Supplementary Table S2 Characteristics of included studies (Category B and C)

Study Name: Bucci et al.1990 (No.1) Category C
	Study Design
	Open-label, dose-escalation study, single dose
(washout 3weeks)

	Participants
	Bodybuilder, n= 12 (Male: 9, Female:3) 
mean age: M 28 yrs, F 34 yrs
mean body weight: M 74.7 kg, F 58.2 kg

	Interventions
	Type: capsule
Treatment: L-Orn HCL 40, 100, 170 mg/kg
Comparison: none

	Outcomes
	Blood sample:
serum L-Orn conc., serum growth factor conc.

	Note
	A single 170 mg/kg dose caused gastrointestinal symptoms in all of them. The authors suggest that even athletes should not receive a single dose of 170 mg/kg.

	
Risk of Bias

	Bias
	Author’s judgement
	Support for judgement

	Random sequence generation (selection bias)
	High
	Open-label study

	Allocation concealment
 (selection bias)
	High
	Open-label study

	Blinding of participants and personnel (performance bias)
	High
	Open-label study

	Blinding of outcome assessment (detection bias)
	High
	Open-label study

	Incomplete outcome data (attrition bias)
	Low
	The reason for the Dropout is clearly stated. 
1) Reasons not related to the study: 4
2) Protocol breaches: 3

	Selective reporting 
(reporting bias)
	Low
	All data collection was done according to the study plan and all results were reported.

	Other bias
	Low
	None noted





Study Name: Cynober et al.1990 (Continued) (No.13) Category B
	Study Design
	Open-label, crossover study, single dose
(washout 15days)

	Participants
	6 healthy subjects(male:6)
Mean age: 28±1 yrs.
Mean body weight:73±2㎏

	Interventions
	Type: powder each diluted in 200 ml of water
Treatment:10g of OKG hydrochloride(ORN6.4g、αKG 3.6g), 
6.4g ornithine hydrochloride, 3.6gα-ketoglutarate calcium salt
Comparison: none

	Outcomes
	Blood sample (plasma amino acid, plasmaαKG, insulin, glucagon), Urine (urinary elimination of ORN, glutamine, citrulline), Hormone (plasma insulin)

	Note
	None of the subjects suffered nausea or diarrhea

	
Risk of Bias

	Bias
	Author’s judgement
	Support for judgement

	Random sequence generation (selection bias)
	High
	Open-label study

	Allocation concealment
 (selection bias)
	High
	Open-label study

	Blinding of participants and personnel (performance bias)
	High
	Open-label study

	Blinding of outcome assessment (detection bias)
	High
	Open-label study

	Incomplete outcome data (attrition bias)
	Low
	All subjects completed the study protocol scheduled.

	Selective reporting 
(reporting bias)
	Low
	All data collection was done according to the study plan and all results were reported.

	Other bias
	Low
	None noted





Study Name: Fukuda et al. 2018 (Continued) (No.9) Category B
	Study Design
	A randomized, double-blind and placebo-controlled crossover study

	Participants
	28 healthy adults (Male:22, Female:6)
Aged from 24 to 61 yrs
Detectable levels of melatonin in saliva(>7pg/ml) or had rhythmicity of saliva melatonin levels

	Interventions
	Type: capsule
Treatment: L-Orn HCl 500 mg (L-Orn 400mg), cellulose 160 mg
Comparison: cellulose 560 mg

	Outcomes
	Central circadian clock, Dim Light Melatonin Onset

	Note
	Two adverse events: the symptoms of a cold, chest pain.
The supervising doctor judged that neither event was related to the test supplements and both subjects recovered.

	
Risk of Bias

	Bias
	Author’s judgement
	Support for judgement

	Random sequence generation (selection bias)
	Low
	Using a random number table

	Allocation concealment
 (selection bias)
	Low
	The allocation information was concealed from subjects and researchers by an independent party until data validation had been completed.

