Circadian rhythm diet
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| Systemic signals & coordinators of peripheral oscillators maintaining synchrony of function and health
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Circadian rhythm, Sleep Extension & Energy Intake

E | Change from baseline in energy intake vs change from baseline in sleep duration
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| Effect of Treatment on Energy Intake, Energy Expenditure, and Weight

Variable

Mean (95% CI)

Control group (n = 40)

Sleep extension group (n = 40)

Baseline
habitual sleep

Habitual sleep

Change
from baseline

Baseline habitual
sleep

Sleep extension

Change
from baseline

Differences in
changes (95% Cl)

P value

Energy intake, kcal/d

Total energy expenditure,
kcal/d

Energy balance, kcal/d

Resting metabolic rate, kcal/d

Fasting
Postprandial

Thermic effect of meal, kcal®

Activity energy expenditure,
kecal/d

Weight change, kg*
Fat-free mass change, kg

Fat mass change, kg

2665.0(2468.4 to
2861.6)

2693.5(2499.9t0
2887.1)

-0.6 (-69.9 to 68.8)

1563.6(1487.3 to
1640.0)

1837.9(1746.6 to
1929.2)

45.7 (41.4t0 50.1)
878.9(759.7 t0 998.0)

-0.04 (-0.33t00.25)
-0.05(-0.27t00.17)
0.004 (-0.08 to 0.09)

2779.9 (2583.3 to
2976.5)

2700.7 (2507.1 to
2804.3)

105.4 (36.0t0 174.8)

1581.1 (1504.5 to
1657.6)

1859.7 (1768.0 to
1951.4)

46.6 (42.2t051.1)

863.7 (743.2to
984.1)

0.35(0.06 to 0.64)
0.22 (-0.003 to 0.44)
0.13(0.05t00.21)

114.9(29.6 to
200.2)

7.2 (-49.0 to 63.3)

106.0(19.0to
193.0)

17.4(-4.91t039.7)
21.8(-6.5 t0 50.1)

0.9(-3.21t05.0)

-15.2(-81.0to
50.5)

0.39(0.02t0 0.76)
0.26 (-0.01t0 0.54)
0.13(0.03t00.23)

2976.6 (2782.5t0
3170.7)

2871.1(2677.610
3064.7)

105.4 (36.9 to 174.0)

1667.8 (1591.3 to
1744.2)

1944.9 (1853.4 to
2036.5)

46.3 (41.9 t0 50.8)

951.2 (832.8 to
1069.7)

0.45(0.16t0 0.73)
0.32(0.11t00.54)
0.12(0.04 t0 0.20)

2821.1(2625.1t0
3017.2)

2824.4 (2630.2 to
3018.6)

0.4(-71.7t072.4)

1652.7 (1576.2 to
1729.3)

1949.8 (1858.1 to
2041.4)

49.1 (44.6 t0 53.6)

918.1(798.8 to
1037.5)

-0.03 (-0.33t00.27)
-0.03 (-0.26 t00.19)
-0.00 (-0.08 t0 0.08)

-155.5(-244.1to
-66.9)

-46.7 (-105.1 t0 11.6)

-105.1(-193.8 to
-16.3)

-15.1(-38.0t07.9)
4.8 (-24.2t033.9)

2.8(-1.5t07.0)
-33.1(-100.5 to 34.3)

-0.48 (-0.85t0-0.11)
-0.36 (-0.64 to -0.08)
-0.12(-0.22 t0 -0.02)

-270.4(-393.4t0
-147.4)

-53.9(-134.9t0 27.1)

-211.1(-335.4t0-86.8)

-32.5(-64.5t0 -0.5)
~17.0 (-57.5t0 23.6)

1.8(-4.0t07.7)
~17.9(-112.1t0 76.3)

-0.87 (-1.39t0-0.35)
-0.62 (-1.02t0 -0.23)
-0.25(-0.39t0-0.10)

<.001
.19

.001

.047
41

.54
1

.001
.002
.001
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| Diet strategies for weight control

« Traditional Comprehensive lifestyle intervention for obesity management

- Continuous energy restriction // and its limitation

- Various weight-loss diets

 Alternative Strategies for Weight Control
- Fasting
- Meal timing/ Eating frequency
- Intermittent energy restriction

- Intermittent fasting: focuses on the timing of when one can consume meals either

within a day or a week



Intermittent fasting diets may limit the amount of time during the day
when a person can eat or may involve fasting for an entire day on a certain

number of days per week.

