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ABSTRACT
Protein supplements are widely consumed by athletes as well as young adults and teenagers going to the gym and are an excel-
lent source to increase protein intake, build muscle mass, and enhance recovery. They are available in the form of powders,
gummies, protein bars, and ready-to-drink shakes and have been shown to have effects on almost every system in the body.
Subjects consuming whey protein–based supplements regularly show significantly lower systolic blood pressure, while subjects
who consume soy-based protein supplements have been reported to show a significant decrease in their systolic and diastolic
blood pressures. Favorable effects of soy protein consumption have been observed on the serum lipid profile, with significant
decreases in serum low-density lipoprotein and triglyceride levels. Lower postprandial glucose levels have been observed in dia-
betic subjects as well, which can be attributed to the lower glycemic index of these supplements. This can lead to an indirect
decrease in diabetes-related complications. While these supplements affect the body positively, caution has to be exercised while
consuming them in excess, as they have been shown to cause hyperfiltration and increased urinary calcium excretion which can,
in turn, lead to chronic kidney disease development. This article focuses on the effects of protein supplementation on the human
body, with emphasis on the cardiovascular, endocrine, and renal systems.
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P
rotein supplements are processed protein formula-
tions that are widely used to supplement or
increase protein intake to enhance performance,
recovery, and muscle mass.1 These supplements

are popularly used and advertised by athletes, though their
consumption is widely seen in young adults and teenagers
going to the gym.1 Protein supplements are available in dif-
ferent formulations such as powders, gummies, protein bars,
and ready-to-drink shakes2 and they can also be categorized
based on the source of protein like whey, casein, egg albu-
min, carnivore (beef), and vegan (pea and soy). The majority
of these protein supplements are further classified as concen-
trate, isolate, and hydrolysate based on the processing and
concentration of protein.3,4 Another very popular category of
protein supplements is the amino-acid supplement, which
contains individual amino acids or a combination of amino

acids like branched-chain amino acids (BCAA) and essential
amino acids.5

Among the different formulations of protein supplements
in the market, protein powders have dominated with a reve-
nue share of 56% in 2021.6 However, ready-to-drink protein
is expected to grow faster with a compound annual growth
rate of 8.5%. On the other hand, plant-based protein supple-
ments are expected to grow as an individual niche at a com-
pound annual growth rate of 8.7%.6 This is due to the
increasing popularity of vegan or plant-based diets.

Protein supplements are widely available at supermarkets,
retail shops, and e-commerce websites under popular brands
such as Optimum Nutrition, MusclePharm, Pure Protein,
Dymatize, etc. The growth of the protein supplement indus-
try is mainly due to increasing health awareness and the easy
availability of supplements in different formulations.2 The
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protein supplement industry in the US had a total revenue
of $2,069.3 million in 2021, and the industry is expected to
grow further with increased acceptance of food supplementa-
tion and improved sports and fitness infrastructures. By
2030, it is anticipated that the market for protein supple-
ments will be worth $10.80 billion.6

The amount and timing of consumption of protein sup-
plements are considered to play a role in muscle hypertrophy
and recovery. Several studies reported that protein consump-
tion after a workout provides greater benefits in increasing
protein synthesis and muscle hypertrophy.7 Therefore, it is a
common practice among bodybuilders to consume fast-
digesting protein supplements such as whey protein immedi-
ately after exercise. In contrast, other studies have suggested
that consuming protein before resistance exercise is more
beneficial, as it is reported to increase protein synthesis by
replenishing amino acids even before a workout session.8

According to international consensus, the daily reference
intake of protein for the healthy adult population is 0.8 g/kg
body weight.9,10 However, individuals who engage in physi-
cal activity may require more protein, ranging from 1.2 to 2
grams per kilogram of body weight.11 To fulfill these require-
ments, many athletes and active individuals opt for whey pro-
tein (WP) supplements to increase their protein intake. The
appropriate amount of WP intake for individuals depends
on their objectives, current level of physical activity, and
body composition. Research suggests that a dosage of 20 to
25 g/day of WP provides the desired benefits, while amounts
>40 g/day may lead to adverse effects on the body.12,13

It is also important to consider that a container of pro-
tein supplement contains not only protein but also various
amounts of sugars, additives, and preservatives, which are
added to enhance flavor and increase shelf life. For example,
a supplement of WP concentrate may contain more than
25% (up to 80%) of protein by weight. The remaining per-
centage may comprise fat, lactose, added sugar, and preserva-
tives.14 This review aims to unfold the effects of protein
supplements and their components on the human body.

