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Abstract

Background: Excessive inflammatory response is associated with several diseases. Re-
cently, there has been an increasing trend for investigation of the acute or short-term 
effects of whey protein alone or in combination with carbohydrates on inflammato-
ry status, especially in athletes. This systematic review aimed to clarify these effects. 
Materials and Methods: PubMed, Scopus, and Web of Science databases were searched from 
January 1990 to September 2021, without language restriction. Adult studies examining the effects 
of whey protein alone or together with carbohydrates on interleukin-6, tumor necrosis factor-α, 
and C-reactive protein levels with a maximum duration of 15 days and with at least one comparison 
group were included. The quality of studies was determined using the Cochrane risk of bias tool. 
Results: Twenty-five studies met the inclusion criteria. Significant reductions in inflammatory 
markers was observed in seven out of 25 studies (28%). However, one out of 25 studies (4%) re-
ported a significant increase in inflammatory status. Among those studies comparing the effects of 
whey protein alone with non-protein or protein-containing groups, 18.18% (two out of 11) and 10% 
(one out of ten) of the trials revealed a significant decrease in the markers, respectively. Moreover, 
of those studies comparing whey protein plus carbohydrate with non-protein or protein-containing 
groups, 33.33% (two out of six) and 40% (two out of five) of them showed a significant reduction 
in the inflammatory response, respectively. The quality of the majority of studies (84%) was poor. 
Conclusion: It seems that whey protein alone or the combination of it with carbohydrates 
may not affect the inflammatory markers in the short run (PROSPERO registration number: 
CRD42021273915).[GMJ.2023;12:e2441] DOI:10.31661/gmj.v12i0.2441
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Introduction

Inflammation is one of the major processes 
involved in the body’s defense against in-

juries or infections [1]. However, excessive 

inflammatory response and cytokine over-
production can result in the development of 
several diseases including rheumatoid arthri-
tis, atherosclerosis, diabetes, obesity, Alzhei-
mer’s disease, and multiple sclerosis [2, 3]. 
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Inflammatory diseases can lead to high rates 
of disability and mortality around the world, 
accounting for over 50% of all deaths [4].
Several modifiable factors have been linked to 
altering inflammatory status including smok-
ing, alcohol consumption, physical activi-
ty, and use of some medications [5]. Dietary 
compounds are also one of the important fac-
tors influencing systemic inflammation. 
For instance, Western-style diets are usually 
associated with higher inflammatory status, 
while Mediterranean diets are related to lower 
levels of inflammation [6]. 
Whey protein, as a group of globular proteins, 
is considered one of the major proteins in milk 
[7]. It is composed of many proteins or pep-
tides including β-lactoglobulins, α-lactoalbu-
mins, glycomacropeptide, immunoglobulins, 
serum albumins, and lactoferrin with several 
functions in the body [8, 9]. Numerous po-
tential biological activities have also been 
attributed to the consumption of this milk-de-
rived substance including cardiovascular 
protection, antioxidative effects, immune-en-
hancing properties as well as weight loss ef-
fects [10, 11]. 
Moreover, the anti-inflammatory effects of 
whey protein have been reported in several 
previous studies including those carried out 
in dialysis patients [12] or obese women with 
metabolic syndrome [13]. Cheese whey pro-
tein, as a source of threonine and cysteine, has 
also reduced gut inflammation in rats by pro-
moting mucin synthesis and changing intesti-
nal microflora [14]. 
A previous meta-analysis, performed by Zhou 
et al. [15], has evaluated the chronic effects 
(≥4 weeks) of whey protein supplementation 
on a single inflammatory marker (i.e. C-reac-
tive protein (CRP)). Results from nine includ-
ed randomized trials in this study indicated 
that whey protein significantly reduced CRP 
levels in those with high doses of intervention 
or high baseline CRP concentrations.
In the past few years, however, there has been 
an increasing trend to investigate the acute or 
short-term effects of whey protein on inflam-
matory status, especially in athletes [16-21]. 
Many of these interventions were also com-
bined with carbohydrate [16-19], as a source 
of energy [22]. It has been reported that co-in-
gestion of protein and carbohydrates follow-

ing exercise may increase muscle glycogen 
synthesis and functional capacity [23]. How-
ever, the research result obtained in this area 
is contradictory. Several clinical trials indicat-
ed that supplementing whey protein alone or 
along with carbohydrates can reduce inflam-
matory markers for a short duration [24-27], 
while some others could not show any benefi-
cial effects [16, 28-30]. 
Accordingly, this review, for the first time, 
aimed to systematically evaluate the acute 
or short-term effects of whey protein sup-
plementation alone or in combination with 
carbohydrates on inflammatory markers in-
cluding interleukin-6 (IL-6), tumor necrosis 
factor-alpha (TNF-α) and CRP. 

