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Context: Sarcopenia and cachexia lead to muscle wasting and increased health
risks in older adults. Both sarcopenia and cachexia are associated with inflammag-
ing, a chronic low-grade inflammatory state linked to aging. Strategies to preserve
muscle mass and function are crucial for maintaining independence and quality of
life among the elderly. Objective: This meta-analysis and systematic review was
conducted to comprehensively assess the individual and combined effects of exer-
cise training and protein supplementation on circulatory markers of inflammation
in older adults. Data Sources: A systematic search of the PubMed, Scopus,
Cochrane CENTRAL, and SPORTDiscus databases was conducted to identify relevant
studies published until January 2024. Data Extraction: The search focused on
randomized controlled trials examining the impact of exercise training (Ex), protein
consumption (Pro), or their combination (Ex-Pro) on inflammatory factors, includ-
ing C-reactive protein (CRP), interleukin-6 (IL-6), and tumor necrosis factor-ot (TNF-
a) compared with a control (Con). Data Analysis: The meta-analysis revealed a
significant decrease in CRP levels in the Ex vs Pro (P=.0003) and the Ex-Pro
(P <.00001) group compared with the Ex group and in overall experimental (EXPL)
subgroups (P=.0002) compared with the Con group. A similar reduction was
found in IL-6 in the Ex group (P=.001), Ex-Pro group (P=.05), and EXPL
(P=.0002) subgroup compared with the Pro group. However, for TNF-a levels, a
significant reduction was noted only in the Ex-Pro group compared with the Ex
group (P <.00001). Conclusion: Exercise training and protein supplementation,
particularly when combined, show greater benefits in mitigating inflammaging.
These findings highlight the importance of combined interventions against muscle
wasting. Future studies and meta-analyses should further address the effects of Ex
and Pro and Ex-Pro on inflammatory markers of older adults, considering specific
conditions and larger sample sizes to identify optimal strategies for the aging
population.
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INTRODUCTION

The dysregulation of inflammatory factors, leading to a
chronic inflammatory state, plays a significant role in the
onset and progression of many age-related diseases
(ARDs) and muscle-wasting diseases."” The aging popula-
tion in developed countries poses a significant public
health and economic burden on society. It is estimated
that approximately 5% to 13% of individuals aged 60-
70 years experience sarcopenia.”® Conditions such as sar-
copenia and cachexia are closely associated with chronic
low-grade inflammation, particularly in the context of
aging, where it is referred to as “inflammaging.” This con-
dition is characterized by higher levels of serum C-reactive
protein (CRP), interleukin-6 (IL-6), and tumor necrosis
factor-a (TNF-or) in middle-aged and older adults.>® Tt
remains unclear whether the imbalance of inflammatory
responses is a cause or a consequence of the aging process
itself, and a significant gap persists in our understanding
of factors driving inflammaging.>>’” However, exercise
training and protein supplements are both considered
promising strategies for combating ARDs, although the
question remains about which part can be more
effective.>’

Exercise is widely recognized as part of healthy
aging; it enhances muscle function and physical per-
formance.®' Although different types of exercise, such
as aerobic training (AT), resistance training (RT), and
concurrent training (CT), promote distinct adaptations
in muscle morphology and physiology,'”"" the anti-
inflammatory benefits of chronic regular exercise,
regardless of modality, intensity, or sex, have been
widely reported.>””'*""> However, findings regarding
the acute effects of exercise and the impact of advanced
training levels in athletes on inflammatory markers
have been more varied.'"> Aerobic training is well-
known for its effects on metabolic homeostasis by
improving mitochondrial and cardiovascular activity,
whereas RT enhances ribosomal biogenesis and protein
synthesis to promote hypertrophy.'®'” Concurrent
training combines the advantages of both.'"® Each of
these exercise types appears to reduce visceral adipose
tissue and, subsequently, decrease inflammatory condi-
tions, likely due to the reduction in visceral adipose tis-
sue, decreased adipokine release, increased myokine
production,”'®'” and the overall induction of an anti-
inflammatory environment, although the exact mecha-
nisms remain unclear.” Although regular exercise is
considered a cornerstone strategy to prevent muscle
loss and improve muscle function in combating ARDs
and other muscle-wasting diseases, increasing protein
intake, whether on its own or in conjunction with exer-
cise, may promote protein synthesis, increase skeletal
muscle mass, and enhance muscle function.®*°

