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ABSTRACT 1 

Acute morning fasted exercise may create a greater negative 24-h energy balance than the 2 

same exercise performed after a meal, but research exploring fasted evening exercise is 3 

limited. This study assessed the effects of 7 h fasting before evening exercise on energy 4 

intake, metabolism, and performance. Sixteen healthy males and females (n=8 each) 5 

completed two randomised, counterbalanced trials. Participants consumed a standardised 6 

breakfast (08:30) and lunch (11:30). Two hours before exercise (16:30), participants 7 

consumed a meal (543 ± 86 kcal; FED) or remained fasted (FAST). Exercise involved 30 min 8 

cycling (60% VO2peak) and a 15-min performance test (~85% VO2peak; 18:30). Ad-libitum 9 

energy intake was assessed 15 min post-exercise. Subjective appetite was measured 10 

throughout. Energy intake was 99 ± 162 kcal greater post-exercise (P<0.05), but 443 ± 128 11 

kcal lower over the day (P<0.001), in FAST. Appetite was elevated between the pre-exercise 12 

meal and ad-libitum meal in FAST (P<0.001), with no further differences (P≥0.458). Fat 13 

oxidation was greater (+3.25 ± 1.99 g), and carbohydrate oxidation lower (-9.16 ± 5.80 g) 14 

during exercise in FAST (P<0.001). Exercise performance was 3.8% lower in FAST (153 ± 15 

57 vs. 159 ± 58 kJ; P<0.05), with pre-exercise motivation, energy, readiness, and post-16 

exercise enjoyment also lower in FAST (P<0.01). Fasted evening exercise reduced net energy 17 

intake and increased fat oxidation compared to exercise performed 2 h after a meal. However, 18 

fasting also reduced voluntary performance, motivation, and exercise enjoyment. Future 19 

studies are needed to examine the long-term effects of this intervention as a weight 20 

management strategy. 21 

Keywords:  Exercise performance, appetite, energy intake, energy balance, fasting, fat 22 

oxidation23 
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INTRODUCTION 24 

Weight gain occurs when energy intake exceeds energy expenditure for a sustained period 25 

(Hill et al., 2012). Counter-regulatory changes to energy balance systems appear more 26 

profound for weight loss than weight gain (Hill et al., 2012), meaning early intervention in 27 

lean individuals to prevent weight gain might be a more efficacious approach than attempting 28 

to reduce obesity once established (Monnier et al., 2021). 29 

Physical activity/exercise can aid weight management by increasing energy expenditure 30 

(Donnelly et al., 2009). Despite this, long-term exercise interventions for weight management 31 

are often less effective than predicted (Martin et al., 2019), perhaps explained by 32 

compensatory reductions in energy expenditure (Thompson et al., 2014), and/or increases in 33 

energy intake (King et al., 2008). Manipulating the timing of exercise around meals has the 34 

potential to optimise exercise as a strategy to sustain an energy deficit and/or improve 35 

metabolic health.  36 

Exercise after a prolonged fast (>12 h) may aid in regulating energy balance. For example, 37 

compared to consuming breakfast before exercise, fasted exercise produces either no change 38 

(Bachman et al., 2016; Gonzalez et al., 2013; Griffiths et al., 2020) or a small increase 39 

(Edinburgh et al., 2019) in lunch energy intake, but facilitates a lower overall energy intake 40 

(breakfast plus lunch), and lowers 24 h energy intake (Bachman et al., 2016; Edinburgh et al., 41 

2019). Additionally, fasted morning exercise increases fat oxidation (Edinburgh et al., 2019; 42 

Gonzelez et al., 2013), which may drive adaptations leading to improved markers of 43 

metabolic health (Robinson et al., 2015).  44 

Almost all research on fasted exercise has been undertaken in the morning because the 45 

overnight fast offers a practical and convenient opportunity to achieve a fasted state without 46 

the need to skip meals. The response to fasted exercise at other times of day is not well 47 
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researched. There is evidence that evening exercise is associated with a reduced perception of 48 

effort (Maraki et al., 2005), and may improve glycaemic control more than morning exercise 49 

