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ABSTRACT 
 

Nelson, A. Z. The long-term effects of pre-workout supplementation on resting energy 
expenditure and body composition in recreationally active females. MS in Clinical 
Exercise Physiology, December 2017, 63pp. (A. Jagim) 
 
Multiple ingredient pre-workout supplements (MIPS) are purported to offer favorable 
acute metabolic changes potentially leading to improvements in body composition over 
time. However, there is limited information available regarding the long-term benefits, 
specifically in female populations. Therefore, the purpose of this study was to investigate 
the long-term effects of MIPS on body composition and resting energy expenditure 
(REE) in recreationally active females participating in a resistance training (RT) program. 
Nineteen females participated in a randomized, double-blind, placebo controlled study. 
Experimental testing included body composition and REE measurements before and after 
a seven-week RT program while ingesting either a MIPS or placebo daily. Subjects were 
further instructed to follow dietary intake recommendations to elicit moderate weight 
loss. There were no significant group x time interactions for body fat percentage 
(p=0.66), fat-free mass (p=0.87), fat mass (p=0.63), REE (p=0.52), or respiratory 
exchange ratio (p=0.40). Significant overall main effects for time were observed between 
pre and midway testing for increases in fat-free mass (p<0.001) and decreases in body fat 
percentages (p=0.03). In conclusion, the results of this study suggests that seven weeks of 
MIPS supplementation does not promote any favorable changes in body composition or 
REE when combined with a structured RT program.  
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INTRODUCTION 

 Recent evidence suggests that approximately 70% of adolescents and young 

adults admit to having used some type of sport related supplement at one point in time 

(Gonzalez et al., 2011; Mueller & Hingst, 2013; Froiland et al., 2004; Hoffman et al., 

2008). With such a high demand, numerous supplement manufacturers are continuing to 

formulate novel products, many of which contain multiple ingredients designed to 

provide a variety of benefits. One category of supplements in particular, referred to as 

multi-ingredient pre-workout supplements (MIPS), are shown to offer performance 

benefits such as increased peak power, mean power, and time till fatigue (Gonzalez et al., 

2011; Lowery et al., 2013). Theoretically, benefits are seen by each ingredient likely 

offering specific and individualized mechanisms of action such as increased 

thermogenesis, fat oxidation, and protein synthesis (Mueller & Hingst, 2013). These 

ingredients commonly include, but are not limited to: caffeine, beta-alanine, creatine, 

taurine, and branched chain amino acids (Gonzalez et al., 2011; Ormsbee et al., 2012; 

Vogel et al., 2015). 

 Some of these MIPS not only offer performance benefits but are marketed as 

thermogenic agents as well as a result of their ability to increase metabolic activity 

following ingestion (Campbell et al., 2016; Belza, Frandsen, & Kondrup, 2007). For 

example, studies have shown that supplements containing caffeine, a common ingredient 

in MIPS, have acute thermogenic benefits resulting in elevated energy expenditures at 

rest (Campbell et al., 2016; Belza, Frandsen, & Kondrup, 2007). Campbell and collea
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gues (2016) observed significantly increased resting metabolic rates at 60, 120, and 180 

minutes post ingestion of a thermogenic MIPS when compared to a placebo. 

Thermogenic MIPS are commonly marketed to enhance fat loss from the idea that over 

time, this acute increase in metabolic activity may lead to a decrease in body fat 

percentage by directly increasing total daily caloric expenditure (Campbell et al., 2016; 

Heywerd & Gibson, 2014). While there are many supplements promoting this concept, 

there are limited data on MIPS causing any long-term changes in resting energy 

expenditure (REE) leading to further decreases in body fat percentage.  

 In addition to limited data on the long-term effects of MIPS in regards to body 

composition and metabolic activity, the majority of MIPS studies conducted have focused 

primarily on males, with little data available on females. Therefore, the purpose of this 

study was to examine the effects of daily supplementation with a MIPS (Fitmiss™ 

Ignite™ MusclePharm, Denver, CO, USA) on changes in body composition and REE in 

recreationally active college-aged females while participating in a seven-week resistance 

training (RT) program. It was hypothesized that both groups would see an increase in 

REE, a decrease in fat mass (FM), and an increase in fat-free mass (FFM) but the changes 

would be significantly larger in the supplementation group. 
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METHODS 

Subjects 

 Twenty-nine recreationally active females between the ages of 18-30 were 

initially recruited to participate in this study. Seven subjects removed themselves from 

the study citing time conflicts. Recreationally active was defined as having been regularly 

physically active (1-2 exercise sessions per week) for at least six months prior to testing.  

Subjects could not have any contradictions to participation according to their medical 

history questionnaire. These contradictions included metabolic disorders, heart disease, 

arrhythmias, diabetes, thyroid disease, hypertension, hepatorenal, musculoskeletal, 

autoimmune, or neurological disease. Subjects would also not be allowed to participate if 

they were taking thyroid, anti-hyperlipidemic, hyperglycemic, anti-hypertensive, or anti-

inflammatory medications. Subjects must also not have taken nutritional or ergogenic 

supplements three weeks prior to testing, or have lost or gained more than 4.5 kilograms 

over the previous thirty days. Additionally, the medical questionnaire addressed the use 

of oral contraceptives. Subjects currently taking oral contraceptives were instructed to 

continue taking them until the end of testing and subjects currently not taking oral 

contraceptives were instructed to continue not using them until the end of testing. All 

subjects provided informed consent in compliance with the Human Subjects Guidelines 

and the Institutional Review Board of the University of Wisconsin – La Crosse. 

 

 



	 4	

Experimental Design 

This study utilized a randomized, double-blind, placebo controlled design. After

participant recruitment, participants attended an informational meeting to obtain informed 

consent and complete demographic, health history, and personal information forms. 

Participants were informed about the testing and training. All participants then completed 

a baseline testing session which included measurements of height, weight, body 

composition, REE, and respiratory exchange ratio (RER). After baseline testing, subjects 

were randomly assigned to one of two groups to consume one serving of supplement 

(MIPS) or placebo (PL), daily for seven weeks. All subjects also completed a 

standardized training program and were provided with nutritional guidelines. All 

participants also completed a weekly side effect questionnaire, answering questions 

regarding levels of energy, fatigue, focus, and if they successfully took their supplement 

and completed the RT program everyday that week. Following the seven-week training 

period, participants returned to the lab for post-testing, a session identical to baseline 

testing. Body composition measures were also taken during week 3.  

