Cell Metabolism

International consensus on fasting terminology

Graphical abstract

An international consensus process on fasting terminology

Fasting is increasingly being e
applied for disease prevention 1“
and treatment and becoming a
greater research focus. Europe n=20
However, international Q North America n=13

38 experts (clinicians / researchers)

consensus on terminology was AU§traIia n=2
lacking. Asia n=2
Africa n=1
Consensus Process Consensus reached on the following terms:
» Regarding dietary and caloric restriction

Online Survey = Dietary Restriction, Caloric Restriction,
3 Starvation, Fasting
° 'y
§ Yokt Rate Outcomes = Regarding the type of fasting
& “ Assess Input = Water-only Fasting, Total/Complete Fast, Dry

Fasting, Modified Fasting, Fasting-Mimicking
|||. Review Responses Diet
» Regarding fasting duration
% Consensus Conference - Shor‘t-Term Fasting, Prolonged/Long-Term
P Fasting
. = Regarding the repetition of fasting cycles
» Online Survey = Periodic Fasting, Intermittent Fasting, Time
° Restricted Eating, Intermittent Energy
R
% latol S QUitEeiEE Restriction, Intermittent Dry Fasting, Alternate-
& “ Assess Input Day Fasting, Alternate-Day Modified Fasting
) = Regarding motivation to fast
|||| Review Responses = Therapeutic / Medically Supervised Fasting,
Preventive Fasting, Religious Fasting
Highlights
e Thirty-eight panelists from five continents participated in this

eckcfor
paios

consensus process

First panel uniting experimental and clinical experts in
medical and religious fasts

Twenty-four terms were defined in five online surveys and
one live conference

Fasting defined as voluntary abstinence from some or all
foods or foods and beverages

Koppold et al., 2024, Cell Metabolism 36, 1779-1794

https://doi.org/10.1016/j.cmet.2024.06.013

August 6, 2024 © 2024 The Author(s). Published by Elsevier Inc.

Authors

Daniela A. Koppold,

Carolin Breinlinger,

Etienne Hanslian, ...,

Nikolaos E. Rodopaios, Rainer Stange,
Andreas Michalsen

Correspondence

daniela.koppold@charite.de (D.A.K.),
carolin.breinlinger@charite.de (C.B.)

In brief

Although fasting is being studied
extensively around the world, there was
no common definition of basic terms until
now. This publication presents an
international consensus process on such
terms, including fasting, intermittent
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and short-term fasting, as well as fasting-
mimicking diets.
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SUMMARY

Although fasting is increasingly applied for disease prevention and treatment, consensus on terminology is
lacking. Using Delphi methodology, an international, multidisciplinary panel of researchers and clinicians stan-
dardized definitions of various fasting approaches in humans. Five online surveys and a live online conference
were conducted with 38 experts, 25 of whom completed all 5 surveys. Consensus was achieved for the
following terms: “fasting” (voluntary abstinence from some or all foods or foods and beverages), “modified
fasting” (restriction of energy intake to max. 25% of energy needs), “fluid-only fasting,” “alternate-day fast-
ing,” “short-term fasting” (lasting 2-3 days), “prolonged fasting” (>4 consecutive days), and “religious fast-
ing.” “Intermittent fasting” (repetitive fasting periods lasting <48 h), “time-restricted eating,” and “fasting-
mimicking diet” were discussed most. This study provides expert recommendations on fasting terminology
for future research and clinical applications, facilitating communication and cross-referencing in the field.

INTRODUCTION mittent fasting (IF), time-restricted eating (TRE), longer fasting

periods, short-term fasting (STF), and diverse religious forms
Various types of fasting have seen a substantial rise in scien- of fasting. There is abundant evidence from animal studies
tific publications over the past two decades, including inter-  showing that fasting can prevent and potentially treat a broad
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spectrum of chronic diseases.'** Notably, fasting interventions
slow cellular aging processes by affecting key hallmarks of
aging, thereby extending life span from yeast to mammalian
species.®* Alongside these findings, the potential of fasting
interventions for the treatment of clinical conditions gained
attention, with indications ranging from cardiometabolic,”” in-
flammatory,®° and autoimmune diseases'® as well as adjunct
interventions during chemotherapy in cancer."'™'* Recently,
the impact of fasting on neurodegenerative diseases via neu-
rogenesis, brain-derived neurotrophic factor (BDNF) signaling,
and synaptic plasticity has become another focus of active
research in the field.'®

The main physiological mechanisms of fasting, constituting
the so-called “metabolic switch,” are well described. They
include an initial systemic stress response leading to a deple-
tion of glycogen storages, followed by enhanced lipolysis and
release of free fatty acids, gluconeogenic substrates, and ke-
tone bodies to replace glucose as the main energy supply. Bio-
chemically, fasting modulates central metabolic signaling path-
ways: among others, fasting downregulates mammalian target
of rapamycin (mTOR), insulin, and insulin-like growth factors
while upregulating 5’ adenosine monophosphate-activated pro-
tein kinase (AMPK) and triggering repair mechanisms. Down-
stream effects involve epigenetic modification through histone
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acetyltransferases and the activation of sirtuin pathways
enhancing DNA repair, class O of forkhead box transcription
factors (FOXO)-mediated stress resistance, and mitochondrial
biogenesis.>® Processes such as autophagy, protein kinase A
(PKA)-associated optimization of glucose homeostasis, modu-
lation of microbiota, NRF2-mediated antioxidative effects, as
well as stem cell regeneration have also been linked to the fast-
ing state.” %7

In addition to increasing preclinical understanding of the
mechanisms through which fasting may contribute to the delay
or treatment of different diseases, preliminary evidence from
clinical trials also indicates that fasting approaches may be
used for the prevention or treatment of cardiovascular, cerebro-
vascular, inflammatory, and oncological diseases.'®'® These
data seem to confirm that the molecular mechanisms that
mediate the therapeutic effects of fasting in preclinical models,
such as an impact on systemic metabolism and immunity, also
apply to humans.

Qualitative and behavioral aspects of the subjective fasting
experience represent a growing focus of current research as
well. Studies on various religious fasting traditions'®? often
include clinical”*® and psychosocial parameters®’*® as well
as related aspects of self-efficacy, religiosity, and
spirituality.”*°
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Although the physiological mechanisms and biochemical
pathways involved in diverse forms of fasting and caloric re-
striction are being progressively clarified, the concomitant clin-
ical terminology has remained heterogeneous and often
confusing, with similar terms being used to define different fast-
ing regimens. This variety arises for several reasons, reflecting
the manifold contexts in which fasting is practiced. The growing
public interest in fasting has mainly been driven by the impres-
sive results of basic and animal research conducted over the
last few decades. Although caloric restriction was the initial
focus of research, more and more fasting protocols were
tested, once it became clear that at least some of the effects
of caloric restriction were not due to chronic energy restriction
per se. These studies concluded that intervals characterized by
severe restriction of caloric intake or specific nutrients may play
a major role in the positive outcomes of caloric restriction.*'*?
Thus, especially STF and IF approaches have captured scienti-
fic and medical interest over the last few years. On the other
hand, clinical applications of longer fasting regimens as a treat-
ment strategy have a long-standing history worldwide and have
thus been molded by diverse settings, necessities, and practi-
tioner experiences. Especially in Germany and Austria, medi-
cally supervised fasting in clinics, hospitals, and outpatient set-
tings looks back on a history of more than 150 years. This
historical past has shaped practice and terminology, having
led to a German consensus process in 2002, with an update
in 2013.%° At the same time, religious forms of fasting have
been practiced by a great percentage of the world’s population
for centuries or even millennia, shaping traditions and being
shaped by history, beliefs, and geographical circumstances.
In contrast to the therapeutic setting, fasting as a religious prac-
tice aims at strengthening certain virtues or expressing devo-
tion through its ascetic context and thus usually exempts the
sick from the obligation to follow it. These different frameworks
in which fasting is studied, applied, and practiced result in great
diversification of fasting methods and terminology. The associ-
ated translational, international, and disciplinary challenges are
obvious. The practical implications of existing inconsistencies
in definitions translate into difficulties in literature search,
review generation, meta-analysis, and cross-referencing. In-
consistencies in definitions also lead to challenges for practi-
tioners, dietitians, and physicians when designing and con-
ducting clinical trials, as well as when applying the available
evidence in clinical practice.

