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ABSTRACT 

THOMAS H. HOOVER 

THE EFFECT OF WHEY PROTEIN ON INSULIN AND GLUCOSE RESPONSES IN 
RECREATIONALLY ACTIVE MALES 

 

AUGUST 2017 

The objective of the study was to analyze the insulinotropic and glycemic 

responses of hydrolyzed whey protein concentrate (WPH) in comparison to its intact 

form, whey protein concentrate (WPC), and carbohydrate control (CHO) in recreationally 

active young men over a 3-hr postprandial period.  Thirteen subjects aged 23±2.3y 

(mean±SEM) participated in a single-blind, randomized, crossover design study.  Blood 

was analyzed for both rate of insulin and glucose responses as well as calculated area 

under the curve (AUC) values to compare differences between trials.  WPH and WPC 

glycemic responses did not significantly differ from each other, but did differ from CHO 

(p<0.05). While peak insulin values were greatest following CHO ingestion 

(34.24±µIU/mL) (p<0.05), ingestion of WPH resulted in a greater peak insulin response 

(23.05±µIU/mL) 10 minutes sooner than WPC’s peak value (21.25±µIU/mL) (p=0.146), 

however, the difference was not statistically significant.  In conclusion, WPH may 

increasingly augment muscle protein synthesis compared to WPC.  
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CHAPTER I 

INTRODUCTION 

 Citius, Altius, Fortius, which is Latin for “Faster, Higher, Stronger,” is the 

Olympic motto, coined by Baron Pierre de Coubertin, after hearing a speech by Bishop 

Ethelbert Talbot at a service for Olympic champions during the 1908 Olympic 

Games.   These three words are commonly used by those who are committed to positive 

physical outcomes related to fitness and/or nutrient supplementation.  Often individuals 

use at least one source of protein to supplement their workouts or calorie-restricted diets.  

Athletes with goals of improved performance while losing fat mass need to ingest 2.3 – 

3.1g of protein per kg lean soft tissue (LST) to achieve their goals (Helms, Zinn, 

Rowlands, & Brown, 2014).  Protein, one of the three macronutrients, is the building 

block for many metabolic processes within the body, including muscle protein synthesis 

(MPS) (Moore et al., 2015).  Increased protein intakes once considered ‘harmful’ are 

becoming more common within the recreationally active population and those with 

metabolic disorders, not just among elite athletes.   

Increased protein intake is suggested/recommended to increase weight loss and 

decrease weight regain (Leidy et al., 2015; Pasiakos et al., 2013; Soenen, Martens, 

Hochstenbach-Waelen, Lemmens, & Westerterp-Plantenga, 2013).  Additionally, a diet 

high in protein also improves satiety and metabolism, including insulin regulation 
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(Eckerson, Lieb, Mullen, & Allen, 2015; Rietman et al., 2014).   Satiety, the feeling of 

fullness, is measured by the length of time from the cessation of one meal to the 

beginning of the next.  Improved satiety can reduce overall nutrient intake, and thus, 

promote weight loss (Morell & Fiszman, 2016).  Furthermore, meals rich in protein when 

compared to meals rich in glucose increase the thermic effect of food (TEF), a measure of 

an increase in metabolic rate, that results in an increase in 24-h energy expenditure 

(Dauncey & Bingham, 1983; Schwartz, Ravussin, Massari, O'Connell, & Robbins, 1985; 

Zed & James, 1985).  With an increased TEF, there may be a positive regulation of 

insulin (Ravussin et al. 1985) and moreover an increase in satiety (Crovetti, Porrini, 

Santangelo, & Testolin, 1998).   

Whey protein (WP), 20% of the total proteins found in milk, is a cheese waste by-

product manufactured by curdling cheese.  After the milk is cooled and pasteurized an 

enzyme, usually in the form of rennet, is introduced to the milk and the proteins are 

divided into whey and casein (80% composition of total milk proteins).  The resultant 

liquid whey is spray-dried into powder form (i.e. WPC).  To obtain the hydrolyzed form, 

WPH, the aforementioned liquid whey has its temperature and pH dropped. A protease 

enzyme is introduced, similar to pepsin in the human stomach, which hydrolyzes the 

proteins in whey.  This results in an increase in the bioactive peptides found in WPH in 

its powdered form.  As of 2017, the Global Whey Protein Market was valued at 6.1 

billion dollars.  By 2022, the market value is expected to grow 50% up to 9 billion 

dollars. 
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Whey proteins may be useful as an ergogenic aid by the physically active 

population and individuals wanting to lose or maintain weight. Whey protein, as opposed 

to the other 80% of milk derived protein, casein, is associated with rapid gastric 

emptying.  Improved insulinotropic and glycemic responses have been observed after the 

ingestion of whey protein in healthy individuals (Calbet & Holst, 2004; Clasessens, Saris,  

& van Baak, 2008; Power, Hallihan, & Jakeman, 2008).  Even more striking than 

improved insulinotropic and glycemic responses are the digestive effect following WP 

intake.  Bioactive peptides when combined with amino acids that comprise WP, induce 

positive stimulation of several gut hormones, such as glucagon-like peptide-1 (GLP-1) 

and peptide tyrosine-tyrosine (PYY), reducing energy intake by decreasing appetite 

(Jakubowicz & Froy, 2013).  These responses may be beneficial in a healthy population. 

 When compared to a carbohydrate drink, a WP preload to a meal can slow gastric 

emptying time of a food bolus containing carbohydrate following a preload, thus 

prolonging the glucose absorption time and keeping blood glucose levels within an 

optimal range (≤180mg/dL two hours postprandial) (Calbet & Holst, 2004; Jakubowicz & 

Froy, 2013). Whey protein hydrolysate (WPH), which is protein partially broken down 

by enzymatic hydrolysis, reduces gastric emptying time even more when compared to 

intact whey protein concentrate (WPC) (Calbet & Holst, 2004).  However, altered rates of 

gastric emptying caused by intact and hydrolyzed proteins is not directly related to the 

amount of insulin secreted.  The insulinotropic effect observed by ingestion of WPH, as 

compared to WPC, may be explained by the faster absorption of amino acids in the small 
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intestine (Calbet & MacLean, 2002).  Based on these findings, more research is 

warranted to examine how the different types of whey protein supplementation alone can 

effect both insulinotropic and glycemic responses. 

Problem Statement 

  A healthy diet, while ideal for improving health, quality of life, and/or 

performance, may include the addition of functional foods or supplements in some 

individuals.  Unfortunately, many functional or “ready-to-eat” foods are usually high in 

saturated fats and simple sugars. However, in recent years, high-protein-based dietary 

choices are more readily-available by way of “ready-to-eat” pre-made meals, bars, drinks, 

and powders. The mixture of the protein used (i.e. type, TEF response, amino acid 

content, etc.) may play an important role in metabolism to benefit the overall health of 

individuals, especially when compared to “ready-to-eat” foods. 

The rate of appearance of insulin and glucose in the blood is significantly greater 

with WPH compared to WPC when each is consumed simultaneously with an equal 

(25g/L) carbohydrate (CHO) concentration source (Calbet & MacLean, 2002).  

Additionally, WPH, in contrast to WPC and CHO, significantly promotes fat loss in 

healthy young males (Lockwood et al., 2016).  Yet, to our knowledge, there has been no 

research comparing the effect of WPH and WPC on postprandial insulin and glucose 

responses. 

 

 



5 
 

Hypotheses 

This study will examine the effect of a whey protein hydrolysate (WPH) compared to 

whey protein concentrate (WPC) and a carbohydrate placebo (CHO) on insulin and 

glucose metabolism over a 3-h period post ingestion in recreationally active young males.  

The hypotheses tested for this study will be: 

1) There will be a significant difference in blood glucose concentrations between 

placebo (CHO) and protein (WPH and WPC) treatments between WPH WPC 

over the duration of each trial (AUC). 

2) There will be a significant difference in blood glucose concentrations between 

placebo (CHO) and protein (WPH and WPC) treatments and between WPH and 

WPC at each postprandial time point. 

3) There will be a significant difference in blood insulin concentrations between 

placebo (CHO) and protein (WPH and WPC) treatments and between WPH and 

WPC over the duration of each trial (AUC). 

4) There will be a significant difference in blood insulin concentrations between 

placebo (CHO) and protein (WPH and WPC) treatments and between WPH and 

WPC at each time point postprandial. 

Limitations 

1. This study will only look at recreationally active young males, aged 18-30 years 

old. 

2. This study will be a single-blind design.  
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Significance of Study 

Whey proteins induce metabolic health benefits in healthy individuals.  Some 

benefits include but are not limited to improved glucose and hormone responses, weight 

loss, and delayed gastric emptying.  However, research comparing the metabolic effect 

between two forms of whey protein, such as WPH and WPC, have yet to be conducted.  

