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Abstract 
Introduction: Benefits of protein consumption are established, yet athletes often 
consume insufficient protein. The effect of protein supplementation timing on self-
reported wellness measures (SRWM) is unknown. The purpose was to examine the 
effect of protein supplementation timing on overall protein intake and SRWM. 
Methods: Collegiate athletes (men: n=13; body mass: 76.1 ± 6.6 kg; body fat %: 14.8 
± 2.3%) (women: n=16; body mass: 72.5 ± 10.8 kg; body fat %: 24.9 ± 4.6%), defined 
as protein-insufficient (daily intake <1.5 g/kg body weight) participated. Protein 
supplementation occurred over two 2-week periods (morning, evening) separated by a 
2-week washout. Daily SRWM (fatigue, soreness, sleep, stress, mood, energy, recovery, 
satiety) were collected. ANOVA assessed differences in total protein intake and SRWM 
measures across conditions. Spearman correlations assessed relationships between 
protein intake and SRWM. 
Results: No sex difference existed in protein intake based on supplementation timing. 
Compared to baseline, morning and evening supplementation led to an increase 
(p<0.05) in absolute and relative protein intake for men and women. Satiety was 
increased during morning and evening conditions compared to washout for men 
(p=0.004) and women (p=0.012), but other SRWM did not differ. Correlations existed 
for relative protein intake and satiety (r=0.499, p<0.001) and stress (r=-0.321, 
p=0.019). 
Conclusions: Protein supplementation enabled participants to achieve the 
recommended protein intake and provided a greater feeling of satiety. Satiety did not 
differ between morning and evening, providing flexibility as to when to ingest a daily 
supplement. 
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Introduction 
As a result of rigorous training and academic schedules, collegiate student-athletes encounter barriers that 
hamper healthy food choices, including limited time for food preparation, insufficient financial resources, 
inadequate meal planning and preparation skills, and travel schedules that require “eating on the road.” 
1,2 Prior research has reported that both men and women collegiate athletes under consume total energy, 
carbohydrates, and protein3,4 which may be explained by their lack of nutrition knowledge.5,6 Further, 
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men and women athletes have different energy requirements, and their eating behaviors may differ as a 
result. Adequate nutrition not only promotes good health and nutritional status, but also improves 
exercise performance and recovery. While each macronutrient offers a specific benefit for performance, 
adequate protein balance is essential for anabolism and recovery.7  
 
Protein aids the recovery process following muscle damage, caused by repeated muscle actions during 
practice and game play, through facilitating muscle repair, muscle remodeling, and immune function.8 
Yet, despite the established importance of dietary protein, insufficient intake persists among collegiate 
athletes.9 It has been demonstrated that collegiate athletes from a variety of sports (i.e. soccer, basketball, 
track, softball, volleyball, swimming, golf, baseball) consume inadequate protein.10–12 Insufficient protein 
consumption may create a negative nitrogen balance, leading to increased catabolism, and impaired 
recovery from exercise. Adequate protein intake may improve exercise performance by enhancing energy 
utilization and stimulating increases in muscle mass; therefore, protein supplementation is beneficial to 
the college athlete’s diet.13 Further, protein supplementation is a convenient and easy way to enable 
athletes to reach adequate protein levels. However, it is unknown how daily dietary protein intake changes 
with protein supplementation.  
 
It is recommended that endurance and resistance trained athletes consume a minimum of 1.2-1.4 g/kg 
bodyweight (BW) and 1.7-2.0 g/kg BW of protein, respectively.13 Overall, 1.2 g/kg BW is considered to 
be the minimum amount of protein required for adequate recovery and tissue repair for any athlete.14 
Additional research has suggested that 1.2 g/kg BW may be too low, and notes 1.5 g/kg BW to be a more 
optimal dosage.15,16 Therefore, protein supplementation in addition to the consumption of protein-
containing food may be necessary.17 
 
