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| have been paid for media contributions including
intermittent fasting, exercise, nutrition, and sleep
related topics.

My doctoral mentor (Dr. Krista Varady) benefitted
financially from book sales during my graduate
training.

Disclosures

& Conflicts

| have tried different intermittent fasting regimens in
my personal life.

| am employed at Pennington Biomedical Research
Center, but my relationship with Orgain is separate
from my employment.




Overview

What is considered intermittent fasting (IF)?
What do clinical trials support?
What are some variations?

What other applications are on the horizon?

- Bonus Slides! Hf IntermittentFasting

YW @KristinHoddyPhD



The Case for Intermittent Fasting

Periods of prolonged fasting may be
beneficial to human health because it
theoretically mimics the feed-fast cycling of
the Late-Paleolithic Era.

Plentiful Energy
ighly Palatable
in the Day

Neel JV, (1962). Am J Hum Genet. 14(4):353-362.



Types of Intermittent Fasting

DIET FEED DAY FAST DAY Fast Days Window

ALTERNATE DAY T o T o c
0 0 - N
FASTING (ADF) m 100% m 0% 3-4 ‘ one

MODIFIED ADF £IN 100% £ 25% 34 2 hrs*

(ADMF)
5:2 €Ty 100% (TN 5% 2 Open
TIME RESTRICTED ,,, A 0 D
» : 7 10h
EATING (TRE) Y 100% €30 100% ‘< s

Hoddy KK, Obesity. 2020 July; 28 Supp!l 1(Suppl 1):529-S37.



Pop-Nutrition

® Low-carbohydrate diet @ intermittent fasting paleo
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Jan 10, 20...

Average

United States. Past 5 years. Web Search.

® 52diet @ alternate day fasting
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United States. Past 5 years. Web Search.
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Pop-Nutrition

Watch the pounds disappear
without watching what you eat!

United Kingdom United States

and Transform Your Health
from Morning to Midnight

IHE
*Examples only- NOT an endorsement for any book*
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Intermittent Fasting on PubMed
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Overview:

Alternate Day Fasting
Alternate Day Modified Fasting
5:2




Alternate Day Fasting- Early Studies

Halberg, 2005 Heilbronn, 2005
2 weeks: Men 3 weeks
® Body Weight WV 3% Body Weight
WV 1% Fat Mass

®© Body Composition
WV 5% Lean Mass

=

L ()

A 16% Glucose Infusion Rate WV 57% Insulin (fast day)

A HDL Cholesterol (Women)
v Not reported WV Triglycerides (Men)

© Blood Pressure

. J Appl Physiol. 99(6):2128-36.
.Am J Clin Nutr. 81(1):69-73.



Irritability on the complete fast day
was a major complaint

Heilbronn, LK. (2005). Am J Clin Nutr. 81(1):69-73.




ADF & ADMF Variations

Baseline Control

Weight Loss Period

~

\

Alternate Day Fasting =—» Maintenance diet

Alternate Day Modified — Maintenance diet
Fasting

Bhutani, 2013
Oh, 2018
Hottenrott, 2020

Klempel, 2013

Kalam, 2019
Bowen, 2018

Hoddy, 2015

(

Feed day: Ad lib or Compensatory Intake; Full Fast

Fast day meal at lunch (12-2pm), Feed day: Ad lib

Aerobic Exercise during ADMF

High Fat Diet during ADMF
Higher Protein during ADMF

Different Meal Times during ADMF




"Fast Day” Meal

25% Needs

+ Snack =

. / ‘

- Ask me about fast day meal tips

[ |
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5:2 Approaches

CONSECUTIVE NON-CONSECUTIVE SUBJECT CHOICE

IHIL 1 VXSS
VvIVIV XX Vv XV VIVIXN

Harvie, 2011 Carter, 2016 Overland, 2018

Harvie, 2013 Schubel, 2018 Headland, 2018

Harvie, 2016 Sundfgr, 2018

Antoni, 2018 Conley, 2018

Hirsh, 2019 Carter, 2018

Corley, 2018 . L
Corley, 2018 oriey, Populations with diabetes



Comparison to Calorie Restriction

How does intermittent fasting (IF)

compare to standard calorie restriction
(CR) for weight loss?

Highly Adherent...?
Appetite Benefits...?
E@an Mass Retention...?

