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Physiological & metabolic responses to fasting

Intermittent Fasting (IF): definitions, responses & health benefits

Unanswered research questions

Fasting-Mimicking Diets (FMD): definition & health benefits

Research question: does FMD protein content affect cardiometabolic 
health & autophagy?

New findings: low vs. high protein FMD in healthy humans

Conclusions & future directions

Outline of the talk
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Physiological & metabolic 
responses to fasting

Fat metabolism is regulated without an 
adaptive transcriptional response

BUT

Switching off oxidative glucose metabolism 
in humans requires adaptive changes in 

gene expression

5

What is Intermittent Fasting? 

• Chrono-nutrition = a temporal distribution of nutrient intake

• Intermittent Fasting (IF): eating patterns with extended post-absorptive periods; tend to 
reduce energy intake

• Designed to improve cardiometabolic markers & promote weight loss

• Popular IF paradigms:

• Alternate-day fasting (ADF)
• 5:2 diets
• Time-restricted eating (TRE)
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Key Features of Intermittent Fasting paradigms

Type Fasting 
Frequency

Restriction 
duration

Common protocols

Alternate 
-Day 
Fasting 
(ADF)

Every 
alternate day 
(3-4 days 
/week)

24 hr Fast days: 0 – 25% estimated energy requirements

Feed days: ad libitum consumption or 125% 
energy requirements

Mean weekly energy reduction ~30-50%

5:2 diet 2 days/week 
typically non-
consecutive

24 hr 2 days: very low-calorie diet (400-600 kcal) or
25% energy requirements

5 days: ad libitum or 100% energy requirements

Mean weekly energy reduction ~25%

Time- 
Restricted 
Eating 
(TRE)

Daily 6-10 hr Daily: pre-specified ‘eating window’ with ad 
libitum consumption

Mean daily energy restriction ~300-400 Kcal 
(~20% weekly reduction)

7

Physiological & metabolic 
benefits of intermittent fasting

Antoni et al (2018). Br. J. Nutr. 119, 507–516
Cabo & Mattson (2019) NEJM 381(26):2541-2551
Carter et al (2018). JAMA Network Open e180756 doi:10.1001
Dote-Montero et al (2025) Nature Medicine 31:524-533
Gill et al (2015). Science 347, Issue 6227, 1265-1269
Jones et al (2020). Am J Clin Nutr 112(4):1015-1028
Liu et al (2022). NEJM 386(16):1495-1504
Li et al (2024) Diabetes Care 47:1074-1083
Lowe et al (2020). JAMA Intern Med 180: 1491-1499
Melkani & Panda (2017) J Physiol 595:3691-3700
Moro et al (2016). J Transl Med 14(1):290
Schübel et al (2018) Am J Clin Nutr 108:933–945 
Sutton et al (2018), Cell Metab. 27(6):1212-21 e3
Templeman et al (2021). Science Transl Med 13 (598): eabd8034
Tsintzas & Betts (2025) Curr Opin Clin Nutr Metab Care 28:333-338
Varady KA (2011). Obesity (reviews) 12, e593-e601
Wang et al (2021) Diab Resear & Clin Pract 179, 109003 
Wilkinson et al. (2020), Cell Metabolism 31:92–104
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Unanswered research questions 

• Does IF lead to greater weight loss?

• Could IF cause greater lean mass loss?

• Are IF health benefits independent of weight loss?

• How much is due to fasting vs. energy restriction?

9
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Systematic Review & Meta- Analysis: 

 ADF, 5:2 diet and TRE either separately or combined 
showed limited differences for weight loss & 
cardiometabolic risk markers compared with continuous 
energy restriction. 