The purpose of this study was to observe how two different forms of whey protein may 

influence postprandial concentrations of insulin and glucose detectable in the blood of 

healthy, recreationally active males, aged 18 to 30 years old.   
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CHAPTER II 

REVIEW OF THE LITERATURE 

Protein Effects on Physiological Responses 

A diet high in protein has positive physiological benefits including, but not 

limited to, effects on metabolism, satiety, and weight maintenance (Calbet & Holst, 2004; 

Rietman et al., 2014; Soenen et al., 2013).   Active individuals use supplements and foods 

higher in protein to obtain their physical fitness goals (Smith-Ryan & Antonio, 2013; 

Helms et al., 2014).   

 Athletes not involved in resistance training, who are most successful losing fat 

mass consume the most protein (2.5 - 2.6g/kg of LST) (Helms et al.,2014).  Similarly, a 

diet higher in protein (20% of total calories) compared to a lower protein diet (15% of 

total calories) resulted in a 50% reduction in weight regain (fat mass alone) in men and 

women following a 4-wk calorie-restricted diet (Westerter-Plantenga et al., 2004).  The 

higher protein group also reported an increase in satiety (p<0.01).  Twelve healthy 

women aged 18-40y were divided into two groups consuming either a high protein diet 

(30% of total calories) or a low protein diet (10% of total calories) (Lejeune, Westerterp, 

Adam, Luscombe-Marsh, & Westerterp-Plantega, 2006).  Satiety was significantly 

greater (p<0.05) in the high protein diet group. 
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 In a population with large habitual protein intake (>6 months, 

1.87±0.26g/kg/day), an increased glucose-stimulated insulin secretion response (p=0.012) 

was observed when compared to a sex, age, and calorie intake-matched low habitual 

protein intake group (0.74±0.08) (Linn et al., 2000).  Similarly, individuals assigned to a 

weight loss program who were fed a higher protein diet (1.6g/kg/d) compared to a lower 

protein diet (0.8g/kg/d), showed stabilized blood glucose concentration and reduced 

postprandial insulin response (Layman, Shiue, Sather, Erickson, & Baum, 2003).   

Type of Protein Supplements 

 Many types of proteins can be found on the shelves of local supplement shops: 

animal based (milk, chicken, beef, cricket, etc.) and plant based (pea, soy, wheat, rice, 

etc.).  The consumer market is flooded with opinions about the best type of protein (van 

Vliet, Burd, & Van Loon, 2015).  A decreased insulin:glucagon ratio, an indication of 

increased anabolism compared to catabolism of lean soft tissue, was observed in those 

who ingested a soy- and pea-protein hydrolysate compared to a carbohydrate load 

(Clasessens, Calame, Siemensma, Saris, & van Baak, 2007).  The improved 

insulin:glucagon ratio indicates a positive change in postprandial substrate oxidation 

(Lejeune, Kovacs, & Westerterp-Plantenga, 2005) as well as cholesterol metabolism 

(Hubbard et al., 1989; McCarty, 1999; Sanchez & Hubbard, 1991).  While all claim to 

have the same MPS effects, plant protein sources have less MPS-promoting properties 

than do animal protein sources.  According to the Protein Digestibility Corrected Amino 

Acid Score (PDCAAS), a commonly used index of protein quality, there are only five 
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protein sources that have a score of “1.00,” indicating maximal support for skeletal 

muscle anabolism.  These five sources are milk, whey, egg, soy protein isolate and casein 

(Schaafsma, 2000).   

 When individuals are fed WP-based meals, the highest TEF response over a 330-

min postprandial period is observed, when compared to soy-, casein-, or CHO-

supplemented meals (Acheson et al., 2011).  The increased TEF response should produce 

the highest insulin response when individuals are supplemented with whey protein when 

contrasted with other proteins supplements (Ravussin et al., 1985).  Whey proteins also 

have incretin-inducing effects.  When compared to a branched-chain amino acid mixture 

(leucine, isoleucine, and valine), whey protein promotes as much as an 80% increase in 

gastric inhibitory polypeptide (GIP), resulting in an increased insulin release from the 

pancreas (Nilsson et al., 2007).  Additionally, increased GLP-1 has been linked with 

supplementation of whey protein and its insulinotropic effects (Jakubowicz & Froy, 

2013). 

Whey Proteins and Metabolism 

 In combination with an oral glucose bolus (50g), whey protein (20g) can reduce 

postprandial glycaemia significantly in healthy individuals when compared to no, 5 g, 

and 10 g of whey (p<0.001) (Petersen et al., 2009).  Gaudel et al. (2013) supplemented 

ob/ob mice with WPH, compared to a placebo, and observed a greater increase in blood 

glucose clearance (p<0.005), reduced hyperinsulinemia (p<0.005), and a restored 

glucose-induced insulin response (p<0.005). 
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As Calbet and MacLean (2002) theorized, an increased insulinotropic effect after 

dietary WPH supplementation may be caused by increased absorption of amino acids in 

the small intestine.  When compared to a glucose solution or a cow’s milk solution (with 

cow’s milk containing a complete milk protein concentration), both a pea protein 

hydrolysate and WPH elicited a 4-fold greater insulin response in six men and women 

(p<0.05).  Additionally, the rise in insulin caused by the two hydrolysate groups was 

closely related to the increase in total plasma amino acid concentration (p<0.05).  More 

importantly, the WPH intervention elicited an even greater 180-min postprandial total 

plasma amino acid concentration when compared to pea protein hydrolysate (p<0.05).  

WPH may be the best protein supplement in eliciting an insulin-increasing effect.  This 

implies that increased availability of blood amino acids to muscle tissue can not only 

promote MPS, but also reduce protein breakdown within the muscles. 

List of Terms (Glossary) 

Insulin – A pancreas-produced hormone that regulates amount of circulating glucose in 
the blood 

Glucose – A simple sugar that is the primary energy source in living organisms 

Satiety – The feeling of fullness 

Incretins – A group of metabolic hormones, such as Glucagon-Like Peptide-1 and Gastric 
Inhibitory Polypeptide, secreted to stimulate insulin release that in turn, lowers blood 
glucose. 

Protein Digestibility Corrected Amino Acid Score (PDCAAS) – A commonly used index 
of protein quality 

Gastric Emptying Rate – The rate at which food enters the stomach to the time it exits the 
stomach into the small intestine 
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Enzymatic Hydrolysis – a process in which enzymes, in combination with water, enable 
bond-cleavage in molecules 

Ergogenic Aid – Any substance that enhances physical or mental performance for 
competition or exercise 

Thermic Effect of Food (TEF) - The amount of energy expenditure above the resting 
metabolic rate associated with cost of food storage or processing of food    

https://en.wikipedia.org/wiki/Energy
https://en.wikipedia.org/wiki/Basal_metabolic_rate
https://en.wikipedia.org/wiki/Basal_metabolic_rate
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CHAPTER III 
 

METHODOLOGY 

Participants 

The specifics of the design of the study were thoroughly reviewed and approved 

by the Institutional Review Board at Texas Woman’s University, Denton, Texas (See 

Appendix A).  Twelve recreationally active males participated in this study.  Recruitment 

was via flyers placed around the Denton community and TWU campus, e-mails sent to 

TWU students, and by the snow-ball method.  A $100.00 incentive was provided for each 

participant upon completion of the study.  All individuals were informed of the potential 

for loss of confidentiality when using e-mail to transmit personal information related to 

the study.   Those interested contacted either the primary investigator or a member of the 

research team.  A member of the team then contacted potential subjects either via an e-

mail or phone call and asked a series of questions to determine if the individual qualified 

for the study (See Appendix B).  Inclusion criteria included being male, and 

recreationally active for at least a year.  If the individual answered the qualifying 

questions successfully, they were scheduled for an initial visit to the Pioneer Performance 

Clinic on TWU’s Denton campus.  After completion of the study, each subject visited 

campus a total of four times.  The subject was instructed to fast overnight and wear 

comfortable clothing without metal.  The individual provided informed consent (See 
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Appendix C), completed three questionnaires (See Appendix E), underwent 

anthropometric measurements, and completed an oral glucose tolerance test (OGTT).  

During the initial visit, the individual had opportunity to ask any questions about the 

study and stop participation at any time without penalty.   

Inclusion criteria for the study were:  

1) Male, aged 18-30 

2) Recreationally active as defined by the American College of Sports Medicine 

(exercise of some form for a minimum of 30 minutes at least two days per week) 

for at least the past year subsequent to participation in the study 

3) Considered healthy as determined by the health history questionnaire and physical 

activity readiness questionnaire (PAR-Q) 

4) Completion of a demographic questionnaire 

5) Provided informed consent 

6) A fasting blood glucose concentration of less than 100mg/dL during the initial visit 

7) A blood glucose concentration after an OGTT (75g) of less than 200mg/dL one 

hour post-ingestion and less than 140mg/dL two hours post-ingestion during the 

initial visit 

Exclusion criteria consisted of the following:  

1) A history of medical conditions that may significantly affect the outcome of the 

study cardiovascular disease, or any metabolic, renal, hepatic, or endocrine 

disorders 
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2) Drugs or nutritional supplements that may significantly affect the outcome of the 

study tobacco products, proteins, amino acids, thermogenic supplements, or 

ergogenic aids 

3) Unwilling to refrain from exercise, caffeine consumption, alcohol consumption, and 

follow a repeated diet 24 hours prior to a testing day 

4) Unwilling to refrain from heavy exercise bouts 48 hours prior to a testing day 

5) Regular consumption of ≥12 alcoholic drinks per week 

6) A BMI, calculated using height and weight, of greater than 30kg/m2 and/or a total 

body fat percentage of greater than 25% as measured by dual-energy x-ray 

absorptiometry (DXA) 

Study Design 

The study was a single blind, within-subjects design involving 12 recreationally 

active males.  The initial visit was scheduled any day of the week between 6:00AM to 

8:00AM.  During all visits, the participants were fasting (instructed not to consume any 

food or beverages other than water past 10:00PM the previous night).  The initial visit did 

not include a treatment phase, at which time participants provided informed consent, 

completed three questionnaires, anthropometric measurements, and an OGTT, respectively.  