- Ask me about individual characteristics



IF vs. CR

Coffietal. JTransiMed  (2018) 16:371
https//doLorg/10.1 186/512967-018-17484

Journal of

Intermittent fasting interventions for treatment of
overweight and obesity in adults: a systematic review

Translational Medicine
and meta-analysis

Leanne Harris' - Sharon Hamilton. Liane B. Azevedo®. Joan Olajide®* . Caroline De Brin®*. REVIEW ope n A(CQ SS

Gillian Waller*> . Vicki Whittaker®* . Tracey Sharp*. Mike Lean' - Catherine Hankey' - Louisa Ells">*
@ CromsMark

Intermittent versus continuous energy
restriction on weight loss and cardiometabolic
outcomes: a systematic review

and meta-analysis of randomized controlled
trials

lolanda Cioffi', Andrea Evangelista’, Valentina Ponzo?, Giovannino Ciccone?, Laura Soldati®, Lidia Santarpia',
Franco Contaldo', Fabrizio Pasanisi', Ezio Ghigo® and Simona Bo’' @

’College of Medical, Veterinary and Life Sciences, University of Glasgow, Glasgow, United Kingdom, *Health and Social Care Institute, Teesside
Universiy, United Kingdom,
Kingdom, and “independent Public Heaith Consultart, United Kingdom

Objective: To examine the effectiveness of intermittent energy restriction in the treatment for overweight and
obesity in adults, when compared to usual care treatment or no treatment.

a Joanna Briggs Institute Centre of Excallence, United

Harris L, et al. JBI Database System Rev Implement Rep.
2018;16(2).

obesity reviews a5 101911k 12583

Etiology and Pathophysiology/Obesity Management

Short-term intermittent energy restriction interventions
for weight management: a systematic review and meta-
analysis

L Haris,' A McGarty,' L. Hutchison,” L Elis™ and C. Hankey”*

Summary

the available evidence on the effect of short-term
riction (weekly intermittent energy restricrion;

Harris L, et al. Obesity Reviews. 2018;19(1):1-13.

Abstract

Background: This systematic review and meta-analysis summarized the most recent evidence on the efficacy of
intermittent energy restriction (IER) versus continuous energy restriction on weight-loss, body composition, blood
pressure and other cardiometabolic risk factors

Cioffi |, et al. J Transl Med. 2018;16(1):371-371.



Meta-analysis: IF vs CR

ﬂ Weight Loss No Difference
Fat Mass No Difference
Fat Free Mass No Difference
. Total Cholesterol No Difference
LDL Cholesterol No Difference
HDL Cholesterol Trend Favoring IF
Triglycerides No Difference
Blood Pressures No Difference
— Glucose No Difference
‘ HbAlc No Difference
Insulin IF Outperformed CR

HOMA-IR Trend Favoring IF

Cioffi I, et al. J Transl Med. 2018;16(1):371-371.



- Ask me about appetite

® Prescribed energy intake
® Actual energy intake

E] Fast day for alternate-day fasting group Feast day for alternate-day fasting group @ Every day for daily calorie restriction group
4000 4000 4000~
3500 3500+ 3500
3000 3000 T + , 3000
a
= 2500 = 2500 4 * T 2500 3
= = i~
> 2000 > 2000 P » > 2000
] a 3] o
& 1500 ) & 1500 =+ 1 & 1500-
1000 - E } E E 1000+ i = 1000 -
5004 E § 500 5004
0 T T T T T 0 T T T T T 0 T T T T T
Baseline 3 6 9 12 Baseline 3 6 9 12 Baseline 3 6 9 12
Study Month Study Month Study Month

?©" Percent energy restriction, determined by

doubly-labeled water, was similar between interventions

Trepanowski JF, et al. JAMA Intern Med. 2017;177(7):930-938.



- Ask me about appetite

® Prescribed energy intake
® Actual energy intake

E] Fast day for alternate-day fasting group Feast day for alternate-day fasting group E] Every day for daily calorie restriction group
4000 4000 4000~
3500 3500 3500
3000 3000 T + , 3000
a
= 2500 S 2500 ® * = 2500 s
= = £
2 2000 2 2000 I & 2 2000
] a 3] o
& 1500 ) & 1500 =+ 1 & 1500-
1000 - } % { E 1000+ i = 1000 -
5004 E E 5004 5004
0 T T T T T 0 T T T T T 0 T T T T T
Baseline 3 6 9 12 Baseline 3 6 9 12 Baseline 3 6 9 12
Study Month Study Month Study Month

1»@" Calorie restriction reported higher adherence to energy
goals compared to alternate day modified fasting

Trepanowski JF, et al. JAMA Intern Med. 2017;177(7):930-938.




