altered/impaired metabolism), which facilitates the
accumulation of Aama, leading to disease production.

Several conceptual equivalents in Ayurvedic pathophysiology can
be found in modern research findings. Sleep deprivation,
obstructive sleep apnoea (OSA), and fragmented sleep are found
to be responsible for decreased insulin sensitivity and impaired
glucose metabolism® 291, From an Ayurvedic perspective, such
metabolic insufficiency may be correlated with decreased Agni,
particularly when the body’s capacity for proper digestion,
nutrient transformation, and utilization is compromised. Sleep
disturbances are associated with elevated cortisol levelst*34,
Clinically, it exhibits symptoms like irritability, anxiety, sleep
loss, etc. These manifestations correlate with symptoms of Vata
prakopa (provocation). It may further destabilize Agni and
contribute to the development of Vishamagni (improper
digestion/metabolism), characterized by irregular metabolic
functioning. Another important consequence of a short duration
of sleep is dysregulation of appetite hormones. Short sleep
reduces Leptin and elevates Ghrelin, thereby promoting hunger
and increased calorie intake. It correlates with hunger in
Atisthaulya (obesity), due to deranged Agni*, and it continues as
a vicious cycle of sleep deprivation, overeating, weight gain, and
further metabolic dysfunction. At the tissue level, the Ayurvedic
concept of Dhatwagni may be correlated to peripheral oscillators
present at the liver, pancreas, gut, etc, which are synchronized to
the SCN. Furthermore, the role of the circadian CLOCK gene in
the regulation of metabolism in the peripheral tissues corresponds
to the conceptual similarity to the regulation of Jatharagni
(digestion) and Dhatwagnis (tissue-specific metabolism).
Disruption to these circadian mechanisms may impair cellular
metabolic transformation, leading to impaired biotransformation,
dyslipidaemia and insulin resistance*’. Thus, circadian
dysregulation can be viewed as a contributor to dysfunction of
Agni at both systemic and cellular levels.

The findings of this review suggest that metabolic disorders are
linked to sleep disturbance, where the underlying
pathophysiologic loop involves circadian rhythm disruption.
Also, timely sleep (Kale Nidra) can be a modifiable factor in these
diseases. Metabolic disorders should be addressed not only
through diet and exercise, but also through restoration of
Circadian synchrony.

CONCLUSION

The present analysis indicates that sleep at the proper time and
duration restores the circadian rhythm of the body. The concept
of Kale Nidra (timely sleep) can offer a practical and preventive
framework that aligns closely with circadian principles. Proper
timing, duration, and quality of sleep help restore biological
rhythms and optimize Agni (metabolic fire), thereby supporting
efficient metabolic functioning. Conversely, irregular or
inadequate sleep contributes to metabolic dysfunction,
highlighting its role in disease pathogenesis. Modern scientific
evidence further substantiates this view by demonstrating that
disruption of the sleep-wake cycle leads to desynchronization of
the circadian rhythm, which adversely affects metabolism. This
integrative perspective suggests that tailoring sleep according to
individual, lifestyle, and metabolic demands may serve as a
powerful, non-pharmacological intervention for synchronization
and managing metabolic health. Aligning Ayurvedic wisdom
with modern circadian science underscores the potential of sleep
regulation in metabolic health. Future research should focus on
developing personalized sleep interventions rooted in Ayurvedic
principles to address the growing global burden of metabolic
diseases.
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