(Moholdt et al., 2021). These diurnal differences may be explained by the circadian system, 50 

which regulates several endogenous processes, including macronutrient metabolism, appetite, 51 

and components of energy balance, in 24 h oscillations (Smith and Betts, 2022). Therefore, 52 

findings from overnight-fasted exercise might not translate to exercise performed later in the 53 

day.  54 

Only one study has examined the energy intake responses to fasted-state exercise performed 55 

at a time of day other than the morning. McIver et al. (2019a) showed similar 24 h energy 56 

intakes following fed- and fasted-state exercise commencing in the morning or early-evening, 57 

indicating fasted exercise may reduce daily energy intake, irrespective of the time of day. The 58 

amount of exercise performed and motivation to exercise are, however, important to 59 

maximise both the energy deficit achieved and the positive health outcomes from exercise 60 

training (Foulds et al., 2014). Skipping breakfast has been shown to reduce voluntary exercise 61 

performance (Clayton and James, 2016), but the effect of fasting on evening exercise 62 

performance is unknown. 63 

The present study examined the effects of fasting for 7 h before evening cycling exercise on 64 

post-exercise ad-libitum energy intake, appetite, voluntary exercise performance, and 65 

substrate oxidation in healthy, recreationally active males and females. 66 

METHODS 67 

Participants 68 

Sixteen healthy, recreationally active (<10 hwk-1) males and females (n=8 each) completed 69 

the study (Table 1), which was conducted in accordance with the Declaration of Helsinki and 70 
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approved by the Nottingham Trent University Ethical Advisory Committee; ethics 71 

application number: 670. Clinical Trials registration: NCT04742530. Herein, we describe the 72 

first of two studies completed as part of this clinical trial. A separate study will be published 73 

elsewhere comparing the effects of fed-state evening exercise (including the data from 15 74 

participants presented here) to fed-state morning exercise. Participants were not restrained, 75 

disinhibited, or hungry eaters, determined by the three-factor eating questionnaire (Stunkard 76 

and Messick, 1985). Female participants were regular monophasic combined oral 77 

contraceptive users (≥6 months use before commencing the study; n=3) or eumenorrheic 78 

(self-reported; n=5), and not using a hormonal contraceptive. Participants completed health 79 

screening questionnaires and provided written informed consent before commencing the 80 

study. The sample size for this study was estimated for the primary outcome variables of 81 

voluntary exercise performance and energy intake using G*Power 3.1 software. Using an α of 82 

0.05, β of 0.8 and data from a previous study (Clayton et al., 2015), it was estimated that 15 83 

participants would be required to detect a 5% difference in voluntary exercise performance, 84 

and 12 participants to detect a 15% difference in energy intake. Secondary outcome variables 85 

include substrate oxidation, appetite, and subjective responses to exercise. 86 

Study design 87 

Participants completed two preliminary trials, followed by two experimental trials (completed 88 

between February–July 2021 in Nottingham Trent University laboratories) in randomised (by 89 

drawing trial orders for participants out of a bag), counterbalanced, cross-over order, and 90 

were separated by ≥4 days. To control for fluctuations in appetite associated with sex 91 

hormone concentrations (Buffenstein et al., 1995), eumenorrheic women completed 92 

experimental trials in the follicular phase (3–14 days after the onset of menstruation – self-93 

reported) and oral contraceptive users completed all trials between days 4–17 of the pill-94 

taking phase. This was individually standardised within a 4-day period for each female 95 
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participant. Experimental trials involved consuming a 24 h standardised diet before an 96 

exercise session at 18:30. Exercise consisted of 30-min steady-state cycling and a 15-min all-97 

out performance test, which required participants to complete as much work as possible 98 

within the allotted time. In FAST, participants ceased food intake at 11:30 and commenced 99 

exercise after a 7 h fast. In FED, participants consumed a pre-exercise meal at 16:30 and 100 

commenced exercise after a 2 h fast.  101 

Preliminary trials 102 

During the first preliminary trial, participants’ body mass and height were measured, before 103 

body fat percentage was estimated by measuring skinfold thickness (Durnin and Womersley, 104 

1974). Cycling VO2peak was determined during a discontinuous incremental exercise test on an 105 

electronically braked cycle ergometer (Lode Corival, Netherlands). The test involved 4-min 106 

incremental stages separated by ~5 min rest until volitional exhaustion. Heart rate, rating of 107 

perceived exertion (RPE; Borg, 1982), and 1-min expired gas samples were collected during 108 

the final minute of each increment. After adequate rest, participants completed the 15-min 109 

performance test. During the second preliminary trial, participants were familiarised with the 110 

exercise protocol and the ad-libitum meal. 111 

Pretrial standardisation 112 

Participants recorded food intake and habitual physical activity during the 24 h prior to the 113 

first experimental trial and replicated this before the second experimental trial. Strenuous 114 

physical activity and alcohol intake were prohibited during this period, with adherence 115 

confirmed verbally before each trial. Participants arrived at the laboratory via motorised 116 

transport. 117 

Protocol 118 



7 

 

