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Introduction

Menopause is associated with body fat distribution changes, leading to abdominal fat mass accumulation, which partly explains the higher incidence of obesity and type 2 diabetes in this population [START_REF] Palmer | The sexual dimorphism of obesity[END_REF] . Moroever, menopause is also related to a lower resting metabolic rate (RMR), a decrease of total energy expenditure (TEE), and a reduction of fat oxidation during moderateintensity prolonged exercise [START_REF] Poehlman | Menopause, energy expenditure, and body composition[END_REF][START_REF] Gavin | Modulation of Energy Expenditure by Estrogens and Exercise in Women[END_REF] . These adaptations are partly explained by the loss of fat-free mass with age and the gradual decrease of oestrogen concentration [START_REF] Poehlman | Menopause, energy expenditure, and body composition[END_REF][START_REF] Gavin | Modulation of Energy Expenditure by Estrogens and Exercise in Women[END_REF] . As oestrogen deficiency also stimulates appetite [START_REF] Walecka-Kapica | Melatonin and female hormone secretion in postmenopausal overweight women[END_REF] , menopause favours weight and fat mass gain, hypercholesterolemia, and hypertension, thus increasing the risk of cardiovascular diseases [START_REF] Palmer | The sexual dimorphism of obesity[END_REF] .

Regular physical activity may be an efficient strategy to counteract the menopause-related body composition changes [START_REF] Karvonen-Gutierrez | Association of Mid-Life Changes in Body Size, Body Composition and Obesity Status with the Menopausal Transition[END_REF] . Moderate-intensity continuous training (MICT) is traditionally recommended in patients with obesity for losing weight and fat mass [START_REF] Thompson | ACSM's New Preparticipation Health Screening Recommendations from ACSM's Guidelines for Exercise Testing and Prescription, Ninth Edition[END_REF] . This modality is efficient in pre-and postmenopausal women who are overweight or obese [START_REF] Frank | Effects of exercise on metabolic risk variables in overweight postmenopausal women: a randomized clinical trial[END_REF][START_REF] Zhang | Comparable Effects of High-Intensity Interval Training and Prolonged Continuous Exercise Training on Abdominal Visceral Fat Reduction in Obese Young Women[END_REF] , but the volume of training needed to observe body composition changes makes sometimes the long-term exercise adherence difficult. Currently, high-intensity interval training (HIIT), which includes repeated bouts of high-intensity effort followed by varied recovery times , is considered a time-efficient and safe strategy to reduce total fat mass, and particularly abdominal/visceral fat mass [START_REF] Maillard | Effect of High-Intensity Interval Training on Total, Abdominal and Visceral Fat Mass: A Meta-Analysis[END_REF] , also in postmenopausal women [START_REF] Dupuit | Moderate-Intensity Continuous Training or High-Intensity Interval Training with or without Resistance Training for Altering Body Composition in Postmenopausal Women[END_REF][START_REF] Maillard | High-intensity interval training reduces abdominal fat mass in postmenopausal women with type 2 diabetes[END_REF][START_REF] Maillard | High-intensity interval training is more effective than moderate-intensity continuous training in reducing abdominal fat mass in postmenopausal women with type 2 diabetes: A randomized crossover study[END_REF] . Although studies are still required to determine the best HIIT protocols for fat mass reduction in function of the subject's characteristics, meta-analyses suggest that despite the higher rate of perceived exertion (RPE) during exercise, HIIT is more enjoyable that MICT and this could favour better adherence [START_REF] Thum | High-Intensity Interval Training Elicits Higher Enjoyment than Moderate Intensity Continuous Exercise[END_REF] . However, this conclusion has not been validated in postmenopausal women in whom breath shortness, leg pain, and perhaps fatigue during HIIT could make this modality less tolerable [START_REF] Thum | High-Intensity Interval Training Elicits Higher Enjoyment than Moderate Intensity Continuous Exercise[END_REF] .

