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Flakoll, Paul J., Tom Judy, Kim Flinn, Christopher Carr, and Scott Flinn. Postexercise protein supplementation improves health and muscle soreness during basic military training in marine recruits. J Appl Physiol 96: 951–956, 2004. First published December 2, 2003; 10.1152/japplphysiol.00811.2003.—Elevated postexercise amino acid availability has been demonstrated to enhance muscle protein synthesis acutely, but the long-term impact of postexercise protein supplementation on variables such as health, muscle soreness, and function are unclear. Healthy male US Marine recruits from six platoons (US Marine Corps Base, Parris Island, SC; n ⫽ 387; 18.9 ⫾ 0.1 yr, 74.7 ⫾ 1.1 kg, 13.8 ⫾ 0.4% body fat) were randomly assigned to three treatments within each platoon. Nutrients supplemented immediately postexercise during the 54-day basic training were either placebo (0 g carbohydrate, 0 g protein, 0 g fat), control (8, 0, 3), or protein supplement (8, 10, 3). Subjects and observers making measurements and data analysis were blinded to subject groupings. Compared with placebo and control groups, the protein-supplemented group had an average of 33% fewer total medical visits, 28% fewer visits due to bacterial/viral infections, 37% fewer visits due to muscle/joint problems, and 83% fewer visits due to heat exhaustion. Recruits experiencing heat exhaustion had greater body mass, lean, fat, and water losses. Muscle soreness immediately postexercise was reduced by protein supplementation vs. placebo and control groups on both days 34 and 54. Postexercise protein supplementation may not only enhance muscle protein deposition but it also has significant potential to positively impact health, muscle soreness, and tissue hydration during prolonged intense exercise training, suggesting a potential therapeutic approach for the prevention of health problems in severely stressed exercising populations. nutrient supplementation; infections; heat exhaustion; body composition; stress



recruits initiate their career with an intense period of basic exercise and discipline training, which is associated with considerable physical, mental, and emotional stress. This training instigates changes in metabolic events, increasing net catabolism, resulting in a loss of total and lean body mass (8, 13, 24). Lean body mass losses under a variety of conditions have been associated with immunosuppression, poor wound healing, decreased strength and activity, and functional impairment (32). Chronic strenuous exercise itself has been demonstrated to promote impaired immune function (5, 11). Intense exercise training leads to muscle fatigue and soreness, as well as dehydration, muscle structural damage, free
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radical damage, lactic acid buildup, neutrophilia, muscle swelling, central nervous tissue fatigue, and catabolism of nutrient stores (2). Specifically, rigorous training in relatively “untrained” individuals leads to elevated counterregulatory hormones, increased metabolic flux and oxidation of carbohydrate, fat, and protein, depletion of muscle glycogen, net release of amino acids from muscle, stimulated hepatic gluconeogenesis, and negative nitrogen balance (30). Postexercise muscle recovery, repair, and growth, which ultimately determines the benefits of exercise to lean body mass, is reliant on glucose, amino acid, and energy availability for optimal rates of muscle glycogen and protein synthesis (3, 6, 14, 19, 20). However, links between postexercise nutrient availability and health, muscle soreness, and function have not been established. Therefore, the purpose of this study was to determine the impact of postexercise protein supplementation on recruit health, muscle soreness, and function during the stress of Marine basic training. METHODS



