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Abstract

:

Background: The purpose of this study was to assess the effects of protein and carbohydrate supplementation, with and without creatine, on occupational performance in firefighters. Methods: Using a randomized, double-blind approach, thirty male firefighters (age: 34.4 ± 8.4 yrs., height: 1.82 ± 0.07 m; weight: 88.6 ± 12.5 kg; BF%: 17.2 ± 5.8%) were randomized to receive either (A.) 25 g of whey protein isolate + 25 g of carbohydrate powder (ProCarb group); or (B.) ProCarb + 5 g of creatine (Creatine group) in a double-blind fashion over a period of 21–26 days (depending on shift rotations) to evaluate the impact of supplementation on occupation-specific performance. At baseline and following supplementation, firefighters completed a battery of tests. These tests included an aerobic speed test on an air-braked cycle ergometer followed by the hose carry, body drag, stair climb, and Keiser sled hammer for time. Results: No significant differences in measures of performance were observed at baseline (p > 0.05). There was a significant main effect for time observed for rescue, stair climb, total time to completion, and time trial performance (p < 0.05). There was a significant group × time (p < 0.05) interaction for rescue and forcible entry. Independent sample t-tests indicated that the Creatine group experienced a greater reduction (from baseline) in completion time for the rescue (1.78 ± 0.57 s, 95% CI: 0.61, 2.95 s, p = 0.004) and forcible entry (2.66 ± 0.97 s, 95% CI: 0.68, 4.65 s, p = 0.01) tests compared to the ProCarb group. No significant group × time interactions were observed for the hose line advance, stair climb, total time to completion, and time trial performance (p > 0.05). Conclusions: The addition of supplemental creatine to a protein and carbohydrate supplement to the diet of career firefighters throughout a three week period improves occupational performance in firefighters in specific areas of high-intensity, repetitive actions.






Keywords:


tactical athletes; ergogenic aids; firefighter performance












1. Introduction


Firefighters are viewed as tactical athletes due to the physically demanding nature of the occupation and the specialized activities they routinely complete. Firefighters repeatedly perform high-intensity functional tasks at varying intervals, and are often exposed to high-temperature environments and environmental hazards, which places a high degree of physiological and thermoregulatory strain on the body [1,2]. Previous research has utilized occupation-specific assessments and fire suppression simulations as a way to help characterize the physical demands of firefighting tasks, which are routinely performed at intensities that correspond to 70–73% of maximal aerobic capacity and ~90% of maximal heart rate [3,4]. Various physical factors have also been shown to be associated with measures of occupational performance. For instance, physical characteristics such as abdominal strength, upper body muscular strength and endurance, and anaerobic power have been associated with higher ratings of performance during occupational performance tests [5,6,7]. As such, there is a need for specialized physical training, fitness requirements, and nutritional strategies.



A recent position stand outlined the importance of adequate energy and macronutrient intakes to meet the activity demands of tactical athletes [8]. Further, previous research has also examined the potential performance benefits following ingestion of dietary supplements in tactical populations [9,10,11,12,13]. It is recommended that firefighters follow dietary guidelines established for active individuals, which include a higher protein intake (1.4–1.6 g·kg·day−1) than the current recommended daily allowance for the general population (0.8 g·kg·day−1) to help support the need for recovery and maintenance of lean body mass [8]. Additionally, previous work in non-tactical populations has found the addition of carbohydrates to protein may augment amino acid uptake, attenuate post-exercise muscle damage, and aid in recovery, while also further enhancing glycogen availability during subsequent activity [14,15,16,17]. For example, the addition of carbohydrates (~35 g) to amino acids (~6 g of a balanced amino acid mixture) has been shown to produce a net muscle protein synthetic response that was roughly equivalent to the sum of the independent effect of either nutrient in isolation [18], suggesting there may be synergistic benefits of combining protein and carbohydrates together. These benefits appear to extend to master’s athletes (≥35 years) as well as the consumption of carbohydrates and carbohydrates + protein after intense endurance exercise elevated performance to a greater degree than supplementing with water + electrolytes [19]. However, the specific influence of such nutritional interventions on occupational performance in firefighters is currently unknown.