11

12-week RCT: TRE (8 h, 12:00 – 20:00) vs. Control (3 regular meals/day)

No evidence that TRE improves weight loss vs. eating throughout the day 
(D between groups -0.26 kg; 95% CI -1.30 to 0.78)

Caution: greater appendicular lean mass loss with TRE; a concern for people 
at risk of sarcopenia

Lowe et al (2020). JAMA Intern Med 180: 1491-1499
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12-month RCT: TRE (8 h, 08:00 – 16:00) + daily calorie restriction vs. calorie 
restriction alone

No evidence that TRE improves weight loss vs. Control 
(D between groups -1.8 kg; 95% CI -4.0 to 0.4)

No difference in lean mass loss

Liu et al (2022). NEJM 386(16): 1495-1504
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Neither overnight fast nor 10 days of TRE lower 
anabolic sensitivity & muscle protein synthesis 
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However, 2 weeks of early TRE improves skeletal 
muscle branched-chain amino acid (BCAA) 

uptake after a mixed meal

Jones et al (2020). Am J Clin Nutr 112(4):1015-1028

An adaptive response 
to reduced energy & 
protein intake?

15

Some IF forms improve basal & post-prandial glucose metabolism 
independent of weight loss in healthy individuals (Jones et al 2020) 
and in obesity & impaired glucose tolerance (Sutton et al 2019)

However,

findings are inconsistent (Templeman et al 2019) 

and may depend on IF type and/or fasting duration
 

Are the health benefits of IF independent of 
weight loss?
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TRE improves skeletal muscle postprandial 
metabolism independent of weight loss

Jones et al (2020). Am J Clin Nutr 112(4):1015-1028

Early TRE improves skeletal 
muscle glucose uptake after 

ingestion of a mixed meal

Early TRE attenuates blood 
glucose & insulin responses 

to a mixed meal

17

6 h daily TRE for 5 weeks, 
isocaloric intake (no weight loss):

~20-30% lower fasting & 
postprandial insulin

~10-11 mmHg lower SBP & DBP

Improvement in insulin resistance 
& b-cell responsiveness

Health benefits of TRE are independent 
of weight loss in obesity/prediabetes

Sutton et al 2018, Cell Metab. 27(6):1212-21 e3 
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Templeman et al (2021). Science Transl Med 13 (598): eabd8034

What are the relative contributions of 
fasting versus energy restriction?

Daily energy restriction 
by 25% 
(75:75 group)

vs.

ADF with net energy 
restriction (150% on fed 
days) 
(0:150 group)

vs.

ADF without net energy 
restriction (200% on fed 
days)
(0:200 group)

19

• Body mass (kg): Daily CR vs ADF with CR: -1.91 (-1.29 to -2.54) kg vs. -1.60 (-0.93 to -2.28) kg, P=0.46
• Fat mass (kg):    Daily CR vs ADF with CR:  -1.75 (-1.25 to -2.25) kg vs. -0.74 (-0.02 to -1.24) kg, P=0.01
• Lean mass (kg): Daily CR vs ADF with CR:  -0.03 (0.40 to -0.47) kg vs. -0.75 (0.09 to -1.59) kg, P=0.35

Daily energy restriction: body mass 
loss almost entirely fat mass

ADF with energy restriction: body 
mass loss, but fat loss was attenuated

ADF without energy restriction: no 
change in body or fat mass

Templeman et al (2021). Science Transl Med 13 (598): eabd8034
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ADF reduced daily physical activity energy 
expenditure; daily calorie restriction did not

The ~100 kcal/day reduction 
in physical activity 

thermogenesis equals 30 min 
walking per day

Templeman et al (2021). Science Transl Med 13 (598): eabd8034

21

Conclusions & future directions

• IF paradigms do not produce greater weight loss than conventional energy restriction; 
extended fasting may partly reduce fat-free mass

• Some types (e.g. ADF) may attenuate fat loss and increase lean mass loss

• Some forms (e.g. early TRE) improve basal & post-prandial glucose metabolism 
independent of weight loss, in healthy individuals and those with obesity & impaired 
glucose tolerance

• These effects are inconsistent and may depend on IF type (TRE vs. ADF) and/or fasting 
duration (16h vs. 24h)

• Future research must isolate the effects of nutrient timing and fasting per se from energy 
restriction on weight loss in adults with obesity

• Is there an optimal fasting duration?

• Does IF reduce intake of essential nutrients (e.g. protein), impairing function and/or 
reducing lean mass vs. equal energy restriction without fasting?
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What is FMD? 

