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Abstract
Whey protein is composed of soluble whey proteins and its benefits are well described in the
literature. However, there are not many studies investigating the potential adverse effect of a
diet with indiscriminate use of this supplement. The aim of this study was to perform a
systematic review of papers that addressed this theme. A search was conducted in Medline,
Lilacs, Toxnet, Web of science, and Scopus electronic databases. In the end, 11 documents
composed this review. The majority of the papers associated the damaging effect with the
chronic and abusive use of whey protein, the kidneys and liver being the main organs affected.
The other studies related whey protein to aggravation of aggression, presence of acne and
modification of the microbiota. Therefore, excessive consumption over a long period of protein
supplementation may have some adverse effects on the body, being aggravated when associated
with sedentary lifestyle. PROSPERO registration number: CRD42020140466.
Novelty Bullets:
e A systematic review of experimental and randomized studies about the use of whey
proteins supplements and its impact on physical health.
e Analysis revealed that chronic and without professional guidance use of whey protein
supplementation may cause some adverse effects specially on kidney and liver function.
e Presented data support a need for future studies co-relating the use of different types of
whey protein with and without exercise to better see the impact on human physical
health.
Keywords: Hyperproteic diet; Whey protein; Negative effects; Hepatotoxicity; Protein

supplementation; Adverse effects.
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1. Introduction

The two main sources of protein in milk are caseins and whey proteins, the casein being
responsible for curdling, and the whey proteins referring to the aqueous part of the milk
(Walzem et al. 2002). Today, after enzymatic processing it is possible to extract the proteins
present in this serum including a-lactalbumin (50%), B-lactoglobulin (25%), bovine serum
albumin (7%) and immunoglobulins (5%), which are rich in branched-chain amino acids
(leucine - LEU, isoleucine, and valine) that thereby define and constitute the so popular Whey
Protein (WP) (Aimutis 2004; Haraguchi et al. 2009).

Studies have shown that WP is the most widely used protein supplement among athletes
and physical activity practitioners, since it plays an important role in protein synthesis,
increasing lean muscle mass, and in the metabolism of carbohydrates that provide energy at the
time of exercise, thereby improving sporting performance so highly (Borsheim et al. 2002;
Yoshizawa 2004; Pasiakos et al. 2015).

It is estimated that up to 90% of all athletes worldwide consume dietary supplements at
some level mainly because they are easily accessible (Huang et al. 2006; Denham 2011;
Giannopoulou et al. 2013). In particular, amateur athletes often use WP based on their own
prescription, usually obtained directly from sellers or through websites, ignoring the possible
risks associated with chronic and excessive intake of a particular nutrient, such as proteins
(Walter 2001; Allen and Haskell 2002; Laure and Binsinger 2005).

The benefits of using WP in clinical practice are very well described in the literature, such
as effects on immunomodulation, antibacterial, antiviral, and antifungal activity among others
(Vasconcelos et al. 2018). However, there are not many studies investigating the safety and
potential adverse effects of a diet with indiscriminate use of these protein supplements (Wong
etal. 2011; Lopez-Legarrea et al. 2014). Some studies have already shown that the exacerbated
use of WP may be detrimental to health in the long term (Wakefield et al. 2011; Gurgen et al.
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2014). Among the adverse effects are the increase in the presence of acne (Pontes et al. 2013),
dysfunction of the microbiota (Moreno-Perez et al. 2018), and modifications in the regular
metabolism of the kidneys (Aparicio et al. 2011) and liver (Gurgen et al. 2014). Thus, the
objective of this study was to conduct a systematic review of the possible adverse effects caused
by the indiscriminate use of WP and to discuss its potential harm to the body.

2. Materials and methods

The purpose of this systematic review was to find documents dealing with harmful and/or
adverse and/or deleterious effects of WP supplementation on animals and/or humans. This
study was registered at the International Prospective Register of Systematic Reviews
(PROSPERO: CRD42020140466).

