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Supplementary Table S1. Inclusion and exclusion criteria
	Inclusion Criteria
	Exclusion criteria

	• Male;
• Age: 20 to 45 years old;
• BMI: 20 to 27 kg.m2;
• Height: 158 cm to 190 cm;
• Fitness level: VO2max between 35 to 55 mL/min/kg;
• Good health status confirmed by a comprehensive clinical examination (detailed medical history and medical examination);
• Good mental health, verified through a battery of tests and psychological interviews conducted and interpreted by a specialist in extreme environment psychology;
• Covered by a social security plan.

	• Current smoker;
• Presence of alcohol or drug dependency, or history of alcohol abuse (> 40 g/day) or drug use;
• Ongoing medical treatment;
• Being under any administrative or legal control measures, under guardianship or conservatorship; 
• Presenting any chronic conditions, acute infectious diseases, or cardiovascular, neurological, ENT (particularly no orthostatic hypotension or vestibular disorders), orthopedic, or musculoskeletal pathologies;
• Symptomatic hypotension (regardless of the drop in blood pressure, or asymptomatic arterial hypotension defined by a decrease in systolic pressure equal to or greater than 20 mmHg within 3 minutes of moving from a lying position to a sitting position);
• Hypertension;
• Heart rhythm disorders; 
• Chronic back pain;
• Vertebral fracture, scoliosis, or herniated disc;
• Traumatic knee;
• Glaucoma;
• Hearing problems reported by the subject himself;
• History of migraines;
• History of hiatal hernia or gastroesophageal reflux;
• History of thyroid problems, kidney stones, diabetes;
• History of head trauma; 
• History of genetic muscle or bone disease;
• History of thrombophlebitis, family history of thrombosis, hereditary risk factors for thrombosis (factor V Leiden mutation, 20210 A/G mutation of the prothrombin gene [FII 20210A], antithrombin deficiency [AT], protein C deficiency [PC], protein S deficiency [PS];
• Objective signs of venous insufficiency during clinical examination (stage 1 or higher) or venous insufficiency confirmed by Doppler ultrasound of the lower limbs; 
• Bone mineral density: T score ≤ -1.5;
• Poor tolerance to blood draws; 
• Blood donation in the 8 weeks preceding the start of the study or more than 4 blood donations in the past year;
• Significant history of allergies, particularly skin or food allergies;
• Significant abnormality in the biological assessment;
• Positive serology for hepatitis A virus, hepatitis B virus, hepatitis C virus, or HIV (AIDS);
• Claustrophobia;
• Presence of osteosynthesis materials or metal implants incompatible with MRI;
• Subjects who, in the investigator's opinion, are likely to be insufficiently compliant with the protocol or unable to cooperate due to a language or comprehension problem;
• Subjects in the exclusion period of a previous study;
• Subjects who have received more than 4500 euros in the past 12 months for their participation in one or more clinical studies.
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	Food Item
	Food Group
	Sweet (SW) / Savory (SA)
	Fat Level
	Carbohydrate Level
	Sugar Level
	Temperature
	Finger Food
	Non-Habitual

	Tabbouleh
	Starchy products
	SA
	Moderate
	High
	Low
	Cold
	
	X

	Carrot Salad
	Vegetables
	SA
	Moderate
	Moderate
	Moderate
	Cold
	
	X

	Ham & Cheese Quiche
	Fast-food
	SA
	High
	High
	Low
	Hot
	X
	X

	Cheezy Buns
	Fast-food
	SA
	Moderate
	High
	Low
	Hot
	X
	X

	Falafel
	Starchy products
	SA
	Moderate
	High
	Low
	Hot
	X
	X

	Alaskan pollack
	Meats and alternatives
	SA
	Moderate
	Low
	Low
	Hot
	
	

	Hamburger steak
	Meats and alternatives
	SA
	Moderate
	Moderate
	Moderate
	Hot
	
	

	Poultry meatballs with barbecue sauce
	Meats and alternatives
	SA
	Moderate
	Moderate
	Moderate
	Hot
	
	

	Mashed potatoes
	Vegetables
	SA
	Moderate
	Moderate
	Low
	Hot
	
	

	Pasta
	Starchy products
	SA
	Low
	High
	Low
	Hot
	
	

	Steamed zucchini
	Vegetables
	SA
	Moderate
	Low
	Low
	Hot
	
	

	Rice
	Starchy products
	SA
	Low
	High
	Low
	Hot
	
	

	Mixed carrots and green beans
	Vegetables
	SA
	Moderate
	Low
	Low
	Hot
	
	

