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PATIENT SAFETY: Strength in Scoops: 
A Primer in Creatine, Protein Powder, 

and Pre-workout Supplementation
TARGET AUDIENCE: Pharmacists and pharmacy technicians prac�cing in se�ngs 
who will counsel pa�ents on the use of over-the-counter nutri�onal supplements, 
including crea�ne, protein powders, and pre-workout formula�ons. 

ABSTRACT: Dietary supplements such as crea�ne, protein powder, and pre-
workout supplements have gained significant popularity recently, especially 
among those seeking to enhance physical performance and physique. Many 
consumers use these products without a full understanding of safe and effec�ve 
use. Pa�ents frequently ask pharmacists and pharmacy technicians ques�ons 
about these supplements and pharmacy staff may be limited in providing 
evidence-based recommenda�ons with full confidence. This con�nuing educa�on 
ac�vity covers the basic essen�al informa�on regarding crea�ne, protein powder, 
and pre-workout supplementa�on. It addresses safe and effec�ve use, poten�al 
risks, and common misconcep�ons associated with these products. Finally, it 
provides prac�cal counseling points for pharmacists and pharmacy technicians to 
be�er educate pa�ents who are seeking guidance on these supplements.  

FACULTY: Sydney A. Feeney, Madison C. Righi, Ava E. Vecchi, and Valen�na L. Maturi are 2027 PharmD 
Candidates and Marissa C. Salvo, PharmD, BCACP, FCPA, FCCP, is a Clinical Professor of Pharmacy 
Prac�ce at the University of Connec�cut. 

FACULTY DISCLOSURE: The authors have no financial rela�onships with an ineligible company.

DISCLOSURE OF DISCUSSIONS of OFF-LABEL and INVESTIGATIONAL DRUG USE: This ac�vity may 
contain discussion of off label/unapproved use of drugs. The content and views presented in this 
educa�onal program are those of the faculty and do not necessarily represent those of the University 
of Connec�cut School of Pharmacy. Please refer to the official prescribing informa�on for each 
product for discussion of approved indica�ons, contraindica�ons, and warnings.

INTRODUCTION
The increasing prevalence of dietary supplement use among individuals who 
engage in regular physical ac�vity has raised a variety of important health 
concerns.1 Manufacturers o�en market commonly used products, including 
crea�ne, protein powder, and pre-workout supplements, as products that 
enhance athle�c performance, promote muscle growth, and reduce recovery 
�me. Recovery �me refers to the period of �me the body needs to repair and 
restore itself a�er physical ac�vity, in par�cular a�er intense exercise or strength 

@ Fla�con/Smashicons



training (see SIDEBAR to the right).2 These features a�ract many 
customers in pursuit of their fitness goals; however, the increase 
in consump�on of these supplements is not always accompanied 
by accurate knowledge or professional guidance. This raises an 
array of concerns regarding the efficacy, safety, and long-term 
health implica�ons of crea�ne, protein powder, and pre-workout 
supplements.1 Given the increasing number of pa�ents who use 
dietary supplements, it is impera�ve that pharmacy teams 
understand this topic to provide guidance, counseling, and care.3

Supplements can help the body recover faster by suppor�ng 
muscle repair and reducing the risk of overuse injuries. 

OVERVIEW OF DIETARY SUPPLEMENTS
The Dietary Supplement Health and Educa�on Act (DSHEA) of 
1994 defines a dietary supplement as a product intended for oral 
consump�on that contains one or more dietary ingredients 
intended to supplement the diet. These dietary ingredients may 
include vitamins, minerals, herbs, botanicals, amino acids, or 
other substances found in the food supply, such as enzymes and 
live microorganisms.5 As the use of dietary supplements 
con�nues to grow, individuals turn to them for various reasons, 
most commonly to address nutrient or vitamin deficiencies, 
boost energy levels, and/or meet specific nutri�onal needs that 
may be difficult to achieve through a regular diet.6

A widely used supplement, crea�ne, supports the rapid 
regenera�on of adenosine triphosphate (ATP) during high-
intensity, anaerobic exercise, contribu�ng to improved strength, 
sprin�ng performance, and muscle mass.7 Protein powders are 
also commonly used par�cularly for their role in suppor�ng and 
maintaining skeletal muscle mass.8 Pre-workout supplements—
mul�-nutrient products designed to enhance physical 
performance—have gained popularity for their poten�al to 
improve training capacity, accelerate recovery, and increase 
energy during workouts.9 Overall, crea�ne, protein powders, and 
pre-workout supplements are dietary supplements commonly 
used to boost physical performance, promote muscle growth, 
and support recovery. However, their effec�veness can vary 
based on the specific ingredients and formula�ons of each 
product. 