Previous protein timing studies have focused upon the type of protein supplemented, such as the use of 
a “fast” (~3hr) digesting protein (e.g., whey) versus a “slow” (~7hr) digesting protein (e.g., casein).18 It 
has been recommended that whey protein be consumed during rest19 and post-exercise due to increased 
whole body protein synthesis and leucine oxidation.20 Conversely, casein has a limited impact on whole 
body protein synthesis, and instead inhibits whole body protein breakdown,20 making it likely more 
suitable for pre-sleep or prolonged fasting conditions.21  However, research has shown that pre-sleep 
whey may improve sleep quality and alertness, and reduce morning sleepiness,22,23 and be as effective as 
casein in increasing morning metabolism.24 Further, it has been reported that whey provides greater 
benefit to skeletal muscle protein synthesis when compared to casein due to its higher leucine content 
(12.5% versus 8.5% of total protein, respectively) and faster absorption rate.9 Also, whey protein has a 
superior protein efficiency ratio (3.2), biological value (104), and net protein utilization (92) when 
compared to casein (2.5, 77, and 76, respectively).21 Thus, the favorable effects of whey protein on protein 
synthesis resulted in its selection for use in the current study. While the timing of protein is important for 
stimulating muscular growth and recovery, no studies have explored the effect of timing on perceived 
wellness markers.  
 
Daily protein supplementation is associated with increased protein synthesis,25–31 which may be related to 
reduced fatigue and soreness,32 and a potential increase in satiety hormones and amino acids.33 Previous 
studies have reported increased protein synthesis and the attenuated decline in postprandial protein 
synthesis with just two weeks of protein supplementation.34 In addition, four weeks of protein 
supplementation was associated with enhanced muscle recovery and reduced muscle damage.35 Therefore, 
short-term protein supplementation is likely to elicit various benefits. While the benefits of protein 
consumption for protein synthesis and recovery have been clearly delineated,13 the effects of protein 
quantity and timing on athletes’ perceptions of wellness and quality of life have not been examined. These 
self-reported wellness measures are likely of interest to those working with athletes since sleep,36–40 
fatigue,41 soreness,42,43 stress,44 mood,39 and satiety45 can negatively impact athletic performance.46,47 
 
Therefore, the aim of the current study was to investigate the effects of short-term whey protein 
supplementation timing on overall protein intake and self-reported wellness measures when 
supplemented to protein-insufficient collegiate athletes. We hypothesized that whey protein 
supplementation would enable protein-insufficient athletes to achieve optimal protein intake (>1.5g/kg 
BW) and would positively impact self-reported wellness measures irrespective of supplementation timing.  
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Methods 
Participants 
Collegiate male (n=13) and female (n=16) athletes (i.e., National Collegiate Athletic Association Division 
I) from a variety of sports participated in this study. Of the 35 athletes screened for insufficient protein 
intake (i.e., <1.5 g/kg BW), six were deemed ineligible, resulting in a sample size of 29 athletes. 
Characteristics of participants are presented in Table 1. Participants maintained consistent daily training 
schedules, following sport-specific training regimens with neuromuscular demands particular to their 
sport, while under the direction of a Certified Strength and Conditioning Specialist® (NSCA-CSCS®). 
Prior to participation in the study, athletes completed a medical history form and were cleared for 
intercollegiate athletic participation by the sports medicine staff. Risks and benefits were explained to 
athletes and an institutionally approved consent form was signed prior to participation. The Institutional 
Review Board for Human Subjects approved all procedures (IRB# 1147609-3). 
 
Table 1. Characteristics of Participants (n=29). 
 

 Men (n=13) Women (n=16) 

Age (yrs) 19.9  0.9 20.1  0.7 

Height (cm) 177.4  2.2 170.9  8.9 

BF% 14.8  2.3 24.9  4.6 

FM (kg) 11.2  1.6 18.5  5.8 

FFM (kg) 62.0  5.9 51.9  6.0 

BM (kg) 76.1  6.6 72.5  10.8 

Sport n (%) n (%) 

Lacrosse 
Soccer 

Track & Field 
Baseball 

Swimming 
Volleyball 

0(0) 
3(23) 
6(46) 
1(8) 
2(15) 
1(8) 

5(31) 
4(25) 
4(25) 
0(0) 
0(0) 
3(19) 

Values are mean ± SD, n: number; %: percent; expressed as n(%) 
yrs: years; cm: centimeters; BF%: body fat percent; kg: kilograms; FM: fat 
mass; FFM: fat free mass; BM: body mass. 