	French fries
	Fast-food
	SA
	Moderate
	High
	Low
	Hot
	X
	X

	Goat’s cheese
	Dairy products - High Fat
	SA
	High
	Low
	Low
	Cold
	X
	X

	Emmental-style cheese
	Dairy products - High Fat
	SA
	High
	Low
	Low
	Cold
	X
	X

	Chocolate cake
	Sweets
	SW
	High
	High
	High
	Cold
	
	X

	Egg cream
	Sweets
	SW
	Moderate
	High
	Moderate
	Cold
	
	X

	Fruit yoghurts (various flavors)
	Dairy products - Low Fat
	SW
	Low
	Moderate
	Moderate
	Cold
	
	X

	Chocolate mousse
	Sweets
	SW
	Moderate
	High
	Moderate
	Cold
	
	X

	Cookies
	Sweets
	SW
	High
	High
	High
	Cold
	X
	X

	Fruit tartlets
	Sweets
	SW
	Moderate
	High
	High
	Cold
	X
	X

	Apple
	Fruits
	SW
	Low
	Moderate
	Moderate
	Cold
	
	

	Orange
	Fruits
	SW
	Low
	Moderate
	Moderate
	Cold
	
	

	Mayonnaise
	Dressing
	SA
	High
	Low
	Low
	Cold
	
	X

	Ketchup
	Dressing
	SA
	Low
	High
	High
	Cold
	
	X
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	Baseline
	End of bedrest

	
	CNT
	EX
	EX+AG
	CNT
	EX
	EX+AG

	
	
	
	
	
	
	

	Task 1
	
	
	
	
	
	

	High carbohydrate / Solid
	52.9 (6.8)
	57.6 (8.0)
	69.9 (4.0)
	45.8 (10.1)
	39.1 (10.9)
	55.7 (8.9)

	High carbohydrate / Fluid
	56.7 (8.8)
	50.8 (6.8)
	60.1 (9.1)
	40.9 (11.2)
	30.5 (10.9)
	43.5 (8.9)

	Low carbohydrate / Solid
	66.1 (4.5)
	61.8 (5.9)
	61.9 (5.9)
	41.8 (8.8)
	39.7 (11.0)
	49.3 (8.0)

	Low carbohydrate / Fluid
	33.8 (5.7)
	35.4 (4.2)
	45.8 (7.6)
	27.3 (8.4)
	29.0 (5.3)
	36.2 (6.9)

	Task 2
	
	
	
	
	
	

	Dairy / Color
	57.9 (6.4)
	74.5 (5.3)
	70.6 (5.5)
	43.7 (10.5)
	44.6 (11.1)
	51.0 (9.1)

	Dairy / No color
	44.3 (8.9)
	72.7 (6.7)
	60.2 (4.2)
	40.3 (9.3)
	44.0 (8.7)
	59.8 (9.1)

	Non-dairy / Color
	51.5 (4.5)
	66.0 (4.8)
	63.9 (5.2)
	47.4 (10.2)
	38.0 (9.4)
	46.8 (7.0)

	Non-dairy / No color
	49.6 (8.6)
	58.3 (7.2)
	59.9 (5.1)
	48.2 (10.8)
	31.8 (7.7)
	51.2 (8.5)

	Task 3
	
	
	
	
	
	

	High fat / Savory
	45.3 (10.0)
	46.4 (5.7)
	59.6 (6.5)
	39.7 (11.3)
	28.1 (10.9)
	52.3 (8.4)

	High fat / Sweet
	58.9 (10.9)
	76.2 (6.5)
	67.3 (5.8)
	44.4 (12.5)
	45.4 (11.6)
	58.3 (10.7)

	Low fat / Savory
	32.4 (7.8)
	25.3 (4.2)
	37.3 (9.0)
	32.4 (7.6)
	20.1 (7.5)
	26.5 (6.5)

	Low fat / Sweet
	44.1 (6.4)
	57.7 (6.3)
	54.8 (6.5)
	40.2 (7.8)
	33.2 (10.2)
	48.9 (7.4)

	Task 4
	
	
	
	
	
	

	Fiber / Sauce
	49.2 (8.7)
	61.9 (7.1)
	63.2 (5.4)
	43.1 (10.3)
	38.2 (9.7)
	48.4 (8.0)

	Fiber / No sauce
	54.4 (7.5)
	61.1 (6.2)
	64.7 (7.6)
	49.1 (11.2)
	34.7 (9.1)
	55.5 (8.6)

	No fiber / Sauce
	47.3 (10.8)
	58.2 (6.5)
	59.3 (4.2)
	38.2 (11.4)
	39.9 (9.6)
	48.9 (8.1)

	No fiber / No sauce
	55.1 (7.1)
	58.3 (6.5)
	57.2 (6.7)
	49.3 (11.1)
	37.7 (10.0)
	48.7 (7.1)

	Task 5
	
	
	
	
	
	

	Meat / High fat
	53.9 (11.2)
	61.5 (5.9)
	58.5 (10.4)
	52.3 (11.7)
	40.7 (12.7)
	45.5 (7.6)