Creatine may be another nutrient of interest for tactical populations because of its well-supported ergogenic benefits and minimal reported side effects across the literature [13,20,21]. Creatine supplementation has been shown to increase intramuscular phosphocreatine stores [21,22], which in turn can increase the ability to synthesize (and re-phosphorylate adenosine diphosphate) adenosine triphosphate (ATP) [21]; thereby, playing a vital role in cellular metabolism during periods of intermittent, high-intensity exercise [20,23,24]. In addition, creatine supplementation has been shown to enhance recovery time in between bouts of activity [25] and has also been proposed to aid in thermoregulation during physical activity in hot and humid environmental conditions [26], which may confer additional benefits to firefighters during fire suppression activities. While strong evidence is available in support of the ergogenic benefits of creatine for a variety of active populations and across a wide array of physical performance parameters, less information is available regarding the benefits of creatine supplementation for occupational performance in firefighters. Specifically, mixed results have been reported regarding the ergogenic benefits of creatine in tactical populations [9,12,13,27]. While some studies have reported improvements in select measures of performance (including performance of occupation-specific tasks) [9,12], others have reported null findings [13,27]. Because of the anaerobic nature of firefighter-specific tasks [5,6,28,29], it is plausible that creatine supplementation could confer ergogenic benefits both when used in isolation and when added to a fitness program. For example, tasks commonly used during firefighter trainings and simulations have been shown to elicit a heart rate response close to the maximum heart rate, require a high degree of muscular strength and endurance, and are often completed in less than 30 s. All of these descriptions help to provide a rationale as to the potential role that creatine, specifically intramuscular phosphocreatine stores, may have in augmenting short-duration performance during these firefighting tasks.



Previous work has examined the effects of adding creatine to whey protein and carbohydrates on training adaptations in resistance-trained individuals with mixed findings [30,31,32,33], yet little information is available regarding the performance benefits of this supplementation strategy in firefighters. There is a continued need to explore performance nutrition strategies pertaining to not only supporting physical activities of firefighting but also those tailored toward master’s athletes as the average age of career firefighters tends to be in the mid-40s [34]. While previous research tends to report favorable improvements in performance, recovery, and training adaptations following protein and carbohydrate supplementation, with or without creatine, the ergogenic and occupation-specific benefit of these ingredients in firefighters is largely unknown. Therefore, the primary aim of the current study was to examine the effects of protein and carbohydrate supplementation, with or without creatine, on occupational performance in firefighters. We hypothesized that the addition of creatine would promote greater improvements in firefighter-specific occupational performance.




2. Materials and Methods


2.1. Study Design


In a randomized, parallel-group, double-blind fashion, active-duty firefighters were randomly assigned to ingest (A) whey protein isolate + carbohydrate (ProCarb Group); or (B) whey protein isolate + carbohydrate + creatine monohydrate (Creatine Group) for a 21–26-day supplementation period (the ClinicalTrials.gov Identifier is: NCT06172543). A CONSORT diagram is presented in Figure 1. At baseline, firefighters completed a battery of occupation-specific tests at a training site in the morning while on shift. On the opposite day of their 48 h shift, firefighters completed a 3.5 km time trial at their designated fire station. Participants were asked to resume their regular dietary habits and weekly activity routine throughout the study period. Following the supplementation period, firefighters repeated all baseline testing procedures. Due to rotation shifts, post-testing was scheduled during a shift that best aligned with 24 days post-baseline testing (average supplementation duration was 23 ± 2 days; minimum days = 21, maximum days = 26).




2.2. Participants


Thirty active-duty male structural firefighters were enrolled (age: 34.4 ± 8.4 yrs., height: 1.82 ± 0.07 m; weight: 88.6 ± 12.5 kg; BF%: 17.2 ± 5.8%) in the current study. Inclusion criteria included being between the ages of 18–55 years of age and medically cleared for field duty. Exclusion criteria included a current musculoskeletal or neurological condition that would prohibit the completion of performance testing. A 4-week washout period was implemented for anyone who reported current use of supplemental protein and creatine. All participants signed an institutionally approved informed consent form in accordance with the University of Wisconsin La Crosse’s Institutional Review Board (Approved on: 2 June 2023; IRB# 23-KE-137) and Human Subject Research Guidelines.




2.3. Procedures


2.3.1. Anthropometrics


During baseline testing, height and weight were recorded using a stadiometer and portable scale, followed by a body composition assessment using a portable multi-frequency bioelectrical impedance analyzer (H2ON, InBody Inc., Cerritos, CA, USA).