How Dietary Supplements are Regulated  
The Food and Drug Administra�on’s (FDA) Center for Food Safety 
and Applied Nutri�on (CFSAN) is the division responsible for 
overseeing dietary supplements, as these products are regulated 
as food under United Atates (U.S.) law.5 The FDA’s role includes5

• Inspec�ng manufacturing facili�es 
• Reviewing new dietary ingredient (NDI) no�fica�ons and 

related submissions 
• Inves�ga�ng consumer complaints 
• Monitoring adverse event reports related to supplements on 

the market  
While the FDA has specific and cri�cal regulatory responsibili�es, 
it does not approve dietary supplements or their labeling before 
they reach the market.5

Over the past few decades, hundreds of dietary supplements 
have entered the market. This has limited the FDA’s ability to 
fulfill its responsibili�es in comprehensively monitoring the 
supplement market.10 Because the FDA’s resources and capacity 
are limited, they have primarily acted only when significant 
quality concerns have emerged, including microbial and/or heavy 
metal contamina�on, adultera�on with synthe�c drugs, and 
inaccurate or incomplete ingredient labeling.10 When evalua�ng 
dietary supplements such as crea�ne, protein powder, and pre-
workout supplements, pharmacy team members can be essen�al 
consultants. They should recommend products that have been 
verified by third-party laboratories, such as the U.S. 
Pharmacopeia (USP), NSF Interna�onal, or ConsumerLab.com. In 
addi�on, they should educate pa�ents about poten�al quality 
and safety concerns.10

Common Misconceptions About Dietary 
Supplements 
Numerous misconcep�ons surround dietary supplements, and 
the growing influence of social media has accelerated their 
spread. One common belief is that the FDA tests and approves all 
dietary supplements before they reach consumers. However, the 
FDA does not have the capacity to evaluate these products for 
safety and efficacy prior to their sale.5 Another widespread 
misconcep�on is that dietary supplements are safe for everyone; 
however, just because a product is classified as a supplement 
does not mean it is harmless. For example, even commonly used 
supplements, like crea�ne, are not suitable for everyone and may 
pose risks for certain popula�ons who should avoid their use.  

CREATINE  
Crea�ne is an endogenous substance made in the liver, pancreas, 
and kidney from L-arginine, glycine, and methionine by L-glycine-
arginine aminotransferase (AGAT) and guanidinoacetate 
methyltransferase (GAMT) enzymes.11 Once it has been 
synthesized, crea�ne travels through the bloodstream via 
sodium- and chloride-dependent crea�ne transporters to reach 
its target �ssues, like skeletal muscle and brain.12 Inside the cell, 
crea�ne kinase converts 65% of crea�ne into phosphocrea�ne.12

Phosphocrea�ne stores high-energy phosphate groups that can 
be used quickly by skeletal muscle to make ATP, the main energy 
source for cells, by dona�ng phosphate groups to turn adenosine 
diphosphate (ADP) back into ATP.11 Muscles rely on this 
conversion into ATP for energy during short-dura�on and high-
intensity exercise.12

SIDEBAR: Recovery Time and Physical Activity4

• To stay healthy and avoid injury, the body needs �me to rest 
and recover a�er physical ac�vity. 

• Muscle fa�gue depends on how much and how hard an 
individual exercises, and it varies from person to person. 

• Physical ac�vity puts stress on the muscles to build strength 
and improve performance. 
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Crea�ne supplementa�on increases the rate of phosphocrea�ne 
synthesis during recovery periods. This enhances muscle 
performance, recovery, and overall training outcomes, which is 
why many individuals are inclined to use crea�ne.12 Crea�ne also 
helps increase muscle mass and reduce body fat percentage, and 
it has been shown to enhance performance in short, high-
intensity exercise.11,13

Dose  
Individuals can begin using crea�ne with a total of 20 grams daily 
for up to seven days; this is described as a loading phase.14 Most 
crea�ne powder products contain 3 to 5 grams per scoop (it is 
important to read the product’s label), so achieving this dose 
typically requires using four to five scoops per day, consumed 
throughout the day. Mixing one scoop into a beverage of choice 
with each meal or snack can make it easier to incorporate into 
one’s rou�ne.  

A�er the loading phase, individuals con�nue with the 
maintenance phase of 2.25 to 10 grams daily for up to 16 
weeks.14 This typically equates to 1 to 2 scoops per day. While 
individuals may choose to con�nue supplementa�on beyond this 
16-week period, most studies have been limited to around 16 
weeks. Long-term data is limited, but the available studies have 
not reported any serious adverse effects.  