2.1 Search strategy and study selection

Five electronic databases were used: Medline (via Pubmed); Lilacs (via Portal Virtual
Health Library - VHL); Toxnet (via Toxline); Web of Science, and Scopus (via Portal
Periodical of Capes). The descriptors based on the Medical Subject Headings (MeSH) used in
the search were: "Whey Protein', 'Adverse Effects', 'Dietary Supplementation' and '"Toxicity', as
well as their respective references in Health Science Descriptors (DeCS). The search terms were
adapted for use with other bibliographic databases in combination with database-specific filters
for controlled trials, where these are available.

The search strategies used were: "Whey protein' AND 'Adverse Effects'; "Whey protein'
AND 'Toxicity'; "Whey Protein' AND 'Dietary Supplementation'; 'Whey protein' AND 'Adverse
Effects' AND 'Dietary Supplementation’, as well as their respective variations in Portuguese.
The period of publication of the articles selected was between 2000 and 2020, and the search
carried out from September, 2018 to April, 2020. It was used articles in English and/or
Portuguese. The full text of the potentially eligible studies was retrieved and independently

assessed for eligibility by two review team members (QDJSV and TPRB). Any disagreement
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between them over the eligibility of particular studies was resolved through discussion with a
third reviewer (GFA).
2.2 Data extraction

The data collection was made manually by QDJSV. Each study quality was assessed by
QDJSV and TPRB. The data were analysed after the division into subgroups: human and animal
models, always comparing the same species with each other. The different results that the
adverse effects of whey protein promoted were also analysed, such as increase expression of
anger, exacerbation of acne, and damaging effect in gut microbiota, kidney, and liver.

2.3 Eligibility Criteria

Study inclusion was decided by a consensus between authors QDJSV and TPRB. In
cases of disagreement with the inclusion of an article, GFA was consulted. Inclusion criteria
were defined according to the PICOS approach (Liberati et al. 2009). Study selection criteria
1: Population: Humans (adults) and/or Animals; Intervention: whey protein or protein-based
supplements; Comparator: control groups; Outcome: any adverse effect; Study design:
randomised controlled trials, case-control (if relevant), and prospective. PICOS are described
in table 1.

The exclusion criteria were: review articles, those that were not related to the intended
subject, those that were out of the period of publication established, as well as those in
languages other than the ones that were chosen. Regarding the inclusion criteria, we selected
original articles that dealt with WP adverse effect in humans or experimentally in animals,
published in Portuguese or in English between the years 2000 and 2020. A narrative synthesis
of the findings from the included studies and the individual data from all randomized
participants was evaluated, and all interpretation of the results from prospective randomized

studies was performed on an intention-to-treat analysis.
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2.4 Quality assessment

The research was conducted by three reviewers. Data supplied for included randomized
control trials (RCTs) were checked for: missing data; internal data consistency; randomisation
integrity (balance of patient characteristics at randomisation, pattern of randomisation); follow-
up and censoring pattern. Summary tables were checked with trial protocol and latest trial report
or publication. Any discrepancies or unusual patterns were checked with the study investigator.
Final copies of the form from each trial were returned to the appropriate trial investigator for
verification. Besides, articles were screened to identify if prospective registration of the clinical
trial was conducted.
3. Results
3.1 Summary of findings

A total of 2345 articles were retrieved from the initial research, and only 1656 remained
after duplicates removal. After reading titles and then abstracts, two review authors (QDJSV
and TPRB) identified studies that potentially meet the inclusion criteria remaining only 23
relevant papers. Based on the exclusion criteria, 12 articles were excluded and an additional
four papers found by other sources were added. The primary reasons for exclusions are listed
in figure 1, some papers had multiple reasons. At the end, this systematic review culminated in
the sample of 11 documents all in English. The flow chart (adapted from PRISMA diagram) is
illustrated down below.
3.2 Studies characteristics

In our findings, four articles reported an association of high WP consumption with liver
injury as toxicity (Whitt et al. 2008; Gurgen et al. 2014; Nunes et al. 2013; Deminice et al.
2015) and increase their markers of oxidative stress (Deminice et al. 2015), besides that two

studies also related to possible kidney problems (Aparicio et al. 2011; Hattori et al. 2017). The
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rest of the findings dealt with the negative effects on the microbiota (Moreno-Pérez et al. 2018),
acne (Pontes et al. 2013) and expression of anger (Santos et al. 2011).