2.3.2. Performance Testing


Participants then completed a maximal effort, 3.5 km time trial on an air-braked cycle ergometer (Assault Bike, Assault Fitness Products, Carlsbad, CA, USA). Firefighters were instructed to complete the time trial as fast as possible. Time to completion (s) was recorded. On a separate day (within 48 h of the time trial), firefighters completed a battery of occupation-specific firefighter tasks. These tasks included a hose carry, body drag, stair climb, and forcible entry (Keiser sled hammer) for time. For the hose carry, firefighters advanced a 30.48 m section of a charged 4.45 cm hose line over a distance of 30.5 m in a straight line before flowing water for 2 s. Rescue (body drag) consisted of firefighters being instructed to grasp a mannequin (mass 50 kg, height: 180 cm) underneath the shoulders using a “seatbelt” grip and dragging the mannequin 30.5 m backward. Stair climb consisted of climbing four flights of stairs and returning to the bottom as quickly as possible. In the forcible entry, firefighters struck a simulated forcible entry chopping device (Keiser FORCE Machine, Keiser Co., Fresno, CA, USA) using a 3.6 kg sledgehammer until completed. Thirty seconds of rest was provided between each task to allow for standardized time for set up and preparation. The total time to complete each task was recorded in addition to the total completion time for all tasks summed together. All testing was completed in non-protective gear attire and without a self-contained breathing apparatus.




2.3.3. Dietary Supplementation


Participants were assigned to ingest a single serving daily of either (A) a 25 g dose of whey protein isolate + 25 g dose of carbohydrate powder (ProCarb); or (B) a 25 g dose of whey protein isolate + 25 g dose of carbohydrate powder (+5 g dose of creatine monohydrate) (Creatine) for a ~24-day period (average supplementation duration was 23 ± 2 days; minimum days = 21, maximum days = 26). All supplements were provided to participants in powder form and were of similar texture, bitterness, appearance, and sweetness. All supplements were weighed and blinded by research personnel not involved in testing. The groups were instructed to ingest the supplements daily, within one hour after exercise on training days, and on non-training days first thing in the morning (immediately upon waking). The whey protein isolate and maltodextrin were provided by Argopur Dairy Cooperative (La Crosse, WI, USA) and the creatine was sourced from 1st Phorm, LLC (St. Louis, MO, USA).






3. Statistical Analysis


All analyses were completed using the Statistical Package for the Social Sciences (v26; SPSS Inc., Chicago, IL, USA). Primary outcome measures for this investigation were time to completion for the firefighter-specific tasks and time trial. A 2 × 2 mixed factorial (group × time) ANOVA with repeated measures on time was used to determine any statistically significant differences for time and group main effects and group × time interaction effects. All data are presented as means ± standard deviations. In the event of a significant interaction effect, we conducted a follow-up analysis by calculating delta values (“change scores”) between pre-and post-testing and performed an independent samples t-test to examine between-group differences. Data are reported using mean differences and 95% confidence intervals where appropriate. Significance was set at p < 0.05.




4. Results


No significant differences in measures of performance were observed at baseline (p > 0.05). There was a significant main effect for time observed for rescue, stair climb, and total time to completion (p < 0.05). There was a significant group × time interaction for rescue and forcible entry (Table 1).



Independent sample t-tests indicated that the Creatine group recorded a greater reduction in completion time for the rescue (mean difference, 95% confidence intervals; 1.78 ± 0.57 s, 95% CI: 0.61, 2.95 s, p = 0.004) and for the forcible entry (2.66 ± 0.97 s, 95% CI: 0.68, 4.65 s, p = 0.01) compared to the ProCarb group (Figure 2). No significant group × time interactions were observed for the hose line advance, stair climb, or total time to completion (p > 0.05).



There was a main effect for time observed for the time trial (p < 0.001), with all firefighters recording faster times during post-testing when collapsed across both groups (Figure 3). No significant group × time interaction was observed (p = 0.071). In some cases, mild, acute gastrointestinal distress was reported by participants in the ProCarb (n = 1) and Creatine (n = 2) groups during the study period. The participants continued the supplementation protocol and did not indicate that it interfered with work-related activities or study procedures.




5. Discussion


The primary aim of the current study was to examine the effects of adding creatine to protein and carbohydrate supplementation over a period of 3 weeks on changes in occupational performance in firefighters. The study’s main findings were that providing a daily protein and carbohydrate supplement to the diet over a three week period improved select measures of occupational performance in firefighters. Specifically, improvements in completion times for rescue, stair climb, overall time to completion for all tasks, and time trial performance were observed post testing. Further, the addition of creatine led to greater improvements in time to completion for the rescue and forcible entry tasks, compared to protein and carbohydrate supplementation alone. This study is the first of its kind to report on the ergogenic benefits of providing firefighters with dietary ingredients purported to enhance occupational-specific performance outcomes.