PATHOPHYSIOLOGY
Protein supplement consumption is known to cause

decreased weight gain and fat deposition and improve insulin
sensitivity in the human body. WPs are a tremendous source
of BCAA, like leucine, isoleucine, valine, lysine, and threo-
nine, which can induce insulin secretion.15 Enzyme gluta-
mate dehydrogenase in b cells of the pancreas is activated by
various amino acids like leucine, leading to increased Krebs
cycle activity and oxygen consumption, causing increased
insulin production. In addition, these particular amino acids,
like leucine, have been found to regulate adenosine mono-
phosphate-activated protein kinase and mammalian target of
rapamycin (mTOR), leading to a decrease in the expression
of hunger-stimulating neuropeptides and an increase in appe-
tite-reducing neuropeptides, which may improve postpran-
dial hyperglycemia.16,17 Glutamate, alanine, and cysteine

have been observed to enhance insulin secretion by amplify-
ing the effects of glucose stimulation.15,18 Certain peptides
found in dairy protein have the potential to enhance insulin
secretion by hindering the activity of dipeptidyl peptidase-4
in the proximal gut, consequently preventing the breakdown
of the incretin hormones gastric inhibitory polypeptide and
glucagon-like peptide-1 (GLP-1).

Whey is a source of bioactive compounds like immuno-
globulins, lactoferrin, a-lactalbumin, and glutamine, which
have been proven to boost the levels of incretin hormones
and restrict the activity of dipeptidyl peptidase-4, ultimately
resulting in increased sensitivity of b-cells to glucose, pro-
moting b-cell growth, and safeguarding against apopto-
sis.17,19,20 In addition, GLP-1 also slows down the emptying
of the stomach by relaxing the upper part of the stomach,
decreasing movement of the antrum, and increasing the tone
of the pylorus. This helps regulate energy intake and prevent
glucagon secretion, improving glycemia after a meal. Whey
consumption has been shown to upregulate gut peptide hor-
mones such as cholecystokinin, polypeptide YY, GLP-1, and
glycosylphosphatidylinositol, decreasing appetite and signifi-
cantly impacting satiety. Consuming high-protein meals has
been suggested to increase the production of polypeptide YY
and provide a greater feeling of fullness in both overweight
and normal-weight people. Ghrelin, a peptide that stimulates
appetite, decreases after consuming protein, contributing to
the feeling of fullness.

Various mechanisms come into play after consuming
high-protein meals that stimulate the central nervous system
directly through the bloodstream at the level of the hypothal-
amus or indirectly through the vagus nerve, resulting in
reduced weight gain and fat buildup and improved insulin
sensitivity in the body.17,21–23 Studies have shown that
whey-derived peptides have antihypertensive properties that
primarily work by inhibiting the angiotensin-converting
enzyme (ACE) found on the surface of vascular endothelial
cells.24,25 ACE converts angiotensin I to angiotensin II,
which is a potent vasoconstrictor. By inhibiting ACE, WP
increases the concentration of bradykinin, a potent vasodila-
tor, leading to a more significant vasodilatory effect.26 Some
whey-derived peptides may also enhance nitric oxide produc-
tion, improving vascular function. Leucine, an amino acid
found in various protein supplements, stimulates insulin pro-
duction, affecting vasodilation and vasoconstriction through
its impact on nitric oxide production and bioavailability.
Insulin triggers the phosphatidylinositol-3-kinase/protein
kinase B pathway, increasing nitric oxide production, leading
to vasodilation and improved vascular function.24,27,28

