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Introduction: Insulin resistance is a pivotal pathological feature
underlying type 2 diabetes mellitus (T2DM) and metabolic syndrome.
Upavasa, a therapeutic fasting modality described in classical Ayurvedic
texts as one of ten Langhana (depletion) therapies, shares conceptual and
physiological parallels with modern intermittent fasting (IF). This review
evaluates the effect of Upavasa and IF on correcting blood sugar levels
and improving insulin sensitivity in insulin-resistant subjects.

Methods: A comprehensive literature search was conducted across
PubMed, Scopus, Google Scholar, Cochrane Library, and AYUSH
Research Portal for studies published between 2005 and 2025. Classical
Ayurvedic texts were consulted for traditional context. Randomised
controlled trials, systematic reviews, and meta-analyses investigating
intermittent fasting effects on fasting blood glucose (FBG), HbAlc,
HOMA-IR, and fasting insulin in insulin-resistant or T2DM subjects were
included.

Results: Multiple meta-analyses demonstrated that IF significantly
reduced FBG (SMD =—0.51; p = 0.001), fasting insulin (SMD =-0.21; p
= 0.030), HOMA-IR (SMD = —0.39; p = 0.004), and HbAlc (SMD =
—0.25; p = 0.034) compared to controls. Key molecular mechanisms
included AMPK activation, mTOR suppression, enhanced autophagy,
improved insulin signalling, and reduction of pro-inflammatory
cytokines.

Discussion: The convergence of Ayurvedic Upavasa principles with
modern IF evidence supports structured fasting for glycaemic correction
in insulin-resistant subjects. However, standardised clinical protocols,
long-term safety data, and Prakriti-based personalisation warrant further
investigation through well-designed clinical trials.

Keywords: Agni; AMPK; Autophagy; Blood glucose; HbAlc; HOMA-
IR; Insulin resistance; Intermittent fasting; Langhana; Prameha; Type 2
diabetes mellitus; Upavasa
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INTRODUCTION
Insulin resistance, defined as a diminished cellular
responsiveness to normal circulating concentrations
of insulin, constitutes the central pathophysiological
mechanism underlying type 2 diabetes mellitus
(T2DM), metabolic syndrome, and a constellation of
associated cardiometabolic disorders?. The global
prevalence of diabetes has reached pandemic
proportions, with an estimated 537 million adults
affected in 2021 and a projected increase to 783
million by 2045, predominantly driven by insulin
resistance and its metabolic sequelae’. Conventional
pharmacological interventions, while effective, are
often accompanied by adverse effects, treatment
fatigue, and escalating healthcare  costs,
underscoring the need for evidence-based non-
pharmacological strategies®.

Interestingly, the therapeutic application of
structured fasting is not a modern innovation but
finds deep roots in the ancient Indian medical
tradition of Ayurveda. The classical Ayurvedic texts
describe Upavasa (fasting) as one of the ten forms of
Langhana (depletion therapy), enumerated by
Acharya Charaka in the Langhanabrimhaniya
Adhyaya of Charaka Samhita Sutrasthana®. The
Sanskrit term Upavasa is derived from ‘Upa’ (near)
and ‘Vasa’ (to stay/reside), signifying ‘staying near
to the self or the divine’ — reflecting both a spiritual
and physiological dimension of the practice’.
Ayurvedic pathogenesis of Prameha (a group of
disorders that

urinary encompasses

Madhumeha/diabetes mellitus) attributes the disease
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to Kapha Dosha predominance, Medodhatvagni
Mandya (impaired fat tissue metabolism), and
Srotodushti (channel obstruction), conditions for
which Langhana including Upavasa is specifically
indicated**".