The age of the studies participants varied from 20 to 45 years old. Four studies included
physical activity practitioners, only one article included menopausal women, one included
healthy individuals, the rest of the articles selected were with animals, all rats. Regarding the
studies design, of the 11 papers that made this systematic review, the most prevalent among
humans’ studies was randomized trials (4), then, one descriptive observational, and we decided
to use one case-control study because of its relevance to the theme of this paper, the remaining
ones were experimental, as already mentioned. Table 2 summarizes the articles that made up
this review.

4. Discussion
4.1 Safety use of protein supplementation

Proteins are biologically active substances which have several functions in the body, making
up hormones, enzymes and cellular structures (Lobley et al. 2000; Hulmi et al. 2009). The use
of a protein supplementation can be beneficial during the moment of the physical exercise to
maintain the preservation of muscle mass and avoid proteolysis. Daily protein requirements are
determined by the ability to maintain a positive balance between degradation and synthesis
(Pitkanen et al. 2003; Tang et al. 2007).

According to an international consensus the daily reference intake of protein for the healthy
adult population is 0.8 g/kg body weight (Campbell et al. 2007; Phillips and van Loon 2011),
people who practice physical activity may have their needs increased, ranging from 1.2 to 2
g/kg of body weight (Thomas et al. 2016). It is known that WP is the most commonly used
protein supplement as a strategy to increase protein intake, mainly by athletes and physical

activity practitioners (Cribb 2005; Knoesen et al. 2009; Hida et al. 2012).
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The ideal dose of WP that an individual should consume varies according to their goals,
level of physical activity and current body composition (Areta et al. 2013; Breen and Phillips
2013). However, some studies indicate that a dose between 20 and 25 g/day of WP is sufficient
to achieve the proposed benefits whereas doses above 40 g/day related to possible adverse
effects on the organism (Witard et al. 2014).

4.2 Effects on kidney function

The studies of Aparicio et al. (2011) and Hattori, Tiselius, and Heilberg (2017) found in this
review associated the consumption of a hyperproteic diet with the appearance of kidney
problems, using, respectively, animal and human models. Aparicio et al. (2011) showed that
consumption of a diet supplemented with a short-term WP intake increased plasma urea, urinary
volume and urinary calcium excretion while decreasing pH and urinary citrate. Decreased
urinary pH concomitantly with hypocitraturia and hypercalcemia are recognized as a risk for
nephrolithiasis (Amanzadeh et al. 2003; Pak 2008). Though, this result was not found in the
Aparicio’s study.

Regarding renal function, the main concern is a possible overload of the kidneys due to an
increase in the pressure and rate of glomerular filtration from a hyperproteic diet, since urea,
the main product of protein metabolism, is excreted by this organ (Bankir et al. 1996; Heilberg
and Goldfarb 2013). However, a systematic review by Martin et al. (2005) has shown that this
renal hyperfiltration can be an adaptive mechanism and, therefore, would not cause damage to
the organism of healthy individuals.

Another systematic review, in this case of experimental studies, points out that the use and
supplementation of WP does not alter the kidney biomarkers, such as creatinine and urea, and
does not change histological tissue on renal glomeruli and tubules as well (Carlos et al. 2019).

4.3 Effects on liver function
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In the works using animal models of Deminice et al. (2015) and Gurgen et al. (2014),
excessive use of WP without exercise was associated with liver problems, presenting elevated
alanine aminotransferase (ALA) and aspartate aminotransferase (AST), enzymes associated
with liver injury (Kaneko et al. 2008). Also, in Nunes et al. (2013) study, the sedentary group
that consumed WP had those same results, but, in contrast, the group that exercised and used
WP, the expression of liver injury markers decreased. It appears that a high protein intake in
the lack of necessity for the body or sedentary lifestyle can cause detrimental effects on liver
function (Blomstrand et al. 2006).