Materials and Methods

This systematic review was developed ac-
cording to the Preferred Reporting Items 
for Systematic Reviews and Meta-analy-
ses (PRISMA) statement [31], and was reg-
istered in the database of the International 
Prospective Registr of Systematic Reviews 
(PROSPERO) with the registration number 
CRD42021273915 (available at:https://www.
crd.york.ac.uk/prospero). The research proto-
col has not been yet published.

Search Strategy and Study Selection
The search strategy was developed based on 
the medical subject heading (MeSH) database 
and search terms of relevant review studies. 
The full search strategy is included in Sup-
plementary file 1, which consists of two com-
ponents: i.e. the intervention (whey protein) 
and the outcome (inflammatory markers). The 
systematic literature search was performed in 
PubMed, Scopus, and Web of Science data-
bases from 1 January 1990 up to 23 Septem-
ber 2021 without language restriction. Refer-
ence lists of related review articles were also 
searched for possible additional relevant stud-
ies [15, 32-34].
Studies meeting all the following criteria 
were included in this systematic review: (1) 
clinical trials with either parallel or cross-over 
design; (2) healthy or unhealthy adult partic-
ipants (mean age>18 years); (3) oral admin-
istration of whey protein in any form (whey 
protein concentrate, isolate, hydrolysate, etc.) 
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(WP group) or whey protein combined with 
carbohydrate (WP+CHO group); (4) included 
at least one comparison group; (5) assessed 
serum inflammatory markers including IL-
6, TNF-α, CRP or high-sensitivity CRP (hs-
CRP); and (6) a maximum duration of 15 days. 
Conference papers without available full texts 
were excluded from the present review.
Two reviewers screened the titles and ab-
stracts of retrieved studies according to the 
eligibility criteria. Subsequently, full-texts of 
those studies without sufficient information 
based on title and abstract were assessed by 
two independent reviewers (MM and SMA). 
Discrepancies were clarified through discus-
sion and when clarification was not possible, 
a third reviewer (AK) was consulted.

Data Extraction 
Data extraction was performed by one re-
viewer (MM) and checked for accuracy by a 
second reviewer (MRZ). Disagreements be-
tween the reviewers were eventually resolved 
by discussion. The following data were ex-
tracted from the included studies:first author, 
year of publication, country (where the study 
was done), study design, participants’ char-
acteristics, sample size, age, sex, body mass 
index (BMI), intervention details including 
dose and type of whey protein or carbohydrate 
consumed (and concurrent exercise program, 
if present), information on comparison group, 
intervention duration, time points of inflam-
matory marker assessments and the findings 
related to comparing the inflammatory mark-
ers between the groups. 

Quality Assessment
The quality (risk of bias) of all included study 
was assessed by the Cochrane risk of bias tool 
for randomized controlled trials [35]. The tool 
comprises seven domains including random-
ized sequence generation, allocation conceal-
ment, blinding of participants and personnel, 
blinding of outcome assessor, incomplete out-
come data, selective outcome reporting, and 
other sources of bias. 
 Subsequently, the studies were classified 
into three groups of qualities (good, fair, and 
poor). The study’s risk of bias was assessed 
independently by two reviewers (MM and 
NS). Any disagreements were resolved by 

consensus, and if necessary a third reviewer 
(AK) arbitrated.

Results

Selection Process 
A total of 4976 articles were retrieved from 
electronic databases. After removing dupli-
cates, 2981 studies were screened by titles or 
abstracts. The full texts of 156 potentially rel-
evant articles were then checked for eligibili-
ty. Ultimately, 25 clinical trials met the inclu-
sion and exclusion criteria for inclusion in this 
systematic review. The selection procedure of 
the studies is presented in Figure-1. 