Consensus processes, particularly the Delphi method, are
increasingly being applied to develop expert consensus, define
current positions, and merge expert recommendations. The Del-
phi method is defined by four main features, including the partic-
ipation of experts, anonymity, “iterations” (for example, a series
of questionnaire rounds) with controlled feedback, and statistical
aggregation of individual responses, also referred to as “statisti-
cal group response.”**

Here, we present the results of the first international
consensus process on fasting terminology. In a historical period
characterized by a growing use of fasting approaches in clinical
research and practice for the prevention or treatment of human
diseases, the results of this project will promote clarity, rigor,
and comparability of definitions and will help foster cooperation
and cross-referencing in interrelated scientific fields.
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RESULTS

Panelists

Figure 1 shows a flowchart of the recruitment process and
participation during the Delphi process. Of 45 fasting experts
contacted in three rounds of invitations, 38 agreed to participate
in this consensus process. Those participants who did not finish
the first or second survey and did not provide a justification to the
steering committee (SC) were excluded from further rounds of
the survey. Of 38 experts who agreed to participate in the study,
only 37 people received the invitation to the first round of ques-
tionnaires due to a technical error. Of these 37 individuals, 34
completed the first round. Two panel members were excluded
after this round. The person who had not received the link to
the first survey was offered to participate in the second round.
Thus, 36 experts were contacted for the second round, 33 of
whom completed the questionnaire. Two individuals were not
considered for the third round, as they did not respond to the
second survey, resulting in a total of 34 experts invited to partic-
ipate in the third survey. Of these, 30 returned the third question-
naire. One person was made aware of the consensus process af-
ter the third round by a participating expert. This person
contacted the SC and was subsequently offered to participate
in the last two rounds of the survey. Thus, for the fourth and fifth
rounds, 36 experts were invited. In addition to the person joining
the panel late, another expert who had already been invited
for the first two rounds but did not participate was re-included
in the panel at his own request. Thirty-three experts completed
the fourth round, and 29 completed the final round. A total of
38 fasting experts (Europe [n = 16], North America [n = 18],
Australia [n = 1], Asia [n = 2], and Africa [n = 1]) completed at least
one questionnaire, and 25 experts (Europe [n = 12], North Amer-
ica [n = 12], and Australia [n = 1]) responded to all five surveys.
Participation in the online consensus conference was not
mandatory, but 18 experts participated in this event. A total of
26 fasting experts took part in a short survey to clarify a few re-
maining issues that emerged during the peer review process. Ta-
ble 1 provides demographic data on the 38 panel members who
participated in one or more rounds of this consensus process.

Elements of fasting terminology and evaluation

In five rounds of questionnaires, as well as one online consensus
conference and a short survey on some open questions that
arose during the peer review process, consensus was reached
for all proposed 24 definitions. The final definitions for the final
24 terms can be found in Table 2. The process of consensus
building for all terms is visualized in Figure 2. Those terms for
which consensus building proved difficult are also discussed in
detail below. The supplement contains a comprehensive result
table with all proposed changes to definitions across all five
rounds and the online consensus conference and includes the
distribution of votes for each definition (Figure S1). Figure S2 out-
lines the questions we asked the panel during the peer review
process along with the corresponding results.

In the first round of the survey, some definitions included ref-
erences to animals. Expert comments indicated that separate
definitions are required for animal models since optimal timing
of fasting and caloric intake varies by species. Additionally, dif-
ferences between starvation, hunger, and fasting are more
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3 Rounds of invitations: total invited experts, n=45
Round 1: invited experts, n=38

Round 2: invited experts, n=18 (non-responders R1, n=13; new proposals, n=5)
Round 3: invited experts, n=3 (different email address, n=1; new proposals, n=1; identified through further research, n=1)

| Participation, 92% (n=34/37) I

R2

| Participation, 92% (n=33/36) |

Participation, 92% (n=33/36)
R3, n=34; re-included, n=1;
joined late, n=1

Participation, 80.5% (n=29/36) |

: Declined to participate, n=2
i Email undeliverable, n=2
i No response, n=4

Email undeliverable, n=1 i
i No response > excluded, n=2
¢ Couldnt join R1, n=1 :

No response = excluded, n=2
: Couldn‘t join R2, n=1 H

Figure 1. Flowchart of the recruitment process and participation in the study

difficult to define in animals than in humans. Due to these differ-
ences and to reduce complexity of the surveys, the SC decided
to limit the terminology to definitions relevant to humans and
exclude all references to animals from round 2 onward.

Terms most discussed

Caloric restriction

It took longer than expected to achieve a consensus on the defi-
nition of caloric restriction. In the initial rounds, possible defini-
tions included various thresholds constituting the minimum
and/or maximal daily caloric intake needed for caloric restriction
while also distinguishing it from starvation. However, after a few
rounds, panelists decided to drop any quantitative criteria and
define caloric restriction more broadly as a reduction in energy
intake below the total amount of calories that would be needed
to maintain a person’s current body weight, without causing
malnutrition.

Fasting

Despite reaching a consensus of 88% and 85% in the first and
second rounds, many comments were made on the definition
of fasting. The SC initially chose a broad definition in order to pre-
sent the term fasting as a generic term for all possible forms of
fasting. Many experts agreed with this broad definition. Panelists
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wished to mention motivations for fasting, such as “preventive,”
“religious,” “cultural,” and “other reasons” to make the defini-
tion even more comprehensive. However, experts were against
the inclusion of “political reasons,” since in this context, the
line between fasting and starvation is not always clear. On the
other hand, several experts indicated that they considered fast-
ing to only be the complete abstention from food and caloric
beverages. Ultimately, fasting was defined as “a voluntary absti-
nence from some or all foods or foods and beverages for preven-
tive, therapeutic, religious, cultural, or other reasons.”
Modified fasting

Modified fasting, like the term fasting, is meant to serve as a
generic term; in this case, it refers to all fasting regimens that limit
energy intake to typically up to 25% of energy needs on modified
fasting days. To support the clinical application of modified fast-
ing regimens, we supplement the definition with a table indi-
cating the amount of calories that correspond to percent energy
requirements based on age, body composition, and activity level
(see Figure S3).

Fluid-only fasting

The SC suggested this definition to distinguish fasting methods
allowing for caloric intake via fluids only, a practice that is com-
mon in Germany, from the Buchinger therapeutic fasting, which
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Table 1. Demographics of the 38 panelists

N %
n 38 100
Age (mean [SD]) 53 (12)
Gender
Female 13 34
Male 24 63
Non-binary 1 3
Highest degree®
Medicine 19 50
Nutritional sciences 23 60
Health sciences
Biology
Molecular medicine
Molecular biology 2 5
Other/additional® 18 47
Primary occupation
Researcher 19 50
Clinician 8 21
Clinician scientist 10 26
Other 1 3
Is fasting the main focus of your work?
Yes 21 55
No 17 45
Years working on the subject of fasting
1-5 1 3
5-10 10 26
10-15 8 21
15 or more 18 47
Other 1 3
Continent of origin
Asia
Australia 2
Europe 20 53
North America 13 34
Africa 1 3
Continent of employment
Asia 2
Australia 1
Europe 16 42
North America 18 47
Africa 1 3

N, population; n, sample size; SD, standard deviation.

@More than one option could be selected.

PNutritional or genetic epidemiology, physiological chemistry, medical
oncology, endocrinology, circadian biology, (exercise) physiology, kine-
siology, chiropractic/osteopathy, neuroscience/ chronobiology, theol-
ogy, and physics.

has a defined intake of fluids and a specific clinical setup. Some
experts noted that no calories should be consumed during a
fluid-only fasting regimen or that the consumption of 500 kcal/
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day could not be called “fasting” but should rather be referred
to as “caloric restriction” or “modified fasting.” At the same
time, two experts even advocated a higher caloric intake of up
to 800 kcal/day based on the common definition of very-low-cal-
orie diets (VLCDs), which are popular in the USA. As in the
consensus conference, the definition of modified fasting was
adopted, the concept of fluid-only fasting was included as a sub-
type of modified fasting, and the upper calorie limit was set at
500 kcal/day. This value also corresponds to the upper limit
specified in the guidelines for therapeutic fasting.*® Thus, in
the final definition, fluid-only fasting refers to a modified fasting
regimen where only beverages are consumed for a certain
period of time. Water and unsweetened herbal tea may be
consumed ad libitum. Clear vegetable broth, vegetable, and/or
fruit juices may be consumed up to a total of 500 kcal/day. UI-
tra-processed fluids should not be consumed.