WP contain high levels of cysteine (2.2 g per 100 g of
amino acid), providing potential antioxidant properties.
Cystine, produced from the oxidation of cysteine, is also
essential for producing the antioxidant glutathione.29 This
contribution to glutathione synthesis can alleviate liver dam-
age and ameliorate oxidative stress. Patients with nonalco-
holic steatohepatitis who took oral WP isolate supplements
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experienced improved liver biochemistries, increased plasma
glutathione, and reduced hepatic macrovesicular steatosis.30

Recent studies have also suggested that WP components can
positively affect patients suffering from hepatitis C and B, so
that it may be used as supplemental therapy. In patients suf-
fering from hepatitis B, lactoferrin is thought to exert its
effect on the modification of hepatitis B virus and hepatitis
C virus infections by interacting with host cell molecules,
preventing the virus from adhering to and entering the cells.
Thus, lactoferrin may be considered a reagent that could
effectively treat patients with chronic hepatitis.31

In addition, WP components like a-lactalbumin and
b-lactoglobulin have a preeminent ability to reduce markers
of the inflammatory response, such as monocyte chemotactic
protein-1 and chemokine ligand-5, and suppress the produc-
tion of the inflammatory cytokine interleukin-6, thus inhib-
iting the significant monocyte migration across the
endothelial lumen, a crucial early step in atherosclerotic pla-
que formation.24,32 Several studies have shown the potential
benefits of protein supplementation in treating cancer-related
cachexia, which causes progressive muscle and adipose tissue
atrophy; thus, protein supplementation is often recom-
mended for these patients.33 WP, in particular, contains
high levels of leucine and other essential amino acids, crucial
for muscle protein synthesis and preservation of lean body
mass.34 Leucine stimulates the production of insulin, a hor-
mone related to the activation of the mTOR pathway, which
is essential for myofibrillar protein synthesis and subsequent
signaling. In cancer cells, mTOR exhibits a heightened acti-
vation as a result of the pathophysiological process, thereby
fostering a favorable environment for cellular growth, prolif-
eration, and cell survival.33 WP is a promising treatment for
patients with immunity-related diseases because it can help
regulate the immune system by significantly increasing lym-
phocyte proliferation and human neutrophil responses.31,35

WP can modulate the immune system and has antibacterial,
antiviral, and antifungal properties. Even though there are
obvious documented advantages of adding WP to the diet,
its excessive use can adversely affect long-term health, includ-
ing increased acne, dysfunction of microbiota, and changes
to kidney and metabolism.13

Dietary protein intake plays a significant role in deter-
mining the workload of the kidneys, affecting glomerular fil-
tration. Several experimental and clinical studies have
confirmed that protein intake impairs renal function due to
the hyperfiltration response after protein intake.36 Intake of
high amounts of protein brings about a sudden increase in
glomerular filtration rate (GFR) and renal blood flow, up to
100% from the baseline. Some studies have shown that GFR
and renal blood flow are directly proportional to the protein
consumed, often causing glomerular injury by increasing
intraglomerular pressures and flow, leading to progressive
glomerular injury and sclerosis in preexisting diseased or
damaged kidneys.37 However, the long-term effects of

chronic protein intake on healthy kidneys are poorly
understood.

Long-term high-protein intake may accelerate renal func-
tion decline in those with preexisting chronic kidney disease
(CKD) who consume at least 90 g/day of protein. A study
showed that a diet supplemented with short-term WP
increased plasma urea, urinary volume, and calcium excretion
while decreasing pH and urinary citrate. Low urinary pH,
hypocitraturia, and hypercalcemia increase the risk of neph-
rolithiasis.13,38 Therefore, for those suffering from CKD,
reducing protein intake can help reduce hyperfiltration and
slow the progression of chronic nephropathies. In addition
to decreasing hyperfiltration, decreasing protein intake lowers
uremic toxins and alleviates uremic symptoms.39

Supplementation with a high-protein plant-based diet
has been observed to decrease mortality in patients suffering
from CKD.40 The difference in their effects on kidney func-
tion can be attributed to a difference in the amino acid com-
position of the plant vs. animal-based protein supplement.
Individuals who consumed plant protein had increased pro-
portions of cysteine, proline, glutamic acid, phenylalanine,
and serine compared to individuals consuming animal-based
protein.41 In addition to different amino acid compositions,
plant-based proteins also affect cholesterol metabolism. High
plant-based protein intake lowers serum low-density lipopro-
tein (LDL), triacylglycerol, and uric acid.42 Similarly, soy
protein intake significantly reduces serum total cholesterol,
LDL, and triglycerides.43 Reduced levels of these lipids can
help to attenuate oxidized lipoprotein-induced glomerular
damage and progression of CKD.44