In addition, the mechanisms underlying larger total and (intra)-abdominal fat mass loss in HIIT are not completely elucidated, but might partly be the result of increased catecholamine production, leading to significant lipolysis during exercise, followed by higher post-exercise fat oxidation (FATox) [START_REF] Maillard | Effect of High-Intensity Interval Training on Total, Abdominal and Visceral Fat Mass: A Meta-Analysis[END_REF] . These adaptations are probably facilitated by the higher excess postexercise oxygen consumption (EPOC) generally observed after exercise performed above 75% of the maximal oxygen uptake (VO2max) [START_REF] Børsheim | Effect of Exercise Intensity, Duration and Mode on Post-Exercise Oxygen Consumption[END_REF][START_REF] Moniz | Mechanistic and methodological perspectives on the impact of intense interval training on post-exercise metabolism[END_REF] . Moreover, a decrease of post-exercise appetite could also contribute to the larger fat mass loss [START_REF] Maillard | Effect of High-Intensity Interval Training on Total, Abdominal and Visceral Fat Mass: A Meta-Analysis[END_REF] . Indeed, acute high-intensity intermittent exercise (HIIE) may stimulate anorexigenic signals that could limit energy intake (EI) for few hours [START_REF] Sim | High-intensity intermittent exercise attenuates ad-libitum energy intake[END_REF] . However, the decreased oestrogen and possibly also the reduced melatonin production associated with depressed mood sometimes reported during menopause could affect the anorexigenic/orexigenic signal ratio [START_REF] Walecka-Kapica | Melatonin and female hormone secretion in postmenopausal overweight women[END_REF] . Furthermore, food overcompensation over 24h could mask HIIE short-term anorexigenic effect.

Therefore, the aim of this study was to compare oxygen consumption (VO2) during the 2h postexercise, fat utilization, and perceived appetite, as well as the 24h post-exercise energy balance of three different isoenergetic exercise modalities: one cycling moderate-intensity continuous exercise (MICE), and two high-intensity intermittent exercises (HIIE 1 & HIIE 2). Enjoyment and perceived exertion RPE were also recorded in view of long-term exercise adherence.

We hypothesized that compared with the traditional MICE, i) HIIE would lead to higher postexercise VO2 and fat utilization (more significant for HIIE 2 that has a longer active phase performed at the same intensity), ii) the two HIIE sessions would be more enjoyable despite the greater intensity; and that overall the three sessions would lead to similar 24h post-exercise energy balance, despite the lower post-exercise perceived appetite scores in HIIE.

Methods

This study was approved by the Institutional Ethics Review Board (number: IRB00012476-2020-24-03-50) and was performed in conformity with the policy statement on the use of human subjects outlined in the sixth Declaration of Helsinki. The protocol was registered at ClinicalTrails.gov via the Protocol Registration System (number: NCT04364061). This protocol was proposed within the usual care framework for menopausal women with overweight/obesity at the CREPS Auvergne Rhône-Alpes in Vichy, France. All women underwent first a medical examination (pre-participation health screening performed by a sports physician). After receiving detailed information on the study objectives and protocol, each participant signed a written informed consent.

Participants

15 women with overweight or obesity (mean age: 60.5  5.8 years) were first recruited.

Inclusion criteria were: postmenopausal women (menopause defined as spontaneous amenorrhea for at least 12 months) and body mass index (BMI) >25 kg.m -2 and ≤40 kg.m -2 .

Non-inclusion criteria were: medical contraindications to intense physical activity, painful joints, and taking hormone replacement therapy. None of the participants had history of chronic arterial or respiratory disease, CVD cardiovascular diseases or any endocrine disorder. None of them took any medication. Three patients had to stop the study due to Covid-19 -related lockdown policies, and only 12 participants could finish the protocol. No participant had history of chronic arterial or respiratory diseases, cardiovascular diseases, or endocrine disorders. All participants had low levels of physical activity, based on the Global Physical Activity Questionnaire (GPAQ) results [START_REF] Hallal | Global physical activity levels: surveillance progress, pitfalls, and prospects[END_REF] .

Anthropometric and body composition measurements.

Body weight was measured to the nearest 0.1 kg on a Seca709 scale (Balance Seca 709, France) in fasting conditions, with subjects wearing only underwear. Height was measured to the nearest 0.5 cm with a wall-mounted stadiometer. BMI Body mass index was calculated as body weight (kg) divided by the square of height (m 2 ). Waist circumference (cm) was measured midway between the last rib and upper iliac crest (cm) in standing position with a measuring tape. The fat percentage was determined in fasting conditions, with an empty bladder, using the impedance technique (Tanita TBF-300, Netherlands), according to the manufacturer's instructions.

Exercise sessions

Each participant took part in three exercise sessions (one MICE and two HIIE) (Fig. 1). The three modalities were tested in a randomized counterbalanced design with a 6-8-day interval between sessions for perfect recovery. Subjects were instructed to eat the same dinner at the same hour the evening before each session, to refrain from any vigorous exercise 48h before each session, and to avoid coffee, alcohol and tobacco.

The three exercise sessions were isoenergetic. To this aim, before the beginning of the protocol, the energy expenditure (EE) induced by HIIE 1 was measured (Metamax 3B apparatus; Matsport, France) in four postmenopausal women with obesity/overweight not included in the protocol. Then, the time needed to obtain the same EE was calculated for MICE and HIIE 2.

The mean EE for each session was 182 ± 26 kcal and was obtained by a 35-min MICE session and ten repetitions for HIIE 2.