Participants consumed a standardised dinner at 20:30 the evening before trial days, a 119 

breakfast at 08:30, and a lunch at 11:30. In FED, participants consumed a standardised pre-120 

exercise meal at 16:30, which was replaced with a prescribed volume of water in FAST. 121 

Participants arrived at the laboratory at 18:00 and measures of subjective appetite, mood, and 122 

exercise readiness were completed. After 20 min supine rest, a 5-min expired gas sample was 123 

collected. Exercise commenced at 18:30, with 30-min steady-state cycling (60% VO2peak). 124 

During exercise, heart rate and RPE were measured every 5 min, with 2-min expired gas 125 

samples collected every 10 min. After 3-min rest, participants commenced a 15-min all-out 126 

performance test. An ad-libitum pasta meal was served 15 min after the cessation of exercise, 127 

and participants were permitted 20 min to eat. Participants then left the laboratory and were 128 

instructed to consume nothing other than the prescribed water and to refrain from engaging in 129 

exercise until after completing the final subjective appetite questionnaire at 08:30 the 130 

following day. Adherence to this was confirmed via text messaging. 131 

Exercise performance test 132 

The ergometer was set in linear mode, with the linear factor (L) calculated using the formula: 133 

L = W/(rpm)2 to elicit a workload (W) of 85% VO2peak at the participants’ preferred cadence 134 

identified during the VO2peak test. Power output could be increased and decreased with an 135 

increase or decrease in cadence. Participants completed as much work as possible within 15 136 

min and were blinded to all outcome measures, except time remaining. No encouragement 137 

was provided, and standardised instructions were provided before each trial. Work completed 138 

(kJ) and heart rate were recorded every minute, and RPE was recorded every 2 min from the 139 

first minute.  140 

Standardised meals 141 
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Participants were provided with weighed meals and water to be consumed at home, with 142 

clear, written guidelines on timing of intake and instruction to consume nothing else. 143 

Participants were regularly contacted via text messaging to encourage adherence with these 144 

instructions. Meals were designed to provide a percentage of estimated energy requirements 145 

(EER; resting metabolic rate [Mifflin et al., 1990] multiplied by a physical activity level of 146 

1.7). 147 

Standardised dinner and lunch meals were identical (30% EER), consisting of tuna/chicken 148 

sandwiches prepared by the researchers (white bread (Hovis, UK), tuna chunks in brine 149 

(Princess, UK)/chicken breast chunks (Bernard Matthews, UK), and full-fat mayonnaise 150 

(Hellmann’s, UK)), ready salted crisps (Walkers, UK), and chocolate (Cadbury, UK). 151 

Standardised breakfast and pre-exercise meals were also identical (20% EER), consisting of 152 

instant porridge oats (Oatso Simple Golden Syrup, Quaker, UK), cereal bars (Strawberry 153 

Nutri-Grain, Kellogg’s, UK), and yoghurt (Ski Strawberry, Nestlé, UK) (Table 2). Water 154 

intake was provided at 30 mLkg-1 body mass during trials, distributed into 5 equal volumes 155 

consumed: 1) between waking and lunch (<11:30); 2) during lunch (11:30–12:00); 3) early 156 

afternoon (12:00–17:30); 4) 1 h before exercise (17:30); and 5) between the ad-libitum meal 157 

and sleep (>20:00).  158 

Ad-libitum meal 159 

Energy and water intake were determined by weighing food and water before and after 160 

consumption. The ad-libitum meal was homogenous, providing 1.25 ± 0.01 kcalg-1 (69% 161 

carbohydrate, 11% protein, 18% fat, and 2% fibre), and consisted of pasta, tomato sauce and 162 

olive oil. The meal was provided in excess of expected consumption, and participants ate in 163 

isolation to eliminate distractions until they felt “comfortably full and satisfied”. Water was  164 