Of note, a loading or induc�on phase is not strictly necessary; 
alterna�vely, research shows that smaller, consistent daily doses 
are also effec�ve if the loading phase is not desired.15 Some 
individuals prefer to skip the loading phase because consuming 

20 grams per day (approximately four to five scoops) can be 
difficult to incorporate into their rou�ne. Also, pa�ents who 
experience mild adverse effects (described below) should divide 
their crea�ne consump�on into smaller doses taken throughout 
the day.16

PAUSE AND PONDER: How might a pa�ent’s daily 
rou�ne influence the recommenda�on between a crea�ne 
loading phase and a lower daily dose?  

Selecting a Product 
Crea�ne is available in a wide range of commercial products (see 
Table 1 below), most commonly as a powder formula�on.13 It can 
be found in both solid and liquid dosage forms. The liquid 
formula�on is thought to improve crea�ne solubility, which may 
allow pa�ents to consume less. However, it has limita�ons in 
shelf life, as crea�ne is not stable in liquid form over extended 
periods.17 The solid dosage form includes powders and capsules.16

The most popular form is crea�ne monohydrate.14 Crea�ne 
monohydrate has been used extensively without resul�ng in 
major adverse events.17 While researchers have conducted 
studies to evaluate different forms of crea�ne, crea�ne 
monohydrate remains the most researched and superior 
available form.11,14,17

Based on currently available data, crea�ne monohydrate is 
recommended when helping a pa�ent select a crea�ne product. 
Crea�ne monohydrate has the strongest evidence suppor�ng its 
use, primarily due to its high bioavailability and well-documented 
effec�veness in enhancing muscle strength and power. While 

Table 1. Available Creatine Products11,14 

Type of Crea�ne Descrip�on Clinical Pearls

Crea�ne monohydrate  The most common form of crea�ne

Stored in muscle for quick energy

• Widely studied 
• Proven safe and effec�ve 
• Affordable 

Crea�ne nitrate Crea�ne bound to nitrate  Claims of be�er absorp�on, but this is not strongly supported by 
studies.

Di-crea�ne malate Crea�ne bound to malate Claims to have increased water solubility, but research is limited. 

Crea�ne ethyl ester Crea�ne bound to esterified ethanol Claims be�er absorp�on due to increased uptake across the 
membrane, but evidence does not support superior efficacy over 
crea�ne monohydrate.

Crea�ne gluconate Crea�ne bound to a glucose molecule  Claims improved absorp�on and transport of crea�ne into muscle 
cells, but the research is limited. 

Should be avoided with diabetes because it could impact blood sugar 
levels. 

Crea�ne citrate  Crea�ne bound to citric acid Claims to improve crea�ne solubility and absorp�on but has not 
proven superior over monohydrate.

Crea�ne magnesium 
chelate 

Crea�ne bound to magnesium Claims to enhance stability, absorp�on, and overall effec�veness of 
crea�ne supplementa�on, but further research is necessary to 
support these claims. 



formula�on type is generally not a cri�cal factor, powder is the 
most commonly used and widely available form.11 As men�oned 
earlier, when recommending dietary supplements like crea�ne, 
choosing a product that has undergone third-party tes�ng is the 
safest op�on. For example, a crea�ne monohydrate supplement 
which has a USP or NSF seal is a reliable choice.14

Safety  
Crea�ne is overall well tolerated with minimal adverse effects.14

The most common adverse effects associated with oral crea�ne 
include14,16

• Dehydra�on 
• Diarrhea 
• Gastrointes�nal upset 
• Muscle cramps 
• Water reten�on leading to weight gain  

It is rare to experience severe adverse effects when taking 
crea�ne, however, the following may occur14

• Inters��al nephri�s 
• Renal insufficiency 
• Rhabdomyolysis 
• Venous thrombosis  

Prior to beginning crea�ne supplementa�on, individuals with the 
following condi�ons should avoid its use un�l first discussed with 
their physician:16

• Bipolar disease (may increase mania) 

• Diabetes  
• Kidney disease  
• Liver disease  
• Parkinson’s disease, especially in combina�on with caffeine 

(may accelerate progression of disease)  
• Pregnant or breas�eeding  

A pharmacy technician should refer to the pharmacist if the 
pa�ent14,16

• Has a disease state or condi�on listed above 
• Asks for a recommenda�on on which crea�ne supplement to 

use 
• Has ques�ons or concerns regarding possible drug 

interac�ons or adverse effects  
• Has specific ques�ons about dosing based on their condi�on, 

disease state, or current medica�ons or use of other 
supplements 

Common Misconceptions  
People share a considerable amount of informa�on about dietary 
supplements such as crea�ne online and on other pla�orms, but 
some of this informa�on can be inaccurate or misleading. 
Misinforma�on may discourage individuals from using a 
supplement that could offer benefit. Therefore, it is essen�al for 
pharmacy team members to understand key facts about crea�ne 
in order to provide accurate informa�on and help prevent the 
spread of false claims. Table 2 (below) describes many common 
mispercep�ons and provide the evidence needed to respond. 