The relationship of hyperproteic diets with the onset of liver problems is interrelated with
increased stress promoted by excess liver proteins (Rodriguez et al. 2009). The amino acids that
make up the proteins have in their structure a carbon skeleton and a nitrogenous part, at the
moment of their metabolization, these structures must be separated, a process that can happen
in the liver called deamination (Lobley et al. 2000). The nitrogenous part results in ammonia
which is converted into urea through the urea cycle which also occurs in the liver, eventually
going to the kidneys where it will be excreted (Welle et al. 1995; Lobley et al. 2000).

In the presence of physical activity, the amino acids (AA) circulating in the bloodstream
after the consumption of WP are used by the muscle to increase the protein synthesis and
phosphorylation of the mammalian target of rapamycin (mTOR) (Paim et al. 2014). A high rate
use of amino acids by the muscle determines less metabolization of them by the liver, as well
as lower urea formation (Kanda et al. 2013). Therefore, a protein supplementation associated
with exercise more substrate will be provided to the muscle and less to the liver (Bankir et al.
1996; Frank et al. 2009).

We have to mention that some studies found that AA can stimulate mMTORC1 in skeletal

muscle without exercise (Cao et al. 2019, Norton et al., 2012), and exercise itself also stimulates
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muscle protein synthesis through mTORCI-independent mechanisms such as elF2B
dephosphorylation (Gordon et al. 2013).

A very interesting case study found in this review correlate the use of protein
supplementation with hepatic injuries. A healthy young male patient developed a deep hepatic
cholestasis associated with the presence of jaundice without any type of biliary obstruction or
hemolysis due to prolonged use of protein supplements, being WP and creatine (Whitt et al.
2008). It is important to emphasize that some studies regarding individuals with liver damages,
such as chronic hepatitis and non-alcoholic hepatic steatosis (NASH), WP intake has shown to
be beneficial in reducing inflammation (Chitapanarux et al. 2009; Elattar et al. 2010).

4.4 Effects on the intestinal microbiota

It is known that the diet has a direct influence on the intestinal microbiota modification, both
positively and negatively (Lopez-Legarrea et al. 2014). Physical activity can also modify the
microbiota by changing intestinal transit as well as promoting the growth of some beneficial
bacteria (Bressa et al. 2017). In the study of Moreno-Perez et al. (2018), which evaluated the
microbiota of athletes supplemented with WP, there was a decrease in some beneficial bacteria,
as well as an increase in the growth of malefic bacteria, the Bacteroides phylum. It is important
to report that other works found in the literature positively associated the consumption of WP
with benefits in the microbiota with increase of intestinal Bifidobacterium and Lactobacillus
(Meddah et al. 2001; Swiatecka et al. 2011). The difference between the studies may be due to
several factors, such as time and amount of WP used.

4.5 Other relevant consequences on health

The works of Santos et al. (2011) and Pontes et al. (2014) related, respectively, chronic
protein supplementation to increased expression of anger and acne in physical activity
practitioners. The two authors associated the nutritional composition of WP as a justification

for their findings.
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It is important to highlight that both studies had some limitation regarding the
methodological aspects. In Santos’ work, anger was measured by a survey of bodybuilders
regarding frequency and volume of supplemental protein intake, including non-WP
supplements. He didn’t account for other correlated factors that could be important, such as
preparing for competition (Andersen et al., 1995). Furthermore, Pontes’ study has no control
group for the protein supplement treatment. It is reported that there was a progression of acne
lesions after 2 months of supplementation. We cannot know if a control group, without
supplementation, would have experienced different results.

Serotonin is the main neurotransmitter linked to impulsivity and depression, with tryptophan
(TRP) being an essential amino acid in its synthesis (Rossi and Tirapegui 2005). It is known
that branched-chain amino acids (BCAAs) present in the WP can compete with the TRP in the
passage of the blood-brain barrier, thus reducing the synthesis of serotonin and may cause the
symptoms related to anger (Kapczinski et al. 2003; Rossi et al. 2003). On the other hand, in the
study of Thomson et al. (2011), anger was reduced by 25% in physically active humans after
supplementation of leu-rich proteins (including free Leu milk protein powder and WP isolate).
Therefore, the papers are still unclear about what mechanisms are behind those results.