9 

 

available ad-libitum. Participants remained in the booth for the 20-min period, and all 165 

participants reported they had ceased eating within this time in all trials. 166 

Expired gas samples 167 

A 5-min expired gas sample was collected into a Douglas bag immediately pre-exercise 168 

following 20 min of supine rest. During steady-state cycling, 2-min expired gas samples were 169 

collected between 8–10, 18–20, and 28–30 min. Samples were assessed for oxygen and 170 

carbon dioxide concentrations (MiniHF 5200, Servomex, UK), volume (Harvard Dry Gas 171 

Meter, Harvard Ltd., UK), and temperature. Substrate oxidation rates were calculated using 172 

stoichiometric equations (Jeukendrup and Wallis, 2005).  173 

Subjective responses 174 

Participants rated their subjective feelings of hunger, fullness, desire to eat (DTE), 175 

prospective food consumption (PFC), and nausea on digital visual analogue scales (VAS) that 176 

were sent to their personal mobile telephone at each timepoint (0, 2, 3, 3.5, 5, 7, 8, 10, 11, 177 

11.5, 13.5, and 24 h). Additional subjective feelings of motivation to exercise, readiness to 178 

exercise, tiredness, and energy were added to the pre-exercise questionnaire (10 h). All VAS 179 

were designed and administered using SurveyMonkey.com and comprised of a 0 to 100 180 

sliding scale with written anchors of “not at all”/“no desire at all”/“none at all” and 181 

“extremely”/“a lot” placed at 0 and 100, respectively. Participants also completed a paper-182 

based Positive and Negative Affect Schedule (PANAS; Watson et al., 1988) pre-exercise. 183 

A paper-based, shortened version of the Physical Activity Enjoyment Scale (PACES-8) was 184 

completed immediately post-exercise to measure enjoyment of exercise sessions (Raedeke, 185 

2007). The PACES-8 uses a series of eight, seven-point bipolar scales which participants use 186 
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to rate their agreement with one of the two statements at either end of the scale (e.g., “I 187 

enjoyed it” – “I hated it”). 188 

Statistical analyses 189 

Data were analysed using SPSS v26.0 (IBM, USA). All data were checked for normality of 190 

distribution using a Shapiro-Wilk test. For subjective appetite-related variables, area under 191 

the curve (AUC) values were calculated using the trapezoidal method and averaged over time 192 

in response to breakfast (0–3 h), lunch (3–7 h), pre-exercise meal (7–11 h), and ad-libitum 193 

meal (11–24 h). Data containing one factor were analysed using paired samples t-tests or 194 

Wilcoxon Signed-Rank tests as appropriate. Data containing two factors were analysed using 195 

repeated-measures ANOVA, with significant main effects followed by post-hoc paired 196 

samples t-tests, or Wilcoxon Signed-Rank tests, with Holm-Bonferroni correction. Because 197 

fluctuations in circulating sex hormone concentrations can influence appetite and energy 198 

intake in females, sex was entered as a between-participants factor in repeated-measures 199 

ANOVA to test for sex-by-trial-by-time interactions and/or sex-by-trial interactions. Due to 200 

equipment issues, heart rate data is missing for one participant. Data sets were considered 201 

statistically different when P < 0.05. Data are presented as mean ± 1SD, unless stated. Where 202 

appropriate, effect sizes (Cohen’s dz) were calculated (Cohen, 1988). 203 

RESULTS 204 

Energy intake 205 

Ad-libitum energy intake post-exercise was 99 ± 162 kcal greater during FAST (dz = 0.61; P 206 

< 0.05), but cumulative energy intake across the day was 443 ± 128 kcal lower during FAST 207 

than FED (dz = 3.42; P < 0.001; Table 2).  208 
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There was a sex-by-trial interaction effect for ad-libitum energy intake (P < 0.001), with 209 

greater energy intake during FAST than FED in males (+203 ± 122 kcal; dz = 1.67; P < 0.01), 210 

but not females (-5 ± 129 kcal; dz = 0.04; P = 0.919; Figure 1). 211 

Subjective appetite responses 212 

There were trial (P < 0.01) and time (P < 0.01) main effects and a trial-by-time interaction (P 213 

< 0.001) effect for hunger, fullness, DTE, and PFC. Participants reported increased hunger, 214 

DTE, and PFC, and reduced fullness, in the period following the pre-exercise meal until 215 

immediately before the post-exercise ad-libitum meal (16:30–19:30) during FAST (P < 0.05). 216 