Dry fasting

In the first and second rounds, some experts indicated their con-
cerns about the safety of this method. Since they were not
among those experienced in practice or research of dry fasting
and because this consensus process was only intended to serve
as a collection of existing fasting methods, the SC decided to
retain the term dry fasting. In fact, dry fasting is used in therapeu-
tic and cultural/religious contexts for example in the form of inter-
mittent dry fasting.”>*> In the first and second rounds, several
other experts pointed out that total/complete fasting could be
equated with dry fasting. For this reason, the definition of total/
complete fasting was deleted in the third round and the terms to-
tal/complete fasting were listed under dry fasting. This equation
was criticized by four experts, which is why both terms were dis-
cussed in the consensus conference. In the final definition, dry
fasting corresponds to “a fasting regimen during which a volun-
tary abstinence from all foods and beverages, including water, is
practiced for a certain period of time.”

Total/complete fasting

A total/complete fast was ultimately decided to refer only to
those fasting regimens “where no calories are consumed for a
certain period of time.” Participants concluded that total/com-
plete fasts may be equated with water-only fasting but not with
dry fasting.

FMD

In the consensus conference, it was initially decided that the
fasting-mimicking diet (FMD) should be categorized as a modi-
fied fasting regimen. Ultimately, FMDs were instead classified
under “specific fasting regimens” for the following reasons: it
was agreed to set the threshold for maximum caloric intake on
modified fasting days at up to 25% of energy requirements,
and FMDs may allow an intake of >50% (> 1,000 kcal) of energy
needs on some “fasting” days. If the caloric threshold for modi-
fied fasting was set at such a high value, the definition of modi-
fied fasting would have been similar to the definition of caloric
restriction.

IF regimens

IF, TRE, and intermittent energy restriction (IER) were the most
discussed terms in this category.

IER

A major point of discussion for IF, TRE, and IER was the relation-
ship among the three terms. IER, presented in the second and
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Table 2. Fasting terms generated in the consensus process

Definitions Survey

Cons. (%) p/N*

Terms concerning dietary and caloric restriction

Dietary restriction (DR) comprises of continuous or intermittent 2
restrictions in caloric intake and/or specific macronutrients

and/or restraints of food or food and fluid intake within a specified

time frame. DR thus includes: all types of caloric restriction;

fasting regimens such as short-term, long-term, and periodic

fasting, intermittent fasting, time-restricted eating, water- and

fluid-only fasting, therapeutic fasting and fasting-mimicking diets;

and diets with restrictions of specific macronutrients namely

proteins, carbohydrates, or fats.

Caloric restriction (CR) describes a reduction in energy intake 4
below the total amount of calories that would be needed to maintain

a person’s current body weight, without causing malnutrition. If CR

is done daily, it can also be referred to as continuous energy

restriction (CER) or daily energy restriction (DER).

Comment: the degree of caloric restriction should be decided

individually depending on the person’s age, sex, body composition,

activity level, occupation, goal, and planned duration of CR.

Starvation describes a catabolic process that occurs when the 2
body’s reserves are exhausted after a prolonged period of insufficient

energy and nutrient supply. Starvation can lead to serious health

impairments, organ failure, and death.

General terms concerning fasting

Fasting refers to a voluntary abstinence from some or all foods or 2
foods and beverages for preventive, therapeutic, religious, cultural,
or other reasons.

Water-only fasting refers to a fasting regimen where only water is 2
consumed for a certain period of time.

The term total fast, or complete fast, refers to a fasting regimen 4
where no calories are consumed for a certain period of time.

Comment: total/complete fasting can be equated with water-only

fasting, but it may additionally include tea or other non-caloric

beverages.?

Dry fasting refers to a fasting regimen during which a voluntary 2
abstinence from all foods and beverages, including water, is
practiced for a certain period of time.

The term modified fasting refers to limiting energy intake to typically 5)
up to 25% of energy needs on modified fasting days.

Comment: modified fasting regimens can be adapted to specific

clinical settings and indications, allowing for different complementary

or supportive therapeutic interventions. Examples of modified fasting

regimens are alternate-day modified fasting, fasting practiced on 2

separate or consecutive days per week and fluid-only fasting.

Fluid-only fasting refers to a modified fasting regimen whereby only 5
beverages are consumed for a certain period of time. water and

unsweetened herbal tea may be consumed ad libitum. Clear vegetable

broth, vegetable, and/or fruit juices can be consumed up to a total of

500 kcal/day. Ultra-processed fluids should not be consumed.

Comment: this fasting regimen includes traditional fasting regimens that

use various broths, gruel, or decoctions, such as the traditional German

gruel fasting.

78

73

94

85

72

94

88

86

71

25/32

24/33

31/33

28/33

23/32

31/33

28/32

25/29

20/28

Continuous fasting regimens

Short-term fasting (STF) refers to fasting regimens with a 4
duration of 2-3 days.?

Prolonged fasting (PF), also called long-term fasting (LTF), refers to 4
fasting regimens lasting >4 consecutive days.?
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Table 2. Continued

Definitions Survey Cons. (%) p/N*

Periodic fasting refers to any fasting regimen that is repeated at regular 4 81
intervals (periods), such as every day, every week, or every several months.

Comment: according to this definition, periodic fasting would include

intermittent fasting regimens.

26/32

Intermittent fasting regimens

Intermittent energy restriction (IER) includes periods of caloric restriction 2 81
alternating with periods of ad libitum eating. as such, IER includes fasting

regimens like intermittent fasting (IF) and time-restricted eating (TRE).

Intermittent fasting (IF) refers to repetitive fasting periods lasting up to 3 87
48 h each. IF includes fasting regimens of 1 fasting day per week,

2 separate or consecutive fasting days per week, alternate-day fasting

(ADF), and time-restricted eating (TRE).

Time-restricted eating (TRE) is a dietary regimen in which food intake and 4 88
the consumption of caloric beverages is restricted to a specific period of

time during the day, resulting in a daily fasting window of at least 14 hours.

There is no explicit limit on energy intake during eating hours.

Alternate-day fasting (ADF) refers to alternating a day of eating ad libitum 4 94
and a day of water-only fasting.

Alternate-day modified fasting (ADMF) refers to alternating a day of eating 5) 96
ad libitum and a day of modified fasting.

26/32

26/30

28/32

31/33

27/28

Special fasting regimens

Therapeutic fasting refers to any fasting regimen that is applied 4 91
as a therapeutic intervention.

Comment: therapeutic fasting interventions are individually tailored to

a person’s age, sex, body composition, physical activity level, occupation,

goal, and planned duration of fasting.

Medically supervised fasting refers to any fasting regimen that is applied

as a therapeutic intervention by a trained physician or similar credentialed

healthcare provider.

Preventive fasting refers to any fasting regimen that is applied as a 5 82
preventive intervention.

Buchinger therapeutic fasting is a fluid-only fasting regimen, allowing 2 91
for a maximum of 500 kcal/day and lasting at least 5 days, practiced for

the prevention or treatment of diseases as well as to support one’s

individual health, taking into account a person’s medical, psychosocial,

and spiritual dimensions. It is usually accompanied by bowel/colon

cleansing procedures and preceded and followed by a few days of a

calorie-restricted, easily digestible diet.

FX Mayr therapy or FX-Mayr cure refers to a regimen containing elements 4 100
of water-only fasting, a very low-calorie diet with a training of “proper chewing”

in order to help individuals (re-)gain their sense of satiety, and an easily

digestible diet toward the end of the treatment. The dietary intervention is

accompanied by bowel cleansing procedures and manual treatments

focusing on the abdominal region.

A fasting-mimicking diet (FMD) specifies any diet specifically composed to ) 75
induce the metabolic effects of fasting while allowing for a potentially higher

caloric intake, including solid foods. It usually refers to a plant-based,

calorie-restricted diet with a maximum of approximately 1,000 kcal/day that

lasts 3-7 days. FMDs are usually relatively low in refined sugars and starch,

low in protein, and high in plant-based fats.