Table 2. Common Misconceptions and Evidence-based Facts11,15,18 

Common Misconcep�ons Evidence-Based Facts 
Crea�ne supplementa�on results 
in weight gain. 

Crea�ne supplementa�on may cause water reten�on, par�cularly during the ini�al stages of use. 
However, this effect is not universal, and crea�ne can offer benefits, such as improved 
intracellular hydra�on, which may enhance muscular strength and reduce fa�gue.

Crea�ne is safe for everyone. Some studies have reported poten�al liver or kidney complica�ons, which is why individuals with 
these condi�ons, as well as the other exclusion groups men�oned in the text, are advised to avoid 
crea�ne supplementa�on or need to consult with a physician prior to use. 

A loading phase is required for 
crea�ne supplementa�on to be 
effec�ve.

Crea�ne supplementa�on at lower daily doses has also been shown to be effec�ve, making the 
loading phase op�onal. 

Crea�ne has the same effects as 
anabolic steroids. 

Crea�ne supplementa�on does not s�mulate muscle growth via hormonal mechanisms, as 
anabolic steroids do. 

Crea�ne causes hair loss. No direct evidence indicates crea�ne supplementa�on causes hair loss or baldness. Most 
research a�ributes hair loss in individuals taking crea�ne to gene�cs and hormonal factors rather 
than the supplement itself. 

Crea�ne causes dehydra�on and 
cramping. 

Crea�ne does not increase the risk of dehydra�on or muscle cramping. Maintaining proper 
hydra�on during exercise is important whether or not an individual is using crea�ne. 

Crea�ne only improves lower 
body strength.  

A 2021 meta-analysis demonstrated that crea�ne supplementa�on significantly improves upper 
limb strength performance during short-dura�on exercises. These effects were observed 
regardless of age, sex, training protocol, or dosage.  



PROTEIN POWDER  
Protein is a fundamental component of a balanced diet and plays 
a cri�cal role in a healthy lifestyle. It is found in both animal- and 
plant-based sources and is essen�al for biological func�ons, such 
as �ssue-building and maintaining op�mal health.19 However, 
many individuals struggle to meet their daily protein 
requirements, par�cularly when the goal is to enhance their 
physical appearance or athle�c performance. Protein powder 
offers a convenient solu�on to help individuals reach these 
goals.20 Medically, it can also benefit pa�ents who have difficulty 
consuming adequate daily protein intake due to chewing or 
swallowing limita�ons.21

Dose  
The recommended dietary protein intake in healthy adults is 
based on their body mass, lean body mass, and level of physical 
ac�vity.22 The Recommended Dietary Allowance (RDA) and 
Acceptable Macronutrient Distribu�on Range (AMDR) are both 
used as guidance on the recommended amount of protein to 
consume each day.22 The RDA for protein is a minimum of 0.8 
grams per kilogram per day (g/kg/day) to support healthy 
individuals’ nutri�onal needs.22 It should be noted that the RDA is 
the minimum requirement; therefore, individuals should aim to 
intake 1.2 to 1.7 g/kg/day to benefit from the effects of efficient 
protein intake.23 When this range is achieved, older adults are at 
less risk of muscle loss and frailty, and athletes can see significant 
changes in muscle mass and performance.23 This can be 
incorporated as 0.4 g/kg/meal or about 20 g per meal depending 

on weight.20 In addi�on, the AMDR states that 10% to 35% of an 
individual’s energy intake (calories) should be from protein.22

For ac�ve individuals who want to maximize their muscle 
support, the Academy of Nutri�on and Diete�cs, Die�cians of 
Canada, and the American College of Sports Medicine 
recommend doubling the RDA of protein.24 For example, 
individuals who are in resistance training may wish to consume 
1.2 to 2 g/kg/day.22 In addi�on, to aid in recovery, ac�ve 
individuals may wish to consume 15 to 20 gs of protein within 
one to two hours a�er exercising. Older adults, who want to 
reduce their risk of muscle loss, may also consume a higher 
amount of protein per day.23

Insufficient amounts of protein can result in adverse 
consequences for one’s health, including decreased protein 
synthesis.22 When protein synthesis is affected, it nega�vely 
influences other processes in the body including22