Testing Procedures 

 Subjects were instructed to report to the lab in a fasted (>8 hours) state with no 

prior exercise (>24 hours). Height and body mass were first measured using standard 

procedures for a Healthometer (Telstar LLC, Bridgeview, IL) scale. Indirect calorimetry 

was used for determination of REE and RER. Values were assessed using a TrueOne 

2400 metabolic measurement system (ParvoMedics, Sandy, UT). This test required 

subjects to lie in a supine position with a clear, plastic hood over their neck and head to 

determine resting oxygen uptake and energy expenditure. This test was approximately 
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twenty minutes long with data being collected after the first ten minutes, during a period 

of five minutes when criterion variables change less than 5%. The metabolic carts were 

calibrated prior to testing and in-between every five subjects. Following REE and RER 

testing, subjects had their body composition assessed using air displacement 

plethysmography (BODPOD, Cosmed, USA). Body fat percentage, FM, and FFM were 

assessed using body densities obtained from the BODPOD. To increase test accuracy, 

standardized volume calibrations were completed before each test. Additionally, subject 

attire during the test was standardized by requiring all subjects to wear only compression 

shorts, sports bras, and the provided BODPOD cap to fully cover subject’s hair. All 

jewelry was also removed.  

Supplementation Protocol 

 Subjects were randomly assigned to either the supplementation group or placebo 

group. The supplementation group consumed a commercially available MIPS (Fitmiss™ 

Ignite™ MusclePharm, Denver, CO, USA), while the control group consumed a placebo 

of similar texture and taste. Subjects were required to consume one serving thirty minutes 

before each exercise session and one serving following breakfast on recovery days.  

Dietary Intake Protocol 

 Subjects were asked to follow energy and macronutrient guidelines that were 

designed to elicit moderate weight loss (Helms, Aragon, & Fitschen, 2014). Daily caloric 

intake was based on the following equation: 

 

Daily Caloric Intake = (1.3* [10 x weight(kg) = 6.25 x height(cm) – 5 * age(years) – 161]) – 300kcals  
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The value 1.3 in the equation represents a “moderate or recreational” activity factor and 

the 300 kcals was used to help elicit moderate weight loss (Helms, Aragon, & Fitschen, 

2014). Participants were also instructed to consume 1.8 grams of protein per kilogram of 

bodyweight. Subjects were instructed to record their daily food intake using a 

commercially available nutrition tracking system (MyFitnessPal). To be included in the 

analysis, subjects were required to adhere to the given caloric intake guidelines (within 

75%) and a compliance rate of at least 5 of the 7 total weeks. Mean daily energy and 

macronutrient values were calculated and any subjects who did not meet compliance rate 

were removed from the study.  

Resistance Training Protocol 

 Training sessions consisted of full-body exercises at high intensities with short 

rest intervals. A variety of equipment was used including: kettlebells, Olympic bars and 

plates, dumbbells, medicine balls, resistance bands, and body weight exercises. There 

were three exercise sessions per week for seven weeks, each lasting approximately one 

hour. One of the three weekly sessions was completely body weight exercises with no 

equipment necessary to allow flexibility for the subjects’ schedules.  

 Following the American College of Sports Medicines guidelines for exercise 

prescription for RT to improve muscular fitness, each session consisted of a 5-10 minute 

warm-up, 8-10 full-body exercises, followed by a 5-10 minute cool down. Each exercise 

was completed for three sets of 8-12 repetitions (American College of Sports Medicine, 

2013). The amount of repetitions decreased throughout the study to allow for individual 

changes in load and progression. Load and progression were chosen by the subjects based 

on ability. Subjects were instructed to choose a load that made the last two repetitions of 
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each set difficult, but not impossible to complete. As the number of repetitions decreased 

throughout the program, subjects were to instructed to increase the load to continue to 

make the last two repetitions of each set difficult, but not impossible to complete. See 

Appendix D for the full seven-week RT program.  
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STATISTICAL ANALYSIS 

 Statistical analysis was completed using the software Statistical Package for the 

Social Sciences (SPSS Inc., Chicago, IL). Baseline values were assessed using an 

independent t-test to ensure statistical equality between the placebo and supplement 

groups. An independent t-test was additionally used to ensure statistical equality between 

the placebo and supplement groups mean training volume throughout the RT program. 

Changes over the course of the study were assessed with a two-way (group x time) mixed 

factorial analysis of variance (ANOVA) to determine group differences in body fat 

percentage, FM, FFM, REE, RER, and mean dietary intake. Alpha was set at p<0.05 to 

achieve statistical significance for all tests. If statistical difference was found, a Tukey’s 

post-hoc test was completed to determine where within group significance occurred. 

Additionally, if a Tukey’s post hoc test did not successfully determine where significance 

occurred, a Fisher’s post-hoc test was completed.  
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RESULTS 

 Due to inability to fulfill the 75% compliance rate for the dietary guidelines, three 

subjects were removed from the study. This resulted in 19 total subjects (MIPS; n = 9; 

PL; n=10). 

Body fat percentage 

 No time x group interaction (p=0.67) was observed regarding changes in body fat 

percentage. However, a significant main effect for time (p=0.03) was observed. A 

Fisher’s post-hoc test revealed that overall there was a significant decrease in body fat 

percentage from pre to midway testing as seen in Table 1.  

Fat-Free Mass 

 No time x group interaction (p=0.87) was observed regarding changes in FFM. 

However, a significant main effect for time was observed (p=0.00). A Tukey’s post-hoc 

test revealed that overall there was a significant increase in FFM from pre to midway 

testing as seen in Table 1.  

Fat Mass 

 No significant time x group interaction (p=0.63) or significant main effects 

(p=0.22) were observed regarding changes in FM as seen in Table 1.  
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Table 1. Changes in body composition. 
________________________________________________________________________  
 
               Supplement (n=9)     Placebo (n=10)     All Subjects (n=19) 
 
 
Body Fat %  
 Pre            29.1+6.79               28.0+7.28           28.5+6.87 
 Midway (week 3)             27.7+7.38                26.2+9.16                26.9+8.17* 
 Post                              27.6+6.77                27.2+8.17           27.4+7.33 
 Δ                        -1.5+0.02               -0.8+0.89            -1.1+0.46 
  
Fat-Free Mass (kg) 
 Pre                   47.8+6.26               47.2+5.22           47.5+5.58            
 Midway                  49.2+6.19        48.3+5.43           48.7+5.66* 
 Post                   49.0+5.95    48.0+5.27           48.5+5.46 
 Δ                      1.2+-0.31   -0.02+0.05             1.0+-0.12  
 
Fat Mass (kg) 
 Pre                   19.7+5.42    18.9+7.30           19.3+6.32 
 Midway                             19.0+5.67    18.6+8.04           18.8+6.83 
 Post                    18.8+5.32    18.7+8.10           18.7+6.74            
 Δ                -0.9+0.10                -0.2+0.80            -0.6+0.42            
 
* Denotes significant change from pre to midway and/or post testing (p<.05). 
# Denotes change in supplement group is significantly different than the placebo group 
(p<.05).  
(mean+SD) 
    
 
 

Resting Energy Expenditure 

 No significant time x group interaction (p=0.52) or significant main effects 

(p=0.24) were observed regarding REE as seen in Table 2. In addition, there was no 

change in RER for either group resulting in no significant time x group interaction 

(p=0.40) or significant main effects (p=0.98) as seen in Table 2.  
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Table 2. Changes in resting energy expenditure.  
________________________________________________________________________  
 
     Supplement (n=9)   Placebo (n=10) 
 
 
REE (kcals) 
 Pre    1631.6+189.60  1597.6+117.93 
 Post    1710.6+121.06   1621.3+153.71 
 Δ             79.0+68.54       23.7+35.78 
RER 
 Pre          0.80+.13       0.90+.14 
 Post          0.80+.04       0.90+.07 
 Δ                 0.00+.09       0.00+.07 
 
(mean+SD) 
 
 

Dietary Intake 

 No significant time x group interaction (p=0.08) was seen in regards to mean 

dietary intake. In addition, there were no significant main effects (p=0.21) as seen in 

Table 3.  