	Blinding of participants and personnel (performance bias)
	Low
	All researchers and subjects were blinded to intervention assignments throughout the study period.

	Blinding of outcome assessment (detection bias)
	Low
	All researchers and subjects were blinded to intervention assignments throughout the study period.

	Incomplete outcome data (attrition bias)
	Low
	One patient in the placebo group withdrew withdraw due to cold symptoms. No imbalance occurred that would have affected the entire study.

	Selective reporting 
(reporting bias)
	Low
	All data collection was done according to the study plan and all results were reported.

	Other bias
	High
	The authors are affiliated with and have a conflict of interest with the company that manufactures and sells L-Orn products.






Study Name: Herranz Jordán et al. 1993 (Continued) (No.19) Category B
	Study Design
	A randomized, double-blind study

	Participants
	Healthy prepubertal children of short stature, n=81
Aged from 2 to 12 yrs
Mean body weight: not described
The study started with 95 children: 8 were lost to follow-up and 6 were excluded during the study for other reasons, and 81 were completed.

	Interventions
	Type: capsule
Treatment: 2g/time of OKG
A dose of 2g twice a day, 3 alternate days a week, 53 weeks.
Comparison: capsules with lactose powder or soybean oil
For 1 year

	Outcomes
	It was performed quarterly clinical controls(１年に4回臨床検査), always by the same observer, recording height, weight, blood pressure (BP), pubertal signs and other possible signs of pubertal growth.

	Note
	The OKG group did not produce side-effects.
This group increased appetite in 4 children, and in one child it produced nausea after ingestion of the drug.
Placebo increased appetite in 9 children, and two slept more than usual in them.

	
Risk of Bias

	Bias
	Author’s judgement
	Support for judgement

	Random sequence generation (selection bias)
	Unclear
	No further details

	Allocation concealment
 (selection bias)
	Unclear
	No further details

	Blinding of participants and personnel (performance bias)
	Low
	All researchers and subjects were blinded to intervention assignments throughout the study period.

	Blinding of outcome assessment (detection bias)
	Low
	All researchers and subjects were blinded to intervention assignments throughout the study period.

	Incomplete outcome data (attrition bias)
	Low
	All subjects completed the study protocol scheduled.

	Selective reporting 
(reporting bias)
	Low
	All data collection was done according to the study plan and all results were reported.

	Other bias
	Low
	None noted





Study Name: Kirisako et al 2012 (Continued) (No.4) Category B
	Study Design
	A placebo controlled, double-blind, randomized, parallel-group study.

	Participants
	40 heathy Japanese women who complained of skin problems and felt fatigue. 
Mean age: 43.5±1.4 yrs
Mean body weight: not described

	Interventions
	Type: capsule
Treatment: 400mg of ornithine (500mg as ornithine HCl, treatment has also included 160mg of cellulose)
Comparison: cellulose (560mg)
Intake between after dinner and going to bed, for 8weeks

	Outcomes
	Health Status Questionnaire, visual analog scale: VAS, Anti-Aging Quality of Life Common Questionnaire, and skin function tests.

	Note
	39 subjects excepting one in ornithine group who dropped out the trial (30th day, personal reason). Mean age: 44.5±1.9(N=39). Since no safety-threatening events were observed, the dosage was judged to be acceptable.

	
Risk of Bias

	Bias
	Author’s judgement
	Support for judgement

	Random sequence generation (selection bias)
	Unclear
	No further details

	Allocation concealment
 (selection bias)
	Unclear
	No further details

	Blinding of participants and personnel (performance bias)
	Low
	All staff and subjects were blinded to intervention assignments throughout the study period.

	Blinding of outcome assessment (detection bias)
	Low
	All staff and subjects were blinded to intervention assignments throughout the study period.

	Incomplete outcome data (attrition bias)
	Low
	All subjects completed the study protocol scheduled.