Subject selection. Healthy adult male subjects (n ⫽ 387; 18.9 ⫾ 0.1 yr of age) were recruited from six platoons at the Marine Corps Recruit Depot (Parris Island, SC). The subjects were required to be at least 18 yr of age and free from hepatic, pulmonary, thyroid, renal, or metabolic dysfunction as determined by a complete physical examination and medical history. Of the eligible individuals, 99.9% in each platoon participated. Each subject was provided with an explanation of the study, and informed, written consent was obtained for procedures to be performed. Experimental protocols and procedures were approved by the Naval Hospital (Beaufort, SC) and the Institutional Review Board of Clinical Investigation and Research, Naval Medical Center (Portsmouth, VA). Experimental design. The subjects were randomly assigned within each of the six platoons to one of three treatment groups. Each group participated in the same activities for daily living (exercise, dietary intake, and training activities) throughout the 54 days of basic training, except for the nutrients provided after each of 27 training sessions. The training sessions consisted of 3 days of conditioning hikes (3-, 5-, and 10-mile hikes) and 24 days of conditioning using running (1–3 miles), sit-ups, push-ups, and pull-ups. In addition, the recruits were exposed to additional physical activity interspersed throughout the training days. This activity included 6 days of Marine Corps martial arts training, 4 days of swimming conditioning, and daily walking of ⬎3 miles. The first group (n ⫽ 128) received one nonnutritive placebo tablet (Breath Savers, Nabisco, Chicago, IL) as a single serving. This pill
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contained no protein, carbohydrate, or fat and was provided as a placebo (Pla). The second group (n ⫽ 129) received no protein, 8 g of carbohydrate, and 3 g of fat in a single serving (Orange Slice Confection, Brach Confections, Chicago, IL). This group received exactly the same amount of carbohydrate and fat as the group receiving protein and provided a nonprotein control (Con). Finally, the third group (n ⫽ 130) received 10 g of protein, 8 g of carbohydrate, and 3 g of lipid in a single serving (Pro; JogMate, Pharmavite, Mission Hills, CA). The subjects were not informed as to which treatments were Pla, Con, or Pro and were told that each of the treatments had equal potential to produce effects. We did not formally assess whether subjects knew which group they were in, but we did ask them to rate their perceived fitness on a scale of 1–100 before the start of the study and at 34 days into the study. The perceived fitness values were not different between groups at the beginning of the study. Each of the groups rated their perceived fitness as higher after 34 days of training, but this improvement was not perceived to be different between groups (numeric increases of 7.6 ⫾ 1.8, 7.5 ⫾ 1.3, and 7.3 ⫾ 1.9 for Pro, Con, and Pla, respectively). This suggests that the subjects did not appear to equate the physical appearance of their treatment with more improved fitness. Members in each platoon were treated similarly, performing activities such as exercise and meal consumption together. There were an approximately equal number of subjects on each treatment within each platoon (platoon 1: 21, 21, 21; platoon 2: 23, 23, 23; platoon 3: 19, 19, 18; platoon 4: 20, 19, 20; platoon 5: 24, 25, 25; and platoon 6: 23, 22, 21 for Pla, Con, Pro, respectively), so exercise frequency and intensity were maintained constant between each treatment group. An exercise training event occurred every other day with a total of 27 events for each group. Additionally, each platoon participated together in activities not associated with exercise as well, maintaining consistency for nonexercise activities between groups. Food intake during regular meals was not controlled, but each treatment group had equal access to food. Nor were measurements of food intake made because of 1) problems in defining the appropriate time over the course of the study to estimate intake, 2) the lack of a definitive method to make this assessment, and 3) difficulties associated with application of any such determination. In each treatment group, the subjects were categorized into two subgroups on the basis of body mass, allowing those with greater mass to receive a greater treatment intake. Subjects initially ⬍81.8 kg received one-serving portion, whereas those ⬎81.8 kg received twoserving portions of their respective treatments. The protein, carbohydrate, and fat provided after each exercise session averaged 0, 0, and 0 g for Pla; 0, 9.6, and 3.6 g for Con; and 12, 9.6, and 3.6 g for Pro, respectively. The majority of protein, carbohydrate, and fat in the nutrient supplements were derived from casein, regular corn sugar, and milk fat, respectively. The subjects, drill instructors, data recorders, and data analyzers were not told which treatment contained protein, carbohydrates, or fat and were blinded to assigned treatment groups. Self-reported blinded exit surveys at the conclusion of the study suggested that compliance was excellent and similar between groups (99.7%). Body composition. Total body mass (nearest 0.1 kg), height (nearest 0.5 cm), and composition measurements were made on the days before the initiation and at conclusion of the study. Subjects were measured in the same order within a 2-h period to maintain consistency between initial and final measurements. Body composition was estimated by bioelectrical impedance analysis determining whole body electrical resistance with a standard single-frequency (50 kHz) bioelectrical impedance analyzer (Body Composition Analyzer Quantum II, RJL Systems, Clinton Township, MI) and standard electrode placements (23). Three measures of resistance and reactance to a small current (⬃800 A) were recorded to the nearest 1 ⍀. Analyzer calibration with a 500-⍀ test resistor differed by ⬍1 ⍀ before and after the subject tests. Intrasubject coefficient of variability was 0.11 ⫾ 0.02% for resistance and 0.25 ⫾ 0.05% for reactance. Phase J Appl Physiol • VOL



angle, and body water, fat, and lean masses were calculated according to previously validated equations (Fluid & Nutrition Analysis Software, version 3.1b., RJL Systems; Refs. 17, 18). Muscle soreness. Perceived muscle soreness was estimated by using a continuous-range evaluation (15, 16). The subjects selfreported their soreness on a scale from 1 to 10 (1 representing “no soreness—no impact on my training,” 3 representing “soreness— minimal impact on training,” 5 representing “sore—noticeable during training,” 7 representing “very sore— uncomfortable to train”, and 10 representing “so sore—I am unable to train”). It has been demonstrated that a linear relationship exists between a continuous-scale measurement, such as was used in our study, and a seven-point Likert scale that uses multiple questions to assess soreness (29). Soreness was assessed on the day of and the day after three events during the study. The first pair of assessments was made immediately after and 24 h after the recruit’s initial strength testing (IST) on the initial day. The IST, which consisted of each recruit’s maximum number of sit-ups and pull-ups as well as a 1.5-mile run, was conducted the day before study initiation. The second pair of assessments was made after a 6-mile full-gear hike on day 34. The third pair of assessments was made after the recruit’s final physical fitness testing (PFT) event on day 54. The final PFT consisted of each recruit’s maximum number of sit-ups and pull-ups as well as a 3-mile run. Health assessment. General health was assessed by recording each visit made to the Branch Medical Clinic or Battalion Aid Station, with professional medical diagnosis and treatment being required for each event to be placed into the following categorizes: 1) bacterial/viralbased infections, 2) muscle/joint-based problems not due to impact with external objects, 3) heat exhaustion, 4) preexisting problems, 5) heart anomalies, 6) rashes, 7) abrasions, 8) nose bleed/tooth eruption, and 9) mental health problems. Heat exhaustion was defined as elevated body temperature (⬎39.2°C) without a related illness, such as an infection. When patients were examined, medical personnel did not know whether they were or were not participating in the study and thus were blinded to each subject’s treatment. Furthermore, tabulation of the medical visits was done in a blinded fashion. Rifle scores. Previous research at the Naval Medical Research Institute measured changes in marksmanship performance with marine sharpshooters as a measure of mental and physical function (26). In the present study, rifle (M-16) range scores of each of the recruits during a formal competition were recorded as a surrogate for function according to standard US Marine Corps procedures. Marine personnel were blinded to whether subjects were on treatment, and tabulation and recording of the scores were blinded. Statistical analysis. Values presented in the text, figure, and tables are means ⫾ SE. Differences between treatments for the initial variables, final variables, and changes between initial and final variables were assessed by using an ANOVA with the general linear models procedure of the Statistical Analysis System (SAS; Statistical Analysis System for Windows, 1996, Release 6.12, SAS Institute, Cary, NC) with the main effect being the supplementation treatment. The interaction of treatment effects with body mass subgroups was not significant, and thus data are reported excluding subgroup analysis. The comparisons of Pro vs. Pla or Pro vs. Con were selected a priori to apply post hoc t-test analysis. Differences between the treatment groups for variables of health were assessed by using 2 analysis (SAS). Statistical significance was set at P ⬍ 0.05, and a trend was declared if 0.10 ⬍ P ⬎ 0.05. RESULTS