 
Protocol 
Prior to the start of this randomized block, crossover study, potential participants completed a seven-day 
baseline screening period to determine protein sufficiency status. During the baseline period, participants 
were instructed to take pictures and record all foods and beverages consumed daily. Dietary intake was 
analyzed by a trained research assistant using dietary software (Nutritionist Pro; Axxya System, First 
Databank, Inc., San Bruno, CA, USA). Individuals with protein consumption <1.5 g/kg BW were deemed 
eligible for the study.15,16 The baseline period included assessment of body composition and 
familiarization with the self-reported wellness measures that would be used during the course of the study. 
After completion of the baseline period, those classified as protein-insufficient were randomly assigned 
to a two-week phase of daily morning or evening protein supplementation. Following a two-week 
washout period, participants crossed over and completed a two-week phase of the other daily protein 
supplementation condition (i.e., morning or evening). Participants completed self- reported wellness 
measures and food logged daily throughout the duration of the study. The timeline of procedures is 
provided in Figure 1. 
 

 
Figure 1. Timeline of Procedures. 
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Body Composition 
Dual energy x-ray absorptiometry (DXA) (Hologic, Horizon A model, Hologic Inc., Waltham, MA, USA) 
was used to assess body composition. Participants were instructed to wear standardized clothing with no 
metal parts (i.e., drawstring pants and t-shirt) and were scanned using the whole-body scan mode (Hologic 
APEX software, ver. 5.5.3.1, Bedford, MA, USA). Calibration and procedures were performed to 
manufacturer specifications. All DXA scans were overseen by an International Society for Clinical 
Densitometry (ISCD) Certified Bone Densitometry Technologist (CBDT®). Radiation (~3.4mSV) did 
not exceed limits for x-ray exposure. Weekly calibration for the body composition measures was 
performed using a whole-body phantom (Hologic #1104).  
 
Protein Supplementation 
Protein supplementation consisted of daily servings of whey protein isolate (Dymatize ISO-100, Dallas, 
TX) that was measured, weighed on a digital food scale, and packed into individually labeled plastic sealed 
bags. Participants reported to the laboratory on a weekly basis and were given seven pre-measured 
servings of protein according to their body weight (25 g protein for <69 kg BW and 30 g for 69-90 kg 
BW), as commonly recommended by registered dietitians. Protein was administered for two weeks of 
morning supplementation and two weeks of evening supplementation, separated by a two-week washout 
period.48 Following the two-week washout period, participants crossed over and completed the other 
daily protein supplementation condition (i.e., morning or evening). Participants were instructed to 
consume the protein within 90 minutes of waking for the morning condition, and within 90 minutes of 
going to sleep for the evening condition.  
 
Food Log 
Participants were given an electronic spreadsheet file to record daily food intake and asked to take pictures 
of all food and beverages consumed each day during the baseline, morning, evening, and washout 
conditions. Further, participants were encouraged to maintain consistent dietary behaviors. Dietary intake 
was analyzed by a trained research assistant using dietary software (Nutritionist Pro; Axxya System, First 
Databank, Inc., San Bruno, CA, USA). 
 
Self-reported Wellness Measures 
Participants were instructed to complete daily self-reported wellness measures thirty to sixty minutes 
following the ingestion of protein and send them to the researcher by the end of each day. Participants 
rated their fatigue, sleep quality, soreness, stress, mood, and sleep quantity on Likert scales of 1-5 49, satiety 
on a Likert scale of 1-11,50 and recovery on a Likert scale of 0-10.51 During the washout period, 
participants were instructed to complete the self-reported wellness measures following a mid-afternoon 
snack.  
 