Types of intermittent
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Oxidative Stress Hypothesis
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| Intermittent fasting & Metabolic regulation

Intestinal Microbiota
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. . ' Improved cognition
Functional effects of various organ systems to IF

Neurotrophic factor production™®
Synaptic plasticity*
Mitochondrial biogenesis™
Resistance to injury and disease™

BLOOD 2
Elevated ketone levels

Reduced glucose, insulin and leptin levels
Elevated adiponectin levels

Reduced inflammatory cytokines
Reduced markers of oxidative stress

CARDIOVASCULAR SYSTEM
Reduced blood pressure
Reduced resting heart rate
Increased parasympathetic tone
Stress resistance®

LIVER @
Glycogen depletion
Ketone production
Increased insulin sensitivity
Reduced lipid accumulation

ADIPOSE TISSUE

Lipolysis

Reduced leptin production
Reduced inflammation

INTESTINES |
Enhanced motility

Reduced inflammation MUSCLE

Increased insulin sensitivity
Enhanced efficiency/endurance
Reduced inflammation

Obesity (2018) 26, 254-268.



| Different Types of Intermittent fasting

Alternate-day fasting (ADF)

- consuming no calories on fasting days and alternating fasting days with a day of unrestricted food intake, or
a “feast” day (zero calorie intake on fast days)

Modified Alternate-day fasting (MADF)

- consuming less than 25% of baseline energy needs on “fasting” days, alternated with a day of unrestricted
food intake, or a “feast” day.

Periodic fasting(PF)
- fasting only 1-2 d/wk and consuming food ad libitum on 5-6 d/wk

Time-restricted feeding /eating (TRF/TRE)

- restricting food intake to specific time periods of the day, typically between 8 and 12 h each day.




| Timing of food intake and human health

Eating over an extended Time-restricted eating
window of time and/or frequent (eating within a consistent
change in daily eating window daily window of <12 hours)
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| Various approaches to time-restricted eating (TRE)

* the window of time ; eating vs. fasting
- Eating time 2| &£H40| ERg.

 TRF models in rodents and flies
« 8- to 12-hour eating windows > FEIX o2 Z& ™ &t
« greater results?, 8- to 9-hour eating windows

 Clinical trials on TRE in humans

 typically choose 8- to 10-hour. Avoid food for
Time in bed: 8h at Ie_ast 1h after
* 4 0r6 hours ~~ 12 hours waking up.
« ongoing clinical trials Use your time in bed
as a guide to
determine the best X
10h eating window. Intervention:
The window should 10h TRE

start >1h after wake
up time and end >2h
before bedtime.

2-3h before

bedtime: Light to moderate
- No bright light outdoor exercise:
- No calories ~30min




Effects of 4- and 6-h Time-Restricted Feeding
on Weight and Cardiometabolic Health: A
Randomized Controlled Trial in Adults with
Obesity

« Adults in obesity, 2mon
* 4-vs. 6-h time-restricted feeding

o U D= E. intake 2.

Cell Metabolism 32, 366-378

4h vs 6h Time Restricted Feeding in adults with obesity

68!71

8 weeks of intervention
Similar improvements
by 4h & 6h TRF, vs control:

12pm 1pm

12am

v body weight (~3%)

Vv insulin resistance

v oxidative stress

v energy intake (—550 kcal/d without calorie counting)



Clock Time (h)
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« similar reductions in weight, insulin resistance and oxidative stress



Duration.

| Time restricted eating (TRE) intervention p N
» 6- & 10-hour eating window
>> 12-hour
Avoid food for * 10-hour eating window
Time in bed: 8h at least 1h after =+6~8 hours
waking up. | 4

* 6 hours or less
: mild adverse side effects (ex.
Headache)

Intervention:
10h TRE
« eating window: 8 ~10 hours

A O o|5LS SHO o]~
=k, g dds ?lol A

Use your time in bed
as a guide to
determine the best
10h eating window.