Study Characteristics 
The study characteristics of the included stud-
ies are summarized in Table-1 and -2. Of the 
25 studies included, 15 administered whey 
protein alone and 10 provided whey protein 
plus carbohydrates. These studies were pub-
lished between 2009 and 2021 and were per-
formed in different geographical locations: 
seven in Europe, seven in Asia, five in North 
America, three in South America, and three in 
Australia. 
Regarding participant characteristics, about 
half of the studies were conducted in athletes 
or active adults (12 studies (48%); five in WP 
and seven in WP+CHO group), seven stud-
ies were carried out on different ill patients 
and three studies were conducted in patients 
with obesity or overweight ones. The remain-
ing three studies also studied sedentary men, 
healthy males, or medical students.
The mean ages of participants ranged from 
21.44-81.95 yrs. (22.3-76.2 yrs. in WP and 
21.44-81.95 yrs. in WP+CHO group). More 
than half of the studies (13 studies (52%); sev-
en in WP and six in WP+CHO group) were 
conducted exclusively in males, nine studies 
were carried out on both genders and the re-
maining three studies were only performed on 
females. Among those studies assessed indi-
viduals’ BMI (ten studies), the mean of BMIs 
was 20-35.61 kg/m2.
Considering the type of whey protein con-
sumed, whey protein isolate (WPI) was the 
most common type of protein used in the stud-
ies (ten studies (40%); six in WP and four in 
the WP+CHO group). Whey protein hydroly-
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sate (WPH), whey protein concentrate (WPC), 
hydrolysate of WPI, yellow fermented whey 
protein, and a blend of WPI and WPC were 
other forms of reported protein. Nonetheless, 
seven studies did not declare the type of whey 
protein that was consumed. 
Regarding intervention doses, a wide range of 
whey protein or carbohydrate doses (CHO as 
the intervention group) was used. Some stud-
ies had a fixed dose for all the participants (7-
114 g/day for WP and 25-250 g/day for CHO), 
and the others administered the interventions 
based on the individuals’ body weight (0.6-2.3 
g/kg/day for WP and 1-7 g/kg/day for CHO). 
Each study had at least one comparison 
group. Participants in these groups received 
either protein-containing supplements (such 
as casein, α-lactalbumin, or white bread and 
sour milk cheese) or non-protein interven-
tions (such as maltodextrin, water, or having 
no supplementation). Over half of the studies 
(56%, 14 studies) reported a concurrent exer-
cise program in parallel with the supplement 
protocol. This was even more pronounced in 
the WP+CHO group where 70% (seven out of 

ten) of the studies had a supplemental exercise 
program, whereas 46.67% of the studies in the 
WP group (seven out of 15) had an exercise 
schedule.
The duration of the studies varied between one 
to 15 days. One day acute intervention were 
predominantly (90%, nine out of ten studies) 
in the WP+CHO group, whereas nearly half 
of the studies in the WP group (46.67%, seven 
out of 15 studies) had an acute duration. 
Besides, in more than half of the studies (13 
studies (52%); seven in WP and six in the 
WP+CHO group) the inflammatory markers 
were measured at multiple time points (>2 
times), while in ten studies (seven in WP and 
three in WP+CHO group) the markers were 
assessed two times (before and after the sup-
plementation period). 
Furthermore, in one study conducted by de 
Carvalho et al. [30], the inflammatory status 
was evaluated only at the end of the interven-
tion, and in another one [38] although base-
line values were checked out but not reported 
in the article.

Figure 1. Flow diagram of the literature search and selection of studies
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Effects of Interventions on Inflammation
In the current review, seven out of 25 studies 
(28%) observed a significant reduction in at 
least one inflammatory marker (IL-6 in four 
studies, CRP in three studies and hs-CRP in 
one study) following whey protein consump-
tion or combination of it with carbohydrate.  
On the other hand, one study (4%) reported 
a significant increase in inflammatory sta-
tus (TNF-α levels) after supplementing with 
whey protein. 
It is worth mentioning that three out of seven 
studies (42.86%) with significant protective 
effects, administered whey protein in the form 
of hydrolysate (Table-1 and -2).
Of the studies comparing the interventions 
(WP or WP+CHO) with non-protein controls 
(17 trials), four studies (23.53%) showed sig-
nificant improvements in the inflammatory 
markers. It should be noted that the one study 
carried out by Celik et al. [38] that observed 
deterioration in inflammatory status (one out 
of 17) belonged to the non-protein compari-
son group.
Furthermore, among those trials comparing 
the interventions (WP or WP+CHO) with 
protein-containing groups (15 studies), three 
studies (20%) reported a significant decrease 
in inflammatory biomarkers. One of the com-
parison groups in this category (one out of 15 
studies) included participants who consumed 
dinner, clear fluid, nourishing fluid, a soft 
diet and regular solids during the intervention 
period [27]. We categorized this group as a 
protein-containing comparison group since 
dinners and regular solid diets usually contain 
some protein.
Among those studies compared the effects of 
whey protein alone with non-protein or pro-
tein-containing comparison groups, 18.18% 
(two out of 11) and 10% (one out of ten) of 
the trials revealed a significant reduction in 
the inflammatory markers, respectively. The 
only study that reported elevated TNF-α lev-
els (one out of 11), comparing the effects of 
whey protein alone with a control group, in 
which the the control group was given no nu-
tritional supplementation. 
Moreover, of those studies comparing whey 
protein and carbohydrate with non-protein or 
protein-containing comparison groups, 33.33 
% (two out of six) and 40% (two out of five) 