All three exercise sessions were carried out on a WattBike pro Concept2 (with a freewheel and a double air and magnetic braking system) and included 5-min warm-up and 2-min cool-down on the bike at a workload chosen by the participant.

The three modalities were: HIIE 1: this modality was based on the protocol described by Dupuit et al. [START_REF] Dupuit | Moderate-Intensity Continuous Training or High-Intensity Interval Training with or without Resistance Training for Altering Body Composition in Postmenopausal Women[END_REF] and consisted of 60 cycles of sprinting/speeding for 8s followed by slow pedalling (20-30 rpm) for 12s.

Resistance was very low to facilitate acceleration and limit the bicycle-wheel inertia.

Resistance was set to reach 80-90% of the subjects' maximal heart rate (HRmax) during the active phase. HIIE 2: consisted of ten 1-min bouts at 80-90% HRmax, separated by ten 1-min recovery bouts (i.e. slow pedalling at 20-30 rpm). MICE: consisted in cycling for 35min at 60-65% HRmax. Each participant's resistance and pedal cadence (50-70 rpm) were controlled to reach the expected intensity.

HRmax was estimated using the Tanaka's formula [START_REF] Tanaka | Age-predicted maximal heart rate revisited[END_REF] (HRmax = 208 -(0.7*age).

Experimental Design (Fig. 2) Upon arrival at 7:00 AM, participants had been fasting from at least 10 hours. After recording the perceived appetite and measuring fasting glycaemia with an Accu-Chek meter (see below), subjects rested in a comfortable chair for 10 min. Then, gas exchanges (VO2 and VCO2) were measured after adaptation to the face mask for 15 min. Afterwards, participants were placed on a cycle ergometer for the exercise session. Heart rate was continuously monitored during the exercise (Polar, A360). RPE Perceived exertion, perceived appetite, physical activity enjoyment scale (PACES), and glycaemia were recorded or measured during the exercise and the 2h recovery period (Fig. 2). Immediately post-exercise (IP), subjects drank some water and were instructed to sit quietly to watch TV for 2 hours during which gas exchanges were measured. After this period, subjects consumed a standard breakfast before leaving. At home, participants completed a 24h food-intake questionnaire and a physical activity questionnaire (up to the end of breakfast the following day).

Indirect calorimetry

The experiment was performed in a ventilated room at a temperature of 19°C-20°C. RMR and substrate utilization were determined from respiratory gases (VO2 and VCO2) using a Metamax 3B apparatus (Matsport, France). Carbohydrate oxidation (CHOox) and fat oxidation (FATox)

were measured from the respiratory exchange ratio (RER = VCO2/VO2) at rest before exercise, and during the 2h recovery period (Fig. 2). RMR assessment was considered valid in the presence of a minimum of 10min of steady state with less than 10% of VO2 fluctuations. RMR (kcal.d -1 ) was calculated using the Weir equation, and CHOox and FATox (g.min -1 ) were calculated using the Perronet and Massicotte equations, as follows [START_REF] Péronnet | Table of nonprotein respiratory quotient: an update[END_REF] :

RMR (kcal.d -1 ) = [(3.941 × VO2) + (1.1106 × VCO2)] × 1440 CHOox (g.min -1 ) = [(4.585 × VCO2) -(3.22255 × VO2)] FATox (g.min -1 ) = [(1.6946 × VO2) -(1.7012 × VCO2)]
Gas exchanges were monitored during the 2h recovery period. EE (kcal) was calculated every 30 minutes during the recovery period using the mean VO2 at that time point and the thermal coefficient of O2 corresponding to the recorded RER: 

EE (kcal) = VO2 (L.min -1 ) × time (min) × O2 coef

Glycaemia

Fasting blood glucose concentration was measured directly from fingertip blood with an Accu-Chek Performa meter (Roche Diabetes Care, France) before starting the exercise session, immediately post-exercise, and every 30 min during the recovery period.

Physical Activity Enjoyment Scale (PACES) and Rate of Perceived Exertion (RPE)

The PACES 20 contains 18 items, and answers are rated on a 7-point bipolar Likert scale. After reverse scoring of the 11 items that are worded negatively, the total PACES score ranges between 18 and 126, and higher score indicates greater enjoyment. Participants completed the PACES immediately after the end of each exercise session.

The rate of perceived exertion was recorded using the CR-10 Scale 21 at 25%, 50%, 75% and 100% of exercise completion.

Appetite Rating and Breakfast Composition

A validated 100-mm Visual Analogue Scale (VAS) [START_REF] Flint | Reproducibility, power and validity of visual analogue scales in assessment of appetite sensations in single test meal studies[END_REF] was used to assess the subjective appetite at different time points: before exercise, immediately post-exercise, and during the recovery period (at the 60 and 120 min). This scale includes four questions anchored with words that represent the two extreme states of desire to eat, hunger, fullness and prospective food consumption, as shown below.