The window should

start >1h after wake

up time and end >2h
before bedtime.

2-3h before 28l = U= eating window
bedtime: Light to moderate
- No bright light outdoor exercise:
- No calories ~30min
Ph 2=t CH AL A 9] circadian rhythmsS 12{310] 2. some research: eating in the earlier
ase =g 7o .
Melatonin =H| 11.24. phase of the day >> delayed eating



| Time restricted eating (TRE) intervention

ro

- TREQ| Clinical trials= 2013 ~ 20150] A% ALHSHA| S7totR D M E H2 30| AS .

» QL &K}
lean and healthy adults, overweight, and obese subjects (7F& B &), metabolic disturbances(0,
prediabetes, type 2 diabetes, metabolic syndrome, or NAFLD...

* type 2 diabetes T M= St LSS > ML

« Mostly short-term trials (4 days to 12 weeks), relatively small number of subjects (8 to 80 participants)

- TRES| HE0| FXES &
e.g., children & teenagers (actively growing), taking drugs or insulin injections (59|type 1 diabetes),

acute illness, eating disorders, pregnancy, breastfeeding, severe kidney and liver diseases, cancer.

[- TRE o| &1t0f| CHst =H0l? J




| Calorie Restriction with or without Time-Restricted Eating in Weight Loss

BMI: 28 ~ 45

12-month follow-up

Calory intake: 1500-1800 kcal/day (for men), 1200-1500 kcal/day (for women)

Time-Restricted Eating (TRE) +

Daily Calorie Restriction (DCR)

gl
“H(keal

time-restricted eating (between 8:00a.m. and 4:00p.m.)

+ daily calorie restriction

Time-Restricted Eating
(N =69)

DCR Alone

&

)

daily calorie restriction alone

Daily Calorie Restriction

(N=70)



| Calorie Restriction with or without Time-Restricted Eating in Weight Loss
Absolute Change in Body Weight

Change in
5
TRE + DCR
0
2
5
=104
-15-
_]-2 | | | I | | | I | I I I

0 1 2 3 4 5 6 7 8 9 10 11 12

No. of Participants
DCR 70 70 70 70 68 68 68 bl 61 54 57 57 61
TRE 69 69 69 69 67 67 67 57 57 48 53 53 57




| Time restricted eating (TRE) intervention

&2 TRE 9| 21utE =2I5H7| 2|5t ..

(1) carefully monitoring macronutrient and calorie intake (possibly via conducting an isocaloric TRE)
(2) directly comparing effects of eTRE(early TRE) and ITRE(late TRE)

(3) Comparing varying eating window duration

(4) in long-term studies

(5) in a large number of study participants

feasibility of TRE interventions (e.g., timing and duration of eating windows)
+ long-term adherence

+ metabolic benefits



| Intermittent Fasting and Obesity-Related Health Outcomes
An Umbrella Review of Meta-analyses of Randomized Clinical Trials

JAMA Network Open. 2021;4(12):e2139558.




Intermittent Fasting and Obesity-Related Health Outcomes
An Umbrella Review of Meta-analyses of Randomized Clinical Trials

JAMA Network Open. 2021;4(12):e2139558.