 
Table 3. Mean dietary intake. 
 
 
      Recommended      Week 1          Week 3                Week 7 
 
 
 
Supplement    1606.8+119.56      1736.8+276.32     1598.8+252.34     1508.7+257.34           
 
Placebo    1637.4+135.90      1465.1+195.98     1547.3+254.75     1489.6+223.19 
 
All Subjects      1623.0+125.45      1593.0+268.61     1571.6+247.00     1498.6+232.33  
 
(mean+SD) 
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Resistance Training 

 No significant differences in mean training volume (load x repetitions x sets) were 

observed between the supplement and placebo group at week 1 (p=0.10), week 3 

(p=0.85), or week 7 (p=.89) as seen in Table 4. 

 

Table 4. Mean training volume. 

 
    Week 1              Week 3              Week 7 
 
 
Supplement      16143.9+2940.89         17748.8+3958.82         16544.3+3096.42 
 
Placebo      19865.8+5785.08      18147.3+4870.01       16302.6+4356.61 
 
________________________________________________________________________ 
(mean+SD) 
 

Side Effects 

 Reported side effects included symptoms of a “tingling” (n=2) sensation and 

itching in the face and/or hands after ingestion the MIPS (n=3). No side effects were 

reported after taking the placebo. Nine subjects also reported missing one day of 

supplementation throughout the study but still fell within compliance rates. 
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DISCUSSION 

 The purpose of this study was to investigate the long-term effects of ingesting a 

MIPS (Fitmiss™ Ignite™ MusclePharm, Denver, CO, USA) on changes in body 

composition and REE in recreationally active females participating in a RT program. The 

results of this study suggest that Fitmiss™ Ignite™ did not result in any favorable 

changes in body composition or REE when compared to a placebo. 

 While the REE results of the current study were in contrast to the results of acute 

studies showing increases in REE (Campbell et al., 2016; Belza, Frandsen, & Kondrup, 

2007), our long-term results of supplementation creating no significant REE changes 

were consistent with those seen in a study by Armstrong, Johnson, and Duhme (2001). 

They found that after six weeks of ingesting a thermogenic supplement and completing 

an aerobic training program, no significant changes in REE were made (p=0.69) in obese 

adults. Furthermore, they saw no significant changes in body fat percentage (p=0.09) or 

FFM (p=0.55) (Armstrong, Johnson, & Duhme, 2001). These results suggest that acute 

increases in REE after MIPS ingestion did not lead to long-term increases in REE, which 

would then lead to further decreases in body fat percentage. Research of supplementation 

periods longer than 6 and 7 weeks could provide different results and a better 

understanding of the long-term effects of MIPS in regards to changes in REE.  

 The body composition results of this study were in contrast to those seen in 

similar studies (Lowery et al., 2013; Ormsbee et al., 2012; Shelmadine et al., 2009). One 

suspected cause for the inconsistency in results was the ingredients included in each 
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supplement studied. For example, research has claimed that creatine, an ingredient 

excluded from the MIPS used in the current study, can be the most influential ingredient 

to increase FFM (Shelmadine et al., 2009; Mueller & Hingst, 2013). Lowery and 

colleagues observed the effects of ingestion of a MIPS containing creatine for eight 

weeks while completing a RT program. It was found that the supplementation group had 

significantly greater (p<.01) increases in FFM (7.8%) when compared to the placebo 

(3.6%) (Lowery et al., 2013). Further, Ormsbee and colleagues investigated not only 

FFM when ingesting a MIPS containing creatine, but also FM and body fat percentage. 

After six weeks of supplementation and a RT program, they found a significantly greater 

increase in FFM in the supplement group of 4.7% when compared to the placebo group 

(p=0.02). Their groups also saw a significant decrease in body fat percentage (p=0.003), 

but with no significant changes in FM, the decrease in body fat percentage was attributed 

to the increase in FFM (Ormsbee et al., 2012). From the results of the mentioned studies, 

it is believed that the exclusion of certain ingredients such as creatine from the MIPS in 

the current study, could have prevented significant increases in FFM from being seen and 

therefore, also preventing further decreases in body fat percentage.  

 Beyond MIPS ingredients, differences in results seen could be attributed to 

subject compliance. Subjects were instructed to follow the recommended dietary 

guidelines to elicit moderate weight loss and to track their daily intake on MyFitnessPal 

to be used for data collection. Due to the inability to fulfill the 75% compliance rate, 

three subjects were dropped from the study. While there was no statistically significant 

group differences in daily caloric intake when compared to the recommended values, 

there was a trend of subjects getting further from the recommended caloric intake values 
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throughout the study in both groups. This suggests that subjects were not following the 

dietary recommendations as close as hoped to positively influence body composition. 

 Further, results may be limited because of subject size. Due to high drop out rates 

from recruitment to pre and post testing, the study only ended with nineteen subjects. 

Having a larger sample size could have protected against any Type 2 Error.  

 This study aimed to address unknown variables in the available research on 

MIPS, specifically for women and long-term effects. Overall, the results of this study 

showed that ingestion of a Fitmiss™ Ignite™ for seven weeks while completing a RT 

program had no favorable changes in body composition or REE. It is believed that the 

addition of certain ingredients such as creatine to Fitmiss™ Ignite™ could have 

promoted more favorable changes in body composition by increasing FFM, along with 

increases in subject size and compliance, and supplementation duration. In the future, 

more studies should be conducted combining the unknowns of MIPS to continue to 

investigate the effectiveness of MIPS on body composition and REE. 
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INFORMED CONSENT 
 
I,   _____________________________________   volunteer to participate in a research 
study being conducted by the University of Wisconsin – La Crosse.  
 
1. Purpose and Procedures 
 

• The purpose of this study is to determine the long-term effects of supplementation 
of MusclePharm Fitmiss Ignite on resting energy expenditure and body 
composition in recreationally active females. 