	Selective reporting 
(reporting bias)
	Low
	All data collection was done according to the study plan and all results were reported.

	Other bias
	High
	The authors are affiliated with and have a conflict of interest with the company that manufactures and sells L-Orn.





Study Name: Miura et al. 2023 (Continued) (No.14) Category B
	Study Design
	
Wash-out 2-week

	Participants
	Healthy male adults, n=60
Mean age: 41.4±1.5 yrs
Mean body weight: 70.2+1.0 kg

	Interventions
	Type: capsule
Treatment: ornithine hydrochloride 3.2, 6, 9.2, and 12 g/day
Comparison: citrulline 6, 12,18, and 24 g/day
For 4 weeks

	Outcomes
	Vitals, abroad spectrum of circulating biochemical analytes, body weight, sleep quality, and mental self-assessment.

	Note
	In the ORN group, 7 subjects in total were withdrawn (4 at the discretion of the investigator after receiving requests by the subjects due to causes unrelated to the study, 3 had breached the consumption protocol for the capsule intake)
In the CIT group, 7 subjects in total also were withdrawn with same number of subjects and reasons.
Completed intervention under the protocol is ornithine group n=23, citrulline group n=23.

Adverse events
During the ORN supplementation, 16 adverse events were identified in 10 subjects (5 events of gastrointestinal symptoms, 3 events of COVID-19 vaccination side effects, 2 events of common cold-like symptoms, and 1 event each of headache, fatigue, bone fracture, hematuria, exanthema, and drowsiness). One event of gastrointestinal symptoms occurred at the highest dose (12g/kg).
During the CIT supplementation, 24 adverse events were identified in 11 subjects (6 events of COVID-19 vaccination side effects, 4 events of headache, 3 events each of gastrointestinal symptoms, fracture, arthralgia, and common cold-like symptoms, and 1 event each of giddiness and exanthema).

	
Risk of Bias

	Bias
	Author’s judgement
	Support for judgement

	Random sequence generation (selection bias)
	High
	Open-label study

	Allocation concealment
 (selection bias)
	High
	Open-label study

	Blinding of participants and personnel (performance bias)
	High
	Open-label study

	Blinding of outcome assessment (detection bias)
	High
	Open-label study

	Incomplete outcome data (attrition bias)
	Low
	The reason for the Dropout is clearly stated. 
1) Reasons not related to the study: 4
2) Protocol breaches: 3

	Selective reporting 
(reporting bias)
	Low
	All data collection was done according to the study plan and all results were reported.

	Other bias
	High
	None noted





Study Name: Miyake et al 2014 (Continued) (No.8) Category B
	Study Design
	A randomized, double-blind and placebo-controlled study

	Participants
	52 apparently healthy Japanese adults who had previously felt slight stress as well as fatigue. (Male:26(ORN: 10), Female: 26(ORN: 16).
Mean age: ORN 43.31yrs, Pla 43.38yrs
Mean body weight: no description

	Interventions
	Type: hard capsule
Treatment: 500mg/day of L-ornithine monohydrochloride and 160mg of microcrystalline cellulose (400mg/day L-ornithine)
Comparison: 560mg of microcrystalline cellulose (FD-301)
2 capsules, for 8 weeks

	Outcomes
	Serum, the Profile of Mood States (POMS), Athens Insomnia Scake (AIS), Ogri-Shirakawa-Azumi sleep inventory MA version (OSA-MA).

	Note
	During the 8 study weeks of the study, no adverse events were observed.

	
Risk of Bias

	Bias
	Author’s judgement
	Support for judgement

	Random sequence generation (selection bias)
	Unclear
	No further details

	Allocation concealment
 (selection bias)
	Unclear
	No further details

	Blinding of participants and personnel (performance bias)
	Low
	All researchers and subjects were blinded to intervention assignments throughout the study period.

	Blinding of outcome assessment (detection bias)
	Low
	All researchers and subjects were blinded to intervention assignments throughout the study period.