Subject demographic data were not different between treatment groups, and thus overall means are reported. Ethnicity was as follows: 70.5% Caucasian, 13.7% African American, 8.0% Hispanic, 1.0% American Indian, and 5.2% either unknown or not reporting. Forty-two percent of the subjects reported a history of smoking an average of 0.9 ⫾ 0.1 packs of
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cigarettes daily over an average period of 2.8 ⫾ 0.3 yr, and 17% reported previously using chewing tobacco. The selfreported fitness of the subjects before the study was 5.1 ⫾ 0.2 on a scale of 1 (highest) to 10 (lowest). Before the study, the subjects reported a frequency of exercise as follows: 16.9% less than once per month, 22.1% less than once per week, and 61.0% greater than once per week. Only 36.8% exercised at that particular frequency for ⬎6 mo. The number of subjects discontinuing participation (n ⫽ 26) was distributed similarly across treatment groups (Pla ⫽ 8, Con ⫽ 8, Pro ⫽ 10). Fourteen were reassigned to another platoon, 10 were removed from the US Marine Corps because of discipline problems, 1 did not like the taste of the placebo, and 1 was removed due to a mental health-related problem. Initial body mass, stature, and body composition measurements were not different between treatment groups, and thus overall means are displayed (Table 1). In addition, initial determinations of resistance (426.4 ⫾ 4.5 ⍀), reactance (57.5 ⫾ 0.7 ⍀), and phase angle (7.74 ⫾ 0.7°) were not different between groups. Body composition measurements suggested that recruits initially were of normal hydration and not obese (range of body fat from 4.2 to 24.0%). Over the 54-day training period, there were 296 visits to the Branch Medical Clinic and Battalion Aid Stations for treatment of diagnosed bacterial/viral diseases (Table 2) with the number of visits with Pro being 14% less than Pla and 40% less than Con. Furthermore, there were 121 visits for treatment of muscle/joint pain with the number of visits with Pro being 49% less than Pla and 17% less than Con. There were a total of 13 heat exhaustion cases reported during the 54-day period with only 1 from the Pro group. Therefore, total medical visits due to bacterial/viral diseases, muscle/joint pain, and heat exhaustion were 430, and the cases from Pro were 36% less than Pla and 29% less than Con. The number of cases due to preexisting conditions (n ⫽ 4), heart anomalies (n ⫽ 6), rash (n ⫽ 35), abrasions (n ⫽ 24), wisdom tooth eruptions/nose bleeds (n ⫽ 5), and mental health problems (n ⫽ 3) were not different between the treatment groups. Initial muscle soreness was not different between the three groups on the day of (2.67 ⫾ 0.14 units on the muscle soreness scale) or the day after the IST (3.24 ⫾ 0.16 units). At 34 days into the training period, muscle soreness immediately after a



Table 2. Summary of medical visits



Number of visits for bacterial/viral treatment Number of visits for muscle/joint treatment Number of visits for heat exhaustion treatment Total number of visits



Placebo



Control



Protein Supplement



127‡ 35†



91* 57‡



78 29



7† 169‡



5* 153‡



1 108



Values are means ⫾ SE of number of visits made by the recruits for medical treatment in each groups. *Statistical trend (P ⬍ 0.1), †statistical difference (P ⬍ 0.05), ‡statistical difference (P ⬍ 0.001) between the placebo or control treatments vs. the protein supplement treatment.



6-mile full-gear hike was increased vs. the initial day by 10% with Pla (P ⬍ 0.05) and 16% with Con (P ⬍ 0.05; Fig. 1). Pro was significantly different from the other groups because muscle soreness was reduced by 7% with Pro (P ⬍ 0.05). Again, Pro was significantly (P ⬍ 0.05) different from the other groups because muscle soreness 1 day after the 6-mile hike was slightly increased with Pla (3%) and Con (5%), but muscle soreness was decreased with Pro by 17% (P ⬍ 0.05). Compared with initial values, muscle soreness immediately after the final PFT was improved significantly (P ⬍ 0.05) more with Pro (26%) than with Pla (9%) and Con (13%). Improvement in muscle soreness on the day after the final PFT was similar for all three groups.