Because of the physical demands of their occupation, it is recommended that tactical populations adhere to specialized dietary recommendations designed to meet their activity levels and fitness-related training goals [8]. These nutritional recommendations often include greater energy and macronutrient intake, along with the implementation of nutrient timing strategies specific to protein and carbohydrates, with an emphasis on the peri-workout window. Even supplementation with whey protein alone has been shown to confer favorable improvements on various measures of performance in trained individuals [35]. In the current study, the daily provision of supplemental protein and carbohydrates led to favorable improvements in key performance tasks, which may have been mediated by improvements in fuel availability throughout each day, along with adequate amino acids to support protein synthesis and overall recovery throughout their weekly training activities. As such, this could have underpinned the mechanisms behind the improvements in select measures of occupational performance (Table 1) observed in the current study. Previous work in tactical populations has reported mixed results regarding similar nutritional interventions. Walker et al. [36] examined the effects of whey protein supplementation over a period of 8 weeks on physical performance for U.S. Air Force personnel. The participants were engaged in their normal training activities (3 days·week−1 of aerobic and muscle endurance training) throughout the study period. Improvements in select measures of performance were observed during post-testing; however, no differences were observed between groups. A limitation of the study is that the training programs were not standardized, which may have influenced the acute training stimuli and overall adaptive response throughout the study period. In contrast, a study by McAdam et al. [37] reported greater improvements in push-up performance during a two-minute maximal push-up test among Army personnel supplementing with whey protein during Army Initial Entry Training compared to those supplementing with carbohydrates alone (~7 repetitions higher in the WP compared to the CHO group, p < 0.001). However, no differences were observed between groups for run-time performance during a two-minute time trial. It is also worth noting that improvements in strength measures have been observed independent of protein and creatine supplementation in men engaged in a resistance training program [32], suggesting that an appropriately designed, periodized training program may be the top priority for eliciting positive training adaptations, regardless of supplementation strategies. More work is needed to examine the effects of long-term dietary interventions on measures of performance in tactical populations.



The addition of creatine was found to further improve select measures of performance for the firefighters included in the current study. Several of the occupational tasks completed in the current study can be characterized as short-duration bouts of maximal effort. Specifically, average completion times for the tasks completed in the current study were 9–30 s in duration, with the exception of the time trial which lasted ~340 s in duration. We previously reported that this type of firefighter circuit elicits mean heart rate values of 86.8 ± 6.3% of age-predicted max heart rates, with peak values reaching 98.9 ± 5.6% of maximum heart rate [4]. As such, these tasks likely place a high demand on the phosphocreatine and anaerobic energy systems [38]. Further, each of the tasks selected is commonly used during firefighting training and simulations as they are designed to closely mimic on-the-job performance tasks. Thereby, sound rationale exists for the potential ergogenic benefit of creatine for this population. In the current study, the addition of creatine led to significant improvements in the ‘rescue’ and ‘forcible entry’ tasks. The average time to completion for these tasks was ~13 s and ~17 s, respectively. Both of which are examples of activities, specifically the duration and intensity of activity, that often benefit from creatine supplementation due to their anaerobic demands, as previous research has reported improvements in performance measures of similar maximal-effort intensity and duration in active individuals following creatine supplementation strategies [20,21]. For example, consistent improvements in high-intensity exercise performance have been reported following creatine supplementation (5–20 g per day, for ~5 days–4 weeks in duration) [13,20]. However, the effects of creatine supplementation on occupation-specific tasks in tactical athlete populations are less clear. Bennett et al. [9] found significant improvements in the number of pull-ups completed in male military personnel following 6 weeks of creatine supplementation (20 g·day−1 for 6 days; 6 g·day−1 for 4 weeks). In contrast, Armentano et al. [13] failed to observe improvements in push-up performance in U.S. Army men and women volunteers following 7 days of creatine supplementation (20 g·day−1). Samadi et al. [12] reported improvements in vertical jump performance when creatine was added during the last week of a 4-week beta-alanine supplementation protocol in military personnel; however, no improvements in a repeated anaerobic sprint test, or power or performance during a casualty evacuation test were seen. To date, this is the first study to examine the effects of creatine supplementation on occupation-specific performance tasks in firefighters. Results from the current study are in alignment with previous findings in tactical populations and indicate that ~24 days of creatine supplementation (5 g·day−1) appears to further improve performance in two distinct tasks commonly completed amongst firefighters (rescue and forcible entry tasks); however, performance in other occupational tasks was unaffected by the addition of creatine to the supplementation protocol. A previous study with firefighters reported that the rescue (34.1%) and forcible entry tasks (21.8%) are responsible for the greatest percentage of total intra-task times during a simulation [28]. Therefore, if the time to completion for these tasks can be reduced via creatine supplementation, as was demonstrated in the current study, it will have the greatest reduction in time to complete the circuit. In a profession where every second counts, this could have important implications during fire suppression and rescue activities.