Statistical Analysis 
Data are expressed as mean ± standard deviation. A natural log-transformation was applied prior to 
analysis for any non-normally distributed variables (i.e. fatigue, sleep, hunger). Data was split by gender 
and a one-way analysis of variance (ANOVA) was used to analyze the effects of protein supplementation 
and protein timing on self-reported wellness and satiety measures across conditions (i.e., morning, 
evening, and washout). A secondary ANOVA, in which morning and evening supplementation were 
combined and compared to no supplementation, was also performed. When appropriate, the Bonferroni 
test was used for post-hoc analysis. A Spearman correlation was run to assess relationships between 
protein intake and self-reported wellness measures. The alpha level was set at p < 0.05. Statistical analysis 
software was used for all analyses (SPSS version 25.0; IBM, Armonk, NY). 
 
 
Results  
Protein Intake 
Table 2. contains absolute and relative protein intake across conditions. For men and women, there was 
no difference in protein intake based upon the timing of the protein supplementation (morning vs 
evening, p=1.0). Compared to baseline, both morning and evening supplementation led to a significant 
increase in absolute (men: p=0.032 morning, p=0.001 evening; women: p<0.001 morning and evening) 
and relative (men: p<0.001 morning, p=0.027 evening; women: p=0.021 morning, p=0.002 evening) 
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protein intake. During the washout period protein intake was not different from baseline in men or 
women. A total of seven individuals (women: n=5; men: n=2) remained protein-insufficient throughout 
the entire study. 
 
Table 2. Absolute and Relative Protein Intake (95% Confidence Intervals) Across Conditions. 

 Absolute (g) Relative (g/kg BW) 

Sex BASE AM WASH PM BASE AM WASH PM 

Men 
(n=13) 

97.818.7 
(82.6-107.6) 

 

125.214.6** 
(114.2-135.6) 

94.826.7 
(76.4-114.6) 

133.819.1** 
(119.4-147.3) 

1.30.2 
(1.14-1.40) 

1.70.2* 
(1.6-1.8) 

1.20.3 
(1.0-1.3) 

1.70.3** 
(1.6-1.9) 

Women  
(n=16) 

72.510.8 
(71.2-85.7) 

107.917.8** 
(98.4-117.4) 

75.717.1 
(66.9-84.5) 

112.915.6** 
(104.0-121.9) 

1.10.2 
(1.0-1.2) 

1.50.3** 
(1.4-1.7) 

1.10.2 
(0.9-1.2) 

1.50.2** 
(1.3-1.6) 

BASE: baseline; AM: morning supplementation; WASH: washout; PM: night 

supplementation. Values represent mean  SD, *p<0.01 compared to BASE, 
**p<0.001 compared to BASE. 

 
 
Caloric and macronutrient intake during non-supplementation and supplementation are included in Table 
3. When collapsed into supplementation versus non-supplementation phases, protein intake was 

significantly higher during supplementation in women (110.9  16.4 g vs 76.5 15.9 g, p<0.05, Cohen’s 

d=2.130) and men (133.2  25.8 g vs 99.0  24.4 g, p<0.05, Cohen’s d=1.363). Additionally, men showed 

significantly higher caloric intake during supplementation (2495.5  579.5 kcal vs 2143.4  462.4 kcal, 
p=0.019, Cohen’s d=0.672). There were no differences between supplementation and non-
supplementation phases for caloric intake in women. Further, carbohydrate and fat consumption did not 
differ for men or women throughout the study.  
 
 
Table 3. Daily Caloric and Macronutrient Intake (95% Confidence Intervals) During Non-
supplementation and Supplementation. 