(1) How strong is your desire to eat? ('very weak' to 'very strong'),

(2) How hungry do you feel? ('not hungry' to 'as hungry as I've ever felt'),

(3) How full do you feel? ('not full at all' to 'very full'), and (4) How much food do you think you could eat? ('nothing at all' to 'a large amount').

The average appetite score was calculated using the following formula: Appetite score = (desire to eat + hunger + (100-fullness) + prospective consumption)/4

After the recovery period, participants were instructed to consume a standard breakfast (selected by the participant and the same for all three sessions) in 15 minutes. Breakfast included bread, butter, fruits and/or orange juice, dairy products, and infusion or decaffeinated coffee. With the help of a dietician, the breakfast had to reach 20-25% of the subject's daily total energy intake ( 2000-2200 kcal.day -1 ) and respect macronutrient repartition. The breakfast mean energy intake was 488 ± 89 kcal with 57%, 28% and 14% of CHO, fat and proteins, respectively. As breakfast was late, it was advised to have lunch not before 1:00 PM.

Dietary and physical activity assessments

Participants were requested to fill in a food diary with the time and amount of food ingested from the dinner the day before the exercise session until the breakfast of the morning after exercise day. Total energy intake (kcal) and macronutrient intakes (CHO, fat & proteins) were calculated using a nutrition analysis software (Nutrilog®, Marans, France).

The physical activity level of each participant was determined at baseline (the week before the first session) using the GPAQ [START_REF] Hallal | Global physical activity levels: surveillance progress, pitfalls, and prospects[END_REF] .

To assess the total energy expenditure 24h after the exercise session, each participant completed a questionnaire to record her daily physical activity [START_REF] Pereira | A collection of Physical Activity Questionnaires for health-related research[END_REF] . The estimated energy requirements were calculated from the calculated RMR, in addition to the EE for each physical activity. The energy balance was calculated using the following formula: Energy balance = Total energy intake -Total energy expenditure.

Statistical Analyses

Before the study starts, the sample size required was calculated based on excess post-exercise oxygen consumption (EPOC) following aerobic-type continuous and interval trainings from the study by Matsuo et al. [START_REF] Matsuo | Cardiorespiratory fitness level correlates inversely with excess post-exercise oxygen consumption after aerobic-type interval training[END_REF] . For a statistical power of 80%, 10 subjects per group were required to show a minimum EPOC difference of 3.2 L between the continuous vs. interval training for risks of error of 1 st (bilateral) and 2 nd species of 5%. The sample was increased to 15 women to take into account participants lost to follow-up.

All statistical analyses were carried out with STATISTICA version 12.00 (StatSoft Inc., Tulsa, OK). Data are presented as the mean ± SD. The data normal distribution was tested using the Kolmogorov-Smirnov test, and the homogeneity of variance was tested with the F-test. Data were log-transformed, when appropriate, before statistical analyses.

To compare a parameter in the three exercise modalities, Friedman's ANOVA (nonparametric test for paired samples) was performed, followed by the Wilcoxon test, if a significant effect was found. To compare the changes of a parameter over time and among the three modalities, two-way repeated-measures ANOVA was carried out to determine time and modality effects and time-modality interactions. When a significant effect was found, post-hoc multiple comparisons were performed using the Newman-Keuls method. The mean recovery values were also expressed as area under the curve (AUC) calculated with the trapezoidal method. In that case, a Friedman ANOVA was also used to establish differences among the three sessions.

Differences with a P value ≤0.05 were considered statistically significant.

RESULTS

Participants' characteristics

The mean age of the 12 postmenopausal women was 59.5 ± 5.8 years, and their mean weight, BMI body mass index, waist circumference and fat mass percentage were 74.2 ± 10.4 kg, 28.9 ± 3.9 kg.m -2 , 99.6 ± 9.4 cm and 39.2 ± 5.1%, respectively.

Exercise sessions

No adverse event, such as pain or hypoglycaemia, was reported by participants during the three exercise sessions. Heart rate monitoring throughout the exercise sessions indicated a mean HRmax percentage of 64.9 ± 8.6%, 84.1 ± 3.8%, and 86.8 ± 2.6% during the MICE, HIIE 1 and HIIE 2 session, respectively.

VO2, RER and EE

No session effect was observed concerning RMR (mean value of 1306 ± 167 kcal.day -1 ).

