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Effects of Fed versus Fasted Training on Muscular Strength Performance in Recreationally Trained Adults. 

Research Question: Does performing resistance-based exercise while in a fed state improve muscular strength in comparison to being in a fasted state? 
Introduction

The purpose of this study is to investigate any significant differences in muscular strength between two different nutritional states: fed and fasted. Muscular strength is defined by the maximal amount of force that a singular muscle or muscle group can produce through motor unit recruitment and neural activation (Bayles, 2023). In research settings, maximal and sub-maximal testing loading methods are often used, such as one-repetition maximum (1RM) and multiple-repetition maximum testing, which provide insight into neuromuscular performance (Haff and Triplett, 2016).  

Muscular strength is relevant as a marker for physical performance but also an effective marker of health and longevity. Epidemiological research presents strong associations between higher levels of muscular strength and lower risks of all-cause mortality. Celis-Morales et al (2018) reported that individuals with handgrip strength showed significantly lower risks of all-cause mortality, independent of external lifestyle risk factors. Furthermore, Ruiz et al (2008) found that individuals with higher one-repetition maximum strength using the bench press and leg press had a lower risk of death from all-cause mortality. These findings highlight muscular strength as an important indicator for long-term health. In athletic and competitive populations, muscular strength is fundamentally a physical quality representing success across multiple high-level sports. In high-impact collision sports such as American football and rugby. Maximal and sub-maximal force production is crucial for collision tolerance, injury resilience and sprint performance (Haugen et al., 2019). Furthermore, strength testing is integrated into athletes’ routines to monitor athletic performance from one time point to another. 

Fasted training refers to performing physical exercise while abstaining from any caloric intake. This state is commonly achieved by an overnight fast lasting up to 8-12 hours (Zouhal et al., 2020). Performing fasted physical exercise is proposed to achieve physiological adaptations, specifically through the ability to rely on lipid metabolism due to the lack of carbohydrate present. Direct fasted physical exercise has shown evidence to increase rates of lipolysis and fat oxidation (Vieira et al., 2016); the relevance of these specific responses to maximal and sub-maximal strength performance remains lacking in evidence. Recent research by Fatemeh Kazeminasab et al (2025) found no significant evidence to suggest a difference between fasted conditions and non-fasting conditions, suggesting that performance outcomes are influenced by external variables such as overall dietary intake, quality sleep and physical capacity rather than fasting alone.
 

Strength training requires a demand on the body’s energy systems, especially during bouts of high-force, short-burst efforts, as the Adenosine triphosphate phosphocreatine (ATP-PC) system is the primary energy source for maximal force production; second to that is the anaerobic glycolytic system, assisting as efforts are prolonged and ATP stores deplete (Sahlin, 2014). Resynthesizing ATP is achieved by both anaerobic and aerobic avenues, with previously stored intramuscular glycogen providing a major role in sustained high-intensity performance (Vigh-Larsen et al., 2021).  

Nutritional status is therefore likely to have implications for muscular performance, particularly during high-intensity exercise. Carbohydrate represents the body's primary fuel source for high-intensity activity due to its ability to rapidly produce ATP, which plays a key role in supporting repeated bouts of forceful muscular contractions during resistance training (Jeukendrup and Gleeson, 2019). In a fed state, pre-exercise carbohydrate intake influences blood glucose availability, which contributes to the maintenance of exercise performance (Naderi et al., 2023). Carbohydrate consumption helps stabilise blood glucose concentrations, reducing reliance on endogenous fuel reserves. In contrast, during a fasted state, blood glucose levels are typically lower, increasing dependence on stored hepatic glycogen and alternative metabolic pathways to support glucose homeostasis (Sanvictores, Casale and Huecker, 2023). As a result, the body may rely more heavily on gluconeogenesis to support blood glucose levels, which may ultimately contribute to fatigue and reduced training performance (Hargreaves and Spriet, 2020). 

The evidence examining fed versus fasted resistance training remains inconclusive. While studies report variations in performance outcomes between fed and fasted conditions, findings are not consistent across the literature. For example, Henselmans et al. (2022) found variability in resistance training performance under differing nutritional states, suggesting that pre-exercise feeding may not influence strength outcomes. In contrast, systematic evidence has shown that sufficient nutritional intake prior to resistance training can enhance performance, particularly in specific contexts such as longer or higher-volume training sessions (King et al., 2022). However, other research has reported no significant differences in muscular strength outcomes between fed and fasted training conditions, showing that pre-exercise nutritional status may not be a determining factor for acute strength performance (Vieira et al., 2025).

Previous data have highlighted inconsistencies across the literature that has been published. Evidently, investigations and research need to be conducted on nutritional status prior to performing muscular strength training. In particular, the contrasting evidence points to inconclusive results that do not highlight a clear variable or conclusion. This is perhaps partially because of the limited research on nutritional status and muscular strength performance among recreational trainees. Producing more conclusive results would provide greater clarity regarding the implications of nutritional status on muscular strength performance. 