 Men (n=13) Women (n=16) 

 NPS PS NPS PS 

Calories 
kcal 

2143.4462.4 
(1956.6-2330.2) 

2495.5579.5* 
(2261.4-2729.6) 

1752.9445.0 
(1586.7-1919.0) 

1897.4341.9 
(1772.0-2022.8) 

Carbohydrates 
g 

246.457.6 
(223.2-269.7) 

272.766.4 
(245.9-299.5) 

219.277.1 
(190.4-248.0) 

215.755.7 
(195.2-236.1) 

Fat 
g 

90.236.0 
(75.7-104.8) 

93.723.2 
(84.3-103.0) 

64.818.7 
(57.8-71.8) 

67.417.8 
(60.8-73.9) 

Protein 
g 

99.024.4 
(89.2-108.9) 

133.225.8** 
(122.8-143.6) 

76.515.9 
(70.6-82.3) 

110.916.4** 
(104.9-116.9) 

 
NPS: non-supplementation; PS: protein supplementation; Kcal: kilocalories; g: grams 

Values represent mean  SD, *p<0.01 compared to NPS, **p<0.001 compared to 
NPS. 

 
 
Self-reported Wellness Measures 
No differences were observed across time (morning, washout, evening) in self-reported wellness measures 
of fatigue, sleep quality, soreness, stress, mood, sleep quantity, and recovery (Table 4). However, satiety 
was increased during morning and evening conditions compared to washout for men (p=0.004) and 
women (p=0.012) (Table 4). Further, secondary analysis of supplementation vs. no supplementation 
indicated a higher level of satiety in the supplement condition (p=0.002) while other self-reported wellness 
measures remained unchanged. 
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Table 4. Self-reported Wellness Measures (95% Confidence Intervals) Across Conditions. 
 

 Men (n=13) Women (n=16) 

Wellness AM WASH PM AM WASH PM 

Fatigue 3.50.6 
(3.1-3.9) 

3.40.5 
(3.0-3.7) 

3.40.6 
(3.0-3.7) 

3.61.1 
(2.4-4.8) 

3.10.2 
(2.9-3.3) 

3.20.7 
(2.6-3.2) 

Sleep Quality 3.70.7 
(3.2-4.5) 

4.00.5 
(3.7-4.3) 

3.90.4 
(3.6-4.2) 

3.70.7 
(3.4-4.0) 

4.00.5 
(3.4-4.1) 

3.90.4 
(2.7-4.4) 

Soreness 3.40.4 
(3.1-3.7) 

3.20.5 
(2.9-3.6) 

3.40.5 
(3.1-3.7) 

3.50.4 
(3.2-4.0) 

3.40.4 
(3.0-3.8) 

2.80.6 
(1.7-3.8) 

Stress 3.30.7 
(2.9-3.8) 

3.40.6 
(3.0-3.8) 

3.30.5 
(3.0-3.6) 

3.60.6 
(3.1-4.2) 

3.60.5 
(3.0-4.1) 

3.00.7 
(1.8-3.8) 

Mood 4.10.2 
(3.9-4.3) 

4.00.5 
(3.7-4.3) 

4.00.5 
(3.6-4.3) 

4.00.5 
(3.5-4.7) 

3.90.5 
(3.5-4.3) 

3.90.7 
(2.8-4.6) 

Sleep Hours 3.30.7 
(2.8-3.8) 

3.10.6 
(2.7-3.5) 

3.00.7 
(2.5-3.4) 

3.20.3 
(3.0-3.5) 

3.20.5 
(2.7-3.7) 

3.00.4 
(2.2-3.8) 

Satiety 6.70.9* 
(6.0-7.4) 

5.71.02 
(5.1-6.3) 

7.01.0** 
(6.3-7.7) 
 

7.11.3* 
(5.4-8.6) 

5.80.7 
(5.2-6.7) 

6.61.0* 
(4.2-7.3) 

AM: morning supplementation; WASH: washout; PM: evening supplementation 

Values represent mean  SD, *p<0.01 compared to WASH, **p<0.001 compared to WASH 
 
Discussion 
The purpose of the current study was to examine the effects of whey protein supplementation timing 
(morning vs evening) on total protein intake and self-reported wellness measures in protein-insufficient 
collegiate athletes (<1.5 g/kg BW). Our results provide insight into whether or not protein timing should 
be considered for athletes in order to improve their diet and self-reported wellness measures. It was 
hypothesized that whey protein supplementation would enable protein-insufficient athletes to achieve 
optimal protein intake (>1.5 g/kg BW) and would positively impact self-reported wellness measures 
irrespective of supplementation timing. Notable findings included: 1) whey protein supplementation, 
regardless of timing, enabled athletes to increase their protein intake without compromising carbohydrate 
or fat consumption, and 2) whey protein supplementation was associated with greater feelings of satiety 
and perhaps lower levels of stress.  
 