Another factor affecting CKD progression in patients tak-
ing animal-based proteins is the predominance of acid precur-
sors in them, leading to a higher estimated net endogenous
acid production associated with a net loss of GFR.44 On the
contrary, plant-based proteins predominantly have base pre-
cursors,45 showing a decreased risk of a composite of dialysis,
death, or a GFR event.46 Uremic toxins have been implicated
in CKD progression, cardiovascular disease, and mortality in
patients with kidney disease, and plant-based proteins are
associated with a decreased production of uremic toxins like
p-cresyl sulfate and indoxyl sulfate. Several studies have been
conducted to determine the effectiveness of soy protein in
treating kidney disease, with conflicting results. Some studies
show that a soy protein diet reduces proteinuria. In contrast,
others show no difference between soy and meat diets.

Soy protein is the only high-quality plant-based protein
widely available, and it contains essential amino acids. Various
studies have found that soy protein consumption can reduce
serum creatinine, serum phosphorus, and triglyceride concen-
trations compared to animal protein. In addition, consuming
at least 25 g/day of soy protein decreased total cholesterol and
LDL cholesterol in nephrotic patients with proteinuria. In
contrast, Anderson et al found that a soy diet increased urine
protein excretion compared to an animal protein diet in
patients with type 2 diabetes. Isoflavones may play a key role,
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as shown by Texeira et al, who found that urinary albumin-
creatinine ratios were inversely correlated with plasma isofla-
vone concentrations. Overall, soy diets are safe for the kidneys
and could potentially reduce the decline of glomerular filtrate
and the progression of proteinuria in the long term.47

Despite convincing research showing the importance of
plant-based proteins in CKD patients, caution needs to be
exercised when interpreting these results, as it is difficult to
establish if the results can be attributed to the plant protein
itself or to the higher polyunsaturated and lower saturated
fatty acid, or higher fiber levels. Thus, additional interven-
tional studies need to be carried out to fully understand plant
proteins’ effects in patients suffering from CKD. According
to the nutritional guidelines in CKD (K-DOQI 2020), to
reduce the risk of end-stage kidney disease in adults with
CKD 3–5 (who are not on dialysis) and are metabolically
stable, it is recommended to follow a low-protein diet that
provides 0.55 to 0.60 g of dietary protein per kilogram of
body weight per day. Alternatively, a very low-protein diet
can be followed, providing 0.28 to 0.43 g of dietary protein
per kilogram of body weight per day with additional keto
acid/amino acid. For adults with CKD 3–5 who have diabe-
tes, it is reasonable to maintain a stable nutritional status and
optimize glycemic control by prescribing a dietary protein
intake of 0.6 to 0.8 g per kilogram of body weight per day
under close clinical supervision.48

Research has shown that chronic protein supplementa-
tion may increase the expression of anger and acne in ath-
letes. Studies have shown that BCAAs in WP compete with
tryptophan and reduce serotonin synthesis, a neurotransmit-
ter linked to impulsivity and depression, potentially causing
anger-related symptoms. WP containing insulin-like growth
factor-1, associated with promoting cell growth and division,
sebum production, and increased estrogen factors, could
explain the association between the high consumption of
WP products and acne.13,39 While WP is generally consid-
ered easily digestible and beneficial, it contains components
like beta-lactoglobulin that can cause allergies, particularly in
children who are intolerant to cow’s milk. Symptoms of WP
allergy may include atopic dermatitis, respiratory problems
such as asthma and coughing, gastrointestinal discomfort,
and even life-threatening anaphylactic reactions in infants.
Fortunately, specific processing methods, like heat treatment
above 90�C and enzymatic hydrolysis, have been found to
reduce the allergenicity of WP.31,49

