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Obesity is chronic, relapsing disease !!
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Mechanism of Appetite Regulation



Effects of Exercise on Weight change



Moderate Physical Activity (KNHANES 08-15)



Current Strategies for Obesity Management

+

??



비만 보조제 써야 하나?

v 대학/학회
§ Evidence-based medicine!!
§ 전통적인 치료로 충분
§ 근거 수준

v 개원가
§ Evidence-based medicine

§ 생존
§ 도움?이된다면…

v 대게 효과 없거나, 부분적인 효과만 보임 ▶ 단독 치료
는…??



건강기능식품 시장

식품산업과영양 2014;19:19-23



Mechanism of Lipolysis



Roles of Vitamins & Minerals



비만 보조제

v Conjugated Linoleic acid (CLA); NA
v 가르시아 캄보지아; NA 
v 키토산; NA
v L-carnitine; 부분적 효과
v Xanthigen (Fucoxanthin); 이론적 가능, 장기간 연구 결과 없음
v Caffeine; 일부 효과
v Green tea; 일부 효과
v Protein Supplement; 일부 효과
v Probiotics
v Arginine
v Vitamins & minerals; vitamin D, Cr
v Omega 3 fatty acid
v Tryptophan



Caffeine/ephedrine, Leptin

Obesity (Silver Spring) 2013;21:1991-6

-90 Obese subjects
-24 weeks
-200mg caffeine/20mg 
ephedrine, leptin A-200
-RCT



Caffeine + glucosyl hesperidin

-75 healthy subjects with BMI; 24~30
-12 week intervention
-daily intake of 500mg of G-hesperidin ± 25, 50, 75mg of caffeine 
vs. placebo
-Double blined RCT

Nutr J 2016;15:6

- Adenylate cyclase activation
- β adrenergic receptor activation?



Role of Carnitine in Fatty acid metabolism

v Play role in mitochondrial 
energy production & 
functions as a 
neurotransmitter

v Acetyl-L-carnitine
§ precursor to the molecule acetyl 

coenzyme A, important in TCA 
cycle

v N-acetyl-carnitine
§ assists in the transportation of 

long-chain fatty acids into 
mitochondria for ß-oxidation

Nutritional Medicine. A. Gaby 

Laboratory Evaluation for Integrative and Functional Medicine



L-Carnitine on weight change

BMC Musculoskelet Disord 2021;22:195

1000mg L-carnitine



Cold Exposure on Fat Browning

Mar Drugs 2019;17:311





Fucoxanthin on Adiponectin, Leptin
in NAFLD patients

-42 NAFLD patients
-Low molecular weight fucoidan and high stability fucoxanthin vs. placebo
-For 24 weeks

Mar Drugs 2021;19:148



Mechanism of Fucoxanthin in NAFLD

Mar Drugs 2021;19:148



Potential Actions of Dietary Polyphenol

J Nutr Biochem 2014;25:1-18

In addition,
-Regulation of leptin level or 
expression
-NKB/NK3R signaling pathway 
(signaling in the onset of puberty)

J Nutr Biochem 2022;108:109085



Long-term Green Tea on Adiposity

J Nutr 2016;146:256-64

-The Minnesota Green Tea Trial
-12 month, RCT
-937 postmenopausal women, 50~70 years old
-843mg EGCG vs. placebo
-No effect, however, may be beneficial in higher BMI



Decaffeinated Green Tea Polyphenols on body fat
in obese girls; RCT

Front Endocrinol 2021;12:736724



Green tea + citrus polypenols

Sci Rep 2021;11:19067

- 60 healthy Japanese
male and females
- 30~70 years
- 146mg EGCG + 
178mg citrus 
polyphenol
- 12 weeks, RCT



Protein-Rich Oriental Diet

N-S Joo et al. Yonsei Med J 2011;52:249-56



Leucine-Enriched Protein, RCT

-120 healthy 
Koreans
-Leucine-enriched 
supplement (protein 
20g, total leucine 
3000mg) 