Each participant, once meeting the inclusion criteria during the initial visit, came to the 

Pioneer Performance Clinic for three treatment visits (WPH, WPC, and CHO).  Each 

subsequent treatment visit was at least 72 h after the previous treatment.  During each 

treatment, a fasting blood sample was taken from the most prominent vein found on the 
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forearm using catheter insertion.  The catheter was left in during the entire visit (three hour 

intervention per visit) and was used to draw blood at the various time points after ingestion 

of each treatment beverage.   

Questionnaires 

Three questionnaires were administered to each participant once the informed 

consent was signed.  The first was a Health History Questionnaire used to assess state of 

health based on personal health experiences.  The second was a demographic questionnaire 

which categorizes an individual based on certain characteristics (age, ethnicity, etc.).  The 

third and final questionnaire each participant completed was a PAR-Q that determines 

physical readiness by identifying contraindications that may prevent beginning or 

continuing an exercise program. 

Anthropometric Measurements 

Once all paperwork was completed and turned into one of the research team 

members, the participant proceeded to the examination room in the Pioneer Performance 

Clinic where height and weight were measured and recorded in triplicate.  Height was 

assessed using a wall-mounted stadiometer (Perspective Enterprises, Portage, MI).  The 

participant removed shoes, stood with their heels against the wall, and with a straight 

posture, had height measured to the nearest tenth of a centimeter.  Weight was assessed 

using a standard physician’s scale with the participants’ barefoot and without excessive 

accessories (jacket, phone, wallet, hat, etc.). For inclusion in the study, as stated 
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previously, body mass index (BMI) was calculated using equation 1 (Keys, Fidanza, 

Karvonen, Kimura, & Taylor 1972): 

BMI = 𝑘𝑘𝑘𝑘
𝑚𝑚

 

Equation 1. 

Weight was recorded to the nearest tenth of a kilogram.  Recorded height and weight 

were used to determine body composition by a dual energy X-ray absorptiometry (DXA; 

Lunar Prodigy, enCORE software version 10, GE, Madison, WI).  DXA, which is the 

gold standard for body composition determination, was used to measure body fat 

percentage and lean soft tissue (LST) mass (lbs) of each participant.  LST was later used 

to calculate the amount of each subjects’ protein or placebo in the beverage consumed per 

trial using the following equation 2: 

Dose = 𝐿𝐿𝐿𝐿𝐿𝐿 (𝑙𝑙𝑙𝑙) / 2.205 = LST (kg) x 0.3 = g of product 

Equation 2. 

As shown in previous research, 0.3g whey protein product/kg of LST is the ratio at which 

maximal MPS occurs (Moore et al., 2015). 

Oral Glucose Tolerance Test (OGTT) 

Following completion of the initial anthropometric measurements, the OGTT was 

carried out.  Each participant had a finger prick measurement to determine fasting blood 

glucose using a glucometer (Freestyle Lite, Abbott Diabetes Care, Alameda, CA).  Once 

fasting glucose was determined, the participant then consumed a 10 oz drink (TRUTOL 

75, Thermo Fisher Scientific, Middletown, VA) containing 75g of glucose (dextrose) and 
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had blood glucose levels measured at one and two hours post-ingestion.  The participant 

was asked to remain seated and not move as much as possible to provide a more accurate 

OGTT response. 

24-Hour Dietary Recall 

At the end of the initial visit, a research team member instructed each participant 

how to complete the 24-hour dietary recall (See Appendix F).  Each participant was 

asked to record each food item and beverage consumed the 24 h prior to the first 

treatment visit. Replication of the journal was required before each subsequent visit 

before the treatment could begin.  The participants did not have any dietary restrictions 

while enrolled in the study.  However, they were asked to refrain from the consumption 

of alcohol, protein supplements, ergogenic aids, or amino acid supplements prior to each 

treatment visit.  Each participant was then scheduled for the first treatment visit if they 

met the inclusion criteria and were willing to follow the dietary guidelines of the study. 

Treatment Drinks 

Using LST data obtained from the DXA, 0.3g/kg of LST for each treatment 

powder was mixed with 300mL of water.  Treatment powders were a Whey Protein 

Concentrate consisting of ~80% protein concentration (WPC, Lacprodan SP-8011, Arla 

Foods, Viby J, Denmark), Whey Protein Hydrolysate, the hydrolyzed form of the WPC 

used (WPH, Lacprodan HYDRO365, Arla Foods, Viby J, Denmark), or placebo (0.3g/kg 

LST, CHO alone in the form of maltodextrin) (Maltrin M100, Grain Processing 

Corporation, Muscatine, IA).  Other ingredients of the drink included a non-nutritive 
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sweetener (50mg sucralose) and a natural vanilla flavor (636mg).  These added 

substances blinded participants from differences in taste between the three treatment 

powders.  All treatment drinks were controlled to be matched iso-calorically. 

Treatment Visits 

For the scheduled treatment visits, each participant was randomly assigned to 

treatment A (WPC), treatment B (WPH), or treatment C (CHO).  Upon arrival, anytime 

between 6:00AM and 8:00AM, the participant was asked if same 24-hr dietary meal was 

consumed prior to each visit.  If dietary intake was validated, the treatment trial then 

began.  A catheter was inserted by a trained phlebotomist and a baseline fasting blood 

sample (~12mL) was collected.  The same amount of blood was collected at each time 

point during the duration of the trial.  Subsequent to each blood draw, 3mL of blood was 

flushed out with saline (mixture of 0.9% sodium chloride in water) to avoid clotting 

between draws.  Of the 12mL, 7mL was pipetted into a serum collection tube (BD 

Vacutainer Serum Tube) and the remaining 5mL was pipetted into a plasma collection 

tube (BD Vacutainer K3 EDTA 12mg).  After a fasting blood sample was obtained, the 

participant consumed the entire treatment drink (300mL of water mixed with LST-

derived amount of treatment powder) as quickly as possible, not exceeding 3 minutes.  At 

the exact moment the participant finished the drink, blood was collected at time point (in 

minutes) “0.”  Subsequent blood was collected at time points 10, 20, 30, 45, 60, 90, 120, 

and 180 minutes.  During the duration of the treatment visit, the participant was lying on 

an examination table, with the exceptions of a 10 min break at time points 60 and 120 
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where the participant could walk around, drink some water, or use the restroom.  The 

designated serum (once clotting has occurred) and plasma blood samples were 

centrifuged (CR412, Jouan, Winchester, VA) for 15 min at 3000rpm.  Once spun, the 

remaining serum and plasma were aliquoted into microcentrifuge tubes and stored at -

80°C until analyses.   

Analytes 

Serum and plasma samples were thawed (~2 h) for determination of insulin and 

glucose concentrations.  Insulin (reported in µIU/mL) was assessed using serum samples 

by an enzyme-linked immunosorbent assay, or ELISA (Insulin ELISA, ALPCO, Salem, 

NH).  Glucose (reported in mg/dL) was assessed using plasma samples by a bio-

analytical instrument (YSI 2900D, YSI, Yellow Springs, OH). 

Statistical Analysis 

Descriptive statistics were used to describe continuous variables, such as mean 

age, height, body weight, BMI, fat mass, LST, and body fat percentage. Based on 

previous research of similar design conducted in our lab, a sample size of 10 subjects was 

determined to have sufficient power (≥0.80).  Using a trapezoidal method, the total area 

under the curve (AUC) was calculated for both insulin and glucose concentrations for 

each treatment.  To determine differences in mean glucose and insulin concentrations at 

each blood collection time point among treatments, a repeated measures ANOVA and 

Bonferroni post-hoc test were used. The same statistical methods were used to compare 

mean AUC glucose and mean AUC insulin among the treatment groups.  The software 
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used for the analyses in this study was the Statistical Packages for the Social Sciences 

(SPSS), version 24.0 (IBM Inc., Armonk, NY).  All data were reported as mean ± 

standard deviation.  The alpha value (α) was set at 0.05 and a p-value of less than 0.05 

was designated statistically significant.  
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CHAPTER IV 

RESULTS 

Participants 

 Total number of participants screened and met inclusion criteria for the study was 

twenty.  Of the twenty, seven were excluded for statistical analysis: two for exceeding 

200 mg/dL after the first hour of an OGTT, two for lack of compliance past the first visit, 

one who withdrew due to physical discomfort during the blood draws (dizziness), one 

who withdrew due to time constraints, and one whose data was thrown out for missing 

samples at the discretion of the researchers.  In conclusion, thirteen participants 

completed the entirety of the study, thus receiving compensation for their involvement.   

