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Circadian rhythm

• light and dark cycles 24시간 반복

Suprachiasmatic Nucleus

sleep wake cycles, cardiovascular activity, 
endocrine system, body temperature, renal 
activity, gastrointestinal tract motility, 
metabolism (all physiology) 조절에 관여함.

circadian clock.



Endocrine Reviews, February 2010, 31(1):1–24

Central clock

Peripheral clock Sync.



J Pineal Res. 2020;69:e12682. 

Systemic signals & coordinators of peripheral oscillators maintaining synchrony of function and health



Sunderram et al. Journal of Translational Medicine 2014, 12:79



Current Opinion in Biotechnology 2021, 70

Behavioral patterns consistent 
with circadian alignment Behavioral patterns promoting circadian 

misalignment and the metabolic consequences



Circadian rhythm, 
Sleep Extension & Energy Intake

JAMA Intern Med. doi:10.1001/jamainternmed.2021.8098

Effect of Sleep Extension on 
Objectively Assessed Energy Intake 
Among Adults With Overweight in 
Real-life Settings A Randomized 
Clinical Trial.
JAMA Intern Med. doi:10.1001/jamainternmed.2021.8098

• BMI 25.0 -29.9, 
mean [SD] age, 29.8 [5.1] years

• habitual sleep duration: 
6.5시간이하à 8.5 시간까지
(sleep extension group)



Circadian rhythm, Sleep Extension & Energy Intake

JAMA Intern Med. doi:10.1001/jamainternmed.2021.8098



Effect of Treatment on Energy Intake, Energy Expenditure, and Weight

JAMA Intern Med. doi:10.1001/jamainternmed.2021.8098



식사요법 for Obesity

체중 감량

목표 설정

목표 체중 도달을 위

한

에너지 섭취량 결정

영양소 비율과

배분

적절한 식품 종

류,

양 결정

식단 구성



• 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

Diet strategies for weight control



Intermittent fasting 
(Alternate day fasting..)

Time Restricted Feeding

간헐적 단식

JAMA. 2021;326(13):1338



The American Journal of Medicine (2020) 133:901−907



J. Acad. Nutr. Diet. 115:1203–12
Annu. Rev. Nutr. 2017. 37:371–93

Intermittent fasting & Metabolic regulation 



Obesity (2018) 26, 254-268.

Functional effects of various organ systems to IF



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.

Different Types of Intermittent fasting 



Endocrine Reviews, 2022, Vol. 43, No. 2, 405–436

Timing of food intake and human health



Various approaches to time-restricted eating (TRE)

Endocrine Reviews, 2022, Vol. 43, No. 2, 405–436

• the window of time : eating  vs. fasting
• Eating time 의 일관성이 필요함.

• TRF models in rodents and flies
• 8- to 12-hour eating windows à 전반적으로 긍적적 효과. 
• greater results?, 8- to 9-hour eating windows

• Clinical trials on TRE in humans
• typically choose 8- to 10-hour.
• 4 or 6 hours  ~~  12 hours
• ongoing clinical trials



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

Cell Metabolism 32, 366–378

• Adults in obesity, 2mon
• 4- vs. 6-h time-restricted feeding 
• 양군 모두 E. intake 줄임.



• similar reductions in weight, insulin resistance and oxidative stress
Cell Metabolism 32, 366–378



Time restricted eating (TRE) intervention
• 6- & 10-hour eating window 

>> 12-hour
• 10-hour eating window 

≒↔6~8 hours

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

• eating window: 8 ~10 hours
:순응도, 원할할진행을위해계
획해볼수있는 eating window

some research: eating in the earlier 
phase of the day >> delayed eating

Duration.

Phase 수면과 대사에서의 circadian rhythms을 고려하여 접근. 
Melatonin 분비 고려.

Endocrine Reviews, 2022, Vol. 43, No. 2, 405–436



• TRE의 Clinical trials는 2013 ~ 2015에 시작. 거대하게 증가하였고 현재도 많은 연구들이 진행중임.

• 연구대상자:

lean and healthy adults, overweight, and obese subjects (가장많음), metabolic disturbances(예 ,

prediabetes, type 2 diabetes, metabolic syndrome, or NAFLD...

• type 2 diabetes 연구에서는 중재가 복잡하였음.* 저혈당

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

Time restricted eating (TRE) intervention

• TRE의 적용이 부적절한 그룹

e.g., children & teenagers (actively growing), taking drugs or insulin injections (특히type 1 diabetes), 

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

• TRE 의 효과에 대한 확인?



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

BMI: 28 ~ 45
Calory intake: 1500-1800 kcal/day (for men), 1200-1500 kcal/day (for women)

12-month follow-up

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

daily calorie restriction alone

N Engl J Med 2022;386:1495-504.



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

N Engl J Med 2022;386:1495-504.



향후 TRE 의 효과를 확인하기위하여..

(1) carefully monitoring macronutrient and calorie intake (possibly via conducting an isocaloric TRE)

(2) directly comparing effects of eTRE(early TRE) and lTRE(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

Time restricted eating (TRE) intervention



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.







Meta-analyses of Randomized Clinical Trials Studying Intermittent Fasting



• MADF (2~6mon), the 5:2 diet(3~6mon) : overweight/obesity 에서 calory restriction group or standard 

diet group 에 비해 연구 초기에는(단기) 유의한 체중감량 결과도 있음.

6개월 이후 체중감량에서 유의성 사라짐. 

• MADF (obesity) – fat-free mass loss (첫 6개월, −0.70 kg; 95%CI, −1.38 to −0.02) 보였으나, 이후 6 ~12

개월에서는 역시 통계적 유의성 사라짐. (−0.01 kg; 95%CI, −0.68 to 0.69).

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

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



The American Journal of Medicine (2020) 133:901−907



체중 감소: 간헐적 단식만의 효과? + 총칼로리 감소효과?

Dropout 비율, 지속가능성

식사시간대의 폭식 가능성. 자유롭게 먹지만 폭식은 하지 말자

기저질환 및 개인별 차이.

개인별

선택

Considerations 
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