2935 Records identified
2693 PubMed
197 Embase
45 CDSR

52 Duplicate records removed

Y

Y

2883 Records screened

> 2776 Records excluded

Y

107 Reports assessed for eligibility

L

11 Meta-analyses included in
quantitative synthesis




Not a meta-
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controlled trials (n =
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healthy population? A meta-analysis. J Relig Health. Jun 2014;53(3):929-42. doi:10.1007/s10943-013-9687-0

Sadeghirad B, Motaghipisheh S, Kolahdooz F, Zahedi MJ, Haghdoost AA. Islamic fasting and weight loss: a systematic review
and meta-analysis. Public Health Nutr. Feb 2014;17(2):396-406. doi:10.1017/s1368980012005046
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I Meta-analyses of Randomized Clinical Trials Studying Intermittent Fasting

4 N\ No. of
Duration of included Total AMSTAR-2

Source Population Type of IF Comparator fasting studies participants  Outcomes rating
Cioffi et al,22 Adults with or without 5:2 diets, CER 2-6 mo 11 630 Body weight, fat-free mass, fat mass, Moderate
2018 medical conditions MADF HDL-C, LDL-C, TC, TG, FPG, HbA,, fasting

insulin, HOMA-IR, adverse events
Harris et al,?®>  Adults with overweight or] 5:2 diets, RDorCER  3-6mo 6 360 Body weight, fat-free mass, fat mass, Moderate
2018 obesity MADF waist circumference, HDL-C, LDL-C, TG,

TC, FPG, insulin, SBP, DBP, adverse events
Cho et al,® Adults without diahetes MADF, TRE, RDorCER 1-6mo 12 545 BMI, body weight, fat-free mass, fat mass, Low
2019 O-calorie FPG, HOMA-IR, adiponectin, leptin

ADF

Roman et al,?*  Adults with overweight or| 5:2 diets, CER 1-12 mo 9 782 Body weight, fat-free mass, fat mass, hip  Low
2019 obesity MADF circumference, waist circumference
Cui et al,?® Adults MADF RD 1-12 mo 7 269 BMI, body weight, fat-free mass, fat mass, Low
2020 HDL-C, LDL-C, TC, TG, FPG, HOMA-IR, SBP,

DBP
Meng et al,’ Adults 5:2 diets, RDorCER 1-12mo 28 1528 HDL-C, LDL-C, TC, TG Moderate
2020 MADF
Moon et al,” Adults TRE RDorCER 4dto3mo 19 475 Body weight, fat-free mass, fat mass, Moderate
2020 HDL-C, LDL-C, TG, FPG, SBP, DBP
Park et al,%® Adults MADF RD, CER,or 1-8mo 8 728 BMI, body weight, fat-free mass, fat mass, Moderate
2020 TRE waist circumference, HDL-C, LDL-C, TC,

TG, FPG, insulin, SBP, DBP, CRP
Pellegrini Adults who are healthyor] TRE RDorCER 1-2mo 11 452 BMI, body weight, fat-free mass, fat mass, Low
et al,2® 2020 with chronic disease not HDL-C, LDL-C, TC, TG, FPG, fasting insulin,

impacting outcomes HOMA-IR, SBP, DBP

Purezaetal,®  Adults with overweight or] TRE RD or TRE ldto3mo 8 264 LDL-C, HDL-C, TC, TG, FPG, fasting insulin, Moderate
2020 obesity HOMA-IR, ghrelin
He et al,?’ Adults with overweight or] 5:2 diets, CER 3-12mo 11 850 Body weight, fat-free mass, fat mass, Moderate
2021 obesity MADF

waist circumference, HDL-C, LDL-C, TC,



| Intermittent Fasting and Obesity-Related Health Outcomes
An Umbrella Review of Meta-analyses of Randomized Clinical Trials

« MADF (2~6mon), the 5:2 diet(3~6mon) : overweight/obesity 0| A calory restriction group or standard
diet group Ol H|3{ ST X7|0|=(EH7]) Kot =S4 At AU,
6712 O|= MZ A M F2|d Arctal.

« MADF (obesity) — fat-free mass loss (X 670 &, -0.70 kg; 95%Cl, -1.38 to -0.02) 2 2 L}, 0|F 6 ~12
HEM = Al SAHE F2fd A2t (-0.01 kg; 95%Cl, -0.68 to 0.69).




 Intermittent Fasting

Centers on time-restricted eating
Promotes ketogenesis
Linked with circadian biology

Weight loss pronounced in tho
with elevated BMIs

Promising for long-term
adherence



| Considerations
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