Protein supplementation, often in the form of diet-
ary proteins and protein supplements, provides essential
amino acids necessary for muscle repair and growth,
offering a more concentrated source compared with
other dietary options.*' > Compared with young adults,
a larger dose of protein intake is necessary for muscle
protein synthesis in older adults, a condition called ana-
bolic resistance.”** Dietary protein may help combat
or slow age-related changes, such as the decline in levels
of anabolic hormones in men or the effects of meno-
pause in women.*® Moreover, most studies support the
claim that protein supplements combined with RT can
enhance the anabolic response, facilitating muscle adap-
tation and recovery after exercise. Similar findings have
also been observed with other exercise modalities,
although to a lesser extent.”” Additionally, certain pro-
tein sources, such as whey protein, contain bioactive
peptides that may have anti-inflammatory properties,
contributing to muscle function and helping to combat
inflammaging.*®

The efficacy of exercise, protein ingestion, and
exercise and protein ingestion together on muscle pres-
ervation, especially in older adult societies, however, is
controversial and needs more research.”” Some argue
that catabolism in muscle protein followed by exercise
can elevate the levels of CRP, IL-6, and TNF-a.’
Additionally, chronic low-grade inflammaging may be
accelerated by immunosenescence and ARDs.
Although acute inflammatory reactions are crucial for
recovery after injury,”® older adults often have chronic
low-grade inflammation at their basal level.”® Hence,
understanding the mechanism involved in exercise, pro-
tein supplementation, and their combined efficacy in
ARDs prevention and management among the elderly
is important for developing strategies to ameliorate
muscle mass and function. The current investigation is
the first, to our knowledge, to examine the combined
effects of exercise and protein supplements on inflam-
matory markers in this population.

METHODS
Search Strategy and Study Selection

This systematic review and meta-analysis followed the
guidelines outlined in the Cochrane Handbook for
Systematic Reviews of Interventions and adhered to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) reporting standards.”"*

A comprehensive systematic search was conducted
of the PubMed, Scopus, Cochrane CENTRAL, and
SPORTDiscus databases from inception until January
2024 to identify articles reporting on studies examining
the effect of exercise training (Ex), protein consumption
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Figure 1. Flow Diagram lllustrating the Systematic Literature Search Process

(Pro), or a combination of both (Ex-Pro) on circulating
levels of CRP, TNF-a, and IL-6 in older adults, specifi-
cally focusing on their impact on sarcopenia and
cachexia. The search strategy involved combining
Medical Subject Headings, free terms, and matching syn-
onyms. Keywords included “exercise,” “protein con-
sumption,” “inflammation,” “sarcopenia,” “cachexia,”
and variations of these terms. Additionally, manual
screening of reference lists of selected articles was per-
formed to identify additional relevant studies. The full
search strategy is provided in Figure 1.

Eligibility Criteria

Two independent investigators screened the titles and
abstracts of the articles obtained from the search to
identify potentially eligible studies. Full-text screening
was conducted for studies deemed relevant based on
their titles and abstracts. The inclusion criteria were as
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follows (Table 1): (1) randomized controlled trials
(RCTs) and controlled trials published in English; (2)
interventions involving Ex and/or Pro; (3) outcomes
including CRP, IL-6, TNF-a, and their impact on sarco-
penia and cachexia. Any discrepancies between the
investigators were resolved through discussion.