Insufficient protein intake for athletes can lead to negative nitrogen balance, resulting in a loss of fat free 
mass 52, which adversely affects sport performance. In the present study, baseline levels of consumed 
protein were inadequate for men (1.3±0.2 g/kg BW/day) and women (1.1±0.2 g/kg BW/day) athletes. 
Such baseline insufficiency in collegiate athletes may be a result of limited nutrition education, busy 
schedules, limited protein availability, and lack of convenience. Of note, protein insufficiencies have been 
reported previously in collegiate women athletes from soccer, basketball, cross-country, and track and 
field (1.2 g/kg BW),10 as well as softball (1.0 g/kg BW)11 and volleyball (0.9 g/kg BW).12 Further, collegiate 
men athletes from track and field, basketball, golf, swimming, football, baseball, and wrestling, were 
reported to have an average protein intake of 1.2±0.5 g/kg BW.3 Since protein insufficiency in collegiate 
athletes is common, yet there is an increased protein demand in this population due to the high exercise 
intensity associated with their sport training,53 protein supplementation is likely beneficial. In the current 
study, irrespective of timing, supplementation increased protein intake above baseline by 30% for men 
and 36% for women athletes to ~1.7 g/kg BW and 1.5 g/kg BW, respectively. 
 
There was no difference in protein intake between morning and evening supplementation. As expected, 
protein intake during morning and evening was significantly greater than baseline and washout periods. 
Therefore, when provided supplementation most athletes were able to meet and exceed the minimum 
requirements for protein intake. Further, our results are in support of those reported previously with 
morning vs evening casein protein supplementation, in which significantly more protein was consumed 
with supplementation despite the time of day.54 
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While the majority of athletes were able to reach the designated protein requirement via supplementation, 
seven athletes remained below the minimum requirements (1.5 g/kg BW) throughout the study. This 
finding points to the importance of taking an individualized approach for athlete nutrition and providing 
routine assessments to monitor protein status.55 The lack of difference between the timing of protein 
supplementation permits a flexible timeline of daily protein intake for athletes. The current findings show 
supplementation, despite time of day, is necessary for protein-insufficient athletes.  
 
Although protein requirements were met with both morning and evening supplementation conditions, it 
is interesting to note that athletes reverted to baseline levels of protein consumption during the washout 
period (men: 1.3±0.2; women: 1.1±0.2 g/kg BW). This may suggest that athletes do not have sufficient 
knowledge of protein needs or the selection of high protein foods. Therefore, nutrition education may 
be necessary in conjunction with protein supplementation.12 In fact, access to a sports dietitian clearly 
provides benefit toward athlete nutrition knowledge and dietary habits. Results from previous research 
showed that providing women volleyball players with an educational intervention led to significant 
improvements in nutrition knowledge and protein intake.12 Further, when a sports dietitian is available, 
athletes demonstrate a greater understanding of nutrient periodization and make overall healthier 
nutrition choices throughout the day.56,57 However, it has been reported that many athletes rely on 
nutritional recommendations provided by their sport coaches, strength coaches, and athletic trainers, of 
which 30% of athletic trainers and 17% of strength coaches lacked appropriate nutrition knowledge.58 In 
addition to placing focus on educating individual athletes, coaches and athletic trainers would likely 
benefit from general sports nutrition education.  
 