- Ask me about appetite

® Prescribed energy intake
® Actual energy intake

E] Fast day for alternate-day fasting group Feast day for alternate-day fasting group @ Every day for daily calorie restriction group
4000 4000 4000~
3500 3500+ 3500
3000 3000 T + , 3000
a
= 2500 = 2500 4 * T 2500 3
= = i~
> 2000 > 2000 P » > 2000
] a 3] o
& 1500 ) & 1500 =+ 1 & 1500-
1000 - E } E E 1000+ i = 1000 -
5004 E § 500 5004
0 T T T T T 0 T T T T T 0 T T T T T
Baseline 3 6 9 12 Baseline 3 6 9 12 Baseline 3 6 9 12
Study Month Study Month Study Month

1»@" De facto daily calorie restriction in the alternate day
modified fasting group???

Trepanowski JF, et al. JAMA Intern Med. 2017;177(7):930-938.




Meta-analysis: IF vs CR

Weight Loss No Difference
Fat Mass No Difference
fatfreeMass | NoPmerenee Equally effective
— Total Cholesterol No Difference weight loss outcomes
LDL Cholesterol No Difference
HDL Cholesterol Trend Favoring IF CR DI'OpOUtS.' 0-50%
—  Telycerides  NopDifference IF Dropouts: 2-38%
Blood Pressures No Difference
_______________________________________________________________ Metabolic Advantage to IF
Glucose No Difference
HbAlc No Difference
Insulin IF Outperformed CR

HOMA-IR Trend Favoring IF Cioffi |, et al. J Trans! Med. 2018;16(1):371-371.



5:2 vs. CR Across a Week

Drop in insulin resistance with
5:2 not observed with daily
calorie restriction

% change

25

25

e b — ER
o' ~ -'CER

h oo

Harvie MN, et al. 1JO. 2011;35(5):714-727.



40+

%Change Over 8 weeks of ADMF

-60

Hoddy KK, (2016). Nutr Healthy Aging. 2016;4(1):63-71.

a,b

[] Tertile 1
B Tertile 2
[ Tertile 3

HOMA-IR

MeanzSEM with baseline differences determined via one-way ANOVA.
Different superscript letters indicate difference between tertiles according to HOMA-IR (Tukey post-hoc test).

1 1
Insulin Glucose

Response by Baseline

Insulin Resistance Status

€7 8 weeks of ADMF
. 4% Weight Loss

Similar changes in
body composition

Augmented insulin &
insulin resistance decreases
in tertile 3 vs. tertile 1

Those with higher insulin
resistance may benefit to a
greater degree than those with
lower insulin resistance



Gabel K,. Obesity. 2019 Sep;27(9):1443-1450.



New study in the outpatient setting

ORIGINAL RESEARCH ARTICLE

Intermittent and continuous energy restriction result in similar
weight loss, weight loss maintenance, and body composition
changes in a 6 month randomized pilot study

Felicia L. Steger &4, Joseph E. Donnelly 4, Holly R. Hull 2%, Xinyang Li®%, Jinxiang Hu %, Debra K. Sullivan




Intermittent Fasting- In the Clinic

Weight Loss (12 weeks) Maintenance (12 weeks
N [

(

1,200-1,600 kcal/day Dietary Guidelines

Daily —

3 shakes + 2 entrées
Calorie Restriction Meal Replacements

5 cups fruit/veg (as needed)

FAST: 3 days weekly
(550-800 kcal/day)

termittent Fasting —> 2-3 shakes + 1 entrée

FAST: 1-2 days weekly
(550-800 kcal/day)

Meal Replacements
(as needed)
FEED: Dietary Guidelines

2-4 cups fruit/veg
FEED: Dietary Guidelines
5 cups fruit/veg

Steger FL. Clinical Obesity. 2021;11(2):e12430.



IF
Q Intermittent and continuous energy restriction result in similar

weight loss, weight loss maintenance, and body composition
changes in a 6 month randomized pilot study

Felicia L. Steger’ © | Joseph E. Donnelly? | Holly R. Hull! | XinyangLi® |
Jinxiang Hu* | Debra K. Sullivan?