Nausea showed a main effect of time (P < 0.01), and a trial-by-time interaction effect (P < 217 

0.05), but no main effect of trial (P = 0.149). Nausea tended to be greater immediately pre-218 

exercise in FAST (P = 0.06; Figure 2).  219 

AUC for hunger, DTE, PFC, and nausea were all greater, and fullness was lower, between the 220 

pre-exercise meal and the ad-libitum meal in FAST (P < 0.01). No further AUC differences 221 

were shown between trials in response to breakfast (P ≥ 0.398), lunch (P ≥ 0.458) or ad-222 

libitum meal (P ≥ 0.464; Figure 3).  223 

Energy expenditure and substrate oxidation 224 

At rest, carbohydrate oxidation was lower (0.04 ± 0.03 vs 0.13 ± 0.06 gmin-1; dz = 1.25; P < 225 

0.001) and fat oxidation was higher (0.11 ± 0.02 vs 0.09 ± 0.03 gmin-1; dz = 0.67; P < 0.01) 226 

in FAST. Energy expenditure at rest was lower in FAST (1.3 ± 0.2 kcalmin-1 vs 1.2 ± 0.2 227 

kcalmin-1; dz = 0.67; P < 0.001). There was a sex-by-trial interaction effect for resting 228 

energy expenditure (P < 0.05), which was lower in FAST than FED in males (1.5 ± 0.2 229 

kcalmin-1 vs 1.3 ± 0.2 kcalmin-1; dz = 1.12; P < 0.05) but was not different between trials in 230 

females (1.2 ± 0.1 kcalmin-1 vs 1.1 ± 0.1 kcalmin-1; dz = 0.14; P = 0.602).  231 
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During steady-state exercise, total fat oxidation was greater (+3.25 ± 1.99 g; dz = 1.64; P < 232 

0.001), and total carbohydrate oxidation was lower (-9.16 ± 5.80 g; dz = 1.58; P < 0.001) in 233 

FAST (Figure 4). Total energy expenditure in the steady-state exercise was lower in FAST (-234 

6 ± 8 kcal; dz = 0.59; P < 0.05). 235 

Exercise performance and responses 236 

Work completed during the 15-min performance test was 5 ± 8 kJ lower during FAST (dz = 237 

0.62; P < 0.05; Figure 5).  238 

Mean VO2 achieved during steady-state exercise was lower in FAST (57.9 ± 5.6% VO2peak vs. 239 

59.0 ± 6.1% VO2peak; P < 0.01). Mean heart rate (P = 0.079) and RPE (P = 0.806) were not 240 

different between trials during the 30-min steady-state bout. Mean heart rate during the 241 

performance test was lower in FAST (P < 0.05), but RPE was not different between trials (P 242 

= 0.739). 243 

Laboratory temperature (P = 0.212), humidity (P = 0.702), and pressure (P = 0.442) were not 244 

different between trials.  245 

Exercise subjective responses 246 

Participants reported lower pre-exercise motivation, energy, and readiness to exercise in 247 

FAST (P < 0.001), although tiredness was not different between trials (P = 0.270). The 248 

PANAS questionnaire revealed lower positive affect pre-exercise in FAST (P < 0.05), but 249 

negative affect was not different between trials (P = 0.238). Mean score on the PACES-8 250 

questionnaire was lower in FAST (P < 0.01), suggesting that the exercise session was 251 

enjoyed less in FAST (Table 3). 252 

DISCUSSION 253 
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We showed that fasting for 7 h before evening exercise increased ad-libitum energy intake by 254 

~100 kcal compared to exercise performed 2 h after eating, but this did not compensate for 255 

the omission of a pre-exercise meal. Accordingly, net energy intake was lower when evening 256 

exercise was performed following a 7 h fast. However, fasting before evening exercise 257 

reduced performance by ~3.8%, and was associated with reduced motivation and exercise 258 

enjoyment. Further study is required to determine whether fasting before evening exercise 259 

can be used chronically to assist in weight and health management, or whether it’s associated 260 

negative perceptions impede long-term success.  261 

Most studies explore fasted-state exercise in the morning due to the convenience of extending 262 

the overnight fast. However, morning exercise is not always convenient or possible, so this 263 

study assessed the metabolic and behavioural responses to fasted-state exercise in the 264 

evening. Previously, McIver et al. (2019a) showed that fasting for 9 h before exercising at 265 