In contemporary biomedical science, intermittent
fasting (IF) has emerged as a widely investigated
dietary strategy encompassing several protocols:
time-restricted eating (TRE; 16:8, 14:10, or 12:12
hour fasting-to-feeding windows), alternate-day
fasting (ADF), the 5:2 diet (five normal days with
two days of marked caloric restriction), and periodic
fasting®'®. A rapidly expanding body of clinical and
preclinical evidence has demonstrated that IF
improves insulin sensitivity, reduces fasting blood
glucose (FBG), glycosylated haemoglobin (HbAlc),
and homeostatic model assessment for insulin
(HOMA-IR), while also

favourable effects on body composition, lipid
8,12,14,15

resistance exerting
profiles, and systemic inflammation.
The molecular mechanisms underpinning these

metabolic benefits involve activation of the AMP-

activated protein  kinase (AMPK) pathway,
suppression of the mechanistic target of rapamycin
(mTOR) signalling, induction of autophagy,

enhancement of mitochondrial biogenesis, and
modulation of the insulin—insulin-like growth factor
1 (IGF-1) axis®*®. Notably, Yoshinori Ohsumi’s
2016 Nobel Prize-winning research on autophagy
provided a modern molecular framework that
resonates with Ayurveda’s ancient recognition that

fasting promotes the digestion of Ama (metabolic
1
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toxins), thereby restoring Agni (digestive and
metabolic fire)®*’.

Despite these converging lines of evidence, a
comprehensive integrative review bridging the
Ayurvedic concept of Upavasa with the modern
evidence base on intermittent fasting and glycaemic
correction in insulin-resistant populations remains
lacking. This review aims to address this gap by
systematically evaluating the available evidence,
delineating molecular mechanisms, and proposing a
framework for integrative clinical application.
METHODS

SEARCH STRATEGY AND DATABASES

A systematic literature search was conducted across
PubMed/MEDLINE, Scopus, Cochrane Central
Register of Controlled Trials (CENTRAL), Google
Scholar, ScienceDirect, and the AYUSH Research
Portal. The search employed combinations of the
following Medical Subject Headings (MeSH) and

free-text terms: “intermittent fasting,” “time-

restricted eating,” “alternate-day fasting,” “periodic
fasting,”  “Upavasa,”  “Langhana,”  “insulin
resistance,” “type 2 diabetes mellitus,” “blood

glucose,” “HbAlc,” “HOMA-IR,” “fasting insulin,”
and “metabolic syndrome.” Boolean operators
(AND, OR) and truncation were employed to
optimise search sensitivity. Reference lists of
included articles were hand-searched for additional
relevant studies.

INCLUSION AND EXCLUSION CRITERIA
Studies published between January 2005 and
December 2025 in the English language were
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designs
(RCTs), quasi-

experimental studies, systematic reviews, meta-

included.  Eligible  study included

randomised controlled trials
analyses, and observational studies investigating the
effects of any IF protocol on glycaemic parameters
(FBG, HbAlc, HOMA-IR, fasting insulin) in adult
subjects (=18 years) with documented insulin
T2DM, or
syndrome. Classical Ayurvedic texts (Charaka

resistance, prediabetes, metabolic
Samhita, Sushruta Samhita, Ashtanga Hridaya,
Ashtanga Sangraha) were consulted for traditional
therapeutic context. Exclusion criteria included
studies on type 1 diabetes, gestational diabetes,
religious fasting without structured protocols,
paediatric populations, animal-only studies without
clinical correlates, and conference abstracts without
full-text availability.

DATA EXTRACTION AND SYNTHESIS

Data were extracted independently and synthesised
narratively, organised thematically by (a) Ayurvedic
principles of Upavasa, (b) clinical evidence from IF
trials on glycaemic parameters, (c) molecular
mechanisms, and (d) translational implications. A
total of 186 articles were initially identified, of
which 50 met the inclusion criteria and form the
evidence base of this review.

RESULTS

AYURVEDIC FRAMEWORK OF UPAVASA
AND ITS APPLICATION IN PRAMEHA
Upavasa occupies a central position in the Ayurvedic
therapeutic armamentarium as one of the ten
Langhana

therapies enumerated by Acharya

12
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Charaka: Vamana (emesis), Virechana (purgation),
Niruha Basti (decoction enema), Nasya (nasal
instillation), Pipasa (thirst control), Maruta (wind
exposure), Atapa (sunlight exposure), Pachana
(digestive administration), Upavasa (fasting), and
Vyayama (exercise) [3]. The foundational verse
Samshuddhi