Baseline (at rest) VO2 (L.min -1 ), RER and EE (kcal.min -1 ) were not different before each exercise session: 0.18 ± 0.02 L.min -1 , 0.87 ± 0.05, and 1.02 ± 0.43 kcal.min -1 , respectively (Fig. 3). The three exercise modalities increased VO2 in the same range, as shown by the absence of exercise modality effect on deltaVO2 [(VO2 immediately post-exercise -VO2 at baseline)/baseline VO2 × 100; p = 0.24). However, delta RER tended to be lower after MICE (p=0.07). At 30 min post-exercise, the VO2 and RER values were different compared with the immediately post-exercise (IP) values (p<0.02), but not compared with the baseline values.

Then, they remained constant until the end of the recovery period. Neither modality effect nor time × modality interaction was observed for VO2 and RER (Fig 3A and3B). EE increased during the post-exercise period, without any difference among exercise modalities, and reached a total of 131 ± 26 kcal at the end of the post-exercise period (Fig. 3C).

CHO & Fat utilization

The baseline CHOox and FATox values, measured in fasting conditions, were comparable before each session: 0.13 ± 0.04 g.min -1 and 0.04 ± 0.02 g.min -1 , corresponding to 55 ± 17% and 45 ± 17%. Neither exercise modality effect nor modality × time interaction was observed concerning the post-exercise CHOox and FATox values (expressed in g.min -1 or in percentage) (Fig. 4). CHOox (g.min -1 ) was significantly higher immediately post-exercise compared with baseline (time effect, p<0.0002). The recovery period (compared with immediately post-exercise) induced a shift on substrate utilization, leading to greater FATox and lower CHOox (g.min -1 and percentage) (p<0.02).

Enjoyment and perceived exertion

The immediately post-exercise PACES scores indicated no significant difference in enjoyment among the three modalities (91.3 ± 15.4, 90.8 ± 17.0 and 86.8 ± 10.9, for MICE, HIIE 1 and HIIE 2, respectively; p=0.76) (data not shown). The rate of perceived exertion (measured at 25, 50, 75 and 100% of exercise completion) increased during exercise (time effect, p<10 -4 ), but were lower for MICE than for HIIE 1 & 2 (group effect, p<10 -4 ). When expressed as area under the curve, the rates of perceived exertion values were lower during MICE than HIIE 1 and HIIE 2 (p<0.05) (Fig. 5).

Perception of appetite

Analysis of the perceived appetite scores (Fig. 6) showed a significant time effect (p<10 -4 ), without exercise modality effect (p = 0.17). A modality × time interaction appeared at 60min post-exercise, with higher perceived appetite scores after MICE than after HIIE 1 (p=0.007) and HIIE 2 (p=0.03). When expressed as AUC, a modality effect was observed, with higher perceived appetite score for MICE than HIIE 1 (p=0.026) and HIIE 2 (p=0.041) (Fig. 6).

All four appetite sub-scores (desire to eat, hunger, fullness, and prospective food consumption) showed a significant time effect (p<0.0001), but no exercise modality effect (p>0.05) (Fig. 7).

A modality × time interaction was observed for hunger and prospective food consumption at 60 min post-exercise, with higher values after MICE than HIIE 1 and HIIE 2 (p<0.02). When expressed as AUC, the hunger and prospective food consumption sub-scores were higher in MICE than in HIIE 1 (p<0.02).

Glycaemia measurements

Baseline glycaemia in fasting conditions was comparable before all three sessions (0.96 ± 0.11 g.L -1 ). Glycaemia was not affected by the exercise modality and was not modified during the recovery period (time and modality effect; p>0.05). Similarly, no modality × time interaction was noted (data not shown).

24h post-exercise energy intake and energy expenditure

The energy (kcal) consumed the night before each exercise session was comparable for all three sessions (480 ± 133 kcal). The 24h post-exercise period covered the time from the end of breakfast after the exercise session to the same hour the next day. Table 1 shows the 24h postexercise energy intake, including the three meals (lunch, dinner and breakfast), the percentage of CHO, fat and proteins consumed during the 24h (% 24h post-exercise energy intake), the 24h post-exercise energy expenditure, and the energy balance. No modality effect was noted for all these parameters. Overall, the three exercise sessions did not induce any specific adaptation concerning diet and physical activity level.

DISCUSSION

The aim of this study was to determine whether differences in the acute effect of three exercise modalities (one MICE and two HIIE) on 2h post-exercise VO2, fat utilization, appetite, and 24h-post-exercise EI and EE could explain the higher fat mass reduction observed in postmenopausal women after HIIT compared with MICT. Our data indicate that VO2 and fat utilization during the 2h of recovery were comparable for all three-exercise modalities. The three modalities also induced similar 24h EI and EE, despite the short (1h) post-exercise anorexigenic effect of HIIE 1 & 2. The perceived exertion was lower with MICE, but enjoyment did not differ among modalities.