17:00 increased appetite pre-exercise, but post-exercise appetite was not different to fed-state 266 

exercise. This aligns with some (Gonzalez et al., 2013; McIver et al., 2019b), but not all 267 

(Bachman et al., 2016; Griffiths et al., 2020) morning fasted-state exercise studies. Findings 268 

from the present study are in-line with the latter, demonstrating elevated appetite extending 269 

into the post-exercise period. Interestingly, post-exercise energy intake was ~100 kcal 270 

(~13%) greater, which contrasts the results of studies where exercise is performed in the 271 

morning (Bachman et al., 2019; Gonzalez et al., 2013; Griffiths et al., 2020). As such, the 272 

present study provides novel data suggesting a potential disparity in post-exercise energy 273 

intake responses between morning and evening fasted-state exercise, with evening fasted-274 

state exercise appearing to provoke compensatory eating which is not typically found with 275 

morning fasted-state exercise, although further studies directly comparing morning and 276 

evening fasted-state exercise are still needed.  277 
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Interestingly, this increase in energy intake was driven predominantly by males, with 278 

seemingly no such compensation occurring in females. Appetite and energy intake responses 279 

to acute exercise are generally similar between males and females (Dorling et al., 2018), 280 

although only a small number of studies have directly compared males and females. 281 

Moreover, nutrient-exercise interactions have not been considered (Frampton et al., 2022), so 282 

the sex-specific responses to fasted-state exercise are unknown. Our findings suggest that 283 

fasted-state evening exercise may provoke a smaller compensatory energy intake response in 284 

females, potentially making it a more effective weight management strategy for females than 285 

males. Sex hormones may influence appetite and energy intake (Buffenstein et al., 1995). We 286 

attempted to control this by conducting trials in the same phase of the menstrual or pill-taking 287 

cycle. However, we were unable to standardised this to the exact day within the phase, and 288 

we did not measure hormones directly, both of which can be considered limitations of the 289 

present study. Sex hormone concentrations may still fluctuate within the same cycle phase 290 

(Buffenstein et al., 1995), meaning larger sample size studies of both males and females with 291 

measurement of ovarian hormone concentrations are required to further explore these 292 

preliminary findings. 293 

Despite post-exercise energy intake being greater following fasted-state evening exercise, this 294 

increase only compensated for ~18% of the pre-exercise meal in FED. Therefore, energy 295 

intake over the course of the entire day was ~443 kcal lower in the fasted trial. Energy intake 296 

was only measured at a single post-exercise meal, so it is possible that further energy intake 297 

compensation may occur later in the evening or during the subsequent day. Consistent with 298 

other studies (Bachman et al., 2016; McIver et al., 2019a; McIver et al., 2019b; Griffiths et 299 

al., 2020), differences in appetite were abolished after the post-exercise meal, implying that 300 

future eating behaviour may not differ between trials. Indeed, studies tracking energy intake 301 

for up to 24 h post-exercise demonstrate that the reduction in energy intake caused by fasting 302 
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(meal skipping) is not compensated for in this time period (McIver et al., 2019a; Edinburgh et 303 

al., 2019; Bachman et al., 2016). Additionally, recent work suggests energy intake increases 304 

in anticipation of energy restriction (James et al., 2020) and/or exercise (Barutcu et al., 2021), 305 

but this could not be assessed in the present study, as food intake was controlled to ensure 306 

similar metabolic conditions at the start of trials. 307 

We showed that prior fasting for 7 h increased fat oxidation by 3.25 g during 30 min evening 308 

exercise. Exercising after a 10–14 h overnight fast increases fat oxidation (Edinburgh et al., 309 

2019; Gonzalez et al., 2013), which if performed regularly, may drive adaptations leading to 310 

improved markers of metabolic health (Robinson et al., 2015). Despite circadian variations in 311 

several metabolic processes (Smith and Betts, 2022), the present study, and previous work 312 

(McIver et al., 2019a), show that a shorter, 7–9 h fasting period during the afternoon also 313 

increases fat oxidation during evening exercise. However, it must be noted that longer fasting 314 

durations that include the overnight fast, and shorter fasting durations such as that used in the 315 

present study, likely elicit differences in metabolism beyond changes in substrate oxidation. 316 