WV 9% Body Weight

- Otherwise WV 17% Fat Mass
No Difference WV 2% Fat Free mass
12 weeks WV 8% Systolic Blood Pressure

Steger FL. Clinical Obesity. 2021;11(2):e12430. * 6% Diastolic Blood Pressure



Take Away

/@/f

Traditional caloric restriction and |F are comparable weight loss approaches
Follow-up research should explore potential superiority in insulin resistant populations



Overview:

Time Restricted Eating
Free-Living Feasibility
Experimentally Controlled




12am

Gill S, Panda S. Cell Metab. 2015;22(5):789-798.

Cell Metabolism

A Smartphone App Reveals
Erratic Diurnal Eating Patterns in Humans
that Can Be Modulated for Health Benefits

Shubhroz Gill' and Satchidananda Panda'*

Regulatory Biology Laboratory, The Salk Institute for Biological Studies, La Jolla, CA 92037, USA
*Correspondence: satchin@salk.edu

http://dx.doi.org/10.1016/j.cmet.2015.09.005

SUMMARY (Kohsaka et al.,, 2007). Conversely, recent studies in both

nocturnal (mice) and diurnal (Drosophila melanogaster) model
A diurnal rhythm of eating-fasting promotes health, organisms have demonstrated that restricting the time of caloric
but the eating pattern of humans is rarely assessed. intake to a window of 8-12 hr without altering the quantity or
Using a mobile app, we monitored ingestion events quality of diet can impart pleiotropic physiological benefits
in healthy adults with no shift-work for several (Chaix et al., 2014; Gill et al., 2015; Hatori et al., 2012; Sherman

Irregular pattern
Long Duration (15 hrs)
Excessive Intake at Night




Time Restricted Eating Continuum




TRE Studies

Parallel Arm Design

Cross-Over Design

Baseline Control Diet Exposure
( N[
Maintenance diet TRE or Control
First Condition Second Condition
( \ ( \

Extended Feed . ; Extended Feed

TRE TRE

First Condition Second Condition

\ ( \
TRE TRE




Gill, 2015
16 weeks

No Control

11 hours
Self-Selected

WV 20% Energy Intake

X

WV 3% Body Weight

X
X

Time Restricted Eating

Gabel, 2018
12 weeks

Historical Control

8 Hours
10AM-6PM

WV 20% Energy Intake*

X

WV 3% Body Weight*
WV 5% Fat Mass
© Fat Free Mass

Lowe, 2020
12 weeks

Active Comparator

8 Hours
12PM-8PM

X

W177.9 kcal/d

WV 1% Body Weight
© Fat Mass
WV 2% Lean Mass



Q Effects of 8-hour time restricted feeding
e v”‘ on body weight and metabolic disease risk

factors in obese adults: A pilot study

Kelsey Gabel?, Kristin K. Hoddy?, Nicole Haggerty?®, Jeechee Song?, Cynthia M. Kroeger®®,
John E. Trepanowski®, Satchidananda Panda® and Krista A. Varady®*

4 Department of Kinesiology and Nutrition, University of Illinois at Chicago, Chicago, IL, USA
bSchool of Public Health, Indiana University, Bloomington, IN, USA

“Regulatory Biology Lab, Salk Institute for Biological Studies, La Jolla, CA, USA

WV 31% Insulin
WV 38% Insulin Resistance
12 weeks WV 11% Triglycerides
Gabel K. Nutr Healthy Aging. 2018;4(4):345-353. * 5% SVStOIiC Blood Pressure®




8
@ Effects of Time-Restricted Eating on Weight Loss and Other Metabolic

= Parameters in Women and Men With Overweight and Obesity
The TREAT Randomized Clinical Trial

Dylan A. Lowe, PhD; Nancy Wu, MS; Linnea Rohdin-Bibby, BA; A. Holliston Moore, PhD; Nisa Kelly, MS;
Yong En Liu, BS; Errol Philip, PhD; Eric Vittinghoff, PhD; Steven B. Heymsfield, MD; Jeffrey E. Olgin, MD;
John A. Shepherd, PhD; Ethan J. Weiss, MD

% 3' © Glycemic Outcomes

© Lipid Outcomes

12 weeks © Systolic Blood Pressure
Lowe DA. JAMA Intern Med. 2020;180(11):1-9. ¢ 5% Diastolic Blood Pressure




Time Restricted Eating: Highly Controlled

Ravussin, 2019

4 days; Diet Provided

6 hours
Early Window
1»@" WV Hunger

A Fullness (trend)
A Metabolic Flexibility
®© Total Energy Expenditure

etab. 2018;27(6)
(Silver Spring). 2019;27(8):1244-1254.