Our group already demonstrated that HIIT is a time-efficient and safe exercise modality for loosing total and (intra-)abdominal fat mass in postmenopausal women [START_REF] Dupuit | Moderate-Intensity Continuous Training or High-Intensity Interval Training with or without Resistance Training for Altering Body Composition in Postmenopausal Women[END_REF][START_REF] Maillard | High-intensity interval training reduces abdominal fat mass in postmenopausal women with type 2 diabetes[END_REF][START_REF] Maillard | High-intensity interval training is more effective than moderate-intensity continuous training in reducing abdominal fat mass in postmenopausal women with type 2 diabetes: A randomized crossover study[END_REF] . However, the mechanisms leading to a greater fat mass loss in HIIT vs MICT are still unclear. HIIE stimulates catecholamine production leading to lipolysis and higher post-exercise free fatty acid availability [START_REF] Maillard | Effect of High-Intensity Interval Training on Total, Abdominal and Visceral Fat Mass: A Meta-Analysis[END_REF] . Fat oxidation could be facilitated by a higher oxygen consumption observed after exercises performed at an intensity above 75% of VO2max [START_REF] Børsheim | Effect of Exercise Intensity, Duration and Mode on Post-Exercise Oxygen Consumption[END_REF][START_REF] Moniz | Mechanistic and methodological perspectives on the impact of intense interval training on post-exercise metabolism[END_REF] . Therefore, using a randomized crossover design, we compared the 2h post-exercise VO2 and fat utilization after three isoenergetic exercise sessions (MICE, and two HIIE with different active phase duration but at the same intensity). The first one 60 × (8s cycling -12s recovery) at 80-90% HRmax] has been extensively tested by our group and by others in pre-and post-menopausal women [START_REF] Dupuit | Moderate-Intensity Continuous Training or High-Intensity Interval Training with or without Resistance Training for Altering Body Composition in Postmenopausal Women[END_REF][START_REF] Maillard | High-intensity interval training reduces abdominal fat mass in postmenopausal women with type 2 diabetes[END_REF][START_REF] Maillard | High-intensity interval training is more effective than moderate-intensity continuous training in reducing abdominal fat mass in postmenopausal women with type 2 diabetes: A randomized crossover study[END_REF][START_REF] Trapp | The effects of high-intensity intermittent exercise training on fat loss and fasting insulin levels of young women[END_REF] The second one [10 × 1min at 80-90% HRmax -1min recovery] is regularly used in different population types (i.e. normal weight, overweight, obese people, young or older, trained or untrained subjects) [START_REF] Wingfield | The acute effect of exercise modality and nutrition manipulations on post-exercise resting energy expenditure and respiratory exchange ratio in women: a randomized trial[END_REF][START_REF] Berger | Influence of Continuous and Interval Training on Oxygen Uptake On-Kinetics[END_REF][START_REF] Sawyer | Effects of high-intensity interval training and moderate-intensity continuous training on endothelial function and cardiometabolic risk markers in obese adults[END_REF] . We hypothesized that for the same exercise duration, the longer active phase of HIIE (10min for HIIE 2 vs 8min for HIIE 1) could induce greater post-exercise VO2 uptake and/or fat utilization. However, our results showed no difference in post-exercise VO2 and fat utilization among the three exercise modalities. In all conditions, VO2 and FATox rates reached resting values at 30 min post-exercise and remained constant until the end of the 2h recovery period. It has been reported that the relationship between excess post-exercise oxygen consumption (EPOC) magnitude and the exercise bout intensity is curvilinear, whereas the relationship between EPOC magnitude and exercise duration is more linear, especially at higher intensities [START_REF] Børsheim | Effect of Exercise Intensity, Duration and Mode on Post-Exercise Oxygen Consumption[END_REF] . In this context, our study did not demonstrate the hypothesis that compared with MICE, HIIE induces higher VO2 consumption due to the higher intensities reached. In agreement, among the eight studies on HIIE and MICE effect on EPOC within 0.5-3h postexercise, only three reported a significant effect of HIIE on post-exercise VO2 [START_REF] Wingfield | The acute effect of exercise modality and nutrition manipulations on post-exercise resting energy expenditure and respiratory exchange ratio in women: a randomized trial[END_REF][START_REF] Treuth | Reduction in intra-abdominal adipose tissue after strength training in older women[END_REF][START_REF] Karstoft | The effects of interval-vs. continuous exercise on excess post-exercise oxygen consumption and substrate oxidation rates in subjects with type 2 diabetes[END_REF] , whereas the others did not find any difference between modalities [START_REF] Matsuo | Cardiorespiratory fitness level correlates inversely with excess post-exercise oxygen consumption after aerobic-type interval training[END_REF][START_REF] Larsen | High-and moderate-intensity aerobic exercise and excess post-exercise oxygen consumption in men with metabolic syndrome[END_REF][START_REF] Tucker | Excess Postexercise Oxygen Consumption After High-Intensity and Sprint Interval Exercise, and Continuous Steady-State Exercise[END_REF][START_REF] Mcgarvey | Excess post-exercise oxygen consumption following continuous and interval cycling exercise[END_REF][START_REF] Warren | Postexercise Fat Oxidation: Effect of Exercise Duration, Intensity, and Modality[END_REF] . These discrepancies are probably linked to the fact that these studies were performed in different populations (young, old, healthy, not healthy, trained, untrained, men, women) and using different HIIE and MICE protocols (intensity, duration, ergometer used). In our protocol, the three sessions led to similar caloric expenditure. On the other hand, our study was the first in postmenopausal women whose specific hormonal status may alter post-exercise VO2 [START_REF] Børsheim | Effect of Exercise Intensity, Duration and Mode on Post-Exercise Oxygen Consumption[END_REF] . High EPOC is in part linked to increased circulation, ventilation and body temperature, but the cost of this is low [START_REF] Børsheim | Effect of Exercise Intensity, Duration and Mode on Post-Exercise Oxygen Consumption[END_REF] . An increased rate of triglyceride/fatty acid cycling and a shift from carbohydrate to fat as substrate source might contribute to EPOC after high-intensity exercises [START_REF] Børsheim | Effect of Exercise Intensity, Duration and Mode on Post-Exercise Oxygen Consumption[END_REF] . In our study, fat utilization was increased during the recovery period, but without a significant exercise modality effect. In fact, all three sessions increased carbohydrate oxidation during exercise (as shown by the higher values immediately post-exercise than at rest), whereas MICE did not significantly increase fat oxidation during exercise. We hypothesize that the MICE session duration was too short for stimulating -oxidation and importantly, that in such deconditioned subjects, exercise intensity was too high to shift significantly towards fat utilization. Thus, although the HIIE sessions were performed at a higher intensity (+30%), the fact that MICE largely favoured carbohydrate use during an exercise of longer duration (+75%) could mask post-exercise fat oxidation differences and also contribute to explain the similar EPOC among exercise modalities. Moreover, at the same intensity, the longer active phase of HIIE 2 (compared with HIIE 1) was not sufficient to induce greater post-exercise VO2 and fat utilization.