Pachananyu

states:  ‘Chatushprakara Pipasa
Marutatapau |

Vyayamashcheti Langhanam’ (Ch.Su.22/18)%,

Upavasa cha

The pathogenesis of Prameha (diabetes) in Ayurveda
is attributed to excessive consumption of Guru
(heavy), Snigdha (unctuous), Madhura (sweet), and
Shita (cold) Ahara (diet), combined with Avyayama
(sedentary lifestyle),  Divaswapna  (daytime
sleeping), and Adhyashana (eating before previous

meal is digested)*3:. This leads to Kapha Dosha

Prakopa (vitiation of Kapha), Medodhatvagni
Mandya (impaired fat tissue metabolism),
Srotorodha (channel obstruction), and

Dhatuparimana Vriddhi (abnormal increase in tissue
quantum), culminating in Prameha®. The concept of
Ama — incompletely metabolised toxic residues
resulting from impaired Agni — is particularly
relevant, as Ama is considered the initiating factor in
Srotorodha and subsequent Doshic vitiation®".

Upavasa is indicated specifically in Sama conditions
(conditions associated with Ama) and diseases of
Kapha-Pitta predominance®®. Acharya Charaka
states that Langhana is the paramount therapy
(‘Langhanam Paramaushadham’) and is indicated in
conditions of Agnimandya (diminished digestive
fire), Ama, Sthaulya (obesity), and Prameha **. The
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mechanism of Upavasa in Ayurvedic
pharmacodynamics involves: (a) Agni Deepana —
kindling of digestive and tissue-level metabolic fire,
(b) Ama Pachana — digestion and elimination of
metabolic toxins, (c) Srotovishodhana — clearance of
obstructed tissue channels, and (d) Dosha Shamana —
pacification of aggravated Doshas *"*°.

Importantly, Ayurveda prescribes Upavasa with
clear  contraindications and  personalisation
principles. Fasting is contraindicated in Balya
(children), Vriddha (elderly), Krusha (emaciated),
Garbhini (pregnant women), and those weakened by
excessive exercise *°. The duration and intensity of
Upavasa are to be calibrated according to Prakriti
(body constitution), Bala (strength), Agni (digestive
capacity), Kala (season), and Vyadhi Avastha
(disease stage)*®. This personalised approach to
fasting resonates with contemporary calls for

individualised intermittent fasting prescriptions

based on metabolic phenotype 8*°.

CLINICAL EVIDENCE: INTERMITTENT
FASTING AND GLYCAEMIC PARAMETERS
A substantial and growing body of clinical evidence
supports the efficacy of intermittent fasting in
improving glycaemic parameters in insulin-resistant
populations. The evidence is presented below,
organised by glycaemic outcome.

Fasting Blood Glucose (FBG): Multiple meta-
analyses have reported significant reductions in FBG
following IF interventions. Yuan et al.'?, in a
systematic review of RCTs in patients with impaired

glucose and lipid metabolism, reported that IF
13
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reduced FBG by 0.15 mmol/L (95% CI: —0.23 to
~0.06). Khalafi et al. **, in a GRADE-assessed meta-
analysis of 10 RCTs in metabolic syndrome patients,
demonstrated a larger effect size (SMD = —0.51;
95% CL —0.81 to —0.20; p = 0.001) with high-
quality evidence. Shu et al.”®, through a network
meta-analysis comparing four IF regimens in T2DM
patients, confirmed reductions in FBG across time-
restricted eating, alternate-day fasting, and 5:2
protocols.

Glycosylated Haemoglobin (HbAlc): Reductions
in HbAlc reflect sustained glycaemic improvement
over 8-12 weeks. Yuan et al.'? reported a mean
HbAIc reduction of 0.08 (95% CI: —0.25 to —0.10)
following IF. Khalafi et al. [15] demonstrated a
significant reduction (SMD = —0.25; 95% CI: —0.49
to —0.02; p = 0.034) with GRADE-rated high-quality
evidence. Carter et al.’®, in an RCT comparing
intermittent energy restriction with continuous
energy restriction in T2DM patients over 12 months,
found non-inferior HbAlc reductions with IF,
alongside greater patient adherence.