	Meat / Low fat
	47.4 (9.6)
	61.7 (5.0)
	63.7 (7.1)
	47.6 (10.9)
	36.3 (11.1)
	55.3 (9.1)

	No meat / High fat
	52.9 (10.4)
	64.2 (6.3)
	63.5 (11.3)
	50.4 (10.7)
	36.9 (11.8)
	48.7 (7.3)

	No meat / Low fat
	33.9 (9.1)
	34.8 (4.3)
	48.3 (7.4)
	35.1 (8.6)
	24.1 (8.3)
	32.2 (5.6)

	Task 6
	
	
	
	
	
	

	High protein / Variation
	57.9 (6.4)
	74.5 (5.3)
	70.6 (5.5)
	45.7 (10.9)
	37.4 (10.3)
	41.4 (8.5)

	High protein / No variation
	44.3 (8.9)
	72.7 (6.7)
	60.2 (4.2)
	36.3 (9.1)
	36.8 (7.9)
	34.7 (5.2)

	Low protein / Variation
	51.5 (4.5)
	66.0 (4.8)
	63.9 (5.2)
	47.0 (10.9)
	35.8 (10.3)
	41.0 (6.4)

	Low protein / No variation
	49.6 (8.6)
	58.3 (7.2)
	59.9 (5.1)
	37.6 (9.0)
	38.8 (9.1)
	38.8 (4.9)


Data are presented as means ± SEM. CNT, Control; EX, Exercise; EX+AG, exercise and artificial gravity. 
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	Baseline
	End of bedrest

	
	CNT
	EX
	EX+AG
	CNT
	EX
	EX+AG

	
	
	
	
	
	
	

	Task 1
	
	
	
	
	
	

	High carbohydrate / Solid
	15.2 (7.0)
	20.7 (10.8)
	19.9 (11.9)
	16.5 (4.1)
	20.7 (10.8)
	19.9 (11.9)

	High carbohydrate / Fluid
	18.3 (6.4)
	0.4 (11.4)
	8.3 (13.2)
	20.7 (9.7)
	0.7 (11.2)
	-6.2 (12.5)

	Low carbohydrate / Solid
	6.9 (6.7)
	5.5 (7.0)
	-1.3 (9.4)
	-1.0 (8.9)
	6.5 (9.2)
	9.1 (9.2)

	Low carbohydrate / Fluid
	-40.4 (5.9)
	-26.6 (4.7)
	-26.9 (9.0)
	-36.2 (1.5)
	-15.7 (4.8)
	-30.7 (5.7)

	Task 2
	
	
	
	
	
	

	Dairy / Color
	15.2 (9.5)
	13.8 (9.6)
	6.0 (10.8)
	11.8 (9.8)
	8.9 (7.6)
	0.2 (10.3)

	Dairy / No color
	-15.4 (8.5)
	21.1 (9.4)
	2.9 (10.7)
	-13.4 (6.0)
	12.4 (11.2)
	19.5 (4.8)

	Non-dairy / Color
	0.5 (4.4)
	-12.3 (7.0)
	-9.4 (9.2)
	1.9 (6.7)
	-4.4 (6.3)
	-19.9 (6.5)

	Non-dairy / No color
	-0.2 (9.6)
	-22.6 (4.4)
	0.5 (7.4)
	-0.2 (6.8)
	-16.9 (6.4)
	0.1 (8.5)

	Task 3
	
	
	
	
	
	

	High fat / Savory
	1.1 (11.3)
	-9.4 (7.2)
	15.1 (7.6)
	10.9 (8.0)
	6.9 (7.2)
	7.4 (7.2)

	High fat / Sweet
	21.6 (8.4)
	41.9 (7.7)
	26.3 (9.2)
	17.7 (10.8)
	19.8 (7.9)
	26.9 (11.6)

	Low fat / Savory
	-22.1 (9.3)
	-43.4 (4.8)
	-41.9 (9.5)
	-17.9 (6.4)
	-25.6 (12.1)
	-40.5 (7.9)

	Low fat / Sweet
	-0.6 (6.3)
	10.9 (7.9)
	0.4 (7.7)
	-10.7 (5.7)
	-1.1 (9.5)
	6.3 (4.2)

	Task 4
	
	
	
	
	
	

	Fiber / Sauce
	5.7 (6.8)
	4.5 (8.2)
	9.6 (6.4)
	2.3 (4.8)
	1.8 (3.9)
	1.8 (7.8)

	Fiber / No sauce
	14.0 (4.8)
	12.7 (7.3)
	20.2 (7.7)
	6.4 (7.7)
	3.1 (6.2)
	11.3 (6.3)

	No fiber / Sauce
	-21.3 (10.8)
	-18.4 (11.5)
	-20.2 (9.2)
	-16.1 (11.9)
	-2.0 (8.4)
	-5.0 (8.1)