- Muscle preserving 
effect

Nutrients 2020;12:1816



Branched Chain Amino Acid, RCT

Nutrients 2021;13:4245

RQ; Respiratory Quotient
탄수화물=1    지방=0.7    단백질=0.8



Soy protein + Exercise

Int J Environ Res Public Health 2021;18:11798

40g/day
5 days/wk
for 8 weeks

60mins, 
twice/wk,
40~65% HRR

Showing trend



Regulation by Gut Microbiomes

Proc Nutr Soc 2015;74:328-36



Small Intestine Bacterial Overgrowth



Probiotics on body weight I
-Double blind RCT, 
-114 Subjects
-BMI>25
-For 12 weeks

Endocrinol Metab (Seoul) 2020;35:425-34



Endocrinol Metab (Seoul) 2020;35:425-34



Probiotics on body weight II

-25 subjects
-for 2 months
-Saccharomyces boulardii + 
Superoxide dismutase (Cu, 
Zn, Mn)
-BMI; 30~35

Nutrients 2021;13:2512



Nutrients 2021;13:2512



Probiotics on body weight III

Nutrients 2022;14:3583

-Limosilactobacillus fermentum
-100 healthy obese, overweight 
subjects
-19~60 years
-BMI; 25~31.9
-For 12 weeks



Nutrients 2022;14:3583



Nitric Oxide controls and regulates
v Telomerase activity
v Mitochondrial biogenesis and function
v Mobilization of resident stem cells 



Estrogen on weight control



Estrogen on NOS



NO & Fat Oxidation.. Weight loss?



Liraglutide vs. Liraglutide + L-Arginine (15g)



P=0.618



L-Arginine on obesity: 
A systemic review & Meta-analysis of RCT

Int J Vitam Nutr Res 2021;91:164-74



Oral Arginine + Leucine vs. physical activity on Obesity  

Nutrients 2022,14,3708

-6 months intervention, 9m F/U
-9g arginine, 21g leucine/day
-APA; 3times/week



경구용 Arginine 제제; 임상 준비 중

2t, tid = 1,200mg
For 6 months



적게 먹는데, 살이 안 빠져요 vs. 많이 먹는데 살이 안쪄요



Calorie Restriction, Exercise?
Answer: ↑ Mitochondrial Biogenesis



Nat Med 2004;10:1049-50

Elements to affect on Mitochondria Function 



HOMA-IR & Fat Oxidation

J Clin Endocrinol Metab 2006;91:1462-9



Ketonuria & Obesity Phenotype

NS Joo et al. J Korean Med Sci. 2020;35:e273



Ketonuria & Weight reduction 

NS Joo & SM Kim J Korean Med Sci 2012;27:250-4

3끼
공복!!



Exercise & Ketonuria

NS Joo et al. J Obes Metab Synd 2020;29:143-9



Mitochondria Deteriorate with Age

Sci Am 1996;274: 46-52.



Causes of 2nd Mitochondrial Failure

iNOS



Oxidative Stress Markers

v Elevated lipid peroxides; TG ↑,  HDL ↓

v HOMA IR ↑ (glucose*Insulin/405) >2.3

v Non-alcoholic fatty liver

v Lean central obesity; metabolic 

unhealthy subjects

v 8-OHDG in Urine Organic acid 



Empower Mitochondria Function



TCA Cycle intermediates in Urine Organic Analysis

v Citrate high + cis-Aconitate low; Arginine !!!
v Cis-aconitate high; cysteine 1000mg, Check IDA
v Isocitrate; lipoic acid,  25mg/kg/day, Mg 400mg, 

manganese 20mg
v α-KG (if low); α-KG, 300mg; arginine , 1000mg; 

glutamine , 1-5g
v α-KG (if high); B-complex, tid, lipoic acid  100mg
v Succinate (if low); isoleucine 1000mg tid, valine 