Homeostatic Model Assessment for Insulin
Resistance (HOMA-IR): HOMA-IR, a composite
index of fasting glucose and insulin reflecting
hepatic insulin  sensitivity, showed consistent
improvement with IF protocols. Khalafi et al.®
reported a significant reduction (SMD = —0.39; 95%
CL —0.65 to —0.12; p = 0.004). Patikorn et al. *, in
an umbrella review of systematic reviews and meta-
analyses, identified high-quality evidence for IF-

mediated reduction in fasting insulin (SMD = —0.21;
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95% CI: —0.40 to —0.02; p = 0.030) in adults with
overweight or obesity. Sutton et al.'!, in a landmark
crossover RCT, demonstrated that early time-
restricted feeding (eTRF; 6-hour eating window)
improved insulin sensitivity, beta-cell
responsiveness, and oxidative stress markers even
without weight loss in men with prediabetes.

Fasting Insulin: Yuan et al.* reported significant
reductions in fasting insulin levels (mean reduction
13.25 pUL 95% CIL —16.69 to —9.82) following IF
interventions. Stekovic et al.*®, studying alternate-
day fasting in healthy non-obese adults over four
weeks, observed significant reductions in fasting
insulin and improvements in the soluble intercellular
adhesion molecule-1 (sICAM-1), a marker of
endothelial function.

Comparative Efficacy of IF Protocols: The
network meta-analysis by Shu et al.** compared
TRE, ADF, 5:2 fasting, and modified ADF in T2DM
patients and found that TRE (particularly 16:8
protocols) demonstrated the most favourable profile
for FBG reduction, while ADF showed greater
effects on body weight and insulin levels. Wilkinson
et al.** demonstrated that 10-hour TRE in metabolic
syndrome patients reduced body weight, blood
pressure, and atherogenic lipids alongside glycaemic
improvements. Liu et al.*%, in a large RCT published
in the New England Journal of Medicine, found that
calorie restriction with TRE was not significantly
superior to calorie restriction alone for weight loss,
but TRE showed trends toward greater insulin

sensitivity improvement.
14
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Table 1: Summary of key clinical studies on
intermittent fasting and glycaemic outcomes in
insulin-resistant populations

Study Desig Population | IF Durat Key

n Proto ion Glycae

col mic
Outcom
es
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Sutton Cross Men  with eTRF 5 Improve
et al., over prediabetes | (6-h  weeks d insulin
2018" RCT | (n=8) windo sensitivi
w) ty, | BP,
!
oxidativ
e stress;
weight-
indepen
dent

Carter RCT | T2DM 5:2 12 Non-

et al., patients diet month  inferior

2018% (n=137) Vs S HbAlc

CER reductio
n;
greater
adheren
ce with
IF

Yuan |SR & | Impaired Vario Variab FBG |
et al., MA  glucose/lipid uslIF | le 0.15
2022%2 metabolism mmol/L;
insulin |
13.25
nul;
HOMA-
IR |
0.31

Pavlou RCT T2DM TRE 6 Signific
et al, adults (8-h  month ant
2023 (n=75) windo s weight
w) loss and
HbAlc
reductio
n Vs
controls

Patiko Umbr Overweight/ | ADF, 1-3 Fasting
rn et ella obese adults  TRE, month insulin
al., revie TWF s SMD =
2024* w -0.21

(high-
quality
evidenc
e)
Abbreviations: ADF, alternate-day fasting; BP, blood

pressure; CER, continuous energy restriction; eTRF,
early time-restricted feeding; FBG, fasting blood glucose;
GRADE, Grading of Recommendations Assessment,
Development and Evaluation; HbAlc, glycosylated
haemoglobin; HOMA-IR, homeostatic model assessment
for insulin resistance; IF, intermittent fasting; MA, meta-
analysis; RCT, randomised controlled trial; SMD,
standardised mean difference; SR, systematic review;
T2DM, type 2 diabetes mellitus; TRE, time-restricted
eating; TWF, twice-per-week fasting.