Table 1. Initial body composition



Body mass, kg Height, cm BMI, kg/m2 Lean mass, kg Fat mass, kg Fat mass, % Cell mass, kg Extracellular mass, kg Total water, liters Intracellular water, liters Extracellular water, liters



Placebo



Control



Protein Supplement



74.4⫾1.1 177.6⫾0.6 23.1⫾0.3 63.7⫾0.7 10.6⫾0.5 13.7⫾0.4 30.9⫾0.3 29.7⫾0.3 44.4⫾0.4 28.2⫾0.3 16.2⫾0.3



74.8⫾0.9 177.1⫾0.6 23.4⫾0.3 64.0⫾0.6 10.8⫾0.4 14.0⫾0.4 31.3⫾0.3 29.7⫾0.3 44.8⫾0.4 28.6⫾0.3 16.2⫾0.2



74.9⫾1.2 177.0⫾0.6 23.4⫾0.3 64.0⫾0.7 10.9⫾0.5 13.9⫾0.4 31.5⫾0.3 29.8⫾0.3 45.0⫾0.5 28.8⫾0.3 16.3⫾0.2



Values are means ⫾ SE of initial body composition measurements made on the day before the study initiation. BMI, body mass index. There were no significant differences (P ⬎ 0.05) between treatment groups for any of the variables. J Appl Physiol • VOL



Fig. 1. Changes in muscle soreness score units from the initial day to either day 34 (A) or the final day (B). Pla, placebo (0 g carbohydrate, 0 g protein, 0 g fat); Con, control (8 g carbohydrate, 0 g protein, 3 g fat); Pro, protein supplement (8 g carbohydrate, 10 g protein, 3 g fat). Measurements were made either immediately after exercise (left) or the day after exercise (right). Values are means ⫾ SE. Positive values represent increased muscle soreness, and negative values represent decreased muscle soreness. *P ⬍ 0.05 difference for Pro vs. Pla and Con.
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Table 3. Changes in body composition



Total mass, kg Lean mass, kg Fat mass, kg Cell mass, kg Extracellular mass, kg Total water, liters Intracellular water, liters Extracellular water, liters



Placebo



Control



Protein Supplement



⫺5.04⫾0.53 ⫺3.08⫾0.28 ⫺1.96⫾0.31 ⫺2.51⫾0.24 ⫺0.57⫾0.19 ⫺2.58⫾0.24 ⫺2.29⫾0.22 ⫺0.29⫾0.15



⫺4.65⫾0.52 ⫺2.93⫾0.26 ⫺1.72⫾0.32 ⫺2.29⫾0.25 ⫺0.65⫾0.21 ⫺2.48⫾0.22 ⫺2.08⫾0.23 ⫺0.40⫾0.17



⫺4.49⫾0.60 ⫺2.74⫾0.29 ⫺1.75⫾0.35 ⫺2.23⫾0.27 ⫺0.51⫾0.20 ⫺2.30⫾0.24 ⫺2.03⫾0.25 ⫺0.27⫾0.15



Values are means ⫾ SE of changes in body composition over the course of the 54-day study [final day vs. initial day (note Table 1) measurements]. None of the differences between the treatment groups were statistically significant (P ⬎ 0.05).



Rifle scores, as an estimate of functionality, averaged 207.1 ⫾ 1.2, 209.3 ⫾ 1.2, and 209.4 ⫾ 1.1 for Pla, Con, and Pro, respectively. The scores with Pro were significantly greater than those with Pla, but they were not different than Con. Over the 54-day study, significant losses in total body mass, lean mass, fat mass, and body water were noted for each group (Table 3). However, although interesting trends existed, none of the changes were statistically different between treatment groups. For example, there tended (P ⬍ 0.1) to be a blunting of total body mass loss with Pro (⫺16 and ⫺8% vs. Pla and Con, respectively). Also, recruits in the Pro group lost 3.9 ⫾ 0.4% of their initial lean body mass, which tended (P ⬍ 0.1) to approach statistical significance to be 15 and 13% less vs. both Pla (4.6 ⫾ 0.4%) and Con (4.4 ⫾ 0.4%), respectively. Similarly, total body water losses for Pro tended (P ⬍ 0.01) to be 13% less than Pla and 10% less than Con. DISCUSSION



Basic training for US Marine Corps recruits is mentally, emotionally, and physically very stressful. Catabolism due to these demanding events has been hypothesized to cause losses in lean body mass, to compromise health, and to reduce function. Evidence from our study support this concept because the recruits had significant losses of total body mass, lean body mass, cell mass, and body water over the 54-day period. Furthermore, there was an average of 1.6 medical visits per recruit over the training period. Whereas previous studies have suggested that postexercise protein supplementation has the potential to improve muscle protein deposition (19, 20, 27, 28), the present study suggests that postexercise protein supplementation also has significant potential to impact health, muscle soreness, and hydration during intense exercise training. During intense exercise, muscle amino acid oxidation and hepatic use of amino acid carbons for gluconeogenesis are accelerated (30). Additionally, exercise causes energy to be directed toward the needs of muscle contraction and away from the events of protein synthesis. During the postexercise recovery phase, availability of both amino acids and energy has the potential to limit the synthesis of muscle proteins. However, studies in which postexercise energy supplementation positively influenced protein synthesis are nonexistent. In fact, intake of 60 kcal of nonprotein energy immediately postexercise did not improve whole body or muscle protein synthesis vs. fasting (19). Conversely, previous studies have demonJ Appl Physiol • VOL