Alternatively the higher fat mass reduction observed in postmenopausal women after HIIT compared with MICT [START_REF] Dupuit | Moderate-Intensity Continuous Training or High-Intensity Interval Training with or without Resistance Training for Altering Body Composition in Postmenopausal Women[END_REF][START_REF] Maillard | High-intensity interval training reduces abdominal fat mass in postmenopausal women with type 2 diabetes[END_REF][START_REF] Maillard | High-intensity interval training is more effective than moderate-intensity continuous training in reducing abdominal fat mass in postmenopausal women with type 2 diabetes: A randomized crossover study[END_REF] could be explained by an increase of the total daily energy expenditure and/or by the appetite suppressive effects after HIIE [START_REF] Poon | Post-Exercise Appetite and Ad Libitum Energy Intake in Response to High-Intensity Interval Training versus Moderate-or Vigorous-Intensity Continuous Training among Physically Inactive Middle-Aged Adults[END_REF] . Indeed, it has been shown that acute HIIE stimulates anorexigenic signals that could reduce energy intake for few hours [START_REF] Sim | High-intensity intermittent exercise attenuates ad-libitum energy intake[END_REF] . However, comparison of HIIE and MICE effects on short term post-exercise perceived appetite showed higher [START_REF] Charlot | Comparison of energy-matched high-intensity interval and moderate-intensity continuous exercise sessions on latency to eat, energy intake, and appetite[END_REF] , similar [START_REF] Sim | High-intensity intermittent exercise attenuates ad-libitum energy intake[END_REF] or no reduction [START_REF] Deighton | Appetite, energy intake, and PYY3-36 responses to energy-matched continuous exercise and submaximal high-intensity exercise[END_REF] of the appetite score by HIIE. In our study, the perceived appetite score during the 2h recovery period (AUC data) was lower after HIIE 1 & 2 than MICE. However, when results were analysed over time, the difference was significant (appetite score and also hunger and prospective food consumption sub-scores) only at 1h post-exercise. These findings suggest that acute isoenergetic HIIE and MICE sessions may differently affect the post-exercise perceived appetite in fasted postmenopausal women. In our study, we decided to start each session in fasting conditions and to give a standard breakfast after the 2h-recovery period in order to normalize pre-and post-session energy status. However, the standard breakfast did not allow us to confirm the acute anorexigenic effect of HIIE.