• My participation will require me to: 
o Follow a high-intensity resistance training program for 8 weeks 
o Consume 1 serving of placebo or Fitmiss Ignite 30 minutes prior to each 

training session and following breakfast on recovery dates 
o Complete two identical testing sessions (approximately 1 hour long), one 

pre and one post the training period of 8 weeks. Testing will be held in the 
Human Performance Lab in Mitchell Hall. Both testing sessions will be 
completed after fasting for 8 hours and refraining from exercise 24 hours 
prior to testing. The testing session will include: 

§ Height and weight measurements 
§ Resting Energy Expenditure and Respiratory Exchange Ratio: 

laying still for 20 minutes under a metabolic hood.   
§ Body composition: sitting still for an air displacement test in the 

BodPod 
o Reduce my caloric intake by 300 kcals to elicit moderate weight loss 
o Submit 4-day dietary logs at baseline, 4 weeks, and 8 weeks. Day-to-day 

nutritional logs will be performed using a free commercially available 
software (MyFitnessPal) 

• Research will be conducted by Anna Nelson, Clinical Exercise Physiology 
Graduate Student, under the direction of Dr. Andrew Jagim of the Department of 
Exercise and Sport Science.  

 
2.  Potential Risks 
 

• I may experience muscle fatigue and soreness and possibly musculoskeletal 
injuries from participating in the high intensity resistance training program 

• I may experience mild side-effects (dizziness, nausea, etc.) from supplementation 
but I will be given a weekly questionnaire on how well I tolerate supplementation 
and to report any side-effects. 

• I understand that the risk of serious or life threatening complications is very low 
in apparently healthy adults.  

• Testing will be stopped immediately if there are any complications or adverse side 
effects appear.  

 
3. Benefits 
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• As a participant in this study, I will learn my own resting energy expenditure and 
body composition levels. 

• I have the potential of seeing healthy weight loss.  
• I have the opportunity to participate in research to better the knowledge of 

exercise, sport science, and nutrition.  
 
4. Rights & Confidentiality 
 

• My participation is voluntary. I can choose to discontinue my involvement in the 
study for any reasons without penalty.  

• The results of this study may be published in scientific literature or presented at 
professional meetings using grouped data only and my personal data will be kept 
confidential.  

 
I have read the information provided on this consent form in it entirety. I have been 
informed of the purpose and procedures, potential risks and benefits, and my rights and 
confidentiality. I have asked any questions that concern me on this study and received 
clear answers. 
 
If I have any future questions I will contact Anna Nelson, Clinical Exercise Physiology 
Graduate Student at 651-402-3275 (cell) or at nelson.anna@uwlax.edu, or I may also 
contact Dr. Andrew Jagim, study supervisor, at 608-785-6538 (office) or at 
ajagim@uwlax.edu. Questions regarding the protection of human subjects may be 
addressed to the UW-La Crosse Institutional Review Board for the Protection of Human 
Subjects at 608-785-8124 or irb@uwlax.edu.  
 
 
Participant: ___________________________________________Date: ______________ 
 
Researcher: ___________________________________________Date: ______________ 
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MEDICAL HISTORY QUESTIONNAIRE 
 

Medical History Inventory 
 
Directions.  The purpose of this questionnaire is to enable the staff of the Laboratory to 
evaluate your health and fitness status.  Please answer the following questions to the best 
of your knowledge.  All information given is CONFIDENTIAL as described in the 
Informed Consent Statement. 
  
Name: ______________________________   Age _____ Date of Birth______________ 
 
Name and Address of Your 

Physician:________________________________________________________ 
 
MEDICAL HISTORY 
 
Do you have or have you ever had any of the following conditions? (Please write the date 
when you had the condition in the blank). 
 
____Heart murmur, clicks, or other cardiac findings?
 ____Asthma/breathingdifficulty?  
____ Frequent extra, skipped, or rapid heartbeats?  ____Bronchitis/Chest Cold? 
____Chest Pain of Angina (with or without exertion)? ____Cancer, Melanoma, or  
         Suspected Skin Lesions? 
____High cholesterol?     ____Stroke or Blood Clots? 
____Diagnosed high blood pressure?    ____Emphysema/lung 
disease? 
____Heart attack or any cardiac surgery?   ____Epilepsy/seizures? 
____Leg cramps (during exercise)?    ____Rheumatic fever? 

 ____Chronic swollen ankles?     ____Scarlet fever? 
____Varicose veins?      ____Ulcers? 
____Frequent dizziness/fainting?    ____Pneumonia? 
____Muscle or joint problems?    ____Anemias? 
____High blood sugar/diabetes?    ____Liver or kidney disease? 
____Thyroid Disease?     ____Autoimmune disease? 
____Low testosterone/hypogonadism?   ____Nerve disease? 
____Glaucoma?      ____Psychological 

Disorders? 
____Bleeding Disorders 
 
 
Do you have or have you been diagnosed with any other medical condition not listed?  
_______________________________________________________________________ 
_______________________________________________________________________ 
 
Please provide any additional comments/explanations of your current or past medical 
history.  
_______________________________________________________________________ 
_______________________________________________________________________ 
 
Please list any recent surgery (i.e., type, dates etc.).  
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_______________________________________________________________________ 
_______________________________________________________________________ 
 
List all prescribed/non-prescription medications and nutritional supplements you have 
taken in the last 3 weeks.  
________________________________________________________________________
______________________________________________________________________ 
 
What was the date of your last complete medical exam?   
________________________________________________________________________
_____________________________ 
 
Do you know of any medical problem that might make it dangerous or unwise for you to 
participate in this study?  (including strength and maximal exercise tests) . If yes, please 
explain: 
________________________________________________________________________
________________________________________________________________________
______________ 
 
Recommendation for Participation (for Staff use only):   
 
____ No exclusion criteria presented. Subject is cleared to participate in the study. 
____ Exclusion criteria is/are present. Subject is not cleared to participate in the study. 
 
Signed: ___________________________________ Date: _________________ 
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PERSONAL INFORMATION 
 

Personal Information 
 
Name:  
________________________________________________________________________
__                                                                                                                                                  
Cell Phone: (      ) ____________________   E-mail address:
 _________________________ 
 
Birth date:            /            /              Age:  ______   Height:  __________  Weight:  
__________                 

Exercise History/Activity Questionnaire 
 
1. Describe your typical occupational activities. 

 
 
 
 

2. Describe your typical recreational activities 
 
 
 
 

3. Describe any exercise training that you routinely participate.  
 
 
 
 

4. How many days per week do you exercise/participate in these activities? 
 
 
 
 

5. How many hours per week do you train? 
 
 
 
 

How long (years/months) have you been consistently training?                                                 
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RESISTANCE	TRAINING	PROGRAM	
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REVIEW OF LITERATURE 

 
Introduction 

 
 The purpose of this paper is to review what is previously known on the use of 

multi-ingredient pre-workout supplements (MIPS) when paired with resistance training 

(RT) and their combined effects on body composition and resting energy expenditure 

(REE). After a thorough review of the literature, it will be exposed what areas are still 

lacking research and a full understanding, such as MIPS for women, as well as long-term 

supplementation effects in comparison to acute.  