	No fiber / No sauce
	1.6 (8.0)
	1.1 (12.0)
	-9.6 (9.2)
	7.4 (6.4)
	-2.9 (5.3)
	-8.1 (8.2)

	Task 5
	
	
	
	
	
	

	Meat / High fat
	23.8 (4.8)
	6.4 (6.3)
	7.1 (7.8)
	18.7 (2.7)
	10.3 (4.1)
	2.1 (6.1)

	Meat / Low fat
	-7.0 (9.0)
	14.6 (7.5)
	12.2 (9.0)
	1.1 (6.6)
	6.0 (7.1)
	20.6 (8.0)

	No meat / High fat
	14.2 (6.9)
	13.5 (6.4)
	14.7 (6.7)
	12.4 (4.0)
	11.8 (3.7)
	11.5 (8.0)

	No meat / Low fat
	-31.1 (7.0)
	-34.5 (7.8)
	-34.0 (8.9)
	-32.3 (5.7)
	-28.0 (8.3)
	-34.3 (6.4)

	Task 6
	
	
	
	
	
	

	High protein / Variation
	15.2 (9.5)
	13.8 (9.6)
	6.0 (10.8)
	7.8 (9.4)
	12.9 (7.8)
	1.9 (10.9)

	High protein / No variation
	-15.4 (8.5)
	21.1 (9.4)
	2.9 (10.7)
	-4.5 (6.3)
	-6.8 (6.5)
	-6.9 (6.9)

	Low protein / Variation
	0.5 (4.4)
	-12.3 (7.0)
	-9.4 (9.2)
	3.9 (8.6)
	-2.4 (6.9)
	5.2 (6.4)

	Low protein / No variation
	-0.2 (9.6)
	-22.6 (4.4)
	0.5 (7.4)
	-7.3 (9.2)
	-3.6 (8.0)
	-0.1 (5.4)


Data are presented as means ± SEM. CNT, Control; EX, Exercise; EX+AG, exercise and artificial gravity. 
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Supplementary Table S5. Body composition 
	
	Baseline
	End of bedrest (Changes)
	
ETD
	
Bedrest p
	
Time × group interaction
	Between-group differences in end-changes from baseline

	
	CNT
	EX
	EX+AG
	CNT
	EX
	EX+AG
	
	
	
	EX vs CNT
	EX+AG vs CNT
	EX+AG vs EX

	
	
	
	
	
	
	
	
	
	
	LS means (SE)
	95 % CI
	p
	LS means (SE)
	95 % CI
	p
	LS means (SE)
	95 % CI
	p

	Body mass (kg)
	70.7
(2.8)
	74.5 (2.8)
	72.3
(2.8)
	-2.4 (0.4)
	-2.0 (0.4)
	-1.7
(0.4)
	-2.0
(0.2)
	< 0.001
	0.399
	0.4
(0.5)
	-0.7 to 1.4
	0.488
	0.7 (0.5)
	-0.4 to 1.8
	0.180
	0.4
(0.5)
	-0.7 to 1.4
	0.503

	Fat-free mass (kg)
	54.8 (2.0)
	59.1 (2.0)
	56.6 (2.0)
	-2.6
(0.4)
	-2.3 (0.4)
	-1.6 (0.4)
	-2.2
(0.2)
	< 0.001
	0.126
	0.3
(0.5)
	-0.7 to 1.4
	0.546
	1.0
(0.5)
	0.0 to 2.1
	0.050
	0.7 (0.5)
	-0.3 to 1.8
	0.157

	Fat mass (kg)
	15.8
(1.3)
	15.4 (1.3)
	15.7 (1.3)
	0.3
(0.2)
	0.3
(0.2)
	-0.1 (0.2)
	0.16 (0.12)
	0.209
	0.400
	0.1
(0.3)
	-0.6 to 0.7
	0.860
	-0.3 (0.3)
	-1.0 to 0.3
	0.284
	-0.4
(0.3)
	-1.0 to 0.2
	0.216


Data are presented as least-square means ± SE from linear mixed models accounting for repeated measurements. CNT, Control; EX, Exercise; EX+AG, exercise and artificial gravity; ETD, Estimated Time Difference.



Supplementary Figure S1. Schematic representation of the supine cycling and artificial gravity countermeasure protocols.
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The solid black line represents the standard high-intensity interval cycling profile performed identically by both the Exercise (EX) and Exercise with Artificial Gravity (EX+AG) groups. The dashed gray line indicates the modified backup protocol implemented if a participant could not sustain the target workload. The dotted black line depicts the synchronized Artificial Gravity (AG) ramp applied only to the EX+AG group. VO2max, maximal volume oxygen uptake (; OT, Orthostatic tolerance; PS, Presyncope.
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