Comment: the exact amount of calories, macronutrient composition, duration,

and frequency of use needs to be decided individually. FMD meals can consist

of packaged products or be freshly prepared.

Religious fasting refers to any fasting regimen that is undertaken as 4 94
part of a religious practice.

Comment: religious fasting thus involves practices such as dry fasting on

specific days of the year up to 25 h at a time (E.G., Jewish Tradition,

29/32

23/28

21/23

22/22

21/28

30/32

(Continued on next page)
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Table 2. Continued

Definitions

Survey Cons. (%) p/N*

The Church of Jesus Christ of Latter-Day Saints); intermittent dry fasting
(E.G. Ramadan fasting, Baha’'Fasting); time-restricted eating

(E.G., Buddhism); and diets restricting certain foods (E.G., Christian
Orthodox Traditions, Daniel Fast) if more broadly defined. typically,
religious fasting includes spiritual activities to improve cognitive

function and well-being.

Intermittent dry fasting (IDF) refers to intermittent fasting regimens

that involve abstaining from food and fluid intake during fasting hours.
Most commonly, they range from 9 to 20 h.

23/27

Cons., consensus; p, number of people who voted “strongly agree”

and “agree” during the round in which consensus was achieved; N*, total number of people who voted on this term in the round in which consensus

was achieved.
@Definitions adapted during the peer review process.

third surveys as a superordinate category to IF and TRE,
included “periods of caloric restriction alternating with periods
of ad libitum eating.” In the second round, this definition reached
an agreement of 81%. However, in both surveys, two experts
disagreed with subsuming TRE under IER without providing a
conclusive explanation for their decision. Given the discrep-
ancies among participants regarding the hierarchy of IF regi-
mens, |[ER was one of the terms discussed in the consensus con-
ference. Only one panelist expressed an opinion on this term in
the consensus conference. Subsequently, in the fourth round,
a definition of IER was offered, which included “periods of modi-
fied fasting alternating with periods of ad libitum energy intake.”
According to this definition, IF was presented as including the
subcategories of IER and TRE. Although this definition received
74% agreement, several participants disagreed with it. Two ex-
perts said that the wording “caloric restriction” would be more
appropriate than “modified fasting” because IER programs
often allow energy intakes that are above the energy intake
threshold of modified fasting. Three individuals were in favor of
changing the hierarchy of terms. According to two of them, IER
should be presented as an upper category because IER would
be a broader concept than IF. Thus, in the fifth round, the SC
offered a definition of IER with similar wording as in the second
round (=IF as a subcategory of IER regimens) and the definition
from the fourth round (=IER as a subcategory of IF) for consider-
ation. Both wordings received over 70% agreement in the sec-
ond and fourth rounds, respectively, but in the fifth round,
consensus could not be reached for either definition. According
to the evaluation rules, the last consensus reached (round 4)
should have been adopted as the final definition. Nevertheless,
the SC decided to use the definition that found consensus in
the second round instead, for the following reasons: this defini-
tion yielded a higher level of agreement (81%) than the round 4
definition (74%); it is consistent with the accepted definition for
IF, and the wording “caloric restriction” fits the IER definition
better than “modified fasting,” as in this way, regimens with
smaller energy deficits are also included. Thus, IER was ulti-
mately defined as alternating periods of caloric restriction with
periods of ad libitum eating, and IF is therefore a subcategory
of IER.

IF

The final definition of IF, which refers to repetitive fasting periods
lasting up to 48 hours each, includes TRE and was finally
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accepted in the consensus conference. However, the inclusion
of TRE under the umbrella of IF was repeatedly opposed by a
few participants. The main argument was that TRE is more a
chronobiological intervention than a “fasting” intervention, as it
does not necessarily include a change in diet or caloric intake
and as such does not fit into the concept of IF and IER.

TRE

TRE was finally defined as a dietary regimen with a fasting win-
dow of “at least 14 h” per day in humans and no explicit limit
on energy intake during eating hours. Three leading experts in
TRE research would have preferred a fasting window of “at least
12 h” drawing from their clinical experience. More precisely, two
experts on TRE and chronobiology proposed the following defi-
nition during the last survey: “TRE is a dietary regimen in which
all calorie intake is restricted to a consistent period of time during
the 24-h day, resulting in a daily fasting window of 12-18 h. There
is no explicit limit on energy intake during eating hours.” We do,
however, note that studies had already appeared in the literature
testing TRE interventions with fasting windows longer than 18
hours in both animals and humans.®®

Continuous fasting regimens

The main discussion in this category concerned the distinction
between the concepts STF and prolonged fasting/long-term
fasting (PF/LTF) and the formulation of the definition of periodic
fasting.

STF and PF

When discussing the durations for STF and PF/LTF, experts in all
rounds suggested different time periods, ranging from “16-72 h”
to “1-7 days” for STF and “>3 days” to “>14 days” for LTF. A
duration of “1-3 days” for STF and a duration of “ >4 days” was
offered for LTF in the fourth round, reaching an agreement of
81%. Some participants suggested changes in the wording
and duration of both regimens. These changes were incorpo-
rated and presented for re-evaluation in the fifth round, as well
as an additional definition by the SC for STF of “2-3 days,” since
the final definition of IF already included fasting practices of up to
48 h. Consensus could not be reached in the fifth survey; hence,
the previously mentioned durations from the fourth survey were
to be used as final definitions of STF and LTF. Regarding the
actual dietary regimen followed during the fasting hours, some
participants argued during round 4 that water-only fasting
should be included alongside modified fasting. However, no
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consensus was reached on this issue in round 5. To make the
definitions of STF and LTF more coherent, both definitions
were changed in the round of the peer review process to include
any fasting regimen and not just fluid-only fasting regimens. This
decision was agreed upon by 96% of the participating experts in
this new survey round. Additionally, 76% of the participating ex-
perts in this survey round agreed to adjust the duration in the
definition of STF from “1-3 days” to “2-3 days” to distinguish
STF from IF regimens, which last up to 48 h. Thus, the final def-
initions are as follows: “STF refers to fasting regimens with a
duration of 2-3 days” and “PF, also called LTF, refers to fasting
regimens lasting >4 consecutive days.”

Periodic fasting

In the first round, 71% of the experts agreed that the term peri-
odic fasting means fasting at regular intervals, e.g., daily. The
disagreeing experts considered fasting programs that are per-
formed “daily,” “every other day,” or “once or several times a
week” as IF, and periodic fasting should define fasts of at least
2 days in length. In the second round, these proposed changes
were incorporated into an alternative definition. Neither this nor
the initial definition reached consensus. In the fourth round, the
SC offered the definition with the majority of votes from the sec-
ond round (the original definition) for re-evaluation. This definition
reached an agreement of 81%. However, some experts objected
to this proposal again, demanding a distinction between the defi-
nition of periodic fasting and frequent IF regimens. One expert
requested the intervals in periodic fasting to be regular, whereas
another one said they should be defined “without any particular
interval,” since “periodic fasting should refer to any form of PF
whether it is at regular intervals or not.” In the fifth round, an alter-
native definition of periodic fasting was presented, defined as a
fasting regimen that is prolonged and repeated at intervals. The
intervals were not further specified. Consensus could not be
reached for this definition. Therefore, the definition from round
4 was accepted. It should be noted that this accepted definition
is in line with the first published uses of the term, such as those
found in a publication by Horne et al..*® In some later works, the
term referred to a fast “lasting several days or longer every 2 or
more weeks.”*” Ultimately, in this consensus process, periodic
fasting was defined as “any fasting regimen that is repeated at
regular intervals (periods), such as every day, every week, or
every several months.” Thus, IF would be considered a subcat-
egory of periodic fasting.

DISCUSSION

This consensus process aimed to unify terminology in clinical
fasting research and practice by developing an expert
consensus. It also served to identify which terms or aspects of
definitions need further discussion or scientific research. The
various fasting regimens discussed in this publication suggest
the potential for positive health effects in humans while having
only few side effects including no negative effects on aspects
of planetary health. The authors hope that this Delphi process
will facilitate high-quality fasting research on a global scale by
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creating a common international terminological basis on which
fasting programs can be systematically examined and applied.