All subjects, except for one who came back at a later time to complete that same trial, 

complied with the 24-h dietary recall.  Participant demographics can be found in Table 1. 

 

 

 

 

 

 

Table 1 
 
Participant Demographics 
  Mean SD (±) Range 
Age (y) 23 2.8 19.0 - 28.0 
Height (cm) 175.1 8.8 162.5 - 190.5 
Weight (kg) 76.3 12.5 57.1 - 105.1 
BMI (kg/m2) 24.8 2.8 21.1 - 30.6 
Fat Mass (kg) 13.5 3.6 9.0 - 19.5 
Body Fat (%) 18.3 3.6 15.0 - 26.2 
LST (kg) 60.1 10.1 46.5 - 84.8 
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Glucose Response to Treatments 

 Glucose response graphs are presented in Figure 1.  A one-way ANOVA 

indicated no significant differences at baseline (BL) between each treatment (p=1.000), 

with a mean fasting glucose concentration of 83.4±0.27mg/dL for each treatment.  A two-

way, repeated measures ANOVA (Treatment*Time) detected a significant effect for 

treatment (F=34.477, p<0.001), time (F=15.930, p<0.001), and treatment*time 

(F=23.476, p<0.001).  Additionally, total mean AUC glucose values revealed a 

significant difference between treatments (F=21.046, p<0.001). 

 A Bonferroni post hoc analysis revealed a significant difference (p<0.05) between 

WPH and CHO treatments from time points 10 (min) to 60 (min).  Additionally, a 

significant difference (p<0.05) was found between the WPC and CHO treatments from 

time points 20 (min) to 60 (min).  It should be noted that the difference between WPC 

and CHO was p=0.10 at time point 10 (min).  There were no significant differences 

between the two protein trials (p>0.05).  Moreover, a pairwise comparison detected 

significant differences between CHO and the two protein treatments (WPC and WPH) 

(p=0.001 and p=0.003, respectively) regarding mean AUC glucose values.  However, 

there were no significant differences in total mean AUC values between the two protein 

trials (p=1.000). 
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Figure 1. A) Glucose concentrations in response to each treatment. B) Mean AUC 
glucose values in response to each treatment. * CHO significantly different from WPC 
(p<0.05); † CHO significantly different from WPH (p<0.05). CHO = Carbohydrate; WPH 
= Whey Protein Hydrolysate; WPC = Whey Protein Concentrate. 
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Insulin Response to Treatments 

 Insulin response graphs are presented in Figure 2.  There were no significant 

differences in fasting concentrations between WPC and WPH (p=0.986), WPC and CHO 

(p=0.455), or WPH and CHO (p=0.070).  At BL, mean fasting insulin concentration of 

3.44±0.90µIU/mL was observed for each treatment visit.  A two-way, repeated measures 

ANOVA (Treatment*Time) detected a significant effect for treatment (F=14.685, 

p<0.001), time (F=72.780, p<0.001), and treatment*time (F=10.040, p<0.001).  

Additionally, total mean AUC insulin values revealed a significant difference between 

treatments (F=15.401, p<0.001). 

 A Bonferroni post hoc analysis revealed a significant difference (p<0.05) between 

WPH and CHO treatments from time points 10 (min) to 30 (min).  A significant 

difference (p<0.05) was found between the WPC and CHO treatments from time points 

30 (min) to 180 (min).  Although there was no significant difference in insulin 

concentration at 20 min between WPH and WPC (p=0.146), the WPH peaked earlier and 

caused a greater insulin response than WPC.  Moreover, a there were significant 

differences in mean AUC insulin values between CHO and the two protein treatments 

(WPC and WPH) (p=0.003 and p=0.002, respectively).  However, there were no 

significant differences found between total mean AUC insulin values of the two protein 

trials (p=1.000). 
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Figure 2. A) Insulin concentrations in response to each treatment. B) Mean AUC insulin 
values in response to each treatment. * CHO significantly different from WPC (p<0.05);  
† CHO significantly different from WPH (p<0.05); ‡ WPH significantly different from 
WPC (p<0.05).  CHO = Carbohydrate; WPH = Whey Protein Hydrolysate; WPC = Whey 
Protein Concentrate. 
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CHAPTER V 

DISCUSSION 

 The current study is the first to compare the acute effects of WPH to its intact 

form (WPC) on insulin and glucose concentrations over time.  It was hypothesized that 

WPH would have an increased insulin response compared to WPC, as well as the CHO 

treatment compared with the two protein treatments.  In addition, it was proposed that 

WPH would decrease the glycemic response in comparison to WPC and CHO, as well as 

the two protein treatments compared with the CHO treatment based on previous studies 

(Calbet & Holst, 2004; Calbet & MacLean 2002; Gaudel et al., 2013; Jakubowicz & 

Froy, 2013; Kobayashi et al., 2016; Petersen et al., 2009). 

The current study concurs with previous findings that WPH induces an increased 

insulin response at a faster rate (peak insulin level at minute 20, 23.05µIU/mL) when 

compared to its non-hydrolyzed from of WPC (peak insulin level at minute 30, 

21.25µIU/mL) (Calbet & MacLean 2002; Morifuji et al., 2010).  However, there was no 

significant difference in insulin levels over the duration of the acute trial between the two 

protein treatments.  These results do not support our hypothesis.  CHO induced the 

highest peak insulin response at minute 30 (34.24 µIU/mL) and highest overall insulin 

response, based on total AUC, when compared to the two protein treatments.  Previous 

findings agree with our results that there would be a significant difference in insulin 

levels between the CHO and protein treatments (Calbet & MacLean, 2002).  As 
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hypothesized, the CHO treatment induced a significantly greater glycemic response when 

compared to the WPH and WPC treatments. However, there was no significant difference 

found in glycemic responses between the two protein treatments.  These results agree 

with previous research (Calbet & Holst, 2004; Gaudel et al., 2013; Jakubowicz & Froy, 

2013; Petersen et al., 2009).   

 Morifuji et al. (2010) stated, WPH contains bioactive peptides, including but not 

limited to lactokinins and lactorphins, that stimulate incretin and insulin responses, 

glucose uptake into the muscle, and glycogen synthesis.  In addition, WPH may also 

induce suppressive effects on muscle mass loss (Kobayashi et al., 2016).  It should be 

noted, however, that Kobayashi and colleagues (2016) used a rat model and acclimatized 

them with a 20% casein diet 1-wk before treatments of WPH, WPC, amino acid mixture, 

or continual casein diet.  This acclimatization may have induced some altered effects on 

the outcome of the study (i.e. changes in gut hormone stimulation and/or gastric 

emptying time) (Hall, Millward, Long, & Morgan, 2003).  Nevertheless, peak plasma 

amino acids are observed sooner with the ingestion of WPH compared with other 

proteins (Kobayashi et al., 2016; Morifuji et al., 2010).  Although plasma amino acids 

were not measured in the current study, it may be assumed, based off the finding of 

Calbet & MacLean (2002), that plasma amino acids peaked sooner following WPH 

treatment based on peak insulin response (minute 20) when compared to the WPC peak 

insulin response (minute 30). 
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 As shown in previous research, the major benefits of improved insulinotropic and 

glycemic responses in performance include decreased fatigue (Fueger et al., 2007) and 

increased MPS (i.e. muscle building) (Anthony, Anthony, Kimball, & Jefferson, 2001; 

Rich, Dickinson, Merriman, & Thule, 1998).  The current study indicated something 

close to results, in terms of a faster increase in peak insulin response with WPH treatment 

that could be warranted by those previously mentioned.  However, the results of the 

current study may support use of WPH, when compared to WPC and an iso-calorically 

matched CHO control, promoting improved insulinotropic responses.  Additionally, 

ingestion of a protein supplement (WPH or WPC) may improve glycemic responses by 

promoting the uptake of glucose into the muscles.  Overall, the results point toward use 

of WPH or WPC as complementary interventions for achieving performance and/or 

weight management goals.  However, more research is needed to validate current results 

or indicate significant differences in peak insulin rates between WPH and its intact form, 

WPC. 