of the articles, a significant decrease in the in-
flammatory response was observed.

The Overall Quality of Studies 
Using the Cochrane risk of bias tool, most 
studies (84%) were rated as ‘poor’ (21 stud-
ies; 12 in the WP group, nine in the WP+CHO 
group); three studies were classified as ‘fair’ 
(two in the WP group, one in the WP+CHO 
group) and one study (in the WP group) was 
rated as ‘good’. Supplementary file 2 provides 
quality assessment details of mentioned stud-
ies.

Discussion 

The present systematic review indicated that 
whey protein alone or in combination with 
carbohydrates may not affect the inflammato-
ry response after a short time. Less than one-
third (28%) of the included studies reported 
significant reductions in inflammatory mark-
ers. Moreover, less than one-fourth of the tri-
als comparing the interventions with non-pro-
tein controls or protein-containing comparison 
groups observed significant improvements in 
inflammatory status (23.53% and 20%, re-
spectively). 
The most remarkable finding was related to 
the studies comparing the effects of whey 
protein plus carbohydrate with protein-con-
taining comparison groups, in which 40% of 
the articles (two out of five) indicated a sig-
nificant decrease in the inflammatory markers. 
However, the percentage is not high enough 
and this subgroup of studies included very few 
trials (only five) to make a definite conclusion. 
In a meta-analysis carried out in 2015 [15] re-
sults of nine included studies with a duration 
of at least four weeks demonstrated that whey 
protein and its derivate significantly decreased 
CRP levels in participants supplemented with 
≥20 g/day or in those with baseline CRP con-
centrations ≥3 mg/L. The supplementation 
also showed a small but nonsignificant effect 
on reducing CRP considering all the nine in-
cluded studies. 
Another meta-analysis in 2021 [48] evaluated 
the effects of chronic ingestion (>4 weeks) of 
whey protein on TNF-α and IL-6 status. Acute 
and communicable conditions as well as 
non-English language articles were excluded 
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from this review. Results of the eleven includ-
ed studies showed no significant effect of this 
protein on the markers compared to carbohy-
drate or protein comparison groups. More-
over, a narrative review in older individuals 
by Ticinesi, et al. in 2016 [34] investigated the 
effects of whey protein intake on inflammato-
ry markers and included four randomized con-
trolled trials. But the findings did not support 
an anti-inflammatory effect for this protein in 
aged participants, and no definite conclusion 
was made. 
These results are in agreement with the find-
ings of the present review. Several review 
studies have also been conducted on dairy 
protein (such as a combination of casein and 
whey protein) intakes. Nevertheless, these re-
views did not interpret their results for each 
type of protein alone. In a systematic review 
by Nieman et al. [33], the impact of dairy pro-
tein was assessed on inflammatory biomarkers 
in those without severe inflammatory-related 
diseases. The results of eight included studies 
showed neutral effects on the biomarkers sim-
ilar to our findings. Besides, a non-systematic 
literature review [49] evaluated the effects of 
ingesting milk proteins on the management of 
cardiometabolic diseases. Of the nine trials 
investigating the effects of dairy protein (in-
cluding casein, whey, whey-derived peptide, 
ribonuclease-enriched lactoferrin, etc.) on in-
flammatory status, no decisive and clear con-
clusion was obtained for the efficacy of these 
proteins.
Oxidative stress and inflammatory processes 
are closely related. Reactive oxygen or reac-
tive nitrogen species can increase pro-inflam-
matory gene expression by affecting intracel-
lular signaling pathways [50]. The antioxidant 
activity of whey protein is revealed by cysteine 
residues, which are essential for glutathione 
synthesis [51, 52]. Consequently, this dairy 
protein may also be involved in reducing the 
inflammatory response. Moreover, immuno-
modulatory properties have been attributed to 
lactoferrin and immunoglobulins, which are 
isolated from whey. These immune proteins 
have been reported to modulate inflammatory 
processes by reducing intestinal permeability 
or affecting gene expression [53]. Whey pro-
tein is also a rich source of branched-chain 
amino acids (BCAAs), especially leucine and 