In milk and its derivatives, there is the presence of insulin-like growth factor 1 (IGF-1), a
compound associated with the promotion of the growth and division of cutaneous cells,
production of sebum, and increase of estrogen factors linked to the appearance of acne
(Adebamowo et al. 2005; Melnik 2011). Although WP does not have IGF-1, some products
containing WP may have it. Thus, this may be one of the explanations why high consumption
of WP products are related to the appearance of acne lesions.

4.6 Primary outcomes
The use of WP in satisfactory doses seems to be beneficial as the problem being its high

consumption, especially in the long term. Moreover, in the studies found, the dose, type of WP
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used (isolated, hydrolyzed or concentrated) as time of use varied widely, it is not possible to
say in fact if these factors influenced to the results of the works somehow. Despite of the limited
number of articles found, we managed to conduct a systematic review that dealt with the
association of WP consumption with the presence of possible deleterious effects on the body.
As far as we know, no other review was made regarding this subject.
5. Conclusion

This review of the literature has found some studies that related the chronic use in high
doses of WP with different negative effects to the organism, mainly in sedentary individuals. It
was observed that the dose and time of consumption are closely related to the adverse effects
of the use of WP. Therefore, consumption of WP above requirement has led to adverse
outcomes in some cases and beneficial outcomes in others. However, some studies have not
been able to differentiate whether the negative effect was exclusively due to the use of WP or
excess of proteins in general, and the literature is scarce on papers in this perspective. Therefore,
it would be interesting to propose future research to evaluate the difference and effects on the
body comparing a hyperproteic diet, without supplementation, with one supplemented with
WP. In addition, research that also deals with the use in different doses and distinct populations

and its relation with the organism, both in short and long term.
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Table 1. Description of the PICO criteria used in human studies (Population, Intervention,

Comparison, Outcome, and Studies) for systematic review.

PICO Criteria Description

Adults (2045 years of age), Physical activity practitioners (1745

Population years of age), both sexes, and Women after menopause (5065
years of age)

Intervention Whey Protein (varied doses)

Comparison Control Groups

Outcome Chronic and abusive use of whey protein may cause adverse
effects on health, especially on kidneys and liver
Studies Randomized crossover, Prospective observational, and only one

Case-Control

22

https://mc06.manuscriptcentral.com/apnm-pubs



Page 23 of 26

Applied Physiology, Nutrition, and Metabolism

2. Table 2

Table 2. Summary of data extracted from articles found.

Timing of . .
Author(s) / Year Dose Treatment Species / Sex Key findings
- Increased protein intake.
- Presence of relevant negative
MORENO-PEREZ It ranged from Cross-Country modification in the mlcr9b1ota.
1.8-3 g/kg WP Ten weeks. - There was no change in the
etal., 2018. Male Athletes. .
alone. concentrations of SCFAs,
ammonia, pH and water content in
fecal samples.
It varied Practitioners - Increased appearance and/or
PONTES et al., according to . exacerbation of acne lesions.
- . of Physical .
2013. participants. Sixty days. .o - The result was more relevant in
. Activity of .
Not specified. females and in those who had no
Both Sexes. .
history of acne.
Group Wlth. - After losing 5 to 10% of body
normal protein .
) weight there were no adverse
content: 0.8 .
ke bod effects on maximum muscle
gwgi ht Y strength, with only a small
SMITH et al., gt . Women after decrease in muscle mass.
Six Months
2018. . Menopause.
Group with o
high protein - Increased protein intake by more
than 50% had no significant
content: 1.2 . .
clinical therapeutic effect on
g/kg body muscle oai
. gain or strength.
weight.
- Case study of a patient who had
chronic use of creatine and WP
for four weeks prior to the
appearance of acute renal failure
and jaundice
- Viral hepatitis, genetic and
WHITT et al., . autoimmune diseases have been
2008 Not specified. Four weeks. Male ruled out.
- The pathology was induced by
protein supplements, WP being
most evident due to the recent
association of its use with the
appearance of symptoms.
- Elevation of protein nitrogen
content.
- Individual 50% increase in
urinary calcium was observed in
0 L
HATTORI: . 27 g/day 39% of supplemented individuals.
(independent Men and - Decreased urinary pH by 44%.
TISELIUS; of weight) of Three days. Women - There was no change in the
HEILBERG, 2017.  ° 7780 ' 8