Possible Limitations 

There were multiple possible limitations.  First, the study was only included 

males, age range 18-30 years of age.  This decision was to control for hormonal 

fluctuations in females with menstrual cycle that can impact physiological/metabolic 

response following protein or CHO ingestion.  While there are minor differences reported 

between aged-matched sexes on whey protein supplementation (Burd, Tang, Moore, D, 

& Phillips, 2009), multiple studies implicate a specific age that may alter the amount of 



29 
 

protein supplementation needed to induce certain metabolic responses (Drummond et al., 

2008; Paddon-Jones et al., 2004; Pennings et al., 2011).  The results from this study may 

not hold true in an elderly population.  Second, the current study used a single-blind 

design where the researchers knew the contents of each treatment for that given trial.  A 

double-blind design would have been ideal to eliminate experimenter bias.  Third, the 

current study only gathered data from an acute response to a WP supplement.  As shown 

in previous research, prolonged WP supplementation may cause different results on 

insulinotropic and glycemic responses (i.e. improved baseline responses over time) 

(Coburn et al., 2006; Gaudel et al., 2013; Pal, Ellis, & Dhaliwal, 2010).  However, the 

previous studies mentioned are either in a mouse model (Gaudel et al., 2013), human 

resistance training (Coburn et al., 2006), or obese human subjects (Pal et al., 2010) which 

may include other underlying factors, such as impaired incretin response or degree of 

insulin sensitivity, that may have influenced their results.  These consist of non-human 

subjects, an initial muscle tissue breakdown, and impaired insulin and glycemic 

responses pre-intervention, respectively.  Lastly, the participants were asked to comply 

with the dietary recall as well as refraining from exercise the day before their designated 

treatment visit.  While an inpatient setting would have been preferred, the researchers had 

limited control over these variables (verbal conformation) and relied on honesty from the 

participants. 
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Future Research 

While this study revealed desired results, future research is needed to replicate 

results of this study as well as determine if there may be a significant difference between 

WPH and WPC regarding glycemic responses.  Additionally, this study should be 

repeated with a longer supplementation period (> 3-h) to determine if there is a 

significant difference in WPH supplementation over time compared to its intact from, 

WPC.  This potential application should be used not just in a healthy population but also 

in an obese and elderly population.  Also, there may be a positive benefit to using WPH, 

as opposed to WPC or whey protein isolate (WPI), as a preload to a meal.  Additionally, 

WPH, when compared to WPC and WPI, should be supplemented in conjunction with 

resistance training as there may be positive benefits associated with this application.   

Study Implications 

The results of the current study show multiple benefits in those looking to achieve 

the aforementioned “Faster, Stronger, Higher.”  The incorporation of WPH, as opposed to 

other types of protein supplements, in the diet of athletes, bodybuilders, and a 

recreationally active population could be important as they attempt to achieve their goals.  

With improved insulinotropic and glycemic responses, not only could this population 

profit but, other target populations as well.  WP supplementation, as a treatment, has been 

used in a wide array of clinical research studies including hypertension (Fekete, 

Giromini, Chatzidiakou, Givens, & Lovegrove, 2016), obesity (Allerton, Campbell, 

West, & Stevenson, 2016), cancer (Gillis et al., 2016), neural disorders (Tosukhowong et 
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al., 2016), metabolic syndrome (Alberti et al., 2009), and diabetes mellitus (Jakubowicz 

et al., 2014; Jakubowicz, Landau, Wainstein, Bar-Dayan, & Froy, 2016).  These previous 

findings, in conjunction with the current findings, may have potential applications in not 

only a sports nutrition setting but a disease-targeted setting as well. 

Conclusion 

It has been demonstrated that supplementing recreationally active young males 

with a whey protein in its hydrolyzed from, when compared to whey protein concentrate 

and an isocaloric-matched carbohydrate supplement, resulted in augmentation of both 

insulinotropic and glycemic responses under fasting and fed conditions. 
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APPENDIX A 

Approved IRB Form and Addendum 



If applicable, agency approval letters must be submitted to the IRB upon receipt prior to any data 
collection at that agency.  A copy of the approved consent form with the IRB approval stamp is 
enclosed. Please use the consent form with the most recent approval date stamp when obtaining 
consent from your participants. A copy of the signed consent forms must be submitted with the 
request to close the study file at the completion of the study. 

Any modifications to this study must be submitted for review to the IRB using the Modification 
Request Form. Additionally, the IRB must be notified immediately of any adverse events or 
unanticipated problems. All forms are located on the IRB website. If you have any questions, please 
contact the TWU IRB.

The above referenced study was reviewed at a fully convened meeting of the Denton IRB (operating 
under FWA00000178). The study was approved  on 1/28/2016. This approval is valid for one year and 
expires on 1/27/2017. The IRB will send an email notification 45 days prior to the expiration date with 
instructions to extend or close the study. It is your responsibility to request an extension for the study 
if it is not yet complete, to close the protocol file when the study is complete, and to make certain 
that the study is not conducted beyond the expiration date.

Approval for Acute Effects of Dairy and Plant Proteins on Blood Amino Acids, Glucose, 
Hormones, and Metabolism (Protocol #: 18840)

Re:

Institutional Review Board
Office of Research and Sponsored Programs
P.O. Box 425619, Denton, TX 76204-5619
940-898-3378
email: IRB@twu.edu
http://www.twu.edu/irb.html

January 29, 2016

Nutrition & Food Sciences

Dr. Nancy DiMarco

Institutional Review Board (IRB) - Denton

DATE:

TO:

FROM:

Dr. Shane Broughton, Nutrition & Food Sciencescc.
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February 25, 2016

Nutrition & Food Sciences

Notification of Approval for Modification for Acute Effects of Dairy and Plant Proteins on Blood 
Amino Acids, Glucose, Hormones, and Metabolism (Protocol #: 18840)

Re:

Dr. Nancy DiMarco

Institutional Review Board
Office of Research and Sponsored Programs
P.O. Box 425619, Denton, TX 76204-5619
940-898-3378
email: IRB@twu.edu
http://www.twu.edu/irb.html

Institutional Review Board - Denton

DATE:

TO:

FROM:

Extending the duration of testing by one hour each testing day.
Addition of PAR-Q screening survey attached
Modified Flyer attached.
Changes reflected on Consent Form

The following modification(s) have been approved by the IRB:
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APPENDIX B 

Initial Screening Recruitment Email Script 

Follow-up Screening Email 
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Initial Screening Recruitment Script: 

Thank you for your interest in our research study. The project will be to determine how fast 
different proteins can be absorbed and how their absorption may or may not influence calorie burn 
and feelings of hunger, energy level, and bloating. To make this determination, we will ask you to 
consume either pea or whey protein or partially broken-down pea or whey protein with and without 
carbohydrate as a protein drink. After consuming the drink, 6 blood draws, 6 short questionnaires, 
and 5 measures of calorie burn will be conducted over approximately a 2-3 hour period. We will ask 
you to participate in at least 6 trial days (1 baseline visit and 5 visits consisting of the protein 
drinks), but you may participate in up to 13 visits (1 baseline visit and 12 visits consisting of the 
protein drinks). You will be compensated $100 for your participation in 6 visits or $200 for your 
participation in 13 visits. If you’d like to volunteer to participate, please include answers to the 
following questions in your response. Confidentiality is not guaranteed with email. Therefore as an 
alternative, you may schedule a time for a phone call or in-person meeting to go over these 
questions. 

1. Are you a male?
2. What is your age?
3. Are you allergic to dairy, whey, or pea? If so, which?
4. Do you consider yourself to be in good health?
5. Do you use tobacco of any form?
6. How many alcoholic beverages do you consume per week?
7. In what year did you begin regular exercise?
8. How many days per week do you currently exercise? (1)
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Follow-up Screening Email: 

We think you are a potential candidate for the study and would like to get to know a little more about 
you and your schedule for availability.  Please answer the following: 

1. What is a phone number you can be reached at (please indicate if cell/home/etc.) and what is your
preferred method of contact (email/text/phone)?

2. What is your current height and weight (approximately)?

3. Are you located near Denton? Do you have reliable transportation to get to TWU in the morning?

4. Do you currently take any supplements (vitamins, minerals, herbs, protein, amino acids, pre-
workout, etc.).  If so, which ones and how much/how often?

5. Keeping in mind that you will need to be fasted (no food/drink other than water) prior to your visit,
please list which mornings you are available to come in for testing (we will be scheduling start times
between 6-9am 7d/wk).

Thank you again for your interest, and we look forward to hearing from you! 
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Stamped Informed Consent 
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TEXAS WOMAN’S UNIVERSITY
CONSENT TO PARTICIPATE IN RESEARCH

Project Title: Acute Effects of Dairy and Plant Proteins on Blood Amino
Acids, Glucose, Hormones, and Metabolism

Principal Investigator:

Investigators’ email:

Nancy DiMarco, PhD, RDN, CSSD
Institute for Women’s Health
Jordan Joy, MS
ndimarco@twu.edu or jmjoyx@gmail.com

Investigators’ Phone: 940-898-2792 or 845-XXX-XXXX

Purpose of the Research Study
The primary purpose of this investigation is to study how fast the building blocks of protein
(amino acids) appear in the blood after drinking a partially broken down protein (whey-one
of the major proteins in milk) or pea. The secondary purpose is to determine how whey or
pea protein affects your calorie burn and also how hungry, sleepy, energetic, or bloated
you feel. You will be randomized into one of the 10 protein supplement trials, either 1)
whey protein, 2) pea protein, 3) hydrolyzed whey protein (partially digested protein), 4)
hydrolyzed pea protein (partially digested protein), 5) whey protein + carbohydrate, 6) pea
protein + carbohydrate, 7) hydrolyzed whey protein + carbohydrate, 8) hydrolyzed pea
protein + carbohydrate, 9) 0.3g/kg muscle mass carbohydrate, or 10) 0.6g/kg muscle
mass carbohydrate.
You were selected as a possible participant because you are a male aged 18 to 30
years, in good health, are a nonsmoker, consume fewer than 12 alcoholic beverages
per week, have reported consistent exercise (minimum 2 days per week) for the past 1
or more years, and are willing to involve yourself in the testing outlined in this consent
form. You also indicated you had no allergy to whey or pea protein.