Thirty-eight experts in the field participated in at least one and
up to five rounds of surveys and one online consensus confer-
ence, finally reaching consensus on 24 definitions. A few more
questions arose during the peer review process, which we asked
the expert panel to clarify through a brief survey. In the future, we
recommend using these definitions in clinical research and prac-
tice in order to achieve comparability of methods and study re-
sults. This work is meant to serve as a starting point, as definitions
should and will be further refined and revised in the future as new
clinical data become available. A reassessment of these defini-
tions is planned in 5 years’ time at the latest. Creating possible
new forms of fasting or evaluating evidence, safety, and feasibility
of existing fasting regimens were not part of this study.

Implications of certain definitions in view of existing
literature

Caloric restriction

Caloric restriction has been defined in various publications, with
restrictions varying between 20% and 40% of ad libitum
intake,*®**° to 20% and 50% of needs,*" to decreasing energy
intake by 15% and 60% of baseline needs,”® or to 10% and
25% of (usual) caloric intake.*® Elsewhere, it has been defined
as “a state in which energy intake is sufficiently low to achieve
or maintain a low-normal body weight status.”** Trying to unify
the terminology proved challenging, as different studies and clin-
ical circumstances may require adaptations of the degree of cal-
orie reduction. Discussing these points in the consensus confer-
ence, panelists decided to leave out the definition of any
specification of caloric intake. Instead, it was decided to use
“the amount of calories that would be needed to maintain a per-
son’s current body weight” as the baseline from which to define
caloric restriction. Panelists agreed that the terms continuous
energy restriction (CER) and daily energy restriction (DER) were
synonymous and can be used interchangeably for longer periods
of caloric restriction.

Fasting

Fasting has been used historically in diverse contexts and cul-
tures for millennia. As a result, in the first two rounds, consensus
was difficult to obtain. One of the central debates was whether
fasting permits any calorie intake. During the consensus confer-
ence, it was agreed to use fasting as an umbrella term, giving it
the broadest possible context. Therefore, any reference to min-
imal duration (as in TRE), amount of global calorie intake (as in
medical fasting), abstinence from certain foods (as in Christian
orthodox fasting), or specific nutrients or fluids (as in fluid-only
fasting or dry fasting) was omitted.

Modified fasting

Giving fasting this broad definition made it clear during the
consensus conference that modified fasting needed to be
more precisely defined to suit clinical application. During the
following survey rounds, agreement was reached for modified
fasting to typically mean a limitation of energy intake to a
maximum of 25% of energy needs. During the consensus

consensus in this round; =: >70% agreement, but changes required; =*: agreement in CC, but new assessment in round 4 required; &: not discussed in the CC
or not discussed in detail due to time constraints; — and (—): <70% agreement; X: no consensus at the end of final round, last consensus reached is used; X**:

exception: consensus from round 2 is used.
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Table 3. Proposed systematization of terminology

Prior to the start of the study After the study

Terms concerning dietary
and caloric restriction

General terms concerning
nutritional restriction

Dietary restriction dietary restriction

Caloric restriction caloric restriction
Starvation starvation

- fasting

General terms concerning
fasting

Fasting regimens
categorized by type

Fasting water-only fasting

Water-only fasting total/complete fast

Total/complete fast dry fasting

Fluid-only fasting modified fasting
fluid-only fasting
Buchinger therapeutic
fasting

FX Mayr therapy/cure
Dry fasting
Modified fasting -

fasting-mimicking diet

Continuous fasting regimens Fasting regimens categorized

by the aspect of duration

Short-term fasting short-term fasting

Prolonged/long-term fasting prolonged/long-term fasting

Periodic fasting -

Intermittent fasting regimens Fasting regimens categorized
by the aspect of repetition

Intermittent fasting periodic fasting

Time-restricted eating intermittent fasting
Intermittent energy restriction time-restricted eating
Alternate-day fasting intermittent energy restriction
Alternate-day modified fasting intermittent dry fasting
- alternate-day fasting

- alternate-day modified fasting

Fasting regimens categorized
by motivation

- therapeutic/medically
- supervised fasting

- preventive fasting

- religious fasting

Special fasting regimens

Therapeutic/medically supervised -
Fasting -
Preventive fasting -
Buchinger therapeutic fasting -
FX Mayr therapy/cure -
Fasting-mimicking diet -
Religious fasting -
Intermittent dry fasting -

conference, it was decided to add a table to support clinicians
and researchers in determining the necessary amount of calories
to approximate this degree of energy restriction according to
body mass, age, and sex (see Table S3). Panelists decided
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against counting FMDs as a modified fasting regimen, as the
caloric intake in FMDs might be higher than 25% of energy needs
in some clinical contexts.

Total/complete fasting

The broad definition of fasting also led to deliberations around
the concepts of total/complete fasting. In the consensus confer-
ence, it was proposed to use these terms interchangeably, mak-
ing it clear that they both meant a fast that did not allow for any
caloric intake from food or fluids.

STF vs. PF

The terms STF and PF were not easy to differentiate, as there are
very limited data on the differential effects of fasts between 2 and
5 days. This also made it difficult to delimit IF from STF. The
terms PF/LTF have been used to describe different fasting dura-
tions in scientific literature, ranging from 2 to 5 days'’**° to
>5 days’®*’ to 2 to 21 days or more.*® Of note, PF is often
also used in surgical literature for fasting durations of 2-6
h.%9%% By comparison, the term STF has been used for fasting
durations ranging between 48 h*>°"°? and 7 days®® in literature.
Panelists selected “1-3 days” of fluid-only fasting as the defini-
tion of STF and “>4 days” of fluid-only fasting as the definition
for PF in round 4. The 3-day threshold to differentiate these two
terms is arbitrary, but it was considered by the experts as a
reasonable threshold for the activation of specific metabolic
adaptation processes in terms of systemic carbohydrate, pro-
tein, and lipid metabolism during fasting regimens. The defini-
tions agreed on during this consensus process are hoped to sys-
tematize efforts exploring different physiological, biochemical,
and, potentially, therapeutical effects of fasts of a shorter dura-
tion of up to 3 days to those of a longer duration, lasting at least
4 days. It needs to be remarked, however, that STF has never
been used for fasts lasting only 24 h. This point underlines the
need to distinguish between STF and IF regimens, as was
done in the survey round during the peer review process by
setting a timeframe of 2-3 days for STF. Nevertheless, it is rec-
ommended to explicitly define the exact fasting duration studied
in each research project for a better comparison of fasting regi-
mens of a given duration. Further research is needed to assess
physiological mechanisms active in shorter versus longer fasting
periods and investigate individual variations depending on body
mass index (BMI), level of physical activity, and age. It would also
be commendable to add a maximum length to the definition of
LTF allowing for adaptations to individual conditions. This could
include physiological rationales explicitly limiting the duration to
a timeframe in which adipose tissue stores are not depleted.
Periodic fasting

Another term that has been used with some variance in pub-
lished literature is periodic fasting.'®%-*":545° Some past publi-
cations have used the term for a fasting regimen “lasting several
days or longer every 2 or more weeks.”*’ In the consensus pro-
cess, most experts voted for it to mean repetitive fasting inter-
vals, including IF regimens. This discrepancy should be consid-
ered in future research and especially in reviews examining the
effects of longer fasting periods.