High-protein diets can significantly influence the compo-
sition and function of the microbiota by causing amino acid
fermentation in the colon. This fermentation process leads to
the production of potentially harmful metabolites, including
ammonia, amines, phenols, and sulfides. These metabolites
can have detrimental effects on the overall health and metabo-
lism of the host.50,51 Specifically, compounds like P-cresol,
phenols, and hydrogen sulfide are known to play roles in con-
ditions such as irritable bowel disease, colon cancer, increased
intestinal permeability, inflammation, and DNA damage.52

DISCUSSION
Protein supplements were initially designed to provide

athletes and bodybuilders with an extra source of protein,
but they are now being used in the dietary management of
patients with various medical conditions, such that research-
ers have been studying the effects of protein supplementation
on health (Figure 1). An increase in the muscle protein syn-
thesis and an improvement in the net protein balance
are observed in patients who exercise regularly and consume
protein supplements. In addition to muscle growth, a meta-
analysis also determined that the supplements have a small to
moderate effect on muscle recovery.53 Soy protein supple-
ments, a type of plant protein, have come on the market,
and their efficacy in stimulating myofibrillar protein synthe-
sis has been compared to animal protein supplements. The
myofibrillar protein synthesis rates demonstrated by soy pro-
teins were lower than those demonstrated by milk, beef, or
WP. The proposed decreased anabolic capacity of the plant-
based protein is thought to be due to either a difference in
amino acid composition or differing amino acid absorption/
kinetics.34 However, additional research remains necessary to
compare the effects of other plant and animal proteins.

Supplementation with protein has been shown to yield
beneficial outcomes for both cardiovascular and metabolic
risk factors. Studies analyzing the effect of WP on hyperten-
sion reported significantly lower systolic blood pressure read-
ings in prehypertensive and mildly hypertensive overweight
individuals than the control group (126.5 ± 6.9 mm Hg vs.
128.8 ± 7.4 mm Hg, P¼ 0.033).54 A similar effect was seen
with soy protein consumption, with a mean decrease of
2.21 mm Hg for systolic blood pressure (95% confidence
interval [CI]− 4.10 to −0.33; P¼ 0.021) and 1.44 mm Hg
(95% CI −2.56 to −0.31; P¼ 0.012) for diastolic blood
pressure.55 Also, investigations into soy proteins have
revealed reductions in serum LDL by 4.76 mg/dL (95% CI
−6.71 to −2.80 mg/dL; P< 0.0001) and total cholesterol
levels by 6.41mg/dL (95% CI −9.30 to −3.52 mg/dL;
P< 0.0001).56 Another meta-analysis of WP supplementa-
tion in the diabetic population revealed significantly lower
postprandial glucose levels at 60 minutes (weighted mean
deviation −2.67 mmol/L; 95% CI −3.62 to −1.72 mmol/L)
and 120 minutes (−1.59 mmol/L; 95% CI −2.91 to −0.28
mmol/L). The incremental area under the insulin curve was
significantly higher in the WP group (24.66 nmol/L�min,
1.65–47.66 nmol/L�min) than in the placebo group.57

Thus, adding protein supplements can improve cardiovascu-
lar health by positively impacting blood pressure, lipid levels,
and glycemic control. Additionally, the better glycemic con-
trol leads to a decrease in diabetes-related complications and
mortality rates.

Studies have shown that WP can positively reduce oxidative
stress and may play a role in the treatment of hepatitis. For
example, 12-week supplementation with 20 g/day of WP iso-
late in individuals with nonalcoholic steatohepatitis increased
glutathione and overall antioxidant capacities. Consuming
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45 g/day of WP in bar format for 14 days in healthy subjects
increased lymphocyte glutathione levels. Additionally, feeding
patients with ischemic stroke a diet containing WP via a naso-
gastric tube reduced interleukin-6 and increased glutathione lev-
els after 5 days of supplementation.58