Procedures
If you agree to be in this study, you will be asked to do the following:

� Participate in all testing sessions at their planned times. Testing times will all be 
during the morning Monday – Saturday and we will work to accommodate your
schedule when possible. Each protein supplement trial, of which there are 12 will
take 5 weeks to complete. Testing will occur once per week for 5 weeks,
including the preliminary visit.

� Consume the test beverages, which will consist of Protein supplements. Each
test beverage will consist of one of the following in a randomized order:

o 0.3g whey protein hydrolysate per kg lean soft tissue (LST), a measure of muscle mass
o 0.3g whey protein concentrate per kg LST
o 0.3g PurisPea 870H pea protein hydrolysate per kg LST
o 0.3g PurisPea 870 pea protein concentrate per kg LST
o treatment #1 + 0.3g/kg LST maltodextrin (a form of carbohydrate)
o treatment #2 + 0.3g/kg LST maltodextrin
o treatment #3 + 0.3g/kg LST maltodextrin

Approved by the 
Texas Woman's University 
Institutional Review Board 

Approved: January 28, 2016 
Modifications Approved: 

February 25, 2016 
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o treatment #4 + 0.3g/kg LST maltodextrin
o 0.3g/kg LST maltodextrin
o 0.6g/kg LST maltodextrin

o Each of these formulas would be mixed in 16 ounces of water.  You will
possibly consume one of these protein supplements during each test visit
in a randomized order. The amount of protein is adjusted for your
individual muscle mass, but you will not consume less than 20g protein.

� As a part of screening, it will also be required that you consume a 75g 
carbohydrate drink to determine your glucose tolerance. After an overnight fast,
you will come to the lab between 7 and 8 am and drink the carbohydrate drink.
You will have blood drawn at 0, 15, 30, 45, 60, 90 and 120 minutes and each
time ~10 mL of blood will be collected.

� Consume the same foods for 24 hours prior to each testing visit. A food record 
will be kept and analyzed to provide the diet you will consume prior to each trial.

� Blood samples will be collected at each visit using an indwelling catheter and 
correspond to immediately before and 10, 20, 30, 45, 60, 90, 120, and 180
minutes following protein supplement ingestion.

� Metabolic testing (resting metabolic rate, RMR) can only occur in the morning 
following a ten-hour, overnight fast. This test will occur during each visit before
and 30, 60, 90, 120, 150, and 180 minutes following ingestion of the protein
supplement. For this test, you will be asked to lie quietly on your back for 20
minutes, in a darkened room, while wearing a mask which will collect and
analyze your inspired and expired air.

� Questionnaires: You will be asked to complete a health history questionnaire,
demographic questionnaire, and visual analogue scale. These questionnaires will
take approximately 15 minutes to complete. The purpose of these questionnaires
is shown below.

Health History Questionnaire: The purpose of the health history questionnaire is to 
identify individuals who may need physician clearance prior to participation.
Additionally, the medical history questionnaire will be used to optimize safety
during exercise testing and participation in the program.

Par-Q: The purpose of the Par-Q (Physical Activity Readiness Questionnaire) is to 
screen for contraindications to exercise. Those who do not meet healthy criteria
will be excluded from this study

Demographic Questionnaire: The purpose of the demographic questionnaire is to 
characterize who is participating in the program.

Visual Analogue Scales: The purpose of the visual analogue scales are to 
determine your subjective feelings of hunger, energy, sleepiness, and bloatedness

Approved by the 
Texas Woman's University 
Institutional Review Board 

Approved: January 28, 2016 
Modifications Approved: 
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following supplement ingestion. These scales will be completed after each protein
supplement trial.

Approved by the 
Texas Woman's University 
Institutional Review Board 

Approved: January 28, 2016 
Modifications Approved: 

February 25, 2016 

Length of Participation
Total participation time will last about 24-44 hours over 5-11 weeks. During this time you 
will be asked to come in for the preliminary visit to ask questions, consent to begin 
additional screening procedures (height, weight, body fat, and glucose tolerance 
measures). The following 4 visits will consist of the protein supplement drinks, blood 
draws, metabolic testing, and visual analogue scales.
Potential risks: There exists the possibility of certain risks occurring during data 
collection and baseline measurements. They include blood draw discomfort of 
bruising and infection, loss of confidentiality, emotional discomfort in sharing 
personal information, embarrassment, hypoglycemia, nausea and fainting, latex 
allergy, and canopy discomfort.

Bruising: The risk of bruising resulting from blood draws is minimal due to this 
procedure being performed by trained personnel. Universal precautions and aseptic 
technique will be used during all blood draw procedures.  To minimize bruising, 
pressure will be applied to the site for approximately five minutes after each blood draw.

Infection: The risk of infection resulting from blood draws is minimal due to the 
procedures being performed by trained personnel. Universal precautions and aseptic 
technique will be used during all blood draw procedures. Sites for blood draws will be 
cleaned with alcohol immediately prior to each venipuncture. Each new needle that is 
opened will be disposed of in biohazard boxes immediately after use.

There exists the possibility of the loss of confidentiality as a potential risk of 
participation in this study. Confidentiality will be protected to the extent that is allowed 
by law. To minimize this risk, all data will be kept in a locked file cabinet. Data collection 
forms will be coded with a numerical system rather than your name. A single 
identification form will be used to link names with a numerical code. There is a potential 
risk of loss of confidentiality in all email, downloading, and internet transactions. This 
study is voluntary and you may discontinue at any time.

Emotional Discomfort in Sharing Personal Information: During the collection of 
personal information you may feel emotionally uneasy. To minimize emotional 
discomfort with the collection of this information, you will have the option to share this 
information with a research team member of the same sex.

Embarrassment: During the measurement of body composition, height and weight, you 
may feel embarrassed. To minimize embarrassment, you have the option to have 
measurements taken by a research team member of the same sex. Additionally, to 
ensure privacy, height and weight measurements will be conducted in a small private 
room located in the Pioneer Performance Clinic (HDB 011).

Hypoglycemia: Hypoglycemia (low blood sugar) may result from prolonged fasting. If 
you have signs of hypoglycemia during a testing session, the test will be terminated.
Signs of hypoglycemia include tremors, cold sweat, low body temperature, headache,
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confusion, hallucinations, bizarre behavior, convulsions, and coma. You will be given a
glass of orange juice and monitored until the signs of hypoglycemia subside.

Nausea and Fainting: If you feel nauseous or faint due to prolonged fasting, you will
also be asked to lie on your back on the floor with your feet elevated to alleviate these
symptoms.

Latex Allergy: The phlebotomist will wear gloves during all blood draws. Prior to the
first blood draw, you will be asked if you are allergic to latex.  If you inform the
phlebotomist that you are allergic to latex, non-latex gloves and tourniquet will be used.

Canopy Discomfort: During procedures that require the collection of CO
2 

and O
2
, the

participant’s head and face will be covered by a canopy which will be connected to the
metabolic cart. The canopy will be placed such that least amount of air leaks in or out of
the canopy. The participant will be expected to breathe normally/ quietly inside the
canopy without falling asleep for 30 min. Breathing in a closed space may cause
discomfort. To minimize discomfort, an appropriate amount of airflow will be maintained
inside the canopy. Participant will be checked on time and again to ensure ease of
breathing. Participants may experience anxiety while being inside the canopy. If they
do, they may discontinue the study.

The researchers will try to prevent any problem that could happen because of this
research. You should let the researchers know at once if there is a problem and they
will help you. However, TWU does not provide medical services or financial assistance
for injuries that might happen because you are taking part in this research.

Benefits of being in the study are:
Receiving free protein supplements in the form of whey protein or pea protein,
information on your body composition, and metabolism. You will receive $100 in
compensation at the conclusion of the study.

Voluntary Nature of the Study
Participation in this study is voluntary and as a participant, you have the right to
withdraw from the study at any time without penalty. Should you desire to withdraw from
the study at any point, you are entitled to be informed of any data collected from you
that has been analyzed at any time point.

All data with any personal identifiers will be destroyed at the conclusion of the study. All
identifiable data on paper will be shredded and data stored on the primary investigator’s
computer will be deleted from the hard drive.

Approved by the 
Texas Woman's University 
Institutional Review Board 

Approved: January 28, 2016 
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Contacts and Questions
If you have concerns or complaints about the research, the researcher(s) conducting
this study can be contacted at:

Nancy DiMarco
940-898-2792
ndimarco@mail.twu.edu

Jordan Joy
845-XXX-XXXX
jmjoyx@gmail.com

You will be given a copy of this signed and dated consent form to keep. If you are not
given a copy of this consent form or lose it and would like a replacement, please
request one. If you have any questions about the research study you should ask the
researchers; their phone numbers are at the top of this form. If you have questions
about your rights as a participant in this research or the way this study has been
conducted, you may contact the Texas Woman’s University Office of Research and
Sponsored Programs at 940-898-3378 or via e-mail at IRB@twu.edu.