MOLECULAR MECHANISMS OF GLYCAEMIC
IMPROVEMENT

The glycaemic benefits of intermittent fasting are
mediated through a network of interconnected molecular
pathways that collectively enhance insulin signalling,
promote cellular quality control, and reduce metabolic
inflammation.

AMPK Activation and Metabolic Switching: During
fasting periods exceeding 10-14 hours, hepatic glycogen
stores are depleted and the metabolic switch from
glucose-based to fatty acid-based energy production is
activated®®. The increased AMP:ATP ratio activates
AMPK, a central energy sensor and metabolic regulator®.
AMPK  activation promotes glucose uptake in skeletal
muscle via GLUT4 translocation, enhances fatty acid
oxidation, suppresses hepatic gluconeogenesis, and
inhibits lipogenesis, collectively improving whole-body
insulin sensitivity®®.

MTOR Suppression and Autophagy Induction: The
mechanistic target of rapamycin (mTOR), particularly

mTORCL, functions as a nutrient sensor that promotes
15
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anabolic processes during fed states while inhibiting
autophagy®. During fasting, reduced insulin and amino
acid availability, combined with AMPK-mediated
TSC1/2 mTORC1

activity”®. This derepresses autophagy — the cellular

complex activation, suppress
self-degradation and recycling process elucidated by
Ohsumi’s Nobel Prize-winning research®. Enhanced
autophagy clears damaged organelles, misfolded proteins,
and dysfunctional mitochondria, improving cellular
function in insulin-target tissues including hepatocytes,
skeletal myocytes, and adipocytes®.

Insulin-IGF-1 Signalling Axis Modulation: IF reduces
circulating levels of insulin and IGF-1, decreasing tonic
activation of the PI3K/Akt/mTOR pathway®*!. This
periodic reduction in insulin signalling prevents the
chronic hyperinsulinaemia-driven downregulation of
insulin receptors, a key mechanism underlying insulin
resistance??’. Halberg et al.** demonstrated that 20-hour
intermittent fasting in healthy men increased insulin-
mediated whole-body glucose uptake, accompanied by
increased adipose tissue lipolysis.

Reduction of Oxidative Stress and Inflammation:
Insulin resistance is both a consequence and driver of
chronic low-grade inflammation characterised by
elevated pro-inflammatory cytokines including TNF-a,
IL-6, and C-reactive protein (CRP)®. Meta-analytic
evidence demonstrates that IF significantly reduces IL-6
levels (SMD = —0.30; 95% CI: —0.57 to —0.03; p = 0.029)
in metabolic syndrome patients™. IF-mediated AMPK
activation and mTOR suppression converge to inhibit
NF-xB signalling, a master regulator of inflammatory

gene expression?**®

. Additionally, fasting upregulates
endogenous antioxidant defences including superoxide

(SOD),

37,38

dismutase catalase, and  glutathione

peroxidase.

AJDP ‘
Rhythm  Alignment and Beta-Cell

Function: Emerging evidence highlights that the timing

Circadian

of fasting — not merely its duration — critically modulates

glycaemic outcomes™?.,

Early time-restricted eating
(eTRF), which aligns the eating window with daytime
circadian  rhythms, has demonstrated  superior
improvements in insulin sensitivity, beta-cell function,
blood pressure, and oxidative stress compared to
isocaloric feeding spread throughout the day **¥.
Jamshed et al.*” demonstrated that eTRF improved 24-
hour glucose levels and positively influenced circadian
clock gene expression, ageing markers, and autophagy in
humans, supporting the Ayurvedic emphasis on eating
within the active solar period®.

Convergence with  Ayurvedic Ama-Agni-Srotas
Framework: The molecular pathways activated by
intermittent demonstrate a

fasting striking

correspondence  with  the  Ayurvedic  conceptual
framework of Upavasa’s therapeutic mechanism’*. The
autophagy-mediated clearance of damaged cellular
components parallels the Ayurvedic concept of Ama
Pachana (digestion of metabolic toxins). AMPK
activation and metabolic switching correspond to Agni
Deepana (kindling of metabolic fire). The improvement
in insulin receptor sensitivity and tissue glucose uptake
mirrors  Srotovishodhana (clearance of obstructed
channels). The reduction of inflammatory mediators
aligns with Dosha Shamana (pacification of aggravated
Doshas)’**%. This convergence provides a molecular
basis for the therapeutic rationality of classical Ayurvedic
fasting prescriptions.