It is unknown why improvements in some performance parameters have been observed while others have reported null findings within the same population across the literature, including what was found in the current study. Variations in training age, physical fitness status, and familiarity with performance tasks may influence outcomes following creatine supplementation. Furthermore, despite the term tactical population being used to characterize military personnel, firefighters, police, and first responders, the heterogeneity of the individuals across these sub-groups, along with the differences in job activities or daily physical activity levels, may preclude the generalizability of findings across all tactical populations. Therefore, it is important for future research to isolate each sub-group to examine the efficacy of various dietary interventions on performance outcomes that are specific to that population and, subsequently, the occupational demands. Even within the fire service, there are well-known differences in the occupational demands of wildland versus structural firefighting because of the contrast in how fire suppression is handled, along with the environmental demands.



Importantly, with the exception of an increase in body mass, which can commonly be attributed to increased fluid retention and increases in fat-free mass, none of the studies reported adverse effects, which is an important indication of the safety of creatine supplementation for this population. In the current study, two participants from the creatine group and one from the ProCarb group reported mild gastrointestinal distress during the supplementation period that resolved on its own, even with continuation of the assigned supplement. It is possible the artificial flavoring agents used in the manufacturing of the supplement caused mild irritation; however, it is difficult to definitively identify the primary causality. This study is not without limitations. For example, this study did not include a true control group in the current design. Additionally, due to the field-based nature of this study, there were no intramuscular measurements of metabolites, so changes in phosphocreatine and total creatine content were not assessed. Lastly, due to the varying schedules of the firefighters, a standardized diet and training program were not imposed throughout the duration of this study. Thus, future research involving firefighters should consider strategies to minimize the potentially confounding factors.




6. Conclusions


The addition of supplemental protein and carbohydrates to the diet of career firefighters throughout a three-week period improves occupational performance in specific areas of high-intensity activities. Furthermore, the addition of creatine within the protein and carbohydrate supplementation leads to greater improvements in specific tests when compared to protein and carbohydrates alone. These findings provide preliminary evidence supporting the benefits of targeted dietary strategies for occupational performance benefits in firefighters.







Author Contributions


Conceptualization, K.E., J.L., C.M.K., A.M. and A.R.J.; methodology, K.E., J.L., C.M.K., A.M. and A.R.J.; formal analysis, J.L. and A.R.J.; investigation, K.E., J.L., S.J.J., W.C.D., T.A., C.M.K., A.M. and A.R.J.; data curation, K.E., J.L., S.J.J., W.C.D., T.A., C.M.K., A.M. and A.R.J.; writing—original draft preparation, K.E., C.M., J.L. and A.R.J.; writing—review and editing, K.E., J.L., S.J.J., W.C.D., T.A., C.M.K., A.M. and A.R.J.; data curation, K.E., C.M., J.L., S.J.J., W.C.D., T.A., C.M.K., A.M. and A.R.J.; supervision, K.E., J.L. and A.R.J.; funding acquisition, K.E., J.L., W.C.D., C.M.K. and A.R.J. All authors have read and agreed to the published version of the manuscript.




Funding


This research was supported by an internal student research grant funded by the University of Wisconsin-La Crosse.




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki, and approved by the Institutional Review Board (or Ethics Committee) of The University of Wisconsin-La Crosse (Approved on 2 June 2023; IRB# 23-KE-137).




Informed Consent Statement


Written informed consent was obtained from all subjects involved in the study.




Data Availability Statement


Data are available upon request.




Acknowledgments


We would like to thank the fire department for their willingness to participate in this project.




Conflicts of Interest


A.R.J. and C.M.K. serve on the scientific advisory board for Alzchem. A.R.J. and C.M.K. have consulted with and received external funding from companies who sell certain dietary ingredients, and have received remuneration from companies for delivering scientific presentations at conferences. A.R.J. and C.M.K. also write for online and other media outlets on topics related to exercise and nutrition. The remaining authors declare no conflicts of interest. The companies had no role in the design of the study; in the collection, analysis, or interpretation of data; in the writing of the manuscript; or in the decision to publish the results.