strated a positive impact on postexercise protein synthesis for supplementation of amino acids or protein at a dose similar to that in the present study (3, 19, 20). However, data linking results for protein synthesis to muscle soreness, health, and function are limited. Previously, a strong link has been established between impaired immune function, a high incidence of upper respiratory tract infections, and strenuous prolonged exercise (5, 11). This study demonstrates that several health parameters were better maintained with postexercise protein supplementation in marine recruits. Unfortunately, the mechanisms linking postexercise protein supplementation and the observed health improvements are only speculative. The mechanism does not appear to be due to changes in body composition. Although loss of lean body mass in a variety of settings has been demonstrated to prolong convalescence via immunosuppression and poor wound healing (31, 32), losses of total body mass, lean mass, fat mass, and water in this study were not more severe in subjects with bacterial/viral infections (Table 4). Previous studies have also shown that exercise causes significant catabolism of gastrointestinal tract protein (9), which may lead to diminished gut integrity, increased gut permeability, and elevated translocation of bacteria. Therefore, one potential mechanism is that postexercise protein intake may blunt exercise-induced gut protein catabolism (10), thereby reducing bacterial infections. Finally, a likely mechanism could involve the increased availability of specific amino acids known to modulate immune function (e.g., glutamine or arginine) with postexercise protein supplementation. Although the reductions in losses of overall weight, lean body mass, and water mass tended to be attenuated with Pro vs. Pla or Con (average reductions of 12, 13, and 12%, respectively), method sensitivity and study length diminished the statistical significance of these differences. However, the direction of these changes in lean body mass is supported by previous short-term studies using techniques more sensitive to acute changes in whole body and muscle protein homeostasis (3, 19, 20). Conclusions can be made based on these acute studies that postexercise protein supplementation limits muscle damage and/or hastens muscle repair and recovery, supporting the observations of reduced muscle soreness and improved rifle scores. Previous studies also have focused on supplementation Table 4. Changes in body composition related to variables of health