• Very-low-calorie diets (VLCD, ~600-800 kcal/day), 
e.g. Total Diet Replacements (TDR), are used for 
obesity & diabetes

• European Food Safety Authority (EFSA) 
recommends ≥75 g protein

• Fasting Mimicking Diet (FMD): short-term (4-7 days) 
plant-based VLCD with very low protein (~10%E or 
~15-20 g)

• Designed to mimic fasting

• Amino acid restriction is thought to:

 - suppress circulating IGF-1

 - activate cellular autophagy

• Both considered critical for health, ageing & lifespan

23

Effect of FMD on Health outcomes

Brandhorst S, Cell Metab. 2015;22(1):86-99; Brandhorst S, Nat Commun. 2024;15(1):1309; Wei M, Sci Transl Med. 2017;9(377)  
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Do the benefits of FMD require a low protein content?

How ‘low’ is low protein?

Unanswered research question

Given that intake of plant protein is associated with 
lower risk of all cause mortality (Naghshi, S et al 2020, BMJ 370:m2412)

25

Aim of Research:

(a) to examine whether a 1-week low-protein VLCD (typical 
FMD) mimics fasting-induced benefits on glucose & lipid 

metabolism, inflammation & autophagy

(b) to investigate how increasing dietary protein affects 
these outcomes

26
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Methods

27

Measurements

28
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Effects on Body composition 

• Body weight (-2.7 kg), FM (-1.0 kg) & LM (-1.7 kg)
     decreased similarly in both groups

• VAT decreased in high protein group only

• SAT decreased similarly in both groups

Burns et al 2025, Clin Nutrition 52: 299-312

29

Blood metabolic markers 

Similar reductions in 
both groups in: 
blood glucose (~10%) 
IGF1 (~30%)  
IGFBP3 (~10%)

Serum hydroxybutyrate 
increased in both 
groups, more with low 
(~10-fold) than high 
protein (~5-fold)

Burns et al 2025, Clin Nutrition 52: 299-312
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Differential effects on blood lipid profiles 

Decreased in high protein 
group only: 
serum triglycerides 
(~30%), saturated (~30%) 
monounsaturated (~20%) 
polyunsaturated (~30%) 
omega fatty acids (~30%)

Serum HDL decreased in 
both groups (~15%)

Burns et al 2025, Clin Nutrition 52: 299-312
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Effects on Cardiovascular function 

Burns et al 2025, Clin Nutrition 52: 299-312

RMSSD (Root Mean Square of 
Successive Differences; a measure 
of heart rate variability) increased by 
~50% in high protein group only

Brachial augmentation index (AIx; 
measure of arterial stiffness) 
decreased by ~30% in both groups
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Differential effects on Gut microbiome

Faecal species number (~15%) & biodiversity (Shannon Index, 
~5%) increased in high protein group only

Phylum Firmicutes fell (~6%) with low protein but increased (~2%) 
with high protein

Burns et al 2025, Clin Nutrition 52: 299-312

33

Effects on Autophagy markers

Burns et al 2025, Clin Nutrition 52: 299-312

Both types of FMD upregulated genes involved in key steps of autophagy, including 
activation, phagophore formation, and elongation/sequestration of autophagosomes
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Summary of findings

Typical FMD (low-protein VLCD)
Benefits:

• body composition
• cardiometabolic risk factors
• autophagy gene activation

Novel FMD (higher-protein VLCD) adds 
benefits for:
• visceral fat
• CV risk factors (lipids; HR variability)
• gut microbiome

Burns et al 2025, Clin Nutrition 52: 299-312
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Conclusions & future directions

• FMD benefits even healthy individuals with normal BMI

• FMD with higher (moderate) protein adds benefits; potentially 
suitable for people with excess visceral fat, elevated CV risk factors 
or poor gut health

Unanswered questions:

• Do FMDs with altered carbohydrate & fat content convey similar or 
added benefits?

• Who should avoid FMD? (e.g. sarcopenia, ageing, pregnancy, eating 
disorders)
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