• Muscle mass density and func�on 
• Bone and calcium homeostasis 
• The immune system 
• Fluid and electrolyte balance 
• Enzyme produc�on and ac�vity  

By consuming protein above the RDA and within the AMDR, 
individuals can improve muscle preserva�on, reduce age-related 
muscle loss, maintain body composi�on and metabolic health, 
and increase muscle mass and strength.22

Table 3. Types of Protein Powders20

Whey Concentrate • Vary in lactose and fat content 
• In many protein drinks, bars, and nutri�onal products 
• Used in infant formula  
• Do not use if allergic to milk

Hydrolysate • Hydrolyzed whey protein  
• Easiest to digest because its long protein chains are pre-broken down 
• Used in specialized infant formulas and in medical supplements for nutri�onal deficiencies  
• Do not use if allergic to milk 

Isolate • High in protein, low in fat or lactose  
• In protein bars and drinks  
• Suitable for lactose intolerance 
• Do not use if allergic to milk 

Milk protein • Supports immune system  
• Enhances muscle growth 
• Do not use if allergic to milk 

Egg protein • Released more slowly than whey  
• Taken throughout the day 
• Do not use if allergic to eggs 

Plant-based Brown rice protein • Suitable for vegetarians or individuals who do not consume dairy  
• Gluten-free 

Pea protein • Highly diges�ble 
• Hypo-allergenic (not likely to cause an allergy) 

Hemp protein • Good source of omega-3 fa�y acids



Selecting a Product 
Mee�ng daily protein intake goals is important for overall health 
and performance; however, it can be challenging through diet 
alone. In such cases, protein supplements, such as protein 
powder, can help to achieve those goals effec�vely.20 Selec�ng 
the appropriate type of protein powder is essen�al to op�mize 
the benefits of adequate protein intake. Protein powder should 
be tailored to the individual’s specific needs and goals.  

For example, a study involving 18 women with bulimia nervosa or 
binge ea�ng disorder found that consuming high-protein 
supplements three �mes daily significantly reduced the 
frequency of binge ea�ng episodes. The par�cipants reported 
feeling less hungry and fuller, which led to a reduc�on in overall 
food intake. This study suggests that protein supplementa�on 
may help manage disordered ea�ng pa�erns in individuals with 
bulimia nervosa or binge ea�ng disorder.25

In contrast, protein supplements are also used in the treatment 
of anorexia nervosa, but to promote healthy weight gain. 
Registered die��ans recognize that the use of dietary 
supplements, including protein powders, are o�en part of the 
standard of care in trea�ng pa�ents who struggle to meet their 
nutri�onal needs through food alone due to psychological or 
physical barriers.26 A case study reported protein 
supplementa�on helped to increase caloric intake, preserve lean 
body mass, and support gradual weight restora�on.27

Table 3 (on the previous page) provides guidance to tailor protein 
powder selec�on.20

As described in Table 3, protein powders are available in different 
formula�ons and can be selected based on an individual’s dietary 
needs, allergies, or fitness goals. Milk-derived proteins, such as 
whey (including concentrate, isolate, or hydrolysate forms) are 
commonly recommended for those aiming to promote muscle 
growth due to their rapid absorp�on and high biological value.  

However, it is important to note that whey protein is produced 
during the cheese-making process. Enzymes are added to milk to 

separate the solid curds from the liquid whey. The liquid whey is 
then pasteurized and dried to create protein powder.20 Because 
whey is derived from milk, it should not be used in individuals 
with a milk allergy.20 Similarly, milk protein powders, which 
contain both whey and casein (milk protein), may also enhance 
muscle growth but should not be used in those with milk 
allergies. These are important factors to consider when selec�ng 
a protein, as milk allergy is one of the most common allergies in 
the United States, affec�ng over 4.7 million adults.28

For those with lactose intolerance or dietary restric�ons, whey 
protein isolate (which is low in lactose) or plant-based proteins 
(including brown rice, pea, and hemp protein) may be tolerated 
be�er.20

PAUSE AND PONDER: When choosing a protein powder, 
how might an individual’s health condi�ons, allergies, or fitness 
goals influence the type of protein powder suitable for them? 