IER vs. IF

The terms IF and IER were discussed throughout all rounds. Pan-
elists disagreed on whether IF is a subcategory of IER or IER is a
subcategory of IF. The crux of the matter was whether IER should
be defined as periodically practicing (1) caloric restriction (i.e., any
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Nutritional Restriction

+

Dietary restriction (DR)
3

Caloric restriction (CR)

|

Fasting

Religious fasting [, Dry fasting

(o food or fluids)

(any religious fasting intervention)

Preventive fasting
(any fasting intervention)

Total / complete fast
(no calories)

Water-only Fasting
(only water)

— —

Modified fasting

Therapeutic/medically supervised fasting — (up to 25 % of energy needs/day)

(any fasting intervention)

Fluid-only fasting _,
(< 500 kcal/day)

Buchinger
therapeutic fasting

FX-Mayr cure

— Fasting mimicking diets

Figure 3. Classification of terminology
All defined terms are listed here in distinct categories.

form of energy restriction) or (2) modified fasting (<25% of energy
needs). Ultimately, based on both usage in the literature and the
round with the greatest agreement, it was decided that IER should
be more broadly defined as alternating periods of caloric restric-
tion and ad libitum eating. This means that IER can range from
hours or days to weeks of caloric restriction followed by phases
of ad libitum eating. Thus, IF is a subcategory of IER.
TRE
The term TRE was also discussed throughout all rounds. Dis-
agreements mainly centered on the question of whether TRE
can be seen as a form of IF. On the one hand, it was argued
that TRE is mostly a chronobiological intervention and does
not necessarily involve caloric restriction.®® Thus, it should not
be considered a form of fasting. On the other hand, several other
panelists mentioned that the prolonged overnight abstention
from calories constitutes a bona fide fast, as glycogen stores
are depleted toward the end of an extended overnight fast and
fat oxidation is upregulated. Additionally, TRE studies have
shown that followers restrict their caloric intake naturally by up
to 25%°"°® when following the regimen.>® Moreover, a knockout
study in animals found that TRE improves cardiometabolic
health in rodents independent of core circadian clock machinery,
suggesting that the effects of TRE are mediated through both
fasting- and circadian-related mechanisms.®°

The second major area of contention was the duration of the
“fasting” period. A couple of leading experts in the field favored
12 h as the minimum length of the “fasting” period, whereas
others favored 14 h as the minimum, which corresponds to a <
10-h eating window. In the fifth round, two leading TRE experts
proposed a broader definition for TRE, emphasizing the impor-
tance of a “consistent period during a 24-h day” for the eating
and fasting window. The latter, according to the experts, should
be individualized to a person’s schedule and bedtime, with a sug-
gested fasting period of 12-18 h per day. However, the panel
opted for a 14-h definition for a combination of reasons, including
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data on the physiology of fasting and epidemiologic data, sug-
gesting that the median length of the overnight fasting period in
humans s currently 12 h.%" The panel acknowledged that this defi-
nition was specific for humans only and that a 12-h window may
count as TRE in rodents and other species. The importance of a
consistent eating window during TRE, i.e., maintaining the same
mealtimes every day as a means of regulating the circadian clock,
is confirmed by other clinical studies®*°* and should therefore be
included in the definition of the term in the future. Regarding the
optimal “fasting” duration and timing of TRE, there are no conclu-
sive data available yet.®® The definition chosen for TRE in the end
does not adequately reflect these deliberations. We hope that
more studies on the chronobiological and nutritional implications
of TRE will shed light on these issues.

FMD

The FMD was also a subject of deliberations, especially because
this term employs a functional definition that is based on the
capability of this approach to “mimic the metabolic effects of
fasting” (Table 2). Since fasting entails several metabolic effects,
and these may vary according to the specific clinical context, the
available literature did not allow the experts to be more precise in
terms of calorie context, macronutrient, and micronutrient
composition of FMDs. Also, the lower caloric threshold differen-
tiating most therapeutic fasting regimens from FMDs as well as
the maximum caloric threshold for these diets was difficult to
establish, as studies on these topics are presently ongoing.
Cultural and religious forms of fasting

Obtaining a consensus on the terms for certain traditional forms
of fasting proved difficult, including the terms dry fasting, Bu-
chinger therapeutic fasting, and the FX-Mayr therapy/cure. Dry
fasting was critically viewed by a few experts, whereas those
familiar with religious fasting traditions like Ramadan fasting,
Christian orthodox, Bah@’i fasting, or fasting in Judaism as in
Yom Kippur were clear about the importance of including this
term in the consensus process. The dissent was resolved by
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the clarification that this form of fasting has historical and
geographical extensions and that the present consensus pro-
cess did not aim at evaluating therapeutic effectiveness or safety
for any term defined. In particular, Buchinger therapeutic fasting
and the FX-Mayr therapy are traditional fasting regimens in
German-speaking countries that evolved during the last century
and have medical applications as well as clinics following their
provisions.*® Internationally, these types of fasting are not widely
known and scarcely applied—a fact that was reflected in the
opinions of panelists on these terms. Since they are widely
used in German-speaking countries, the SC decided to keep
them in the list of definitions and ask the fasting experts to
vote on the corresponding definitions only if they were familiar
with these regimens, which was 23 (for Buchinger therapeutic
fasting) and 22 (for FX-Mayr therapy) of fasting.

Missing supplementary instructions

Fasting, especially in its traditional forms, is often associated
with certain supplementary or supportive measures or is accom-
panied by nutritional advice for non-fasting periods. Portraying
some of these details was attempted in the first two rounds of
this survey, where issues such as bowel cleansing procedures
in fluid-only fasting, the consumption of black coffee during fast-
ing times, or the type of water consumed (mineralized or distilled)
in water-only fasting were raised. The complexity and diversity of
the answers provided by the panel amply illustrated that the writ-
ten form was not adequate to do justice to the lack of scientific
data on these topics on the one hand, and the broad experience
of the participating clinicians on the other. On this account, these
topics were omitted in the following rounds and are left for future
research to be clarified.

Strengths and limitations
The main strength of this consensus process lies in the experts
themselves and their many years of research and clinical experi-
ence. Many of the most cited and highest publishing experts in
different fields concerning fasting, namely IF, TRE, alternate-
day fasting (ADF), FMD, and Ramadan fasting, were part of the
panel, as can be seen in respective bibliometric reviews.®>°
The size of the panel was close to optimal, as relevant sources
describe groups between 15 and 30 as rendering the best re-
sults.”® Also, the diversity of the panel is remarkable, ranging
from experienced clinicians to translational researchers, encom-
passing experts on medically supervised fasting and different
religious fasting traditions, as well as specialists on topics con-
cerning nutrition, chronobiology, or aging. The length of the pro-
cess, although strenuous, was helpful to iteratively refine defini-
tions. Adding an online consensus conference to the process on
the one hand reduced anonymity, but it also gave a precious op-
portunity to discuss details difficult to capture in the written form.
The flexibility of the SC in adapting rules during the process to
match the dynamics of the communication evolving during the
rounds, proved crucial in supporting the achievement of
consensus on terms that showed a great diversity of opinions.
A high response rate of over 80% was achieved for all surveys.
Although carefully selected, expert panels like the one gathered
for this work always engender the possible limitation of not
including all relevant stakeholders, especially in fields where no
bibliometric reviews are at hand. More bibliometric reviews on
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different fasting regimens could possibly help future panels to be
even more representative than ours. Also, diversity in our case
did not include geographic considerations, so that the panel con-
sisted mostly of experts based in Europe and the United States of
America. Another limitation that lies in the methodology of this pro-
cess is that online questionnaires naturally only allow for a certain
number of questions to be considered. This meant that detailed
questions on practical aspects of traditional elements that have
been historically associated with certain fasting regimens could
not be fully considered. Similarly, this holds true for aspects that
might enhance the clinical impact of the specific fasting regimen.
For example, the bowel cleansing procedures during Buchinger
therapeutic fasting might support the observed microbiota
changes by reducing the microbiota at the beginning of the
fast.”""? Also, nutritional aspects, often part of counseling that
goes alongside fasting recommendations, were not included in
the deliberations during this consensus process. The fact that
some aspects of the final definitions are based on opinions only
is a characteristic of consensus processes, but it also marks one
more limitation of the results. There are insufficient data to clarify
the threshold between STF and LTF/PF. Similarly, the differences
between TRE and IF, as well as between periodic fasting and FMD,
are not fully understood. Additionally, the optimal timing or dura-
tion of the “fasting” window for TRE has yet to be determined.
These gaps highlight how much more exploration is needed in
future research. Even the questions of whether there is a certain
caloric threshold provoking fasting responses and whether macro-
nutrient composition makes the difference are not yet clear be-
tween experts. Furthermore, metabolically inflexible individuals
may need to fast for longer to get the same benefits as metaboli-
cally flexible individuals; similarly, age, sex, and other factors
may play a role. Finally, basic research and translational studies
often use clinical fasting terminology for animals, although there
might be substantial differences. These differences could result
from an altered stress response of animals, as they are involuntarily
exposed to food scarcity and hunger. Also, the metabolism of
different species varies according to chronobiological features,
lifespan, and activity patterns. This consensus process did not
adequately address this issue and it is left for future research to
clarify terms in this regard.