In a study carried out by Moreno et al investigating
the effect of protein supplementation on athletes’ gut
microbiota, no significant alterations in microbiota diversity
were noted, but there was an observed increase in the
abundance of Bacteroidetes phylum, linked to proteolytic
activity. Conversely, health-related taxa such as Roseburia,
Blautia, and Bifidobacterium longum showed a decreased
presence. This suggests that prolonged protein supplemen-
tation may have an adverse effect on the composition of
the gut microbiota.59 In contrast, in an observational study
involving rugby players whose protein intake accounted
for 22% of their total energy intake, a decrease in the
Bacteroidetes phylum was observed when compared to the
microbiota of healthy controls, whose protein consumption
accounted for 15% of their total energy intake.52 These
results depict a potential role of quantity and source
of protein supplement as important variables in observing
the impact on intestinal microbiota as well. However,
a small study set makes it difficult to make any generalized

conclusions, and large studies are required to bolster these
findings.

WP is a promising treatment for patients with cancer-
related cachexia causing progressive muscle and adipose tissue
atrophy; thus, protein supplementation is often recom-
mended for patients suffering from cancer-related cachexia.
Various studies have shown promising results when patients
were supplemented with dietary protein. A study conducted
by May et al with patients with solid tumors demonstrated
weight loss of >5% supplemented with b-hydroxy-b-methyl-
butyrate (3 g/day), L-arginine (14 g/day), and L-glutamine
(14 g/day [HMB/Arg/Gln]). Compared with controls, over
4 weeks patients who supplemented with HMB/Arg/Gln
gained 0.95 ± 0.66 kg of body mass, while the control group
lost 0.26 ± 0.78 kg. The HMB/Arg/Gln–supplemented group
significantly increased fat-free mass (1.12 ± 0.68 kg). The
effect of HMB/Arg/Gln was maintained over 24 weeks
(1.60 ± 0.98 kg; P< 0.05). No adverse effects of negative
effects on quality-of-life measures were observed.60

Cancer cachexia is associated with high catabolism, and
supplementation with leucine has been proposed due to its
significant effect on mTORC1 pathway activation, leading
to increased protein synthesis and decreased protein degrada-
tion. Multiple preclinical studies on rodents have explored

Figure 1. Effects of protein supplementation.
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the impact of leucine supplementation in cachectic tumor-
bearing hosts. A review of the preclinical literature by
Beaudry and Law showed that out of the 14 preclinical studies
on cancer cachexia, 13 suggested that leucine-rich feeding can
be an effective additive treatment for cancer cachexia. The cur-
rent preclinical research indicates that leucine supplementation
may help reduce skeletal muscle loss by preserving protein syn-
thesis and decreasing protein degradation, attenuating cardiac
dysfunction, improving immune competence, preserving energy
production capacity, and decreasing inflammation.61

Lactoferrin is believed to positively impact the treatment
of hepatitis B virus and hepatitis C virus infections.
Lactoferrin could be a potential anti-hepatitis agent that
effectively treats patients with chronic hepatitis, as shown in
a pilot study conducted by Tanaka et al, suggesting that lac-
toferrin inhibits hepatitis C viremia in patients with chronic
hepatitis C. Eleven patients with chronic hepatitis C received
an 8-week course of bovine lactoferrin (1.8 or 3.6 g/day). At
the end of lactoferrin treatment, a decrease in serum alanine
transaminase and hepatitis C virus RNA concentrations was
observed in 3 of 4 patients (75%) with low pretreatment
serum concentrations of hepatitis C virus RNA. However,
seven patients with high pretreatment concentrations showed
no significant changes in these indices. This pilot study sug-
gests that lactoferrin is one of the potential candidates for an
anti–hepatitis C virus reagent that may be effective in treating
patients with chronic hepatitis.62 Similarly, a study by Koji
Hara et al suggests that the interaction of lactoferrin with cells
was crucial for its inhibitory effect. Lactoferrin may be a candi-
date for an anti–hepatitis B virus reagent that could be effective
in treating patients with chronic hepatitis.63

Some studies have shown that WP supplementation does
not adversely affect renal function in healthy individuals.64