Safety  
Protein is classified as a dietary supplement, and it is essen�al for 
pa�ents to inform their healthcare providers about any 
supplements they are taking. Factors such as food intake, meal 
�ming, and nutri�onal status can influence the pharmacokine�cs 
of medica�ons. The drug’s ability to be properly absorbed can be 
influenced by a high consump�on of protein from meals and 
supplements. Medica�ons such as levodopa, used in Parkinson’s 
disease, and beta-lactam an�bio�cs (such as penicillin, 
amoxicillin, and cephalexin) rely on transporter proteins for 
absorp�on, and their uptake may be reduced with a high protein 
intake. Addi�onally, a high-protein, low-carbohydrate diet can 
significantly increase the clearance of the beta-blocker 
propranolol and moderately increase the clearance of 
theophylline, poten�ally impac�ng the therapeu�c efficacy of 
both medica�ons. A high-protein meal can also increase the 
absorp�on of certain drugs, such as the immunosuppressant 
tacrolimus.29

Protein supplementa�on for pa�ents on an�coagula�on is also a 
major concern because of vitamin K concentra�ons in protein 
supplements. It is important that pa�ents, especially those on 
warfarin, no�fy their an�coagula�on healthcare team about 
protein supplement use. Plant-based protein powders, such as 
those containing soy, may contain vitamin K; thus, decreasing the 
effect of warfarin.30 It is important to check the ingredient list in 
the Nutri�on Facts labeled on protein supplements and look for 
Vitamin K. For example, protein supplement drinks such as Boost 
High Protein Nutri�onal Drink contains Vitamin K1 as an 
ingredient. In this situa�on, it is cri�cal to select another protein 
powder formula�on.  

Protein powder supplements may contain ingredients that can 
contribute to gastrointes�nal discomfort, weight gain, or elevated 
blood glucose levels. Pa�ents should review product ingredients 
carefully when experiencing adverse reac�ons. Since protein 
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powder is a dietary supplement, the FDA does not evaluate it for 
safety or efficacy prior to marke�ng. Therefore, consumers 
cannot be certain that the product contains what is claimed on 
the label.31

Furthermore, some products may contain added sugars or 
dextrin, maltodextrin, or sweeteners that can contribute to 
weight gain, which may not be ideal for individuals who want to 
lose or maintain weight.20 Pa�ents with diabetes should also pay 
close a�en�on to protein powders with sugar listed as one of the 
first three ingredients and verify that the product is low in 
carbohydrates.20 Pa�ents with kidney disease may not be able to 
tolerate more than the recommended daily allowance of protein 
at one �me because they can’t efficiently remove waste products 
during the metabolism of protein. These pa�ents may need a 
product that is lower than average in protein. For example, they 
should select a protein powder with a lower-range protein 
content such as 10 to 15 g per serving.20 If pa�ents have irritable 
bowel syndrome or are lactose intolerant, a protein powder 
without lactose sugars, ar�ficial sweeteners, dextrin, or 
maltodextrin is recommended.20 It is also important to check and 
avoid ingredients containing gluten in pa�ents with a gluten 
allergy or sensi�vity.20

The pharmacy technician should refer the pa�ent to the 
pharmacist if the pa�ent  
• has diabetes, kidney, or liver disease, gastrointes�nal 

problems, or any chronic illness that require dietary 
oversight 

• takes prescrip�on medica�ons because �ming of 
supplements may be considered 

• is a child, teen, pregnant, or breas�eeding  
• complains about adverse effects from a protein supplement  
• takes mul�ple protein supplements, as they are at risk of 

overconsump�on 

Common Misconceptions  
Similar to other dietary supplements, informa�on about protein 
used as a supplement may be inaccurate or misleading. Protein is 
a commonly used supplement, and it is important to address 
misconcep�ons about usage, concerns, and key informa�on 
related to its use. Misinforma�on may come from peer influence, 

social media, and seemingly credible sources. It is essen�al for 
pharmacy team members to understand the uses of protein 
supplementa�on to provide accurate informa�on and help 
prevent the spread of false claims. 

Protein powder can be used in those that need to meet their 
nutri�onal requirements and in those looking to build muscle. 
While it is commonly believed that only athletes require protein 
supplementa�on, individuals of all ac�vity levels may benefit 
depending on their dietary needs. The RDA reflects the minimum 
daily protein intake needed, but it is mistaken as the target for 
everyone to follow.22 In contrast, the AMDR recommends that 
protein intake accounts for 10% to 35% of daily energy intake, 
measured in kilocalories.32 For example, people who consume 
1,300 calories per day should aim to consume 33 to 114 grams of 
protein daily, based on individual needs and health goals.  