Nevertheless, we think that this effect is temporary because we did not detect any specific HIIE effect on the amount of macronutrient consumed (in total and in each meal) during the 24h postexercise. This was already observed in men with obesity [START_REF] De Matos | High-intensity interval training improves markers of oxidative metabolism in skeletal muscle of individuals with obesity and insulin resistance[END_REF] who showed similar 24h energy intake after HIIE (10 × 1-min at 85-90% HRmax with 1-min recovery) and MICE (20-min at 65-70% HRmax), despite an apparent transient reduction in hunger immediately after HIIE. Energy expenditure during the 24h post-exercise period is rarely measured. In our study, the 24h energy expenditure was comparable among exercise modalities. In conclusion, our results show that despite a short (1h) post-exercise anorexigenic effect of HIIE 1 & 2, the 24h energy intake & expenditure were comparable among modalities, leading to similar energy balance.

The rate of perceived exertion during exercise and enjoyment may have an important role for improving adoption and adherence to the prescribed exercise programs, particularly in individuals with overweight/obesity [START_REF] Oliveira | Affective and enjoyment responses in high intensity interval training and continuous training: A systematic review and meta-analysis[END_REF] . Literature data suggest higher enjoyment after HIIE than MICE due to the shorter time commitment and the challenge [START_REF] Thum | High-Intensity Interval Training Elicits Higher Enjoyment than Moderate Intensity Continuous Exercise[END_REF][START_REF] Oliveira | Affective and enjoyment responses in high intensity interval training and continuous training: A systematic review and meta-analysis[END_REF] . In our study, the rate of perceived exertion increased throughout exercise, but was higher during HIIE 1 & 2 than MICE.

Besides the muscle constraints generated by HIIE (higher velocity and intensity performed), the fact that women performed the sessions in fasting conditions could have made HIIE more difficult, due to higher glycogen and plasma glucose utilization [START_REF] Kong | Affective and Enjoyment Responses to Short-Term High-Intensity Interval Training with Low-Carbohydrate Diet in Overweight Young Women[END_REF] . However, we did not find any effect of HIIE or MICE on glycaemia during or after exercise. Finally, despite higher rates of perceived exertion in HIIE 1 & 2 vs. MICE, enjoyment was similar for all three modalities, thus confirming the feasibility of such programmes in this population.

Limitations

The most important limitation of this study is that we used results obtained during acute exercise sessions (HIIE and MICE) to explain chronic effects (HIIT and MICT adaptations). It would have been interesting to analyse the same parameters after 2-3 months of training. However, inter-subject variability could strongly influence the results. In our study, we took care to match the exercise session in terms of EE and to avoid any difference in energy status before each session by starting in fasting conditions. This could be perceived as a limitation because it does not reflect the "true life", but allowed us to accurately compare post-exercise VO2 and substrate oxidation. Finally, the last limitation concerns the questionnaires used (VAS, PACES, food intake, energy expenditure) due to their subjectivity and/or the difficulty to perfectly estimate EI and EE. However, as the same participants performed the three sessions, there is no reason to imagine that differences occurred from a session to the other.

PERSPECTIVE

The present study showed that in postmenopausal women, when exercise sessions are matched for caloric expenditure, the 2h post-exercise VO2 and fat utilization are similar with HIIE and MICE. Longer (24h) post-exercise VO2 and substrate utilization measurements might be needed to firmly conclude that EPOC and/or FATox are not implicated in the greater fat mass loss observed after HIIT. Similarly, HIIT-induced higher fat mass reduction cannot be explained by a modulation of the 24h EE and EI. Additional studies are needed to determine whether long-term exercise could alter these acute responses. Nevertheless, our study confirms that HIIE and MICE are well tolerated by postmenopausal women, are safe, and may induce the same level of enjoyment. Therefore, each of them can be proposed for obesity management, in consultation with the patients to improve long-term practice adherence. 

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

  CHOox and FATox (g.min -1 ) were calculated from the mean of the first 5 minutes of recovery and then at 20-30 min, 30-40 min, 40-50 min, 50-60 min, 60-70 min, 80-90 min, 90-100 min, 100-110 min, and 110-120 min post-exercise. The total amount of oxidized CHO and fat (g) were calculated for each time point.
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Table 1 . Acute 24h-Energy Intake (EI) and Energy Expenditure (EE) after MICE, HIIE 1 and HIIE 2.

 1 

		MICE	HIIE1	HIIE2	P
					(Modality effect)
	_________________________________________________________________________________________________
	24h-EI (kcal)	1543 ± 125	1350 ± 2218	1542 ± 190	0.12
	Lunch (kcal)	631 ± 206	572 ± 140	615 ± 165	0.75
	Dinner (kcal)	577 ± 214	476 ± 157	568 ± 296	0.17
	Breakfast (kcal)	314 ± 167	280 ± 133	308 ± 173	0.38
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