Signature Date

Approved by the 
Texas Woman's University 
Institutional Review Board 

Approved: January 28, 2016 
Modifications Approved: 

February 25, 2016 
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If you would like to receive a summary of the results of this investigation, please
provide an address or email address to which this summary should be sent:
________________________________________
________________________________________
________________________________________

Participants Initials____

Approved by the 
Texas Woman's University 
Institutional Review Board 

Approved: January 28, 2016 
Modifications Approved: 

February 25, 2016 
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APPENDIX D 

Case Report Form 
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Case Report Form

Acute Effects of Dairy Proteins on Blood Amino Acids, 

Glucose, Hormones, and Metabolism

PARTICIPANT IDENTIFICATION NUMBER: ____________________ 

Texas Woman’s University 
Nutrition & Food Science 

Old Main Building 307 
Denton, TX 76204-5888 
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Forms to be filled out (check if completed)   Baseline measurements 

OGTT 

Blood Glucose measurements: 

DEXA 

Total Mass __________ 

BF % __________ 

LST __________ 

FM __________ 

BMC__________ 

BMI_________ 

Is BMI 30-34.99 kg/m2?  ☐  Yes  ☐  No 

If yes, is DEXA % BF < 25.0%?  ☐  Yes  ☐  No  (If no, participant does not meet inclusion criteria) 

GTT 

BASELINE (fasting) __________ 

Time administered __________ 

1-hr __________

2-hr __________

Calculated Treatment Dosage 

Dose = LST (lb) __________ / 2.205 = LST (kg) __________ x 0.3 = _______ g of PRO 

GIVE PARTICIPANT A FOOD LOG! 

Informed Consent _____ 

Health History Questionnaire 
_____ 

Demographic Questionnaire _____ 

PAR-Q _____ 

Height (in) _____   

Weight (lbs) _____  

BP _____ / _____      

DEXA (check if complete) _____ 

Randomization Order 

_____ , _____ , _____ 
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1-Day food log (make copy for participant file) _____    Treatment _____ 

Eligibility Check: no ex/alc/pro/caf for 24 hrs; no food/drink 10 hrs _____ 

Dose Administered __________ g 

Weight __________ 

BASELINE RMR (check if complete) _____ 

BASELINE VAS (check if complete) _____ 

BASELINE BLOOD (check if complete)  _____ 

Treatment administration (time) __________ 

Data Collection (check if completed) 

Blood draw 
(Predicted) 
Actual 

VAS RMR 
Cart Start Time (SW): 

0 min 

Continuous (note 
time/duration of any 

breaks) 

BREAK 1 
______________ 

BREAK 2 
______________ 

BREAK 3 
______________ 

10 min 
20 min 
30 min 
45 min 
60 min 
90 min 
120 min 
180 min 

Notes: 
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1-Day food log (check if replicated) _____     Treatment _____ 

Eligibility Check: no ex/alc/pro/caf for 24 hrs; no food/drink 10 hrs _____ 

Dose Administered __________ g 

Weight __________ 

BASELINE RMR (check if complete) _____ 

BASELINE VAS (check if complete) _____ 

BASELINE BLOOD (check if complete)  _____ 

Treatment administration (time) __________ 

Data Collection (check if completed) 

Blood draw 
(Predicted) 
Actual 

VAS RMR 
Cart Start Time (SW): 

0 min 

Continuous (note 
time/duration of any 

breaks) 

BREAK 1 
______________ 

BREAK 2 
______________ 

BREAK 3 
______________ 

10 min 
20 min 
30 min 
45 min 
60 min 
90 min 
120 min 
180 min 

Notes: 
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1-Day food log (check if replicated) _____ Treatment _____ 

Eligibility Check: no ex/alc/pro/caf for 24 hrs; no food/drink 10 hrs _____ 

Dose Administered __________ g 

Weight __________ 

BASELINE RMR (check if complete) _____ 

BASELINE VAS (check if complete) _____ 

BASELINE BLOOD (check if complete) _____ 

Treatment administration (time) __________ 

Data Collection (check if completed) 

Blood draw 
(Predicted) 
Actual 

VAS RMR 
Cart Start Time (SW): 

0 min 

Continuous (note 
time/duration of any 

breaks) 

BREAK 1 
______________ 

BREAK 2 
______________ 

BREAK 3 
______________ 

10 min 
20 min 
30 min 
45 min 
60 min 
90 min 
120 min 
180 min 

Notes: 



61 

APPENDIX E 

Health History Questionnaire 

Demographic Questionnaire 

PAR-Q 



IWH Wellness & Sport Evaluation Program 
Health Questionnaire 

Name ______________________________________________________________________ Date ____/____/20_______
(Last) (First) (Middle)

Circle One Notes 
(1) Have you been under the care of a physician during the past 2 years? Yes No 
(2) Are you allergic to penicillin, any drugs, medicine, or latex? Yes No 
(3) Have you ever had excessive bleeding which required special treatment? Yes No 
(4) Women: Is there a chance you might be pregnant? Yes No 
(5) Women: Are you taking any birth control medication? Yes No 
(6) Have you had adverse reaction to local anesthetics? Yes No 
(7) Do you use recreational drugs?______ If yes, what?__________________________________
(8) Do you use tobacco? ______ If so, what form? ________________________________
(9) Date of last medical exam ____________________
(10) Circle Yes to any of the following which you have had or have at present. Circle No to those that you have not had.

Yes No High Blood Pressure 
Yes No High Blood Cholesterol 
Yes No Chest Pain or Pressure (Angina) 
Yes No Heart Disease or Attack 
Yes No Heart Pacemaker 
Yes No Heart Failure 
Yes No Heart Surgery 
Yes No Fainting or Lightheadedness 
Yes No Artificial Heart Valve  
Yes No Congenital Heart Lesions 
Yes No Mitral Valve Prolapse 
Yes No Stroke 
Yes No Transient Ishemic Attack 
Yes No Lupus 
Yes No Rheumatic Fever 
Yes No Scarlet Fever 
Yes No Chronic Fatigue 
Yes No Artificial Joints 
Yes No Kidney Dialysis 
Yes No Kidney Disease 
Yes No Eating Disorder 
Yes No Rheumatoid Arthritis 
Yes No Arthritis  
Yes No Chronic Head, Neck, or Back Pain 
Yes No Diabetes Requiring Insulin 
Yes No Diabetes Not Requiring Insulin 
Yes No Hypoglycemia 
Yes No Hyperthyroidism (High) 
Yes No Hypothyroidism (Low) 
Yes No Ulcers 
Yes No Pulmonary Disease 

Yes No Unexplained Shortness of Breath 
Yes No Chronic Cough or Bronchitis 
Yes No Tuberculosis (TB) 
Yes No Emphysema 
Yes No Asthma 
Yes No Hay Fever 
Yes No Allergies or Hives  
Yes No Sinus Trouble 
Yes No Cancer 
Yes No Leukemia or Lymphoma 
Yes No Radiation or Chemotherapy 
Yes No Anemia 
Yes No Bruise Easily 
Yes No Bleeding Disorders  
Yes No Sickle Cell Disease 
Yes No Alcoholism 
Yes No Drug Addiction 
Yes No Blood Transfusion 
Yes No Liver Disease 
Yes No Yellow Jaundice 
Yes No Hepatitis 
Yes No AIDS / HIV Infection 
Yes No Cold Sores / Fever Blisters 
Yes No Psychiatric Treatment 
Yes No Depression / Bipolar 
Yes No Nervousness / Anxiety 
Yes No Dizzy Spells  
Yes No Epilepsy or Seizures 
Yes No Condition Requiring Cortisone Medicine 
Yes No Glaucoma 
Yes No Spine or Hip Fractures 
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Medication/Dosage/Date Started/Reason _______________________________________________________________________ 

Medication/Dosage/Date Started/Reason _______________________________________________________________________ 

Medication/Dosage/Date Started/Reason _______________________________________________________________________ 
Please list all non-prescription medication or vitamins or nutritional supplements you are currently taking. 

Name/Dosage/Date Started/Reason ______________________________________________________________________________ 

Name/Dosage/Date Started/Reason ______________________________________________________________________________ 

Name/Dosage/Date Started/Reason ______________________________________________________________________________ 

Name/Dosage/Date Started/Reason ______________________________________________________________________________ 

Name/Dosage/Date Started/Reason ______________________________________________________________________________ 

Name/Dosage/Date Started/Reason ______________________________________________________________________________ 

List all surgical procedures that you have had in the past. 

Year  __________ Type of Surgery/Reason _____________________________________ 

Year  __________ Type of Surgery/Reason _____________________________________ 

Year  __________ Type of Surgery/Reason _____________________________________ 

Year  __________ Type of Surgery/Reason _____________________________________ 

List all hospitalizations of 24 hours or more for any reason. 