Aims & Hypotheses

Research Hypothesis – Conclusion of the study will highlight the effects of opposing nutritional states on muscular strength performance. This will be identified by:

1. Momentary muscular failure will happen faster in the fasted group in comparison to the fed group.  
2. Total volume output will be greater in the fed group in comparison to the fasted group.
 
Null Hypothesis – Conclusion of the study will not highlight any Significant results on the effects of nutritional state on muscular strength performance. This will be identified by:
 
1. No significant difference in time to momentary muscular failure between either nutritional group.  
2. Total volume remains equal between both nutrition states.  
 
Methodology
 
Study design

The study employs a randomised, placebo-controlled crossover study using quantitative data to allow for an increased study sample size while keeping results accurate through numerical data, eliminating bias from the study. 

Examining the effects of prior-exercise nutritional status on muscular strength performance, participants enrolled in the study will have to complete a total of two experimental trials in no particular order. (A) Carbohydrate-induced condition and (B) a placebo condition. Each test conducted will be separated by 7 days to minimise fatigue levels and other external variables. The crossover study was selected to reduce inter-individual variables.
 
Participants
  
A sample size of 10 recreationally trained university students will be recruited for testing. The criteria desired are for all participants to have a minimum of one year of resistance training experience and have previous usage of the barbell bench press. If any of the participants reported a contraindication to exercise on the PAR-Q form, they were excluded from involvement for the participants’ safety. All participants provided informed consent to continue to the experimental trials.
 
Familiarisation Session
 
Participants must attend and perform a familiarisation session before official experimental trials begin to standardise testing procedures and movement technique. During the session, participants will be expected to complete a standardised bench press warm-up closely followed by a sub-maximal 10-repetition maximum (10RM) test on the barbell bench press. An estimation of one-repetition maximum (e1RM) can be calculated for each participant using a prediction equation. No additional data will be required from this session to limit overall fatigue.  





Pre-Trial standardisation

Controlling external variables, participants were instructed to do the following:

· Do not perform any moderate-to-strenuous physical activity for 48 hours prior to each experimental trial. 
· Complete an overnight fast of 8 – 12 hours lasting up until each trial, with water being permitted within the time frame only. 
· NO ergogenic aids (e.g. caffeine) are permitted before testing. 
 
On arrival at the testing facility, participants will be given one of two pre-made beverages, and each bottle will be labelled A or B; only the testing administrator will be aware of the contents in each bottle.

Bottle A: Carbohydrate Blend (Fed Condition) 

If Participants consume bottle A, it contains approximately 40g (1 scoop) of carbohydrate powder (maltodextrin). This will be mixed with electrolyte to mask any taste difference to the participants and 400ml of water, ingested 30 minutes to 60 minutes prior to testing.  

Bottle B: Placebo Electrolyte Blend (Fasted Condition) 

If participants consume bottle B, it contains an electrolyte sports supplement (1 dissolvable tablet) that has no caloric intake. The flavour, appearance and volume will be matched with bottle A. This will keep the participants in their initial fasted state. 

Testing Protocol
 
The exercise being performed is the barbell bench press. Participants will follow the RAMP warm-up structure before testing, due to its ability to enhance neuro-muscular efficiency and performance (Jeffreys, 2007). Standardised bench press techniques and safety procedures are mentioned to all participants. These standards must be kept the same for all sessions.  
Proceeding the warm-up, all participants will perform one AMRAP (as many repetitions as possible) set at 80% of the estimated 1RM (e1RM). 80% (e1RM) was selected for its association with higher levels of motor unit recruitment and force production, which are present at near maximal loading (Schoenfeld et al., 2021). The set will be performed to momentary muscular failure. Any repetitions performed without the desired technique standard will not be counted. A spotter will be present for safety precautions.  

Study Conclusions 

Primary Outcomes: 

· Total amount of repetitions completed until momentary muscular failure. 
· The amount of volume produced by each participant (Reps * Load) while being in the fed or fasted condition.  
 
Secondary Outcomes: 

· The rating of perceived exertion (RPE) was collected as an internal variable to examine participants' intensity, giving an insight into the level of participants' perceived effort output (Brog, 1982) 

All participants will return one week later to conduct the second trial session, in the alternative nutritional state, following the same precise measures as the previous session.  
 
Data Analysis

Data will be collected and analysed using a paired-samples t-test to compare outcomes of the fed and fasted conditions. Statistical analysis will be conducted using the Statistical Package for the Social Sciences (SPSS). Using this approach will allow for standardisation when using a crossover design and continuous outcome variables. P ≤ 0.05 is the value statistical significance is set. Effect sizes (Cohen’s d) will be calculated alongside the measures of variability, such as standard deviation, to indicate any practically significant differences.  
 
Ethical Considerations

Ethical approval will be sought from the University of Wales Trinity Saint David (UWTSD) board of ethics committee before any data collection or testing. All participants will receive an information sheet and complete an informed consent form before taking part in the research study. Participants will be fully informed of study procedures, method protocols, risk factors and have the right to ask questions.
  
Participation in the study is voluntary; there will be no financial benefit in participation, and all participants have the right to withdraw immediately from the study at any time without question or repercussion. All data will be anonymised, stored securely and treated with confidentiality in line with the data protection regulations.  
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