References


	



Storer, T.W.; Dolezal, B.A.; Abrazado, M.L.; Smith, D.L.; Batalin, M.A.; Tseng, C.H.; Cooper, C.B.; Group, P.S. Firefighter health and fitness assessment: A call to action. J. Strength Cond. Res. 2014, 28, 661–671. [Google Scholar] [CrossRef]

	



Rodriguez-Marroyo, J.A.; Villa, J.G.; Lopez-Satue, J.; Pernia, R.; Carballo, B.; Garcia-Lopez, J.; Foster, C. Physical and thermal strain of firefighters according to the firefighting tactics used to suppress wildfires. Ergonomics 2011, 54, 1101–1108. [Google Scholar] [CrossRef]

	



Williams-Bell, F.M.; Villar, R.; Sharratt, M.T.; Hughson, R.L. Physiological demands of the firefighter Candidate Physical Ability Test. Med. Sci. Sports Exerc. 2009, 41, 653–662. [Google Scholar] [CrossRef]

	



Jagim, A.R.; Luedke, J.A.; Dobbs, W.C.; Almonroeder, T.; Markert, A.; Zapp, A.; Askow, A.T.; Kesler, R.M.; Fields, J.B.; Jones, M.T.; et al. Physiological Demands of a Self-Paced Firefighter Air-Management Course and Determination of Work Efficiency. J. Funct. Morphol. Kinesiol. 2023, 8, 21. [Google Scholar] [CrossRef]

	



Michaelides, M.A.; Parpa, K.M.; Henry, L.J.; Thompson, G.B.; Brown, B.S. Assessment of physical fitness aspects and their relationship to firefighters’ job abilities. J. Strength Cond. Res. 2011, 25, 956–965. [Google Scholar] [CrossRef]

	



Rhea, M.R.; Alvar, B.A.; Gray, R. Physical fitness and job performance of firefighters. J. Strength Cond. Res. 2004, 18, 348–352. [Google Scholar] [CrossRef]

	



Williford, H.N.; Duey, W.J.; Olson, M.S.; Howard, R.; Wang, N. Relationship between fire fighting suppression tasks and physical fitness. Ergonomics 1999, 42, 1179–1186. [Google Scholar] [CrossRef]

	



Gonzalez, D.E.; McAllister, M.J.; Waldman, H.S.; Ferrando, A.A.; Joyce, J.; Barringer, N.D.; Dawes, J.J.; Kieffer, A.J.; Harvey, T.; Kerksick, C.M.; et al. International society of sports nutrition position stand: Tactical athlete nutrition. J. Int. Soc. Sports Nutr. 2022, 19, 267–315. [Google Scholar] [CrossRef]

	



Bennett, T.; Bathalon, G.; Armstrong, D., 3rd; Martin, B.; Coll, R.; Beck, R.; Barkdull, T.; O’Brien, K.; Deuster, P.A. Effect of creatine on performance of militarily relevant tasks and soldier health. Mil. Med. 2001, 166, 996–1002. [Google Scholar] [CrossRef]

	



Hoffman, J.R.; Landau, G.; Stout, J.R.; Dabora, M.; Moran, D.S.; Sharvit, N.; Hoffman, M.W.; Moshe, Y.B.; McCormack, W.P.; Hirschhorn, G.; et al. β-alanine supplementation improves tactical performance but not cognitive function in combat soldiers. J. Int. Soc. Sports Nutr. 2014, 11, 15. [Google Scholar] [CrossRef]

	



Da Silveira, C.L.; de Souza, T.S.; Batista, G.R.; de Araujo, A.T.; da Silva, J.C.; de Sousa Mdo, S.; Marta, C.; Garrido, N.D. Is long term creatine and glutamine supplementation effective in enhancing physical performance of military police officers? J. Hum. Kinet. 2014, 43, 131–138. [Google Scholar] [CrossRef]

	



Samadi, M.; Askarian, A.; Shirvani, H.; Shamsoddini, A.; Shakibaee, A.; Forbes, S.C.; Kaviani, M. Effects of Four Weeks of Beta-Alanine Supplementation Combined with One Week of Creatine Loading on Physical and Cognitive Performance in Military Personnel. Int. J. Environ. Res. Public Health 2022, 19, 7992. [Google Scholar] [CrossRef]

	



Armentano, M.J.; Brenner, A.K.; Hedman, T.L.; Solomon, Z.T.; Chavez, J.; Kemper, G.B.; Salzberg, D.; Battafarano, D.F.; Christie, D.S. The effect and safety of short-term creatine supplementation on performance of push-ups. Mil. Med. 2007, 172, 312–317. [Google Scholar] [CrossRef] [PubMed]

	