Pre-Workout Supplementation 

 According to the Dietary Supplement and Health and Education Act of 1994, a 

dietary supplement is any product or substance that contains a vitamin, mineral, herb, 

botanical, or amino acid with the intention to supplement or increase one’s total dietary 

intake. An ergogenic aid is a type of dietary supplement used specifically to enhance an 

athlete’s performance, body, or health (Williams, 1998, p. 9). The use of supplements in 

sport has been around for over 4,000 years when ancient Greeks strived to have optimal 

performance during competition (Mueller & Hingst, 2013, p. 3). Many of the 

supplements used in ancient Greek times came from belief that nutritional values came 

from certain animals. For example, if an athlete wanted the courage of a lion in 

competition, they could consume a lion’s heart and the courage would then be transferred 

to them (Williams, 1998, p. 10).  

Ingredients 

 The use of dietary supplements in everyday nutrition has drastically increased 

within recent years for all populations, especially in athletes. Studies have shown that at 
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least 70% of adolescents and young adults, especially collegiate athletes, have admitted 

to using some type of sport related supplement (Mueller & Hingst, 2013; Froiland et al., 

2004; Hoffman et al., 2008). With increased demand, numerous supplement corporations 

have emerged and are continuing to create new and “improved” supplements, many of 

which contain multiple ingredients designed to provide a variety of benefits for either pre 

or post workout consumption. These ingredients commonly include, but are not limited 

to: caffeine, beta-alanine, creatine, and amino acids (Gonzalez et al., 2011; Ormsbee et 

al., 2012; Vogel et al., 2015).  

 Caffeine 

 Caffeine is a chemical compound that can be found in plants such as; tea leaves, 

coffee beans, cocoa beans, kola nuts, and guarana (Mueller & Hingst, 2013, p. 73). It is 

said to have been discovered and first isolated by the German chemist Friedlieb 

Ferdinand Runge in 1819 when he separated caffeine from coffee, naming it “Kaffebase” 

or “the base that exists in coffee” (Weinberg & Bealer; 2001.) Since its discovery, 

according to Mueller and Hingst, caffeine is one of the most researched and used 

ergogenic aids because of its physical and mental benefits (2013).  

 Many of caffeine’s benefits can be observed, through its use as a stimulant, on the 

central nervous system and metabolic activity. Some potential benefits are increased 

focus, better coordination, increased fat oxidation, and decreased muscle fatigue (Mueller 

& Hingst, 2013, p 73). Research has shown that stimulants are one of the most popular 

ingredients added into MIPS’s that are aimed at weight loss and enhancing athletic 

performance (Dhar, et al., 2005; Sharpe, Granner, Conway, Ainsworth, & Dobre, 2006). 

Stimulants have the ability to affect weight loss by increasing metabolism to further 
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increase the amount of energy, or calories, expended at rest and during exercise (Hursel 

& Westerp-Plantenga, 2010). An acute study on caffeine supplementation showed an 

increase in resting metabolic rate (RMR) up to 180 minutes post exercise, showing that 

more calories were burned longer with supplementation when compared to a placebo 

(Campbell et al., 2016).  

 Another study found that supplementing for six weeks with a MIPS containing 

caffeine significantly increased lean body mass (LM) therefore decreasing percent of 

body fat (%BF) (Ormsbee et al., 2012). Ormsbee believed caffeine played an essential 

role in these body composition changes (2012). These results are comparable to other 

studies observing changes in body composition (Lowery et al., 2013). 

 The major controversy around caffeine is dosage. For years, studies have been 

testing different caffeine dosages for safety and efficacy when trying to enhance 

performance and changes in body composition. Melinda Manore reviewed studies 

comparing caffeine dosages and changes in RMR and found that 100mg of caffeine 

increases RMR by 3-4% over 150 minutes (Dulloo, Geissler, Horton, Collins, & Miller, 

1989) and that 200mg increases RMR by 5-8% over 3 hours (Collins, Cornelius, Vogel, 

Walker, & Stanford, 1994) (2012). Mueller and Hingst narrowed the dosage range to 1.3-

4.0mg per kilogram of bodyweight (Mueller & Hingst, 2013, p. 73). While trying to 

determine the best dosage, researchers have also found that too much caffeine can cause a 

number of issues. Caffeine supplementation on a regular basis can cause a caffeine 

tolerance where supplementation no longer has the same benefits as it once did 

(Diepvens, Kovacs, Nijis, Vogels, & Westerterp-Plantenga, 2005; Hursel & Westerp-

Plantenga, 2010). The National Collegiate Athletic Association (NCAA) and 
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International Olympic Committee have also addressed issues with too much caffeine. The 

NCAA set an upper limit of caffeine for 15mcg/ml in a urine sample and the International 

Olympic Committee set a limit of 12mcg/ml (Mueller & Hingst, 2013, p. 74).  

 Beta-alanine 

 Beta-Alanine (B-Alanine) is an amino acid that is synthesized in the body. A 

major role of B-Alanine is to help with the synthesis of carnosine, a dipeptide found in 

muscle fibers (Mueller & Hingst, 2013). In 2006, Roger Harris discovered that 

supplementation of B-alanine can increase carnosine levels, which led to an increase in 

performance and a decrease in muscular fatigue during high intensity exercise (Harris et 

al., 2006; Hill et al., 2007). Carnosine is important because it acts as a pH buffer during 

acidosis, or the breakdown of adenosine triphosphate (ATP) causing an increase in 

hydrogen ions (Derave, Everaert, Beeckman, Baguet, 2010; Mueller & Hingst, 2013). A 

pH buffer is important because acidosis creates muscular fatigue in athletes. If an athlete 

has less muscular fatigue, they have the ability to train harder for longer which can lead 

to an increase in performance (Mueller & Hingst, 2013).  

 Which type of athletes should supplement and what is an effective dosage amount 

are still debated. Research has shown that b-alanine supplementation had no significant 

affect in recreationally active men or physical education students (Smith et al, 2009; 

Kendrik et al., 2008). Contrary to that, Hoffman et al., showed that collegiate football 

players did see an increase in strength and body composition after 10 weeks of b-alanine 

supplementation and RT (Hoffman et. al., 2006). These findings suggest that b-alanine 

supplementation may only be beneficial for those already advanced in their training 

looking for smaller performance improvements (Derave, Everaer, Beeckman, & Baguet, 
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2010). As of now, the recommended dosage of b-alanine starts between 3.2-4g per day up 

to 6.4g per day for 4 to 12 weeks (Mueller & Hingst, 2013; Derave, Everaer, Beeckman, 

& Baguet, 2010). 