SANTOS; Minimum of Men
MACIEL; 3.33 g/kg body six months Practicing
MENEGETTI, weight (mean). (varied Physical
2011. according to Activity.

values of calcium, phosphorus,

sodium, potassium magnesium,
uric acid, citrate, oxalate,
creatinine, pH and urinary

saturation indices between groups.

- Elevation of anger scores
considered higher than usual in
the group that used protein
supplementation.
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the
participant).
Table 2. (Contd.)
- Low weight in the neonatal
. period.
Noré?)iltgﬁtem - Weight gain in puberty and
DELAMAIRE et 8.7 g/dL. adulthood..
al. 2012 Fifteen Days Male Sprague- - Increase in food intake.
? ' Hich protein " Dawley Rats. - Increase serum insulin, leptin
fonrt)en - and triglycerides.
13 of dL. - Increased number of pancreatic
gia B-cell and the size of adipocytes.
- Presence of mesenteric fat mass.
Dose free of a - Increased intake levels of
. . methionine and protein.
DEMINICE, diet with 20% .
COMPAROTTO, of the caloric Four weeks. Male Wistar - Increased SAM and SAH levels.
. Rats. - No change in Hcy values.
JORDAO, 2015. value coming .
from proteins - Increased biomarkers of
' oxidative stress in the liver.
- Elevated levels of IL-1f in the
WL group.
- IL-6 and TNF-a were decreased
WS: Five in the WS group and elevated in
GURGEN et al., 252 g/1'<g body days. Male Wistar . the WL group. .
2014 weight. Rats - Significant change in ALT in the
’ WL: Four ’ WL group.
weeks. - High presence of inflammatory
infiltration around the portal area
in the liver in the WL group.
- Elevation in plasma of
NUNES et al., 1.8 g/kg body Ficht weeks Male Wistar  creatinine, ALP, AST and ALT in
2013. weight. & ' Rats. the group supplemented with WP
without physical activity.
nOGan(l);p \;g‘ilin - Increased kidney weight, urinary
con tIe)n ¢ volume and acidification.
138 o/1 0'0 - Increased calcium excretion in
' dige + & parallel with reduced excretion of
APARICIO et al., ’ Three Months Male Wistar citrate.
2011. Group with Rats. - No deleterious effects were
hich pro tein found on bone tissue.
gorﬁen & - Physical exercise had protective
63.6 o1 0'0 effect against renal changes and
' d?et & some metabolic parameters.

Note: WP: whey protein; SAM: S-adenosylmethionine; SAH: S-adenosylhomocysteine; Hcy: Homocysteine; WS:

Group supplemented briefly; WL: Group supplemented for a long time; IL: Interleukin; TNF: Tumor necrosis

factor; ALT: Alanine aminotransferase; ALP: Alkaline phosphatase; AST: Aspartate aminotransferase; SCFAs:

Short-chain fatty acids.
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Figure 1. Study identification flow chart.
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Records identified through Additional records identified
database searching, n = 2345 through other sources (n = 4)
(PubMed = 97; Lilacs = 110;
Toxnet = 19; Capes = 2118).

[ Included ] [ Eligibility ] [ Screening ] [Identification]

A \ 4

Records after duplicates removed (n = 1656)

\ 4

Records screened Records excluded

(n=128) (n=103)

\ 4

\ 4

Full-text articles excluded

Full-text articles assessed >

e with reasons: (n = 12)
for eligibility (n = 23)

e No relevant result;

e Associated whey

A 4

L o protein  with  other
Studies included in this
) ) supplements;
systematic review (n = 11)

e Use of experimental

whey protein or protein

supplements.
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