Year  __________ Reason for hospitalization _____________________________________ 

Year  __________ Reason for hospitalization _____________________________________ 

Year  __________ Reason for hospitalization _____________________________________ 

Year  __________ Reason for hospitalization _____________________________________ 

Other Health Information 

Please use this space to record any other personal health information that was not listed above. 
_________________________________________________________________________________________________________ 

_________________________________________________________________________________________________________ 

"I Attest To The Fact That The Information Given Above Is Correct And I Consent To Receive Clinical Services." 

____________________________________________ 
(Parent or Guardian must sign for patient under age 18.)
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IWH Wellness & Sport Evaluation Program 
Demographic Questionnaire 

Name: __________________________________________________________________________      Date: _____/_____/20______
(Last) (First) (Middle)

Phone: (_____) __________________________ Email: _______________________

Address: _______________________________ City _________________________ ST ______ Zip ________ 

How would you prefer we contact you? ❑ Phone ❑ Email ❑ Mail

Date of Birth: _____ / _____ / ______ Gender: ❑ Male ❑ Female

Ethnicity: (Check all that apply) 

❑ African American
❑ American Indian
❑ Asian/Pacific Islander

❑ Caucasian (non-Hispanic)
❑ Hispanic
❑ Scandinavian

❑ Other:
______________________________

What is the highest level of education you have attained? (Please mark only one) 

❑ Less than a high school diploma 
❑ High school graduate
❑ Some college or technical

training 
❑ Associate’s degree or equivalent
❑ Bachelor’s degree

❑ Graduate degree

What is your present work situation? (Check all that apply) 

❑ Employed full-time
❑ Employed part-time
❑ Semi-retired
❑ Fully-retired

❑ Self-employed
❑ Unemployed
❑ Homemaker
❑ Student

❑ On disability
❑ Other:
______________________________

Are or were you a student at Texas Woman’s University? 

❑ Yes, I am a current student ❑ No ❑ I am a TWU alumnus

Are you a current employee of Texas Woman’s University? 
❑ Yes ❑ No

Emergency Contact: 

Name: ____________________________________________________ Phone: (_____) __________________________

Please provide the name of your physician. 

Name: ____________________________________________________ Phone: (_____) __________________________ 
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Physical Activity Readiness Questionnaire (PAR-Q) and You
Regular physical activity is fun and healthy, and increasingly more people are starting to become more 

active every day.  Being more active is very safe for most people.  However, some people should check with 
their doctor before they start becoming much more physically active.

If you are planning to become much more physically active than you are now, start by answering the 
seven questions in the box below.  If you are between the ages of 15 and 69, the PAR-Q will tell you if you 
should check with your doctor before you start.  If you are over 69 years of age, and you are not used to being 
very active, check with your doctor.

Common sense is your best guide when you answer these questions.  Please read the questions carefully 
and answer each one honestly:

Check YES or NO:

Informed use of the PAR-Q: Reprinted from ACSM’s Health/Fitness Facility Standards and Guidelines, 1997 by American College of Sports Medicine

NO to all questions Delay becoming much more active:
If you are not feeling well because of a temporary 
illness such as a cold or a fever – wait until you feel 
better; or
If you are or may be pregnant – talk to your doctor 
before you start becoming more active.

Please note:  If your health changes so that you then answer YES to 
any of the above questions, tell your fitness or health professional.

Ask whether you should change your physical activity plan.

YES to one or more questions

If

you

answered:

If you answered NO honestly to all PAR-Q 
questions, you can be reasonably sure that you can:

Start becoming much more physically 
active – begin slowly and build up 
gradually.  This is the safest and 
easiest way to go.
Take part in a fitness appraisal – this 
is an excellent way to determine your 
basic fitness so that you can plan the 
best way for you to live actively.

YES NO

1. Has your doctor ever said that you have a heart condition and that you should only do

physical activity recommended by a doctor?

2. Do you feel pain in your chest when you do physical activity?

3. In the past month, have you had chest pain when you were not doing physical activity?

4. Do you lose your balance because of dizziness or do you ever lose consciousness?

5. Do you have a bone or joint problem that could be made worse by a change in your

physical activity?

6. Is your doctor currently prescribing drugs (for example, water pills) for your blood

pressure or heart condition?

7. Do you know of any other reason why you should not do physical activity?

Talk to your doctor by phone or in person BEFORE you start becoming much more physically active 
or BEFORE you have a fitness appraisal.  Tell your doctor about the PAR-Q and which questions 
you answered YES.

You may be able to do any activity you want – as long as you start slowly and build up 
gradually.  Or, you may need to restrict your activities to those which are safe for you.  Talk 
with your doctor about the kinds of activities you wish to participate in and follow his/her 
advice.
Find out which community programs are safe and helpful for you.
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APPENDIX F 

24-Hour Dietary Recall Food Log
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24 Hour Dietary and Sleep Record 
Breakfast Serving 

Size 
Lunch Serving 

Size 
Dinner Serving 

Size 

Morning 
Snacks 

Serving 
Size 

Afternoon 
Snacks 

Serving 
Size 

Evening/Bed 
time Snacks 

Serving 
Size 
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Physical Activity Readiness Questionnaire (PAR-Q) and You
Regular physical activity is fun and healthy, and increasingly more people are starting to become more 


active every day.  Being more active is very safe for most people.  However, some people should check with 
their doctor before they start becoming much more physically active.


If you are planning to become much more physically active than you are now, start by answering the 
seven questions in the box below.  If you are between the ages of 15 and 69, the PAR-Q will tell you if you 
should check with your doctor before you start.  If you are over 69 years of age, and you are not used to being 
very active, check with your doctor.


Common sense is your best guide when you answer these questions.  Please read the questions carefully 
and answer each one honestly:


Check YES or NO:


Informed use of the PAR-Q: Reprinted from ACSM’s Health/Fitness Facility Standards and Guidelines, 1997 by American College of Sports Medicine


NO to all questions Delay becoming much more active:
If you are not feeling well because of a temporary 
illness such as a cold or a fever – wait until you feel 
better; or
If you are or may be pregnant – talk to your doctor 
before you start becoming more active.


Please note:  If your health changes so that you then answer YES to 
any of the above questions, tell your fitness or health professional.


Ask whether you should change your physical activity plan.


YES to one or more questions


If


you


answered:


If you answered NO honestly to all PAR-Q 
questions, you can be reasonably sure that you can:


Start becoming much more physically 
active – begin slowly and build up 
gradually.  This is the safest and 
easiest way to go.
Take part in a fitness appraisal – this 
is an excellent way to determine your 
basic fitness so that you can plan the 
best way for you to live actively.


YES NO


1. Has your doctor ever said that you have a heart condition and that you should only do
physical activity recommended by a doctor?


2. Do you feel pain in your chest when you do physical activity?


3. In the past month, have you had chest pain when you were not doing physical activity?


4. Do you lose your balance because of dizziness or do you ever lose consciousness?


5. Do you have a bone or joint problem that could be made worse by a change in your 
physical activity?


6. Is your doctor currently prescribing drugs (for example, water pills) for your blood 
pressure or heart condition?


7. Do you know of any other reason why you should not do physical activity?


Talk to your doctor by phone or in person BEFORE you start becoming much more physically active 
or BEFORE you have a fitness appraisal.  Tell your doctor about the PAR-Q and which questions 
you answered YES.


You may be able to do any activity you want – as long as you start slowly and build up 
gradually.  Or, you may need to restrict your activities to those which are safe for you.  Talk 
with your doctor about the kinds of activities you wish to participate in and follow his/her 
advice.
Find out which community programs are safe and helpful for you.
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active every day.  Being more active is very safe for most people.  However, some people should check with 
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illness such as a cold or a fever – wait until you feel 
better; or
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any of the above questions, tell your fitness or health professional.


Ask whether you should change your physical activity plan.
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If
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answered:


If you answered NO honestly to all PAR-Q 
questions, you can be reasonably sure that you can:


Start becoming much more physically 
active – begin slowly and build up 
gradually.  This is the safest and 
easiest way to go.
Take part in a fitness appraisal – this 
is an excellent way to determine your 
basic fitness so that you can plan the 
best way for you to live actively.


YES NO


1. Has your doctor ever said that you have a heart condition and that you should only do
physical activity recommended by a doctor?


2. Do you feel pain in your chest when you do physical activity?


3. In the past month, have you had chest pain when you were not doing physical activity?


4. Do you lose your balance because of dizziness or do you ever lose consciousness?


5. Do you have a bone or joint problem that could be made worse by a change in your 
physical activity?


6. Is your doctor currently prescribing drugs (for example, water pills) for your blood 
pressure or heart condition?


7. Do you know of any other reason why you should not do physical activity?


Talk to your doctor by phone or in person BEFORE you start becoming much more physically active 
or BEFORE you have a fitness appraisal.  Tell your doctor about the PAR-Q and which questions 
you answered YES.


You may be able to do any activity you want – as long as you start slowly and build up 
gradually.  Or, you may need to restrict your activities to those which are safe for you.  Talk 
with your doctor about the kinds of activities you wish to participate in and follow his/her 
advice.
Find out which community programs are safe and helpful for you.