 Creatine  

 Creatine is a natural nutrient that can be obtained from meat and fish, but can also 

be synthesized from the amino acids: arginine, glycine, and methionine. Creatine is 

normally found in the form of phosphocreatine and located in the muscles. 

Phosphocreatine is important because it resynthesizes ATP during short bursts of high 

intensity exercise. Therefore, if more phosphocreatine is present, an athlete can perform 

high intensity exercise for a longer duration, supporting the desire for creatine 

supplementation. Creatine supplementation became popular in the early 1900’s and has 

drastically picked up popularity since then (Mueller & Hingst, 2013, p. 104).  

 The major benefit of creatine is increased muscular strength and power, which is 

accompanied by an increase in fat-free mass (FFM) (Becque, Lochman, Melrose, 2000). 

This benefit has been shown in a number of research studies. Vandenberghe et al. studied 

30 inexperienced resistance trained females for 10 weeks and saw a 20-25% 1 repetition 

maximum (1RM) increase for leg press, leg extension, and squat (1996). Becque, 

Lochman, and Melrose studied 23 males undergoing a six-week RT program with 

creatine supplementation and found that 1RM and FMM increased significantly more 

than the placebo group (2000). In their study, they found the dosage of 5g four times a 

day for the first five days, followed by 2g per day, to be effective. Mueller and Hingst 

suggest .3g/kg of body weight for the first 3-5 days followed by a dose of 3-5g/kg to be 

optimal (2013).  
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 Branched-chain amino acids 

 Branched-chain amino acids (BCAA) contain three out of the nine essential 

amino acids, meaning they cannot be made in the body and must be obtained through diet 

(Mueller & Hingst, 2013, p. 70). The three main BCAA’s are leucine, isoleucine, and 

valine. These BCAA’s are important because they are a key component in protein 

synthesis and are oxidized in skeletal muscle for fuel, unlike the other six essential amino 

acids, which are oxidized in the liver. (Shimomura et al, 2004).  

 One issue with BCAA’s is that they are quickly degraded in the body at rest and 

accelerated during exercise (Shimomura et al, 2004). Knowing that BCAA’s play a role 

in protein synthesis, supplementation could be beneficial for athletes. Research has 

shown that supplementation can inhibit BCAA breakdown and inhibit creatine kinase, an 

indicator of muscle damage (MacLean, Graham, & Saltin, 1994; Coombes & Naughton, 

2000). From these effects, athletes can potentially experience an increase in muscle mass 

and muscle recovery in injured athletes, as well as and a decrease in muscular fatigue. 

(Mueller & Hingst, 2013, p. 70).  

 The proper dosage of BCAA’s is still debated which could be attributed to the 

lack of knowledge on the best ratio of the three different amino acids: leucine, isoleucine, 

and valine. Some believe that there should be larger amounts of leucine because of its 

specific effect on protein synthesis (Mueller & Hingst, 2013, p. 71), while others believe 

that increased leucine could throw off the BCAA balance and therefore be less effective 

(Shimomura et al, 2004). Currently toxicity of BCAA’s has not been reported and 

dosages are normally between 6-14 grams per day (Mueller & Hingst, 2013, p. 71).  
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Resistance Training 

 Resistance training (RT) is a systematic type of exercise that is known to be most 

beneficial for improving muscular strength and endurance (Heywerd & Gibson, 2014, p. 

181). Resistance, or weight training, can date all the way back to the Ancient Greek. RT 

at that time was only seen useful for those in weightlifting competitions and it was not 

until the 1960’s and 1970’s that research showed that RT was beneficial for all sports and 

activities, and all athletes including women. During the 1980’s and 1990’s, health 

professionals started to emphasize the importance of RT not only in athletes, but in 

prescription of overall health (Kenney, Wilmore, & Costil, 2012, p. 228). This idea is due 

to a large amount of research done on the additional benefits of RT such as increased 

bone mass, lowering blood pressure, and the focus of this review, lowering body fat 

percentage (Heywerd & Gibson, 2014, p. 181). To obtain the benefits of RT, the 

American College of Sports Medicine recommends working each muscle group with 

multi-joint and single joint exercises 2-3 days per week. Each exercise can vary in 

intensity based on the age and history of the participant, but 8-12 repetitions for 2-4 sets 

is recommended, with 2-3 minutes of rest between each set (2014).    

Body Composition 

 Body composition is an important factor of health and fitness that determines the 

amount of muscle, bone, and fat tissues that make up one’s body (Heywerd & Gibson, 

2014, p. 468). Body composition is important because obesity has become a major health 

concern in recent years leading to diseases such as coronary artery disease, hypertension, 

and diabetes (Heywerd & Gibson, 2014 p. 219; Biaggi et al., 1999). Obesity is not the 

only problem, a lack of body fat can be an issue as well in diseases such as anorexia. 
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Body composition testing not only provides a way to know ones percentage of body fat to 

ensure they are living a healthy lifestyle, but can also be beneficial in weight focused 

sports such as wrestling and gymnastics. It can also help and monitor healthy growth 

patterns in young children (Heywerd & Gibson, 2014, p. 220). 

Assessment  

 Assessing body composition is done by differentiating a person’s fat mass (FM) 

and fat-free mass (FFM) to determine a total percent of body fat (%BF). Currently there 

are five popular ways to assess body composition: hydrostatic weighing (HW), air 

displacement plethysmography (ADP), dual-energy x-ray absorptiometry (DXA), 

skinfolds, and bioelectrical impedance (BIA) (Heywerd & Gibson, 2014, p. 221). All of 

these methods provide sufficient body composition data but each has its own pros and 

cons.  

 Hydrostatic weighing  

 HW is a way of assessing body composition by having subjects completely 

emerged in water and exhaling all of the air in their lungs while also observing water 

displacement. Archimedes’ principle can be used to measure total body volume to then 

calculate body density. From there, population specific equations are used to calculate 

%BF (Heywerd & Gibson 2014, p. 223; Biaggi, et al., 1999). One disadvantage of HW is 

that it is population specific meaning, it is an unrealistic tool for the elderly and disabled. 

HW also involves multiple measurements in each test, and with more measurements, 

there is a greater chance of error. Even with its downfalls, HW is considered the gold 

standard of body composition assessment (Biaggi et al., 1999). Oppliger, Looney, and 

Tipton did a review of previous studies and compared data from their own testing on the 
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accuracy of HW and found that their results all compared with very high correlations 

above .95, showing significantly high accuracy (1987).  