Protein supplementation enabled athletes to increase protein intake without compromising carbohydrate 
or fat intake. Men significantly increased caloric intake during supplementation, but women did not, and 
neither group reported a change in carbohydrate or fat consumption. Review of the participant food logs 
confirmed that increases in protein intake, while on supplementation, were due to consumption of the 
supplement mixed with a variety of liquids. Twenty-five participants mixed the protein powder with milk 
products (i.e., almond (6), skim (4), 2% (10), whole (4), chocolate (1)), which represented the total protein 
difference with supplementation. Additionally, we confirmed that men consumed the higher calorie milk 
products, accounting for most of the observed increase in caloric intake while on supplementation.  
 
In terms of self-reported wellness measures, satiety is of interest. While ratings of satiety between morning 
(men: 6.7±0.9; women: 7.1±1.3 AU) and evening (men: 7.0±1.0; women: 6.6±1.0 AU) supplementation 
did not differ, they were higher than the washout period for both timing conditions. Further, the 
correlation between protein intake and satiety was a positive relationship (absolute protein: r=0.399; 
relative protein: r=0.499), a finding which is consistent with previous literature that supports higher 
protein diets, regardless of carbohydrate source59 led to decreased hunger due to an increase in satiety 
hormones 33,60,61. This relationship is promising, as it has been previously shown that 50% of collegiate 
athletes report feelings of hunger during training, practice, or competition.56 The aforementioned 
reported greater feeling of fullness (satiety) is of interest because it might deter athletes from making 
unhealthy food choices throughout the day. No other differences were observed across time in self-
reported wellness measures.  
 
Interestingly, there was an inverse relationship between protein intake and perception of stress (absolute 
protein: r=-0.287; relative protein: r=-0.321) implying that greater protein consumption may be linked to 
reduced perceptions of stress. Protein has been identified as one specific nutrient that may reduce cortisol 
and adrenaline levels for the purposes of stress management.62 In contrast, a previously published study 
showed no relationship between protein consumption and salivary cortisol (a biomarker of stress) in the 
general population.63 Overall, more research is needed to explore the relationship between protein 
consumption and perception of stress in the athletic population.  
 
The strength of this seven-week study is the implementation of a whey protein supplement in protein-
insufficient collegiate men and women athletes from a variety of sports over two separate timing 
conditions. No previous studies have examined protein intake and self-reported wellness measures in 
athletes, despite wellness markers playing an important role in sports performance. However, some 
limitations do exist. A larger sample size may be needed to provide adequate statistical power and produce 
additional significant findings. Additionally, no placebo supplement was provided for athletes, thus we 
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were unable to assess the placebo effect of protein consumption. Further, protein was administered 
according to body weight ranges (25 g protein for <69 kg BW and 30 g for 69-90 kg BW), rather than 
relative to individual body weight (~0.3 – 0.4 g/kg), which contributed to variability in protein intake. 
Lastly, the self-reported wellness measures could have been influenced by athletes’ training loads, which 
were not monitored in the current study. However, it should be noted that athletes maintained strict 
training regimens consistent with neuromuscular demands particular to their sport. Lastly, self-reported 
wellness measures were used for familiarization at baseline and not regularly administered during this 
screening period, thus supplementation conditions can only be compared to the washout condition when 
athletes were not receiving protein supplementation. 
 
Media-Friendly Summary 
Changes were observed in short-term protein ingestion in athletes identified as protein-insufficient (<1.5 
g/kg BW/day) when supplementing in either the morning or evening. Consuming one whey protein 
supplement per day enabled the majority of athletes to achieve the recommended protein intake and 
provided greater satiety. Since no differences in satiety were observed between morning and evening 
conditions, athletes have flexibility as to when they choose to supplement each day. Since many collegiate 
athletes do not consume sufficient protein relative to their activity level, it is recommended that nutritional 
education for athletes, athletic trainers, and coaches focus upon the benefits and requirements of protein. 
Further, in order to achieve optimal results, it is likely necessary to individualize protein supplementation 
recommendations relative to an athlete’s baseline nutritional intake and activity level.  
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