1000mg tid
v Succinate (if high); CoQ10 50mg  tid, Mg 500mg
v Fumarate (if low); tyrosine 1000mg bid, 

phenylalinine 500mg bid
v Malate (if high); CoQ10 50mg tid, B3 100mg tid
v Hydroxymethylglutarate (HMG) (if low or high); 

CoQ10 50mg tid



Mitochondrial Resusciatation

Mitochondrial 
Function Up!!

v CoQ10.. Oral 100~200mg/day
v Lipoic acid
v Acetyl-L-carnitine
v Magnesium
v Vitamin B-complex

Mitochondrial 
Biogenesis Up!!
v Lipoic acid
v Arginine
v Omega-3 PUFAs
v Resveratrol
v Quercetin
v Ketogenic Diet
v Branched chain amino acids 

(BCAA)
v Caffeine

Source: Evans JL (2013) The Secret Life of Mitochondria 
(Smashwords; ISBN 9781301331024)



Myers’ Protocol

$350

$50

FM in AUMC

RCT? NONE!!



Chronic Stress & Adrenal Fatigue

Textbook of Functional Medicine

Adaptogen



DHEA



Recover Adrenal gland Function 

v Refrain high carbohydrate

v High protein diet

v Brief walk, not hard exercise

v Enough rest and proper sleep 

v IVNT..Myers’ cocktail

v Adaptogens; evaluate morning cortisol/DHEA



Obesity vs. Low Vitamin D; 
Causality or Casualty?

Current Concept

Int J Obes Suppl 2019;9:20-31



1,000 IU

Nutr J 2012;11:78



Vitamin D supplementation

Nutr J 2012;11:78



s-s s-s

a

B

Insulin receptor
(inactive)

s-s s-s

a

B

Insulin

IRS-tyr IRS-tyr-P
Tyrosine-P

IRS:Insulin-Receptor-Substrate
GTF:Glucose-Tolerance-Factor

Phospholyated IRS promotes
Activation of other proteinkinase
And phosphatase lead to
Biologic action of insulin

GTF(Cr, Mn)Chromium (Cr)



In high Carbohydrate diet 
v Ketone body
v Due to failure of glucose utilization as with DM
v Production increased d/t oxidation of FFA
v Excess acetyl-CoA conversion
v Defects of CYP oxidase enz. in ETC. ;iron dependent 
v Restriction of carbohydrate

vTx; chromium (picolinate 1000µg), 
Lipoic acid 600mg



Chromium Supplementation on body fat

N-S Joo et al. J Nutr Biochem 2011;22:1030-34

-25 overweight children
-9~12 years old
-RCT
-400ug Cr vs. placebo
-For 6 weeks



Omega 3 fatty acid & Obesity

Nutrients. 2020;12:2751



Omega 3 fatty acid on weight loss

-BMI; 27~35
-Age; 30~60
-Omega 3; 
580mg EPA + 
390mg DHA, 
50mg others
-12 weeks

Nutr Hosp 2022;39:803-13



L-tryptophan

- 대상자는남성과여성각각

10명으로, 마른대상자 10명 + 

비당뇨성비만대상자 10명을

포함

- Randomized, double-blind, 

Parallel-Group Trial

PLoS One 2016;11:e0166758



PLoS One 2016;11:e0166758



Take Home Messages
v Remember Main Treatment Options; medication, exercise, etc.

v Green tea, caffeine (coffee); Recommend usual drink

v Rebalance Gut microbiota
§ SIBO Treatment; Normix 2t, tid, 2 weeks ~ 4weeks, maximum 3 months
§ Consider Probiotics

v Exercise + enough dietary or supplementary Protein intake, if no contra-
indication

v Consider to use Vitamin D (keep serum 25OHD, 40~60ng/ml), & omega 3 
fatty acids (if exist CVD risk), tryptophan (PMS or sleep disturbance)

v Support Mitochondria function or remove ROS by IVNT
§ Myers’ Cocktail, weekly or biweekly
§ ± Arginine 30g iv or daily 9g oral

v Rebalance Hormones; recover adrenal function by adaptogens
§ In case of fatigue