For example, plasma glycerol concentrations (a marker of lipolysis) increase in direct 317 

proportion to the duration of the fast (Montain et al., 1991), meaning the metabolic effects of 318 

a shorter period of afternoon fasting may not necessarily mimic those of an overnight fast. 319 

Future studies should seek to explore whether elevated fat oxidation during fasted-state 320 

evening exercise improves markers of metabolic health. 321 

The main benefits from exercise are likely to be driven by the volume and intensity of 322 

exercise performed (Foulds et al., 2014). This is especially important when time for exercise 323 

is often curtailed by other commitments (Cerin et al., 2010). We found that fasting before 324 

evening exercise reduced subjective ratings of motivation, readiness, and energy immediately 325 

prior to exercise, indicating a suboptimal psychological state for maximising the volume or 326 

intensity of voluntary exercise. Accordingly, the amount of work completed during the 15-327 
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min performance test was reduced by 3.8% with fasting. Eating, particularly carbohydrate, 328 

appears to enhance aerobic performance >60 min due partially to increased endogenous 329 

carbohydrate stores (Aird et al., 2018), but effects on aerobic exercise <60 min are less 330 

conclusive (Mears et al., 2018; Galloway et al., 2014). Recent evidence suggests that the 331 

perception of consuming nutrients prior to exercise using an energy-free “placebo” meal 332 

(Mears et al., 2018; Naharudin et al., 2020) or the suppression of hunger (Naharudin et al., 333 

2021), might improve performance. Therefore, the awareness of consuming nutrients and/or 334 

subjective responses during the fed-state exercise trial may have increased self-selected 335 

intensity during the performance test.  336 

The absolute difference between trials for work completed was very small (~6 kcal), possibly 337 

due to the short duration (15 min) and high intensity (85% VO2peak) of the selected test. This 338 

reduction in performance is unlikely to manifest in meaningful change to energy balance. 339 

However, if motivation to exercise and self-selected duration and/or intensity of exercise are 340 

curtailed, as this reduction in performance might imply, this could dramatically impact the 341 

success of exercise training programmes. Additionally, given that exercise enjoyment may be 342 

an important predictor of long-term adherence to exercise interventions (Raedeke, 2007), the 343 

finding of reduced exercise enjoyment in the present study provides further insight into 344 

possible challenges with incorporating fasted-state evening exercise into a weight 345 

management programme.  346 

The present study provides novel insight into the effects of fasting before evening exercise, 347 

but it is not without limitations. Firstly, the absence of an overnight-fasted trial precludes the 348 

direct comparison of morning and evening fasted-state exercise. Secondly, participants were 349 

required to consume standardised meals and undergo instructed fasting periods in the absence 350 

of experimenter supervision. Although regular contact was made via text messaging to 351 

increase compliance, full adherence with these instructions cannot be assumed. Thirdly, the 352 
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study was conducted in lean and healthy participants, meaning the results cannot be directly 353 

extrapolated to other population groups, particularly individuals with overweight or obesity, 354 

who may respond differently to fasting-based interventions (Gonzalez et al., 2018). Finally, 355 

this study investigated a single exposure, and compensatory energy intake was only assessed 356 

at a single timepoint. As such, it is not known whether our acute findings would persist after 357 

multiple exposures within a free-living setting, with greater opportunity for compensatory 358 

energy balance behaviours to occur. 359 

CONCLUSION 360 

This study showed that fasting for 7 h prior to evening exercise may be an effective method 361 

of reducing net energy intake, whilst also increasing fat oxidation. The chronic success of this 362 

intervention may, however, be compromised by elevations in appetite and reductions in 363 

voluntary performance, as well as reductions in the motivation to exercise and the enjoyment 364 

of exercise sessions. Future studies are required to explore whether regular fasted-state 365 

evening exercise can be used by lean and healthy individuals as a method of managing body 366 

weight and/or composition in the long-term. Additionally, exploring the effects of this 367 

intervention on indices of energy balance and metabolic health within overweight/obese 368 

populations represents an important avenue for future research.  369 
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Tables 

Table 1. Participant baseline characteristics 

Characteristic Overall 

(n = 16) 

Males 

(n = 8) 

Females  

(n = 8) 