⫺HE ⫹HE ⫺B/V ⫹B/V ⫺M/J ⫹M/J



Total Mass Loss



Lean Body Mass Loss



Fat Mass Loss



Water Volume Loss



⫺5.5⫾0.4 ⫺9.1⫾2.6* ⫺5.4⫾0.5 ⫺5.9⫾0.7 ⫺5.4⫾0.4 ⫺6.6⫾0.7*



⫺4.2⫾0.2 ⫺6.0⫾1.2* ⫺4.2⫾0.3 ⫺4.3⫾0.3 ⫺4.2⫾0.3 ⫺4.6⫾0.5



⫺7.7⫾2.0 ⫺24.8⫾7.7* ⫺7.7⫾2.4 ⫺8.9⫾3.3 ⫺6.6⫾2.3 ⫺15.0⫾3.6*



⫺4.8⫾0.3 ⫺6.5⫾0.3* ⫺4.9⫾0.3 ⫺4.8⫾0.4 ⫺4.8⫾0.3 ⫺5.1⫾0.5



Values are means ⫾ SE of changes in body composition over the course of the 54-day study expressed as a percentage of initial body composition values. Values are for subjects without and with medical visits due to heat exhaustion (⫺HE and ⫹HE), without and with medical visits due to bacterial/viral infections (⫺B/V and ⫹B/V), and without and with medical visits due to muscle/joint pain (⫺M/J and ⫹M/J). *Statistical difference (P ⬍ 0.05) between ⫺HE and ⫹HE, between ⫺B/V and ⫹B/V, or between ⫺M/J and ⫹M/J.
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of tryptophan (22), branched-chain amino acids (12), and tyrosine (21) to alter cognitive function and neural activity. Protein supplementation would alter the availability of these amino acids, altering feelings of fatigue in humans exposed to intense exercise and extreme psychological stress. Additional research will be warranted to establish improvements in other physical and cognitive functions. In acute and longer term studies, timing of postexercise protein supplementation has been implicated as playing an important role in enhancing protein accretion and altering body composition (7, 20). Even relatively small increases in protein intake, when given at a time when insulin sensitivity and blood flow to muscle tissue are elevated (immediately postexercise), have potential to provide a benefit to overall protein homeostasis and accretion. Dehydration can lead to hyperthermia, nervous system imbalances, ventricular fibrillation, and death. Indeed, even slight dehydration results in diminished physical performance (1). A previous hypothesis proposed that high-protein diets may cause diuresis as a result of increased urea production and an associated excretion by the kidney (4). However, the reduced number of heat exhaustion cases in Pro was relatively dramatic in the present study. One possible explanation for this observation is that greater lean mass and water losses led to increased heat exhaustion. Overall, subjects with heat exhaustion had losses of total body weight, body lean mass, body fat, and body water that were 76, 43, 222, and 35% greater, respectively, than for subjects without heat exhaustion (Table 4). Another difference between supplementing with Pro vs. Con or Pla would be the potential for increased cellular amino acid concentrations and enhanced cell swelling (25). Increased amino acid availability also may increase the synthesis of albumin and other blood protein solutes, stabilizing body water. However, these hypotheses will require further study. Conclusions from these data have to be made within the context of the study design. There were three possible ways to control for the protein supplement used in this study: 1) administer a nonnutritive placebo (Pla), 2) maintain carbohydrate and fat supplementation identical to the protein supplement (Con), or 3) maintain energy supplementation identical to the protein supplement by increasing carbohydrate or fat supplementation above that in the protein supplemented group. We opted to use options 1 and 2, because whereas several studies, including those from our laboratory, have demonstrated that postexercise protein and free amino acid supplementation improved muscle protein accretion (19, 20, 27, 28), and previously our laboratory has shown that increasing postexercise supplement energy had no impact on protein metabolism (19). From the present design, we can conclude that protein supplementation did have significant effects. However, we cannot absolutely distinguish whether this is due to the amino acids being used for protein synthesis or energy. It is doubtful, however, that increasing the energy intake from 60 kcal (Con) to 100 kcal (Pro) would account for the results observed. With the size of the population tested and the distribution of treatments across platoons, it is very likely that the random distribution of food and fluid intake was not significantly different between groups. However, even with the most sophisticated techniques available, it would have been difficult to adequately address this point. It would have been difficult to J Appl Physiol • VOL
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determine when, over the 54-day period, intake measurements could have been made, and furthermore, the precision of such measurements most likely would not have strengthened our conclusions. However, the data need to be interpreted, considering the remote possibility that the treatments may have altered daily food and fluid intake. In conclusion, postexercise protein supplementation in a blinded placebo-controlled experiment with US Marine recruits during basic training resulted in reduced bacterial/viral infections, decreased medical visits due to muscle or joint problems, diminished episodes of heat exhaustion, reduced muscle soreness, and improved rifle scores. Therefore, whereas previous studies have suggested that postexercise protein supplementation has the potential to improve muscle protein deposition, this study suggests that postexercise protein supplementation also has significant potential to impact health, muscle soreness, and hydration during intense exercise training. ACKNOWLEDGMENTS The authors express their appreciation to the subjects and the United States Marine Corps staff. Support from Jack Kavulich and the Pharmavite Corporation for supplying the supplements is greatly appreciated. Furthermore, we thank Rudy Liedtke and RJL Systems for use of bioimpedance analyzers. The excellent technical assistance of Holly Boles, Russ Hosmer and the BMP staff, Shannon Pretty, and Andrew Flakoll are sincerely appreciated. DISCLOSURES The views expressed in this article are those of the authors and do not reflect the official policy or position of the Department of the Navy, Department of Defense, or US Government. Furthermore, the results from this study do not constitute endorsement of any product by the authors. REFERENCES 1. Armstrong LE, Costill DL, and Fink WJ. Influence of diuretic-induced dehydration on competitive running performance. Med Sci Sports Exerc 17: 456–461, 1985. 2. Armstrong RB, Warren GL, and Warren JA. Mechanisms of exercise induced muscle fiber injury. Sports Med 12: 184–207, 1991. 3. Biolo G, Tipton KD, Klein S, and Wolfe RR. An abundant supply of amino acids enhances the metabolic effect of exercise on muscle protein. Am J Physiol Endocrinol Metab 273: E122–E129, 1997. 4. Butterfield G. Amino acids and high protein diets. In: Perspectives in Exercise Science and Sports Medicine: Erogenics—Enhancement of Performance in Exercise and Sport, edited by Lamb DR and Williams MH. Indianapolis, IN: Brown and Benchmark, 1990, p. 4–87. 5. Brenner IKM, Shek PN, and Shepherd RJ. Infection in athletes. Sports Med 17: 86–107, 1994. 6. Costill DL, Sherman WM, Fink WJ, Maresh C, Witten M, and Miller JM. The role of dietary carbohydrates in muscle glycogen resynthesis after strenuous running. Am J Clin Nutr 34: 1831–1836, 1981. 7. Esmarck B, Andersen JL, Olsen S, Richter EA, Mizuno M, and Kjaer M. Timing of post-exercise protein intake is important for muscle hypertrophy with resistance training in elderly humans. J Physiol 535: 301–311, 2001. 8. Friedl KE. Variability of fat and lean tissue loss during physical exertion with energy deficit. In: Physiology, Stress, and Malnutrition: Functional Correlates Nutritional Intervention, edited by Kinney JM and Tucker HN. Philadelphia, PA: Lippincott-Raven, 1991, p. 431–450. 9. Halseth AE, Flakoll PJ, Reed EK, Messina AB, Krishna MG, Lacy DB, Williams PE, and Wasserman DH. Effect of physical activity and fasting on gut and liver proteolysis in the dog. Am J Physiol Endocrinol Metab 273: E1073–E1082, 1997. 10. Hamada K, Marsumoto K, Okamura K, Doi T, Minehira K, and Shimizu S. Effect of amino acids and glucose on exercise-induced gut and skeletal muscle proteolysis in dogs. Metabolism 48: 161–166, 1999. 11. Hoffman-Goetz L and Pedersen BK. Exercise and the immune system. Immunol Today 15: 382–385, 1994.