Some individuals may be hesitant to increase their protein intake 
due to concerns about its poten�al impact on comorbid 
condi�ons, although current evidence does not support their 
concerns. Table 4 (above) clarifies misleading informa�on to 
encourage individuals to use protein supplements knowledgeably 
and confidently as part of a healthy lifestyle.22

PRE-WORKOUT
“Pre-workout” is a term used to describe supplements composed 
of mul�ple ingredients, intended to be taken before a workout.36

Manufacturers of these supplements propose pre-workout 
supplements enhance performance, energy, endurance, and 
focus during a workout; however, limited research supports these 
claims.37

Table 4. Common Misconceptions and Evidence-based Facts33-35 

Common Misconcep�ons Evidence-Based Facts 
High-protein diets weaken bones and 
increase the risk of osteoporosis.  

A high protein diet along with ea�ng more dairy, calcium, and exercising daily can help 
protect the bones. 

Consuming high amounts of protein 
will damage kidneys, even if the 
individual is healthy. 

The Na�onal Health and Nutri�on Examina�on Survey found that even with very high protein 
intake from all sources, blood urea nitrogen levels remained within the normal range, 
indica�ng that there isno risk of developing chronic kidney disease or harming the kidneys. 

High protein diets, especially from 
animal sources, increase the risk of 
heart disease and type 2 diabetes.

An analysis of the Framingham Heart Study Offspring Cohort showed an inverse rela�onship 
between inflamma�on and dietary protein intake, showing that there was a beneficial effect 
for higher animal- and plant-based protein intake. No data demonstrates a rela�onship 
between dietary protein and cardiovascular disease or type 2 diabetes mellitus. 
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Common Ingredients 
Pre-workout supplements can include countless combina�ons of 
ingredients, but most mul�-nutrient formulas feature a core set 
of commonly used components, including9,36 

• Caffeine 
• Beta-alanine 
• Crea�ne 
• Citrulline 
• Taurine 
• Tyrosine  
• B vitamins (B-6, B-12)  

While many pre-workout supplements share a core group of 
commonly used ingredients, their formula�ons can vary 
significantly.36 Unfortunately, many companies do not list all 
included ingredients and their specific quan��es on the label; 
this variability makes it difficult for pharmacists to recommend or 
evaluate products.2 Much of the exis�ng research on pre-workout 
supplements focuses on caffeine as the primary s�mulant.37 It has 
been found that many products containing caffeine do not have 
accurate amounts listed on their label.2 Use of products with 
unreliable labeling can put pa�ents at risk for adverse effects.2

Selecting a Product  
Since pre-workout supplements contain ingredients similar to 
those found in energy drinks, it is important to dis�nguish 
between the two. Pre-workout supplements are designed to 

enhance both short-term exercise performance and long-term 
training outcomes.37 In contrast, energy drinks and shots typically 
consist of caffeine along with a few vitamins or amino acids, 
aiming primarily to increase energy and alertness. They are 
intended for use at any �me throughout the day.37 Because of the 
variability in composi�on and unreliability of the labeling on pre-
workout supplement products, it is recommended to avoid their 
use and rather focus on ea�ng a balanced diet to support energy 
needs.2

Safety  
Caffeine and beta-alanine are the most widely used ingredients 
included in pre-workout supplements found in 86% and 87% of 
products, respec�vely.36

Beta-alanine is included because it enhances exercise capacity 
and performance by eleva�ng muscle carnosine levels, which 
buffer the accumula�on of lac�c acid in muscles.38 This buffering 
effect helps delay fa�gue during high-intensity exercise, making it 
especially beneficial for short bursts of ac�vity such as 
weightli�ing or sprin�ng.38 While both are generally well 
tolerated, long-term doses of beta-alanine that exceed 6.4 gs per 
day or caffeine use beyond several weeks at doses above 400 
mg/day may increase the risk of adverse events (see Table 5 to 
the le�) and dependence.39,40

Pa�ents should be aware of their total daily caffeine intake, 
which includes not only coffee and energy drinks but also 
caffeinated beverages, medica�ons, and mul�vitamins that may 
also contain caffeine.37 To determine if a medica�on contains 
caffeine, pa�ents can read their medica�ons’ list of ingredients or 
ask their pharmacist. 

Caffeine is rapidly absorbed from the stomach and small 
intes�ne, reaching peak serum concentra�ons within 30 to 60 
minutes following oral intake. Although food may slow the 
absorp�on rate, it does not reduce the total amount that will 
eventually be absorbed.41 Studies have found that individuals 
with lower CYP1A2 ac�vity have increased reports of symptoms 
of toxicity, as caffeine is hepa�cally metabolized by CYP1A2, 
which causes caffeine to be absorbed more slowly.41-43 The 
plasma elimina�on half-life ranges from 3 to 7 hours in healthy 
adults and 3 to 4 hours in children. This range is shortened in 
smokers, due to the ac�va�on of the CYP1A2 enzyme by cigare�e 
smoke, and prolonged in the last trimester of pregnancy, in 
pa�ents with cirrhosis, and in infants.41