DISCUSSION

The evidence reviewed in this article establishes a
compelling case for the therapeutic application of

structured fasting — conceptualised as Upavasa in
16
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Ayurveda and operationalised as intermittent fasting in
modern medicine — for correcting blood sugar levels and
improving insulin sensitivity in insulin-resistant subjects.
The consistency of glycaemic improvements across
multiple meta-analyses *#****, diverse IF protocols =3, and

varied patient populations **"*®

provides robust evidence
for clinical relevance.

A particularly noteworthy finding is the weight-
independent insulin

improvement in sensitivity

demonstrated by Sutton et al.

, suggesting that the
metabolic benefits of IF are not merely secondary to
caloric deficit but involve intrinsic molecular
reprogramming through AMPK activation, autophagy
induction, and circadian realignment. This mechanistic
depth strengthens the case for IF as a distinct therapeutic
modality rather than a simple caloric restriction strategy.
The Ayurvedic framework of Upavasa enriches the
modern understanding by providing a personalisation
paradigm based on Prakriti (constitutional type), Bala
(individual strength), Agni (metabolic capacity), and
Kala (seasonal and diurnal timing)*®. This is particularly
relevant given contemporary recognition that IF
responses exhibit significant inter-individual variability,

potentially  linked to genetic,

8,10

metabolic, and
chronobiological factors ®~. Integrating Prakriti-based
assessment into IF prescription could enhance therapeutic
precision and patient outcomes.

The alignment of eating windows with circadian rhythms,
as emphasised in eTRF research ¥, finds a parallel in
the Ayurvedic dietary principle of consuming the main
meal during the Pitta Kala (mid-day solar period) when
Agni is at its zenith %, This temporal alignment between
traditional Ayurvedic dietetics and circadian medicine
represents a fertile area for integrative research.

However, several limitations must be acknowledged.
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First, many IF trials have relatively short durations (4-24
weeks), and long-term glycaemic outcomes beyond 12
months remain inadequately studied**?’.  Second,
heterogeneity in IF protocols, outcome measures, and
study populations complicates direct comparisons and
definitive protocol recommendations. Third, safety
concerns in specific populations, including patients on
sulfonylureas or insulin (hypoglycaemia risk), those with
eating disorders, pregnant women, and elderly
individuals, necessitate careful clinical supervision and
Ayurvedic contraindication awareness 38 Fourth, while
the Ayurvedic-modern convergence is conceptually
compelling, rigorous clinical trials directly evaluating
Prakriti-guided Upavasa protocols with biomarker
endpoints are needed to validate this integrative
approach.

CONCLUSION

This review demonstrates that Upavasa (Ayurvedic
therapeutic fasting) and its modern counterpart,
intermittent fasting, exert clinically significant effects in
correcting blood sugar levels and ameliorating insulin
resistance. High-quality evidence from multiple meta-
analyses confirms reductions in fasting blood glucose,
HbAlc, HOMA-IR, and fasting insulin across diverse IF
protocols and insulin-resistant populations. These
benefits are mediated through AMPK activation, mTOR
suppression, autophagy induction, circadian rhythm
alignment, reduction of metabolic inflammation, and
restoration of insulin receptor sensitivity.

The convergence of Ayurvedic Upavasa principles —
Agni Deepana, Ama Pachana, Srotovishodhana, and
Dosha Shamana — with modern molecular mechanisms of
intermittent fasting validates the timeless therapeutic
wisdom of classical Ayurvedic Langhana therapy. Future

research should prioritise well-powered, long-term
17
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randomised controlled trials evaluating Prakriti-guided,

standardised Upavasa protocols with  glycaemic
biomarker endpoints in insulin-resistant subjects. Such
studies will be essential for translating the promising
preclinical and clinical evidence into personalised,
evidence-based, integrative therapeutic guidelines for
diabetes prevention and management.
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