Age (y) 25 ± 3 25 ± 2 24 ± 4 

Weight (kg) 70.9 ± 12.1 80.6 ± 8.3 61.2 ± 4.9 

Height (m) 1.74 ± 0.11 1.83 ± 0.06 1.65 ± 0.05 

BMI (kgm-2) 23.3 ± 1.9 24.1 ± 2.0 22.6 ± 1.6 

Body fat (%) 20 ± 7 14 ± 3 26 ± 3 

VO2peak (mLkg-1min-1) 39 ± 6 43 ± 6 36 ± 5 

Dietary restrainta 8 ± 3 6 ± 3 9 ± 3 

Dietary disinhibitiona 5 ± 3 5 ± 3 5 ± 3 

Hungera 5 ± 3 5 ± 3 4 ± 2 

Estimated resting metabolic rate (kcalday-

1)b 

1557 ± 265 1754 ± 237 1395 ± 77 

Values are means ± SD 

a Three-factor eating questionnaire (Stunkard and Messick, 1985) 

b Estimated via predictive equation (Mifflin et al., 1990) 
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Table 2. Macronutrient composition of each meal 

 Carbohydrate (g) Protein (g) Fat (g) Fibre (g) Energy (kcal) 

Breakfast 

FAST 

93.2 ± 15.7 14.5 ± 1.0 11.2 ± 1.9 5.5 ± 0.9 543 ± 86 

FED 

Lunch 

FAST 

72.5 ± 11.1 36.8 ± 6.9 41.0 ± 6.2 4.1 ± 0.6 814 ± 129 

FED 

Pre-Exercise Meal 

FAST 0 0 0 0 0 

FED 93.2 ± 15.7 14.5 ± 1.0 11.2 ± 1.9 5.5 ± 0.9 543 ± 86 

Ad-Libitum Post-Exercise Meal 

FAST 152.1 ± 60.3 23.9 ± 9.5 17.9 ± 7.2 8.4 ± 3.3 882 ± 350* 

FED 135.0 ± 48.4 21.2 ± 7.6 15.9 ± 5.7 7.4 ± 2.7 783 ± 281 

Total 

FAST 317.7 ± 82.4 75.3 ± 16.3 70.1 ± 14.4 18.0 ± 4.6 2239 ± 533* 

FED 393.8 ± 80.9 87.1 ± 14.6 79.3 ± 14.3 22.5 ± 4.5 2682 ± 519 

Data are mean ± SD 

* Values are significantly different from FED (P < 0.05). 
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Table 3. Pre- and Post-Exercise Subjective Responses 

 FAST FED 

PANAS Positive Affecta 22 ± 6* 26 ± 6 

PANAS Negative Affecta 13 ± 3 12 ± 3 

PACES-8 Score b (%) 49 ± 12* 57 ± 13 

Values are means ± SD 

* Values are significantly different from FED (P < 0.05). 

a PANAS questionnaire (Watson et al., 1988) 

b PACES-8 questionnaire (Raedeke, 2007) 
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Figure 1. Energy intake (kcal) at the ad-libitum meal for (a) males (n=8), and (b) females 

(n=8). The bars display mean values, with vertical error bars representing SD. The lines 

display individual participants’ ad-libitum energy intake for each experimental trial. * 

Significant difference between FED and FAST (P < 0.05).
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Figure 2. (a) Hunger, (b) fullness, (c) desire to eat (DTE), (d) prospective food consumption (PFC), and (e) nausea in FED and FAST. Data are 

mean ± SEM. White rectangles represent standardised meals; grey rectangle represents ad-libitum meal; diagonal striped rectangle represents 

exercise. * Significant difference between FED and FAST (P < 0.05). 
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Figure 3. (a) Hunger, (b) fullness, (c) desire to eat (DTE), (d) prospective food consumption (PFC), and (e) nausea time-averaged area under the 

curve (AUC) in FED and FAST. Data are mean ± SEM. * Significant difference between FED and FAST (P < 0.05) 
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Figure 4. (a) Total fat oxidation (g), and (b) total carbohydrate oxidation (g) during the 30-

min steady-state bout of cycling in FED and FAST. Data are mean ± SD. The lines display 

individual participants’ substrate oxidation during each experimental trial (dotted line: 

females; block line: males). * Significant difference between FED and FAST (P < 0.05). 
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Figure 5. Total work completed (kJ) during the 15-min exercise performance test in FED and 

FAST. Data are mean ± SD. The lines display individual participants’ completed work during 

each experimental trial (dotted line: females; block line: males). * Significant difference 

between FED and FAST (P < 0.05). 