96 • MARCH 2004 •



www.jap.org



956



MARINE RECRUIT POSTEXERCISE PROTEIN SUPPLEMENTATION



12. Hussman P, Blomstrand E, Ekblom B, and Newsholme EA. Branchedchain amino acid supplementation during 30-km run: mood and cognitive performance. Nutrition 10: 405–410, 1994. 13. Institute of Medicine. A Nutritional Assessment of U.S. Army Ranger Training Class 11/91. Washington, DC: Institute of Medicine, March 23, 1992. 14. Ivy JL. Glycogen resynthesis after exercise: effect of carbohydrate intake. Int J Sports Med 19: S142–S145, 1998. 15. Kirshnan RK, Evans WJ, and Kirwan JP. Impaired substrate oxidation in healthy elderly men after eccentric exercise. J Appl Physiol 94: 716–723, 2003. 16. Kirshnan RK, Hernandez JM, Williamson DL, O’Gorman DJ, Evans WJ, and Kirwan JP. Age-related differences in the pancreatic ␤-cell response to hyperglycemia after eccentric exercise. Am J Physiol Endocrinol Metab 275: E463–E470, 1998. 17. Kushner RF. Bioelectrical impedance analysis: a review of principles, and applications. J Am Coll Nutr 11: 199–209, 1992. 18. Kushner RF and Schoeller DA. Estimation of total body water by bioelectrical impedance analysis. Am J Clin Nutr 44: 417–424, 1986. 19. Levenhagen DK, Carr C, Carlson MG, Maron DJ, Borel MJ, and Flakoll PJ. Post-exercise protein intake enhances whole-body and leg protein accretion in humans. Med Sci Sports Exerc 34: 828–837, 2002. 20. Levenhagen DK, Gresham J, Carlson MG, Maron DJ, Borel MJ, and Flakoll PJ. Postexercise nutrient intake timing in humans is critical to recovery of leg glucose and protein homeostasis. Am J Physiol Endocrinol Metab 280: E982–E993, 2001. 21. Lieberman HR. Tyrosine and stress: Human and animal studies. In: Food Components to Enhance Performance, An Evaluation of Potential Performance-Enhancing Food Components for Operational Rations, edited by Marriott BM. Washington, DC: Institute of Medicine, National Academy Press, 1994, p. 277–289.



J Appl Physiol • VOL



22. Lieberman HR, Askew EW, Hoyt RW, Shunkitt-Hale B, and Sharp MA. Effects of thirty days of undernutrition on plasma neurotransmitters, other amino acids and behavior. J Nutr Biochem 8: 119–126, 1997. 23. Lukaski HC, Bolonchuk WW, Siders WA, and Hall CB. Body composition assessment of athletes using bioelectrical impedance measurements. J Sports Med Phys Fitness 30: 434–440, 1990. 24. Nindl BC, Friedl KE, Frykman PN, Marchitelli LJ, Shippee RL, and Patton JF. Physical performance and metabolic recovery among lean, healthy men following a prolonged energy deficit. Int J Sports Med 18: 1–18, 1997. 25. Schliess F and Haussinger D. The cellular hydration state: a critical determinant for cell death and survival. Biol Chem 383: 577–583, 2002. 26. Tharion WJ, Shukitt-Hale B, and Lieberman HR. Caffeine effects on marksmanship during high-stress military training with 72 h sleep deprivation. Aviat Space Environ Med 74: 309–314, 2003. 27. Tipton KD, Borsheim E, Wolf SE, Sanford AP, and Wolfe RR. Acute response of net muscle protein balance reflects 24-h balance after exercise and amino acid ingestion. Am J Physiol Endocrinol Metab 284: E76–E89, 2003. 28. Tipton KD and Wolfe RR. Exercise, protein metabolism, and muscle growth. Int J Sport Nutr Exerc Metab 11: 109–132, 2001. 29. Vickers AJ. Comparison of an ordinal and a continuous outcome measure of muscle soreness. Int J Technol Assess Health Care 15: 709–716, 1999. 30. Wasserman DH. Regulation of glucose fluxes during exercise in the postabsorptive state. Annu Rev Physiol 57: 191–218, 1995. 31. Wilmore DW. Catabolic illness: strategies for enhancing recovery. N Engl J Med 325: 695–702, 1991. 32. Wilmore DW. Homeostasis: bodily changes in trauma and surgery. In: Textbook of Surgery (15th ed.), edited by Sabiston DC. Philadelphia, PA: Saunders, 1997, p. 55–67.



96 • MARCH 2004 •



www.jap.org



























des documents recommandant







[image: alt]





improves performance supports sexual health maximum ... 

hypoactive sexual disorder, sexual dysfunction or erectile dysfunction, or suffer from a hormone-sensitive condition, any psychological disorder and/or condition ...










 


[image: alt]





Creatine supplementation and age influence muscle metabolism 

were used to determine pH and relative concentrations of Pi, ... determined by a medical history questionnaire. .... between the Pi and PCr frequency (33).










 


[image: alt]





Creatine supplementation and age influence muscle metabolism 

knee-extension exercise inside a whole body magnetic reso- nance system. ... muscle strength and endurance capacity that occurs with aging (5, 7, 8, 21, 22, ...










 


[image: alt]





health and social care 

Jul 21, 2013 - Source: gaelromanet.com/HSC024.pdf .... emotional abuse, financial abuse, service users not being allowed to go out, their .... bruises from having been hauled around his home by his own pet's dog-lead and the backs of.










 


[image: alt]





Health and Safety Law 

Health and safety is about stopping you getting hurt at work or ill through work. Your employer is responsible for health and safety, but you must help.










 


[image: alt]





Health and fitness 

Salut Maxime, parle-nous de toi. Bonjour, je m'appelle Maxime et j'ai 16 ans. J'habite un village pas trop loin de la frontiÃ¨re belge. J'ai un frÃ¨re jumeau, ClÃ©ment, ...