Sutton, 2018

5 weeks; Diet Matched

6 Hours
Early Window

WV Eating Desire & Capacity*

A Fullness*

X
X

*Evening Self-Report
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Qéell Metabolism

Early Time-Restricted Feeding Improves Insulin
Sensitivity, Blood Pressure, and Oxidative Stress
Even without Weight Loss in Men with Prediabetes

PAVY © Glucose
e -\ E' WV Insulin during OGTT

A\ Triglycerides & Cholesterol (morning)*
5 weeks © HDL & LDL

Sutton EF. Cell Metab. 2018;27(6) W Blood Pressures
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8 @Early Time-Restricted Feeding Improves 24-Hour
Glucose Levels and Affects Markers of the Circadian
Clock, Aging, and Autophagy in Humans

Humaira Jamshed !, Robbie A. Beyl 2, Deborah L. Della Manna 3, Eddy S. Yang 3,
Eric Ravussin 4 and Courtney M. Peterson 1%

wilfi= 2 WV 24-hour Glucose (CGM)*
- WV Glucose Excursions (CGM)*
4 days W Glucose, Insulin, & Insulin Resistance (morning)

| A Insulin & Insulin Resistance (evening)
Jamshed H. Nutrients. 2019;11(6)



-t

Time-Restricted Feeding Improves Glucose Tolerance
in Men at Risk for Type 2 Diabetes: A Randomized
Crossover Trial

Amy T. Hutchison © 123, Prashant Regmi'>3, Emily N.C. Manoogian®, Jason G. Fleischer®, Gary A. Wittert"2?,
Satchidananda Panda®, and Leonie K. Heilbronn'%3

A\ Glucose tolerance to a test meal
® Insulin, free fatty acids, or gut peptides
WV 24-hour glucose (CGM) in early TRE only

Hutchison AT. Obesity (Silver Spring). 2019;27(5):724-732.
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N Effects of 4- and 6-h Time-Restricted Feeding on
ﬁWeight and Cardiometabolic Health: A
Randomized Controlled Trial in Adults with
Obesity

Sofia Cienfuegos !, Kelsey Gabel !, Faiza Kalam *, Mark Ezpeleta !, Eric Wiseman !, Vasiliki Pavlou !, Shuhao Lin ?,
Manoela Lima Oliveira !, Krista A. Varady 2 & &

WV 3% Body Weight
WV Blood Pressure (trends)
W Fasting Insulin

W Insulin Resistance

Cienfuegos S. Cell Metab. 2020;32(3):366-378.e363.



Take Away
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There are nuances to TRE that research has just started to uncover.
The current utility of TRE depends on dietitian insight to apply to clients/patients.



On the Horizon

Sleep Career
Soctoty | Development

® Foundation AWARD

"Extended fasting via time restricted feeding as a countermeasure
to sleep restriction (Fast to Sleep)"

Y @ResearchSleep



Study Concept
Sleep Restriction (SR)
Shortened_Tlme in Bed

WORK &
CARETAKING

Sleep Extension |... | @ Lifestyle Modifications
Prolonged Time in Bed Time Restricted Eating

3 @KristinHoddyPhD




Science Communication

¥ Pinned Tweet

Kristin Hoddy PhD RD @KristinHoddyPhD - Dec 5, 2020
Should we consider sleep extension as an obesity treatment target?

Read about it in my recently published review!

#Sleeptwitter #scicomm #obsm

Kristin Hoddy PhD RD
s ) @KristinHoddyPhD
Lk g,lgcd Intermittent Fasting and Metabolic Health: From Religious
Fast to Time-Restricted Feeding

Recoven

End of Week Pe

i
y

Intermittent Fasting and Metabolic Health: From Religious ...
Over the past 10 to 15 years, intermittent fasting has

c
2 e emerged as an unconventional approach to reduce body ...
5 () D & onlinelibrary.wiley.com
o T 7:47 AM - Jul 23, 2020 - Twitter Web App
n 13 Q s1 Y T r

@KristinHoddyPhD
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