However, it is essential to be cautious, as excessive protein
consumption may lead to hyperfiltration (mean deviation
7.18 mL/min/1.73 m2; 95% CI 4.45 to 9.91; P< 0.001)
and increased urinary calcium excretion (mean deviation
25.43 mg/24 h; 95% CI 13.62 to 37.24; P< 0.001) com-
pared to low protein consumption.65 This has been associ-
ated with a higher risk of proteinuria and CKD in healthy
individuals (risk ratio 1.644; 95% CI 1.064 to 2.541).66

Clinical trials investigating the relationship between protein
intake and kidney disease rarely consider the type of protein
consumed, whether of animal or plant origin. However, this
difference is crucial, as demonstrated by a study from China,
which found that a higher intake of red meat was associated
with a greater risk of end-stage renal disease.67 A study con-
ducted by Barsotti et al showed that as patients with nondia-
betic nephrosis transitioned from an animal-vegetable diet
(1.0–1.3 g/kg/day of protein) to a vegan diet (0.7 g/kg/day),
there was a significant decrease in proteinuria.68 A recent
study conducted in Taipei analyzed the relationship between
vegetarian diets and CKD prevalence. The study included
55,113 participants, of which 4,236 were vegans, 11,809
were ovo-lacto vegetarians, and 39,068 were omnivores. The

study discovered that a vegetarian diet was significantly
linked to a lower prevalence of CKD with a lower prevalence
of proteinuria.47 The 2020 update of the Kidney Disease
Quality Outcomes Initiative stated that, in order to reduce
the risk for end-stage kidney disease, adults with CKD
should restrict protein in their diet, with or without keto
acid analogues, further bolstering this claim.48

In spite of these guidelines, the role of protein restriction
in patients with CKD has been debated for decades, with
mixed results,69 since reducing protein intake can also con-
tribute to protein-energy wasting. Furthermore, supplemen-
tation of a very low protein diet (VLPD) with ketoanalogues,
which are organic compounds that contain groups of carbox-
ylic acid and ketones and can form amino acids after under-
going transamination, is seen to have significant advantages
in CKD patients over patients who are on a VLPD only (risk
ratio 0.57; 95% CI 0.38 to 0.85).70 When comparing
patients on a low-protein diet with patients on VLPD sup-
plemented with ketoanalogues, a pooling of multiple studies
demonstrated a significantly lower relative risk (relative risk
0.63; 95% CI 0.47 to 0.86). The lower risk may not be
solely due to the addition of ketoanalogues, as an additional
decrease in protein intake in patients on VLPD or a differ-
ence in the quality of proteins used in both groups may also
affect the outcome.71 Therefore, the impact of protein and
protein supplements on individuals with CKD is a multiface-
ted issue influenced by several factors, and reducing protein
intake may not offer a simple solution for enhancing CKD
management.

In addition to these effects on the physiologic processes
in the body, use of protein supplements has also been linked
to the development of acne.72 While talking about the effects
of protein supplementation, we also need to consider the
amount of physical activity carried out by these subjects,
since those who consume these supplements regularly are
also thought to have a higher activity level than those who
do not. For example, there have been established benefits of
exercise in the elderly and overweight patients with heart fail-
ure with reduced ejection fraction, whereas the effects of pro-
tein supplementation in these patients have not been clearly
understood and may thus act as a confounding factor when
determining the actual role of the supplements.73 Hence,
despite the existing body of literature that substantiates the
impacts of protein supplementation on the body, there is a
research void concerning its long-term effects and the consid-
eration of various other factors that may also exert an influ-
ence on these physiological functions. Consequently, it is
crucial to initiate further research that specifically delves into
these facets to fully elucidate the comprehensive spectrum of
effects these supplements induce in individuals.

CONCLUSION
Protein supplements are commonly used to boost protein

intake and enhance performance, recovery, and muscle mass.
These supplements are marketed toward athletes but are also
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frequently consumed by young adults and teenagers who
work out. Protein supplementation has positive effects on
metabolic and cardiovascular risk factors and better glycemic
control in diabetic populations. However, caution is advised
regarding potential risks, such as hyperfiltration and
increased urinary calcium excretion. Overall, protein supple-
mentation offers several health benefits, but should be
approached with a balanced perspective, considering its
advantages and potential risks. Continued research will be
essential to better comprehend its effects on various health
aspects and guide its appropriate use in different
populations.
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