 Air displacement plethysmography 

 Competing for the gold standard is ADP. ADP, like HW, uses calculations of 

body volume and density but in ADP, subjects are placed in an enclosed space with a 

fixed air volume instead of underwater. Using Boyle’s Law, ADP accounts for volume 

and pressure in its measurements (Heywerd & Gibson, 2014 p. 229). The BodPod 

(Cosmed, USA) is commonly used for ADP body composition assessment. ADP is 

advantageous when compared to HW because it is quick and easy for a variety of 

populations. Many studies have shown that this test is accurate in assessing body 

composition and can be seen as more accurate than HW (McCrory, Gomez, Bemauer, & 

Mole, 1995; Fields et al, 2001; Vescovi et al., 2001; Yee et al., 2001). One study did 

show that in males %BF in the BodPod was underestimated, and it is thought that body 

hair affected the accuracy of body volume measurements (Biaggi et al. 1999).  

 Dual-energy x-ray absorptiometry 

 Another tool for body composition assessment is DXA. DXA uses x-ray 

technologies to detect bone mineral levels, FM, and FFM. Being able to detect bone 

mineral content sets it apart from other body composition methods and can be in 

particular importance to those with osteopenia or osteoporosis (Lee & Gallagher, 2008). 

This form of assessment is advantageous because it is quick and easy and requires 

minimal subject involvement (Heywerd & Gibson, 2014; Lee & Gallagher, 2008). 

Disadvantages include the small amount of radiation used, and the scanners having an 

upper weight limit causing problems for the obese population (Lee & Gallagher, 2008). 
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Research has showed that DXA is sufficient in assessing body composition (Lee & 

Gallagher, 2008; Fields and Goran, 2000) but it may not be the most accurate form of 

assessment (Bergsma-Kadijk et al., 1996; Goran, Toth, & Poehlman, 1998; Millard-

Stafford et al., 2001; Evans, Mojtahedi, Kessinger, & Misic, 2006; Wosje, Knipstein, & 

Kalkwarf, 2006).  

 Bioelectrical Impedance  

 BIA is another form of body composition assessment that focuses on body 

resistance by strategically placed electrodes on the body. In whole-body BIA, electrodes 

are placed on the right wrist and the right ankle (Heywerd & Gibson, 2014; Bigassi et al., 

1999). Resistance is measured because in obese individuals, the resistance will increase 

due to an excess of adipose tissue (Heywerd & Gibson, 2014). The major advantages of 

BIA are portability and that it is inexpensive to use (Lee & Gallagher, 2008). Despite the 

advantages, some studies have shown a lack of accuracy in BIA because the validity is 

influenced by many factors including sex, age, and race (Rush, Chandu, & Plank, 2006; 

Lee & Gallgher, 2008).  

 Skinfolds 

 The skinfold method assesses body composition by measuring the thickness of 

subcutaneous adipose tissue using a tool called a caliper (Heywerd & Gibson, 2014). 

From measurements obtained by the calipers, %BF can be calculated through specific 

predictive equations based on population and the locations of the measurements. 

Common skinfold measurement sites are the chest, abdomen, thigh, subscapular, 

suprailliac, and midaxilla (Heywerd & Gibson, 2014). Accuracy in predicting %BF is 
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questioned when it comes to non-Caucasian races (Jackson et al., 2009) and can be 

affected by the technicians skill (Heywerd & Gibson, 2014).  

RT + MIPS Effect On Body Composition 

 Belza, Frandsen, and Kondrup conducted a study to observe the effect of MIPS 

alone on thermogenesis and its ability to decrease %BF in obese individuals (2007). Their 

study was conducted over an 8-week period on 80 overweight or obese subjects. They 

found that supplementation led to an increased thermogenesis level of 90kj and an 

average decrease in body fat mass of .9kg more than the placebo group (Belza, Frandsen, 

& Kondrup, 2007). Studies have also shown that RT alone can cause changes body 

composition. Swanepoel and colleagues observed a 12-week RT program on 

premenopausal women and found that they significantly decreased %BF (2013).  

 Knowing that RT and MIPS can both have positive effects on body composition, 

next, research on the effect on body composition of RT in combination with MIPS needs 

to be investigated. Research has found that lean muscle will increase when RT and a 

MIPS are paired (Beck et al., 2007; Shelmadine et al., 2009; Kendrick et al., 2008; 

Hoffman et al., 2009; Hoffman et al., 2006; Lowery et al., 2013; Omsbree et al., 2012). 

Omsbree et al. found that in resistance trained males supplementing with NO-Shotgun 

(VPX Sports, FL, USA) and NO–Synthesize (VPX Sports, FL, USA) for six weeks 

increased lean muscle mass by 4.7% more then the placebo group (2012). These results 

are comparable to a similar study that investigated the MIPS Xpand 2X (Dymatize, TX, 

USA) (Lowery et. al, 2013). Contrary to the previous studies, Kudrna et al., studied the 

effects of a highly caffeinate MIPS and RT in 30 college aged males and found that both 

the placebo group and MIPS group significantly increased lean muscle but the change 
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was not significantly different between groups suggesting that RT was causing the 

change and the MIPS had no effect (2011).  

Resting Energy Expenditure 

 Total energy expenditure (TEE) can be described as the amount of calories used 

for energy per day by the body. TEE is the sum of three categories: dietary 

thermogenesis, physical activity, and resting energy expenditure (REE) (Heywerd & 

Gibson, 2014, p. 272). Dietary thermogenesis accounts for 10% of TEE and includes the 

amount of energy needed for the digestion, transportation, and absorption of nutrients. 

30% of TEE is the amount of energy expended due to physical activity. The last 60% of 

TEE is REE, or the amount of energy needed for physiological functions such as 

breathing and circulation at rest (Leibel, Rosenbaum, Hirsch, 1995). With REE being the 

main contributor of TEE, increases in REE can be beneficial for weight loss knowing that 

weight loss is a result from the amount of energy expended being greater than energy, or 

caloric, intake (Browning & Evans, 2015).    

 Assessment  

 REE is assessed by measuring respiratory exchange ratio (RER) and whole-body 

oxygen consumption (VO2). RER is the ratio at which carbon dioxide is being released 

and how much oxygen is being consumed (RER = VCO2/VO2). This derives from the 

idea that different food products (i.e. carbohydrates and fats) being oxidized for fuel have 

different amounts of carbon and oxygen. To use fats as fuel, more oxygen is needed 

causing a lower RER level (.70), where as using carbohydrates for fuel needs less oxygen 

causing a high RER level (1.00). From RER levels, calories (kcals) per liter of oxygen 
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can be calculated from predetermined equations. At rest, RER is typically around .80 or 

4.80 kcals per liter of oxygen (Kenney, Wilmore, & Costill, 2012, p. 117). 

  Once RER is calculated, resting VO2 can be measured. Typically at rest, VO2 is 

around .3 liters of oxygen per min or 432 liters of oxygen per day. Metabolic 

measurement systems can be used to assess VO2 at rest by having the subject lying in a 

supine position under a metabolic hood to determine oxygen uptake after fasting. Once 

RER and VO2 are determined, they can be inserted into the equation: liters of oxygen 

consumed per day, multiplied by calories used per liter of oxygen that is associated with 

the calculated RER level, equaling REE in calories per day (Kenney, Wilmore, & Costill, 

2012, p. 117-120). 