Conclusions

This consensus process has documented the necessity of discus-
sing and unifying the scientific terminology on PF and IF and
different types of calorie-restricted and fasting-like approaches.
The standardized set of 24 definitions presented here fortifies con-
ceptual frameworks, enhances the comparability of results, and
reveals open questions. We recommend employing the definitions
published in this work for future publications and addressing
missing details or unclear aspects in upcoming research. This
approach is expected to further develop, revise, and refine fasting
terminology in the years to come.
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RESOURCE AVAILABILITY

Lead contact
Further information and requests for resources and data should be directed to the corresponding author, Dr. med. Daniela A. Koppold
(daniela.koppold@charite.de).

Materials availability
This study did not generate new unique reagents.

Data and code availability

All data necessary to assess the conclusions of the paper are included in the article or in the supplemental information. All responses
to the questionnaires as well as the transcription of the online consensus conference are archived as a pseudonymized dataset on
local servers of the Charité Universitatsmedizin Berlin for 10 years. International researchers may be granted access to the data upon
justified request.

EXPERIMENTAL MODEL AND SUBJECT DETAILS

Overview

The purpose of this consensus-based modified Delphi study was to achieve a more uniform terminology of fasting terms and regi-
mens. Experts in the field of fasting were invited to participate in a maximum of five rounds (R) of an online survey (R1 in March 2022,
R2 in May 2022, R3 in July 2022, R4 in September 2022, and R5 in November 2022) in which definitions of various fasting terms were
assessed and amended. Following the peer review process, a short additional survey round was offered in March 2024, in which 26
experts participated to clarify some open questions that had arisen during the peer review process. The questionnaires conformed to
the main features of the Delphi technique. A panel of experts was selected according to specific criteria. During the survey (pseudo)
anonymity was guaranteed. Feedback was provided consisting of the results of the statistical analysis on each item from the previous
rounds and anonymized comments, so that the experts could revise their opinions if necessary.>* Terms where consensus seemed
difficult to achieve were discussed via a 3-hour online consensus conference following the third round.

Steering Committee

A 7-member Steering Committee (SC) (D.A.K.; C.B.; E.H.; C.K;; A.R.K.; H.C.; A.M.) from the Department Internal and Nature-Based
Medicine at the Immanuel Hospital Berlin, the Charité - Universitatsmedizin Berlin, and the University Hospital Tlibingen/Bosch Health
Campus Stuttgart, was responsible for the design and implementation of the study. The joint team of the Immanuel Hospital Berlin and
the Charité - Universitatsmedizin Berlin forms a center of competence for the scientifically-based clinical practice of fasting, together
with the University Hospital Tubingen/Bosch Health Campus Stuttgart. Various fasting methods and their influence on health and dis-
ease are one of the research focuses of the Department for Internal and Nature-based Therapies at the Immanuel Hospital Berlin/Charité
- Universitatsmedizin Berlin. Among other aspects, teaching and research is conducted on IF and therapeutic fasting for medical con-
ditions such as high blood pressure, diabetes, breast cancer, rheumatoid arthritis, and osteoarthritis. SC members for this study also
included board members of the German Medical Association for Therapeutic Fasting and Nutrition (Arztegesellschaft Heilfasten &
Ernahrung e.V., AGHE), founders and staff of the Academy for Integrative Fasting (Akademie fiir Integratives Fasten, AlF), and physi-
cians with further training in fasting. A core team of the SC was responsible for preparing the draft of the final article.

Panelists

The SC established a list of known experts in the field of fasting. This list was expanded after reviewing relevant publications on
PubMed to ensure that experts in all fasting methods to be defined were represented. The identified experts were contacted via their
publicly available email addresses. Snowball sampling was additionally used, whereby the initially identified and invited experts had
the opportunity to propose another expert from their research group or to refer the study to peers in the field who they felt also met the
inclusion criteria.

Currently, there is no standard sample size for Delphi studies, nor are there general guidelines for the minimum or maximum num-
ber of experts on a panel. The size of the panel may depend on the rigor of the inclusion criteria established, the topic being studied,
and the number of individuals with expertise in that area.®*"® A systematic review by Boulkedid et al., conducted to provide guidance
for future Delphi studies on healthcare quality indicators, examined 70 Delphi studies and found that panel sizes ranged from 3 to 418
participants.”* The minimum panel size for this study was set at 25 members, with no upper limit.

Inclusion Criteria

o Clinicians or scientists with at least five peer-reviewed papers in fasting or;
o Clinicians or scientists with at least one peer-reviewed paper and 5 years of clinical experience in fasting
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Exclusion Criteria
o Not more than two experts from one institution were allowed to participate

At the beginning of the first questionnaire, panelists had to agree to the privacy statement. Subsequently, panelist eligibility was
checked again. If the expert met these criteria, s/he could begin the questionnaire. Delphi panelists received no compensation for
their participation in the study, but all participants are credited as co-authors of this publication, if desired. Study participants could
withdraw from their participation at any time without giving a reason.

METHOD DETAILS

Study Registration

The study protocol was approved by the institutional review board of Charité - Universitatsmedizin Berlin (Charitéplatz 1, 10117 Ber-
lin) in February 2022 (ID: EA4/028/22). The study was registered with ClinicalTrials.gov (ClinicalTrials ID: NCT05668156) and conduct-
ed according to the standards of the Declaration of Helsinki. Written informed consent was obtained from all participants prior to
study entry.

Delphi Procedure

Preparations for this Delphi study began in December 2021. Delphi panelists were invited to participate in the Delphi study in February
2022. The first of five survey rounds began in March 2022, with the end of the study scheduled for August 2022. An additional short
survey was conducted in response to a few questions that were raised during the peer review process. Originally, one month was
planned per round, with 2 weeks of response time for the participants and 2 weeks for the analysis of the results and creating the
next round’s survey. An online consensus conference was held between Rounds 3 and 4, as consensus on certain terms was difficult
to reach and it was thought that verbal discussion may increase the chances of a consensus being achieved. Evaluation rules were
adjusted or added in the course of the survey to facilitate the process (see below). A core team of the SC was responsible for iden-
tifying the main fasting terms and developing and pre-formulating their definitions for Round 1. A literature search was then conduct-
ed on PubMed to review the various definitions in circulation for these terms. These definitions were subsequently compared with the
SC’s draft, adjusted as needed and finalized for the first round of the survey. Table S1 contrasts the definitions drafted by the SC for
the first round with corresponding definitions from published literature. During each round, participants were asked to evaluate and
modify each definition based on their expertise and professional opinion until either consensus was reached or the fifth round was
completed. Participants could also suggest terms to be excluded from the consensus process or added throughout the process. The
results and comments of each survey determined the design of the next questionnaire. Whenever consensus had not yet been
achieved and changes or alternative definitions were proposed, the wording of the definitions was modified for the subsequent round
based on the comments of the Delphi panelists.

After each round, as well as before and after the online consensus conference, a document containing all fasting terminology with
the previously proposed definitions, the percentages of agreement and all expert comments, was created and made available to par-
ticipants upon request in an anonymized form. These documents are displayed in Figure S4. For this purpose, each expert was as-
signed a fixed pseudonym with a “P” and a number.

No feedback was provided to participants between rounds, but all major findings for each term were presented in each subsequent
questionnaire prior to a term’s re-evaluation. For this reason, all virtual surveys included the previously proposed definitions and the
corresponding group responses. To keep the surveys as short as possible, only those expert comments that resulted in changes to
the definitions were presented.

Survey Content and Scoring
The first page of each survey listed the evaluation rules. In the first survey, the subsequent five pages presented the original 19 fasting
terms and their definitions formulated by the core team of the SC. The SC grouped the fasting terms into five categories, which were
maintained throughout the process. The first category encompassed “terms concerning dietary and caloric restriction” and included
the definitions dietary restriction, starvation, and caloric restriction. The second category covered “general terms concerning fasting”
and contained the terms fasting, water-only fasting, fluid-only fasting and dry fasting. Category 3 was named “continuous fasting reg-
imens” and incorporated STF, PF/LTF and periodic fasting. The fourth category was named “intermittent fasting regimens” and
included proposed definitions for IF, TRE and ADF. The fifth and last category was called “specific fasting regimens” and included
the definitions for therapeutic/medically supervised fasting, Buchinger therapeutic fasting, FX-Mayr therapy/cure, FMD, religious fast-
ing, and intermittent dry fasting. On the last page of the first questionnaire, participants were asked to select from a list of terms those
that they thought should be defined additionally in the next round of the questionnaire: IER, CER, DER, alternate-day modified fasting
(ADMF), sub-total fasting, zero-calorie diet and modified fasting. If desired, a comment or definition proposal could be made under
each of these terms. In addition, a maximum of two further terms could be suggested that were not included in the above list.