In terms of safety, most adults can consume a maximum of 400 
mg of caffeine per day, while children are typically safe when 
inges�ng up to 2.5 mg/kg of caffeine per day.41

Toxicity and lethality risks increase with higher doses. Life-
threatening events are seen when greater than 150 to 200 mg/kg 
of caffeine is consumed, and fatali�es have been reported when 
5 to 50 g of caffeine was ingested.41 However, recovery a�er 

Table 5. Potential Adverse Events of Beta-Alanine 
and Caffeine2,36,39-41

Ingredient Poten�al Adverse Events
Beta-Alanine  Mild:  

• Flushing  
• Paresthesia  
• Pruritus  

Caffeine  Mild to Moderate (> 400 mg per day):  
• Vomi�ng 
• Tachycardia 
• Hypokalemia 
• Hypoglycemia  
• Anxiety and restlessness 
• Gastrointes�nal upset (including diarrhea and 

nausea) 
• Diuresis  
• Headache  
• Insomnia  
• Palpita�ons  
• Muscle tremors  
Severe (10 to 14 g per day): 
• Agita�on 
• Seizures 
• Ventricular dysrhythmias 
• Hypotension 
• Shock 



inges�on of 50 g has also been reported.41

Pharmacists should counsel pa�ents who are taking caffeine-
containing products while concomitantly using pre-workout 
supplements because they are consuming high levels of 
caffeine.37 This increased level of caffeine can increase the risk of 
adverse events described above.37

Regarding pre-workout supplement use, the pharmacy technician 
should refer to the pharmacist if the pa�ent  
• Has pre-exis�ng medical condi�ons, including high blood 

pressure, anxiety, seizure history, kidney or liver impairment, 
and heart disease or arrhythmias 

• Is pregnant or breas�eeding 
• Is asking for a recommenda�on on which pre-workout 

supplement to use  
• Is experiencing or has ques�ons regarding possible drug 

interac�ons and adverse effects 
• Has specific ques�ons about dosing based on their condi�on, 

disease state, or current medica�ons/supplements 

For example, Jenny, a 58-year-old woman, is interested in using a 
pre-workout supplement to help mo�vate her to be ac�ve a�er a 
long day at work. When the technician asks about her current 
caffeine intake, she men�ons that she drinks two cups of coffee 
each day and also has a Sparkling Fuji Apple Pear (her favorite 
flavor) Celsius. The technician explains that each cup of coffee 
contains approximately 100 mg of caffeine, and the Celsius drink 
contains about 200 mg. Most pre-workout supplements contain 
between 150–300 mg of caffeine. If Jenny were to add a pre-
workout supplement to her rou�ne, her total caffeine intake 
could exceed 500 mg per day, increasing her risk of experiencing 
adverse events. Table 6 lists caffeine content in common 
beverages.

PAUSE AND PONDER: With the growing popularity of 
s�mulant-containing products, how can you further assess 
pa�ents’ consump�on of caffeine? (Hint: Remember hidden 
sources of caffeine.) 

CONCLUSION
With the growing popularity of supplement use in the fitness 
industry, products such as crea�ne, protein powders, and pre-
workout supplements con�nue to be widely used. Pre-workout 
supplements are typically taken before exercising to enhance 
performance and focus, while crea�ne and protein powders are 
commonly used to support muscle growth and recovery. When 
used appropriately, these supplements may improve physical 
performance, promote muscle development, and reduce 
recovery �me.6

As pharmacists and pharmacy technicians, it is part of our 
professional responsibility to educate the public about the 
poten�al risks and benefits of these products and to provide 
evidence-based recommenda�ons. Our role also includes 
advoca�ng for pa�ents and staying informed about the latest 
developments, which are becoming increasingly prominent in the 
wellness market. Gaining a deeper understanding of these 
products is essen�al to recognize when we can confidently make 
recommenda�ons or when to refer individuals to a physician or 
registered die��an for more individualized guidance. 

It is also important to acknowledge that these products s�ll 
require more research to establish their full safety and efficacy, 
standards that are already well established for prescrip�on 
medica�ons.10 Addi�onally, current research o�en overlooks key 
individual factors such as gene�cs, the gut microbiome, and 
habitual diet, all of which can significantly influence exercise 
performance, recovery, and muscle growth.6

Table 6. Approximate Caffeine Content in Select Beverages 

Coffee 100 mg 
Tea 20-90 mg 
Celsius Energy Drink 200 mg 
Monster Energy Drink 160 mg 
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