	Incomplete outcome data (attrition bias)
	Low
	All subjects completed the study protocol scheduled.

	Selective reporting 
(reporting bias)
	Low
	All data collection was done according to the study plan and all results were reported.

	Other bias
	High
	The authors are affiliated with and have a conflict of interest with the company that manufactures and sells L-Orn products.





Study Name: Morita et al.2013 (Continued) (No.5) Category B
	Study Design
	An Open-label Trial

	Participants
	16 healthy subjects (male: 8, female: 8)
Mean age: 47.9±2.9 yrs
Mean body weight: 59.8±2.3 kg

	Interventions
	Type: capsule
Treatment: 3.0g/day of ORN・HCl (2.4g/d of Orn)
Comparison: non
For 3 months
1.0g ORN・HCl (0.8g as Orn) loading for the kinetic tests

	Outcomes
	Plasma Orn, clinical and biological indices, pharmacokinetic parameters (1.0g oral ORN・HCl loading), changes in retinal function by flash electroretinography (ERG).

	Note
	None of the subjects experienced clinically relevant or any other side effects during the study. 

	
Risk of Bias

	Bias
	Author’s judgement
	Support for judgement

	Random sequence generation (selection bias)
	High
	Open-label study

	Allocation concealment
 (selection bias)
	High
	Open-label study

	Blinding of participants and personnel (performance bias)
	High
	Open-label study

	Blinding of outcome assessment (detection bias)
	High
	Open-label study

	Incomplete outcome data (attrition bias)
	Low
	All subjects completed the study protocol scheduled.

	Selective reporting 
(reporting bias)
	Low
	All data collection was done according to the study plan and all results were reported.

	Other bias
	High
	The authors are affiliated with and have a conflict of interest with the company that manufactures and sells L-Orn.





Study Name: Tsai BH et al 1997 (Continued) (No.11) Category B
	Study Design
	A placebo controlled, double-blind, randomized, crossover study
(Wash-out 30days)

	Participants
	Athlete, n= 10 (Male: 10) 
mean age: 20 yrs. (19-21yrs)
mean body weight: 73.3kg
mean height: 165.7cm

	Interventions
	Type: capsule
Treatment: 20mg/kg/day of ORN・HCl 
         20mg/kg/day of ARG・HCl 
Filled in two different colored capsules were taken each per daily before training and at bedtime.
Comparison: 40mg/kg/day of D-glucose (anhydrous) 
A placebo was similarly administered in a daily dose of 40mg/kg in two colored capsules.
For 30 days

	Outcomes
	Body weight, height, fat free mass, back muscle strength, leg power and anaerobic power
Healthy safety was checked by measuring blood GOT(AST), GPT(ALT), creatinine, BUN

	Note
	No ill effect on the athletes throughout the experimental period.
Creatinine levels were significantly greater in the amino acid group at post-test than at pre-test, but not in the placebo group, and urea nitrogen levels were also significantly greater at post-test than at pre-test. Amino acid supplementation increased creatinine and urea nitrogen, indicating the potential for kidney stress, and more careful health evaluation is warranted when considering higher doses of amino acids. 

	
Risk of Bias

	Bias
	Author’s judgement
	Support for judgement

	Random sequence generation (selection bias)
	Unclear
	No further details

	Allocation concealment
 (selection bias)
	Unclear
	No further details

	Blinding of participants and personnel (performance bias)
	Low
	All researchers and subjects were blinded to intervention assignments throughout the study period.

	Blinding of outcome assessment (detection bias)
	Low
	All researchers and subjects were blinded to intervention assignments throughout the study period.

	Incomplete outcome data (attrition bias)
	Low
	All subjects completed the study protocol scheduled.

	Selective reporting 
(reporting bias)
	Low
	All data collection was done according to the study plan and all results were reported.

	Other bias
	Low
	None noted