RT + MIPS effect on REE 

 As previously stated, increases in REE can be beneficial for weight loss and 

overall health, so how to create those increases needs to be investigated. Research has 

shown that supplementation with a commercially available MIPS alone can increase 

resting metabolic rates (Campbell et al., 2016; Belza, Frandsen, & Kondrup, 2007). 

Campbell et al. conducted a study to see the changes in resting metabolic rate 

immediately after taking a MIPS (2016). The results showed a significant increase in 

resting metabolic rates up to 180 minutes post ingestion. RT can also cause increases in 

REE (Swanpoel et al., 2013; Ormsbee et al., 2007). Ormsbee et al. investigated the 

effects of acute RT and found that 45 minutes after exercise there was sill and increase in 

fat oxidation causing an increase in REE (2007). Wingfield et al. wanted to study which 

exercise mode, high intensity interval training, aerobic endurance exercise, or high 

intensity RT, when paired with either a pre-exercise protein supplement or carbohydrate 
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supplement, had the greatest impact on REE (2015). They found that high intensity 

interval training produced the most significant increases in REE and that supplementing 

with protein had the greatest increase in REE.  

Future Research 

 While there is a substantial amount of research on MIPS, there are still variables 

not being accounted for in the literature such as MIPS and RT effects on women and the 

long-term effects of MIPS and RT on REE and body composition.  

Gender differences 

 Much of the research done on MIPS and RT is done with male subjects (Manore, 

2012; Astorino, Martin, Wong, & Schachtsiek, 2011; Ormsbee et al., 2012; Outlaw et al., 

Lowery et al., 2013). Rarely are there studies focused primarily on women. While these 

studies provide important information, knowing the physiological differences between 

men and women is important in understanding female responses to MIPS’s and RT when 

investigating changes in REE and body composition.  

 It was not until the 1970’s when women started utilizing RT because of poor 

performances seen at the Olympics. It was believed that women should not do RT 

because they were incapable of gaining strength because they had lower levels of 

anabolic hormones in comparison to men (Kenny, Wilmore, & Costill, 2012). Recently, it 

had become known that women can also benefit from RT despite their hormonal 

differences (Kenny, Wilmore, & Costill, 2012; Wingfield et al, 2015; Hunter et al, 2015; 

Swanepoel et al., 2013).  

 While females can still benefit from RT, hormones can alter the magnitude of 

results seen in body composition and REE. Two hormones in particular, testosterone and 
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estrogen, need to be understood to be able to address the differences seen in men and 

women. Testosterone is responsible for increased bone formation and protein synthesis 

and is predominant in men. Estrogen is responsible for increased body growth in the 

pelvis, breasts, hips, and thighs, and increased fat storage in adipose tissue due to an 

increase in lipoprotein lipase. With increased protein synthesis, men are know to have 

greater amounts of muscle mass and with increased lipoprotein lipase, women are known 

to have a higher %BF. For this reason when investigating body composition, men can see 

higher magnitudes of lean muscle increases and lower %BF. Women will follow the 

same trends of increased lean muscle and lowering %BF, but they will be at lower 

magnitudes (Kenny, Wilmore, & Costill, 2012).  

 Beyond gender differences in body composition, Cheneviere et al. investigated 

gender differences in energy expenditure and fat oxidation during exercise (2011). They 

had 12 men and 11 women that were matched for age, body mass index, maximal oxygen 

uptake, and maximal power output. To compare fat oxidation and REE, they had the 

subjects perform submaximal incremental tests to obtain VO2 levels and used predictive 

equations to determine fat oxidation rates. They found that fat oxidation rates were 

significantly higher in women compared to men especially when at higher intensities of 

exercise (Chenviere et al., 2011). These results are comparable to the results of other 

research stating that women utilize fat oxidation more than men (Devries et al, 2007; 

Venables, Achten, & Jeukendrup, 2005). Chenviere et al. also accounted for menstrual 

cycles and oral contraceptives in their subjects knowing that research has shown that fat 

oxidation may be affected by both (Bunt, 1990; D”Eon et al. 2002; Bonen, Haynes, & 

Graham, 1991; Casazza et al., 2004) (2011).  
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 Knowing that physiological differences between men and women can affect both 

body composition and REE shows the importance of having research that also focuses on 

women. When addressing MIPS research, only one study was found that investigated the 

effects on REE and body composition of a MIPS used by women (Campbell et al., 2016). 

More research on women needs to be done to support Campbell and colleagues (2016) 

idea, along with further investigation of MIPS in combination with specific variables 

such as, individual ingredient effects, performance measures, body composition, resting 

energy expenditure, and clinical health measurements. The lack of research on women 

has been recognized (Ormsbee et all, 2012; Vogel et al, 2015) but few studies have been 

conducted.  

Long-term vs. acute effects  

 As stated, much of the research conducted on RT and MIPS is on the acute effects 

(Astorino, Martin, Wong, Schachtsiek, 2011; Gonzalez et al., 2011; Wingfield et al., 

2015; Outlaw et al., 2014; Campbell et al., 2016). While some of these studies saw acute 

effects, some saw no significant changes and question if there would have been changes 

if the study were longer. Outlaw et al. studied the acute effects of a commercially 

available pre-workout supplement on anaerobic power, muscular strength, body 

composition, and mood status in healthy males (2014). The acute testing period consisted 

of eight days of supplementation of either a placebo or the pre-workout supplement 

paired with four RT sessions. At the end of the eight days, there were no significant 

changes in %BF, fat mass, or lean muscle mass. Outlaw et al. attribute the lack of 

changes to the short time period. They believe a longer study would have increased the 

influence of particular ingredients in the MIPS such as beta-alanine and caffeine (2014). 
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Contrary to Outlaw and colleagues beliefs that long-term studies will provide benefits, 

Steve Burns conducted a long-term study of seven weeks of RT and found no significant 

changes in REE or %BF (2011). Burns believes he saw no changes because even seven 

weeks of RT is not a long enough duration to see changes in REE and %BF (2011). 

Another contributing factor to the lack of change in Burn’s research could be the absence 

of supplementation. With conflicting results, both Outlaw et al. and Burns believe that 

more research needs to be done on long-term effects of REE and changes in body 

composition (2014; 2011).   

Conclusion 

 A review of the literature on MIPS, RT, REE, and body composition provides 

information on the benefits of certain ingredients, tools of assessment, and effectiveness 

in changing REE and body composition. Research has shown that MIPS and RT can 

positively influence REE and body composition in acute settings, but the long-term 

effects still need investigation. The research also shows a lack of studies on the 

effectiveness of RT and MIPS for females. Further investigation of these overlooked 

areas of research could provide a better understanding on the efficacy of MIPS and RT.  
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