All subsequent questionnaires began with information relevant to the new round, e.g., references to adjustments in the evaluation
rules or regarding the consensus conference. This section was followed, if applicable, by a section of terms on which consensus was
reached; a section with terms on which consensus was reached in the last survey but which needed to be reassessed based on
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comments from participants; and a section with terms on which consensus had not yet been reached and which needed to be re-
assessed. The last questionnaire additionally asked for demographic data and conflicts of interest.

All rounds of questionnaires collected both quantitative and qualitative data. Proposed definitions were rated on an extended
6-point Likert scale (1 =“strongly agree”; 2 =“agree”; 3 =“neutral”; 4 =“disagree”; and 5 =“strongly disagree”; 6 =“This definition
is irrelevant and should be excluded from the consensus process”). The sixth response option was offered to allow experts to directly
point out definitions that they felt should not be part of the consensus process. If survey participants selected a response option from
“3” to “5”, they were asked to provide their suggestions for improvement or an alternative definition. If “1”, “2” or “6” was selected,
txhe experts could optionally justify their choice. The surveys also included detailed questions about some fasting terms and
methods, which were intended to help further refine the corresponding definitions during the subsequent rounds. The answers to
these questions were therefore specific to the respective fasting method and could not be answered using the Likert scale; instead,
they included a selection of predetermined answer options or required a free-text response. An example of such a question is “Would
you recommend the use of bowel/colon cleansing during fluid-only fasting?” with the response options: “No preference”; “No, | do
not recommend bowel/colon cleansing”; “Yes, with sodium sulfate (Glauber’s salt) or magnesium sulfate (Epsom salt, bitter salts)”;
“Yes, with colonic irrigation or enema”; “Yes, with other means, namely ...”. All five rounds of surveys with all questions and answer
options, the agenda and the written summary of the online consensus conference can be found in the supplement (Figure S1).

Evaluation Rules as Presented to the Expert Panel
1. A definition is accepted in case of agreement of >70% of participants (“strongly agree” or “agree”).
2. A definition is removed if >50% of participants choose "This definition is irrelevant and should be excluded from the
consensus process".
3. Suggested changes or new terms to be defined are taken into consideration for the next survey when they have been sug-
gested by at least two participants.

Evaluation rule implemented from the second round onwards:

4. In case you feel incapable of voting on one or more terms / methods because they don’t fall within your area of expertise, please

choose the answer option: "Due to my specialization, | am not familiar with this term / this method and prefer not to vote on it".
» Only the votes for the answers “strongly agree - agree - neutral - disagree - strongly disagree - this definition is irrelevant and
should be excluded from this consensus process” will be counted.

Evaluation rules implemented from the third round onwards

5. For definitions to which the first and third rule apply, private emails are sent to the commenting participants to clarify de-
tails. If the modifications are still relevant to at least two participants after the email exchange, a definition with the desired mod-
ifications is created and offered for re-evaluation in the next questionnaire together with the initial definition.

6. For definitions to which the first three rules do not apply, individual comments from participants are selected and adopted as
modifications to the original definition. These modified definitions will then be presented for re-evaluation.

7. Whenever two definitions had been proposed for the same term in the last questionnaire, but no clear leading definition
emerged, all comments from all participants are taken into account, and an appropriately modified definition is offered for
re-evaluation in the next round.

8. For definitions for which no consensus seems foreseeable in the next round and / or for which the participants did not make any
target suggestions for change, the SC proposes its own changes to the definitions which are presented for evaluation in the
next round.

9. Minor additions to definitions for which no consensus seems foreseeable in the next survey (e.g. “what type of water
should be consumed in water-only fasting?”) are not included in the final definition of the term but will be mentioned in the
explanations of the term in the subsequent publication.

10 Terms that have so far been defined separately, but which, according to the participants, can be subsumed under one defi-
nition, are grouped together (e.g., “continuous energy restriction /daily energy restriction” and “caloric restriction”).

11 If no consensus is reached for a term by the end of the fifth round, the last version that reached consensus will be used. If there
was no previous consensus, this result will be described in the publication.

Evaluation rule for the online consensus conference

If there was no consensus on the definition before the discussion, a consensus of >70% had to be reached in the discussion to
adopt the proposed definition. If there was already consensus on the definition in the written surveys but at least two partici-
pants proposed the same changes, these terms and proposed changes were discussed. Subsequently, if a consensus of >50%
was reached in the discussion group, the definition (with or without the changes) was accepted.

Data Collection, Management, and Analysis

The questionnaires were hosted on the online survey platform LimeSurvey (https://www.limesurvey.org/en/). Invitations with a
personalized link to access each survey were sent via the survey website. Each questionnaire was checked for any technical
problems and clarity of wording before launch. Reminder emails were sent to non-responders on Day 7, Day 13, and one week after

Cell Metabolism 36, 1779-1794.e1-e4, August 6, 2024 e3



https://www.limesurvey.org/en/

¢? CellPress Cell Metabolism

OPEN ACCESS

the scheduled end of each round. A digital survey was chosen to ensure that experts from around the world could participate in
the study.

Quantitative and qualitative data analysis was conducted at the end of each survey round. Only fully completed questionnaires
were included in the evaluation of the individual rounds. Based on the evaluation rules, the terms were then either accepted or adapt-
ed for re-evaluation. Quantitative analysis was first conducted using the integrated statistical program of the survey platform. Ratings
for all definitions and response options to additional questions were tabulated as percentage of agreement among respondents in
each survey round. The additional answer option “Due to my area of expertise, | am not familiar with this term/method and prefer not
to vote onit”, which was added in the second round and applicable to all subsequent rounds, was reported similarly as a percentage.
All votes for this response option were subtracted from the denominator in Excel, so the final results for all quantitative outcomes
were adjusted for these votes.

Proposed systematization of terminology

When setting up the questionnaire for the survey, the SC predetermined five categories for a clearer arrangement of the question-
naire. These were the following: 1. “Terms concerning dietary and caloric restriction”, 2. “General terms concerning fasting”, 3.
“Continuous fasting regimens”, 4. “Intermittent fasting regimens” and 5. “Special fasting regimens”. While evaluating the results,
it became clear that these categories did not adequately fit the final definitions. For this reason, we decided to rearrange the cate-
gories according to the main characteristics delineated in the final definitions. This brought about the following five groups: 1. “Gen-
eral terms concerning nutritional restriction”; 2. “Fasting regimens categorized by type”; 3. “Fasting regimens categorized by dura-
tion”; 4. “Fasting regimens categorized by the aspect of repetition”; and 5. “Fasting regimens categorized by motivation”. The former
and current categories, including the respective definitions, are shown in Table 3.

As illustrated in Table 3, fasting was moved to the more general terms, as it was defined as an umbrella term by the end of the
process. The categories 2 to 5 were completely revised to represent the main characteristic of the fasting definitions they contain,
focusing on the dietary intake during the fasting timeframe, the duration of the fast, whether it is meant to be repetitive, and for what
reasons it is followed or prescribed. Figure 3 visualizes the classification of all defined terms in these categories.

Abbreviations

ADF Alternate-day fasting

ADMF Alternate-day modified fasting

AMPK 5’ Adenosine Monophosphate-activated Protein Kinase
BDNF Brain-derived neurotrophic factor

CER Continuous Energy Restriction

DER Daily Energy Restriction

FOXO Class O of forkhead box transcription factors
FMD Fasting-Mimicking Diet

IER Intermittent Energy Restriction

IF Intermittent Fasting

LTF Long-Term Fasting

mTOR mammalian Target Of Rapamycin

NRF2 nuclear factor erythroid 2-related factor 2

PF Prolonged Fasting

PKA Protein kinase A

STF Short-Term Fasting

TRE Time-Restricted Eating

ADDITIONAL RESOURCES

ClinicalTrials.gov Identifier: NCT05668156
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