Saunders, M.J.; Luden, N.D.; Herrick, J.E. Consumption of an oral carbohydrate-protein gel improves cycling endurance and prevents postexercise muscle damage. J. Strength Cond. Res. 2007, 21, 678–684. [Google Scholar] [CrossRef] [PubMed]

	



Zawadzki, K.M.; Yaspelkis, B.B., 3rd; Ivy, J.L. Carbohydrate-protein complex increases the rate of muscle glycogen storage after exercise. J. Appl. Physiol. 1992, 72, 1854–1859. [Google Scholar] [CrossRef]

	



Ivy, J.L.; Ding, Z.; Hwang, H.; Cialdella-Kam, L.C.; Morrison, P.J. Post exercise carbohydrate-protein supplementation: Phosphorylation of muscle proteins involved in glycogen synthesis and protein translation. Amino Acids 2008, 35, 89–97. [Google Scholar] [CrossRef] [PubMed]

	



Ivy, J.L.; Goforth, H.W., Jr.; Damon, B.M.; McCauley, T.R.; Parsons, E.C.; Price, T.B. Early postexercise muscle glycogen recovery is enhanced with a carbohydrate-protein supplement. J. Appl. Physiol. 2002, 93, 1337–1344. [Google Scholar] [CrossRef]

	



Miller, S.L.; Tipton, K.D.; Chinkes, D.L.; Wolf, S.E.; Wolfe, R.R. Independent and combined effects of amino acids and glucose after resistance exercise. Med. Sci. Sports Exerc. 2003, 35, 449–455. [Google Scholar] [CrossRef] [PubMed]

	



Goldstein, E.R.; Stout, J.R.; Wells, A.J.; Antonio, J.; Vasenina, E.; Fukuda, D.H. Carbohydrate-Protein drink is effective for restoring endurance capacity in masters class athletes after a two-Hour recovery. J. Int. Soc. Sports Nutr. 2023, 20, 2178858. [Google Scholar] [CrossRef]

	



Wax, B.; Kerksick, C.M.; Jagim, A.R.; Mayo, J.J.; Lyons, B.C.; Kreider, R.B. Creatine for Exercise and Sports Performance, with Recovery Considerations for Healthy Populations. Nutrients 2021, 13, 1915. [Google Scholar] [CrossRef]

	



Kreider, R.B.; Kalman, D.S.; Antonio, J.; Ziegenfuss, T.N.; Wildman, R.; Collins, R.; Candow, D.G.; Kleiner, S.M.; Almada, A.L.; Lopez, H.L. International Society of Sports Nutrition position stand: Safety and efficacy of creatine supplementation in exercise, sport, and medicine. J. Int. Soc. Sports Nutr. 2017, 14, 18. [Google Scholar] [CrossRef]

	



Harris, R.C.; Soderlund, K.; Hultman, E. Elevation of creatine in resting and exercised muscle of normal subjects by creatine supplementation. Clin. Sci. 1992, 83, 367–374. [Google Scholar] [CrossRef]

	



Biwer, C.J.; Jensen, R.L.; Schmidt, W.D.; Watts, P.B. The effect of creatine on treadmill running with high-intensity intervals. J. Strength Cond. Res. 2003, 17, 439–445. [Google Scholar] [CrossRef]

	



Bosco, C.; Tihanyi, J.; Pucspk, J.; Kovacs, I.; Gabossy, A.; Colli, R.; Pulvirenti, G.; Tranquilli, C.; Foti, C.; Viru, M.; et al. Effect of oral creatine supplementation on jumping and running performance. Int. J. Sports Med. 1997, 18, 369–372. [Google Scholar] [CrossRef] [PubMed]

	



Cooke, M.B.; Rybalka, E.; Williams, A.D.; Cribb, P.J.; Hayes, A. Creatine supplementation enhances muscle force recovery after eccentrically-induced muscle damage in healthy individuals. J. Int. Soc. Sports Nutr. 2009, 6, 13. [Google Scholar] [CrossRef] [PubMed]

	



Twycross-Lewis, R.; Kilduff, L.P.; Wang, G.; Pitsiladis, Y.P. The effects of creatine supplementation on thermoregulation and physical (cognitive) performance: A review and future prospects. Amino Acids 2016, 48, 1843–1855. [Google Scholar] [CrossRef] [PubMed]

	



Mattos, D.; Santos, C.G.M.; Forbes, S.C.; Candow, D.G.; Rosa, D.; Busnardo, R.G.; Ribeiro, M.D.; Paulucio, D.; Chester, C.; Machado, M. Individual Responses to Creatine Supplementation on Muscular Power is Modulated by Gene Polymorphisms in Military Recruits. J. Sci. Sport Exerc. 2023, 5, 70–76. [Google Scholar] [CrossRef]