 


[image: alt]





Calcium and fibre supplementation in prevention of ... - Tumor Free 

carcinogenesis. Some experimental and analytical studies .... With the assumption of an annual adenoma recurrence ...... cancer: critical review and meta-analyses of the epidemiologic ... Dietary fibre chemistry, physiology and health effects.










 


[image: alt]





Lipid and protein peroxidations in fibromyalgia 

carbonyles (PC), l'oxyde nitrique (NO) ainsi que les paramÃ¨tres antioxydants .... Phosphodiesters peaks observed in FMS patients, on 31P - NMR studies 25,26, are ... (b) decreased nitric oxide (NO), (c) reduced glutathione (GSH) deficit, (d).










 


[image: alt]





Workplace Health, Safety and Compensation Commission and ... 

4(5) Section 89 of the Employment Standards Act ap- plies to any former employee ...... b) les informations provenant de livres, de registres, de documents ou de ...










 


[image: alt]





Right to Health and Health Workforce Plan Indicators 

Une analyse complète de la situation du personnel national de santé a-t-elle été entreprise ? Le ... l'éducation publique au sujet de nutrition et d'hygiène correcte ; en les .... de la formation et de l'augmentation des nombres d'inspecteurs, et.










 


[image: alt]





Yeshurun (1999) Spatial attention improves 

The precue indicated the target location but did not convey information regarding the correct response. .... with spatial precues is that, typically, these precues do not only convey ...... and Genetics, 109, 160â€“174. Prinzmetal, W., Amiri, H., All










 


[image: alt]





Quiescence Management improves Interoperability Testing 

In this paper, we show that â€œquiescence managementâ€� improves interoperability ... notion of interoperability use the concepts and theory defined for conformance testing. In [5] ...... This study has already started but is not advanced enough to .










 


[image: alt]





Processing and classification of protein mass spectra 

classification problem is to be solved at all. Whatever the classification ...... Though it is beyond data miners' competence to investigate the identities and roles of ...










 


[image: alt]





Cyclodextrins in peptide and protein delivery .fr 

ethyl)-b-CD. (DE-b-CD) ...... [66] F. Couthon, E. Clottes, C. Vial, Refolding of SDSâ€“ and solubility and ..... ethylene glycol-modified enzymes and sulfated a-cyclo-.










 


[image: alt]





by creatine supplementation Strength loss after eccentric 

can occur in athletes using creatine supplementation, and it is speculated that ... Five days after arriving at the animal care facility, the mice were weighed and ... muscles were done by moving the foot from 20Â° of dorsiflexion to 20Â° of plantar 










 


[image: alt]





Ligne de vie and Personal Health Project 

patientâ€�: angular zones separate the various roles (medical doctors, other ... patient as f(view angle, distance). The Ligne de ... connect a set of extension cards.










 


[image: alt]





Pinecrest-Queensway Health and Community Services 

19 mai 2017 - On tiendra aussi compte du fait de travailler et/ou de vivre dans l'aire de desserte de PQ. Nous accueillerions Ã©galement une expression d'intÃ©rÃªt de la part de jeunes adultes de plus de 18 ans. Pour en savoir plus, visitez notre sit










 


[image: alt]





mental health and world citizenship - American Deception 

It is to these differences and the time order oftheir imposition that we have to look for understanding of the most striking characteristics of the various ways of life ...










 


[image: alt]





cone crusher improves dbid rdlxm 












 


[image: alt]





Quiescence Management improves Interoperability Testing 

federal institute of technology Zurich, 1994. [10] Machiel van der Bijl, Arend Rensink, and Jan Tretmans. Component based test- ing with ioco. In A. Petrenko and ...










 


[image: alt]





Yeshurun (1999) Spatial attention improves 

to identify the mechanisms underlying covert atten- ...... neural responses from the visual cortex (Luck et al.,. 1994). .... perceptual performance and learning.










 


[image: alt]





Ciliary Protein Also ... .fr 

Apr 7, 2010 - ciatus XP_001869024.1; Dm, Drosophila melanogaster NP_609402.1; Dr, Danio rerio NP_957105.1; Ee, Euphorbia esula EST: DV114861.1; ...










 


[image: alt]





performance protein 

d'artificiel! • Contrôle de. Réponse G. • 5,1 g de gl d'acide glu. • Sans fructo. The key to Gold .... solubles et insolubles pour soutenir un cœur en bonne santé.










 


[image: alt]





Transgender-Inclusive Health Care Coverage and the 

rating system. The HRC Foundation ... documentation must be submitted to the HRC Foundation for review. 2. ... restrictive than the WPATH SOC in making utilization management determinations. The .... Kimpton Hotel & Restaurant Group Inc.










 














×
Report Postexercise protein supplementation improves health and





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Signe






Email




Mot de passe







 Se souvenir de moi

Vous avez oublié votre mot de passe?




Signe




 Connexion avec Facebook












 

Information

	A propos de nous
	Règles de confidentialité
	TERMES ET CONDITIONS
	AIDE
	DROIT D'AUTEUR
	CONTACT
	Cookie Policy





Droit d'auteur © 2024 P.PDFHALL.COM. Tous droits réservés.








MON COMPTE



	
Ajouter le document

	
de gestion des documents

	
Ajouter le document

	
Signe









BULLETIN



















Follow us

	

Facebook


	

Twitter



















Our partners will collect data and use cookies for ad personalization and measurement. Learn how we and our ad partner Google, collect and use data. Agree & Close