isoleucine [54]. Depending on blood levels, 
Leucine can stimulate both anti-inflammatory 
and pro-inflammatory processes [55]. 
It has been suggested that acute ingestion of 
β-hydroxy β-methyl butyrate, a metabolite 
of leucine breakdown, before and after resis-
tance training may reduce the pro-inflamma-
tory response [56]. 
On the other hand, an in-vitro study performed 
on cultured peripheral blood mononuclear 
cells showed that BCAAs induced the activa-
tion of nuclear factor-κB, causing the release 
of pro-inflammatory cytokines such as IL-6 
and TNF-α [57]. 
Therefore, these contradictory proposed 
mechanisms may be one of the contributing 
factors explaining the ineffectiveness of whey 
protein on inflammatory responses. Addition-
ally, it should be noted that there are some 
methodological inconsistencies among the 
studies included in this review that may affect 
the results. 
For instance, types and doses of whey protein 
consumed, types of comparison groups (either 
non-protein or protein-containing groups), 
participants’ characteristics (including health 
status, age, sex, and BMI), sample sizes and 
presence of concurrent exercise programs 
were different among the articles. Further-
more, the neutral conclusions may have been 
due to the poor quality of most studies or the 
insufficient duration of the study to observe 
the significant results. Therefore, research-
ers are encouraged to focus on conducting 
high-quality studies with longer durations in 
the future.
In this review, almost half of the studies show-
ing significant protective effects had adminis-
tered WPH in the form of hydrolysate (WPH). 
It has been reported that protein hydrolysates 
can have several biological characteristics in-
cluding antimicrobial, anti-thrombotic or an-
tioxidative effects [58]. Besides, in line with 
the findings of our study, results of in vitro 
research indicated that whey protein hydroly-
sate can downregulate TNFα-induced inflam-
mation by altering gene expression [59]. 
It should be noted that ten trials of this review 
provided whey protein along with carbohy-
drate, and 70% of them had a concurrent ex-
ercise program. It has been demonstrated that 
carbohydrates consumption replenishes gly-
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cogen stores and can enhance endurance per-
formance in athletes [60, 61]. When protein is 
also ingested with carbohydrates, insulin se-
cretion and muscle glycogen synthase activity 
can be increased, which may lead to speeding 
up muscle glycogen resynthesis following ex-
ercise [62]. 
In the present study, no quantitative analysis 
was performed on the data. Some of the in-
cluded studies did not have adequate criteria 
for conducting a meta-analysis. For example, 
in some articles the exact values for inflam-
matory markers or measurement of variabil-
ity were not clear on the graphs [37, 43, 46]; 
baseline values were not assessed or reported 
[30, 38]; or the measurement unit for variabil-
ity was not specified [25]. 
The high diversity of the comparison groups 
was another reason for not performing a me-
ta-analysis. Furthermore, more than half of 
the included studies (52%) measured the in-
flammatory markers at multiple time points 
during the intervention. As a result, conduct-
ing a systematic review could have provided 
comprehensive insight to compare all time 
points.
To the best of our knowledge, this is the first 
systematic review that analyzed the acute 
or short-term effects of whey protein sup-
plementation alone or in combination with 
carbohydrates on inflammatory biomarkers. 
Besides, no restriction was placed on the lan-

guage of retrieved studies or the health status 
of the participants, which could increase the 
generalizability of the findings. However, this 
review had some limitations. 
First of all, the majority of the included stud-
ies had low quality. Thus the obtained results 
should be interpreted with caution. Secondly, 
some other mediators except those common 
ones assessed in this study can be categorized 
as inflammatory (such as IL-1β or serum amy-
loid A [1]). Finally, this review included stud-
ies performed only on adult participants and 
trials performed on children were excluded.

Conclusion

In conclusion, it seems that consumption of 
whey protein alone or in the combination 
with carbohydrates for a short duration may 
not alter the inflammatory status. However, 
conducting further primary studies with high 
quality as well as performing quantitative 
analysis in this area (if possible in the future) 
is required to make a definite conclusion. 
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