	



Davis, P.O.; Dotson, C.O.; Santa Maria, D.L. Relationship between simulated fire fighting tasks and physical performance measures. Med. Sci. Sports Exerc. 1982, 14, 65–71. [Google Scholar] [CrossRef]

	



Smith, D.L.; Manning, T.S.; Petruzzello, S.J. Effect of strenuous live-fire drills on cardiovascular and psychological responses of recruit firefighters. Ergonomics 2001, 44, 244–254. [Google Scholar] [CrossRef]

	



Burke, D.G.; Chilibeck, P.D.; Davidson, K.S.; Candow, D.G.; Farthing, J.; Smith-Palmer, T. The effect of whey protein supplementation with and without creatine monohydrate combined with resistance training on lean tissue mass and muscle strength. Int. J. Sport Nutr. Exerc. Metab. 2001, 11, 349–364. [Google Scholar] [CrossRef]

	



Cribb, P.J.; Williams, A.D.; Stathis, C.G.; Carey, M.F.; Hayes, A. Effects of whey isolate, creatine, and resistance training on muscle hypertrophy. Med. Sci. Sports Exerc. 2007, 39, 298–307. [Google Scholar] [CrossRef]

	



Bemben, M.G.; Witten, M.S.; Carter, J.M.; Eliot, K.A.; Knehans, A.W.; Bemben, D.A. The effects of supplementation with creatine and protein on muscle strength following a traditional resistance training program in middle-aged and older men. J. Nutr. Health Aging 2010, 14, 155–159. [Google Scholar] [CrossRef] [PubMed]

	



Eliot, K.A.; Knehans, A.W.; Bemben, D.A.; Witten, M.S.; Carter, J.; Bemben, M.G. The effects of creatine and whey protein supplementation on body composition in men aged 48 to 72 years during resistance training. J. Nutr. Health Aging 2008, 12, 208–212. [Google Scholar] [CrossRef]

	



Moffatt, S.M.; Stewart, D.F.; Jack, K.; Dudar, M.D.; Bode, E.D.; Mathias, K.C.; Smith, D.L. Cardiometabolic health among United States firefighters by age. Prev. Med. Rep. 2021, 23, 101492. [Google Scholar] [CrossRef]

	



Pasiakos, S.M.; McLellan, T.M.; Lieberman, H.R. The effects of protein supplements on muscle mass, strength, and aerobic and anaerobic power in healthy adults: A systematic review. Sports Med. 2015, 45, 111–131. [Google Scholar] [CrossRef]

	



Walker, T.B.; Smith, J.; Herrera, M.; Lebegue, B.; Pinchak, A.; Fischer, J. The influence of 8 weeks of whey-protein and leucine supplementation on physical and cognitive performance. Int. J. Sport Nutr. Exerc. Metab. 2010, 20, 409–417. [Google Scholar] [CrossRef] [PubMed]

	



McAdam, J.S.; McGinnis, K.D.; Beck, D.T.; Haun, C.T.; Romero, M.A.; Mumford, P.W.; Roberson, P.A.; Young, K.C.; Lohse, K.R.; Lockwood, C.M.; et al. Effect of Whey Protein Supplementation on Physical Performance and Body Composition in Army Initial Entry Training Soldiers. Nutrients 2018, 10, 1248. [Google Scholar] [CrossRef] [PubMed]

	



Sahlin, K.; Tonkonogi, M.; Soderlund, K. Energy supply and muscle fatigue in humans. Acta Physiol. Scand. 1998, 162, 261–266. [Google Scholar] [CrossRef] [PubMed]








[image: Nutrients 15 05134 g001] 





Figure 1. CONSORT diagram. 
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Figure 2. Percent changes in individual occupational performance tasks. * Denotes significance at p < 0.05. 






Figure 2. Percent changes in individual occupational performance tasks. * Denotes significance at p < 0.05.



[image: Nutrients 15 05134 g002]







[image: Nutrients 15 05134 g003] 





Figure 3. Changes in 3.5 km cycling time trial performance. 
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Table 1. Summary of time to completion for measures of occupational performance across each group.
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Task

	
Group

	
Pre

	
Post

	
p Value






	
Hose Line Advance (s)

	
ProCarb (n = 14)

	
9.3 ± 1.3

	
9.3 ± 2.2

	
T: 0.333




	
Creatine (n = 14)

	
9.5 