Data Extraction and Risk-of-Bias Assessment

Two authors (M.M.R. and R.N.B.) extracted data from
the included studies, including study characteristics
(author, publication year, country), participant demo-
graphics (age, sex), intervention details (type of Ex or
Pro), outcome measures (inflammation factors, sarcope-
nia, cachexia), and study findings. The methodological
quality of the included studies was assessed using the
PEDro scale (score range 1-11), adapted to assess the
quality of RCTs. The score for the present review was
93*3% (Table S3).
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Table 1. PICOS Criteria for Inclusion and Exclusion of Studies

Parameter Inclusion criterion

Exclusion criterion

Population Middle-aged and older adults in human

studies

Intervention Exercise training (resistance, aerobic, or
combination) and/or protein

consumption

Comparison Control group with no intervention or
placebo

Outcomes C-reactive protein, interleukin-6, tumor
necrosis factor-a levels

Study design Interventional trials (including randomized

controlled trials and controlled trials)

Studies involving nonhuman subjects, children, adolescents, or
adults

Studies without clear exercise or protein consumption
interventions or those using unrelated interventions

Studies without a control group
Studies without available data

Nonrandomized controlled trials, noncontrolled trials,
observational studies, case studies, systematic reviews,
meta-analyses, reviews, and articles not published in English

Data Analysis

The effect size of the outcomes was calculated by assess-
ing the mean difference (MD) between intervention
and control groups (Con) by subtracting the pretest
mean from the post-test mean for all included studies.
Review Manager, version 5.4 (The Nordic Cochrane
Centre, Copenhagen, Denmark) was used for all analy-
ses. The pooled MD was calculated using the random-
effects model with 95% ClIs. In instances where outcome
data were missing, attribute methods were used to esti-
mate changes in mean and SD values. This estimation
involved calculating the difference between the baseline
and postintervention means. If this information was not
explicitly provided in a study, these values were derived
based on the available data, such as the sample size of
the intervention group, group P values, or 95% ClIs.
Additionally, if studies reported the SEM rather than
SD, SEM was converted to SD for consistency in the
analysis.

The Q test, I, and meta-regression analysis were
used to explore potential sources of heterogeneity. The
results of the meta-analysis are displayed in forest plots,
and funnel plots were used to assess the risk of publica-
tion bias (Figures S1-S24).

Study Quality

To assess the quality of the studies, the Tool for the
Assessment of Study Quality and Reporting in Exercise
(TESTEX) was used (Table S2).>°7°2 This tool is a vali-
dated measure that totals 15 points, with a maximum of
4 points allocated to research quality and all points allo-
cated to reporting quality in exercise research. Two
investigators (M.M.R. and S.R.A.H.) independently
evaluated the quality of the included studies, with dis-
agreements resolved through consensus. Lastly, 2
authors (N.H. and V.C.F.) contributed to the revision

and oversight of the entire research process, ensuring
the accuracy and integrity of the study findings.

RESULTS
Study Selection

Initially, a total of 105 published articles were identified
through systematic searches of the PubMed, Scopus,
Cochrane CENTRAL, and SPORTDiscus databases,
along with manual searching. After removing duplicate
titles and excluding animal studies, 61 full-text articles
remained for screening. Following a thorough review of
abstracts and titles, 44 articles were eliminated based on
predetermined criteria. Subsequently, the full text of 37
potentially eligible studies was retrieved for further
assessment. Consequently, a final selection of 30 full-
text articles met the eligibility criteria and were included
in the comprehensive meta-analysis, as illustrated in the
PRISMA flow diagram (Figure 1).

Study Characteristics

The details of the included RCTs are summarized in
Table 2, % categorized by their respective countries of
origin. The distribution of studies is as follows: 5 were
conducted in the United States; 4 in Brazil; 3 each in
Iran and Italy; 2 each in the United Kingdom, China,
Finland, and Sweden; and 1 each in Thailand, Japan,
Denmark, Belgium, Korea, and Slovenia.

The study included participants with a mean age of
67.64+2.59years and comprised 546 men, 1342
women, and 66 participants whose sex was not speci-
fied, as detailed in Table 2. The age range for female
participants was between 58 and 88 years, which indi-
cates they were considered menopausal.

Regarding participant allocation in the CRP analy-
sis, the number of participants (reported respective to
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the order of the listed groups) in the Ex vs Con groups
was 523 and 518; in the Pro vs Con groups, 191 and
202; in the Ex-Pro vs Con groups, 89 and 98; in subtotal
groups (ie, Ex and Pro, Ex-Pro vs Con) it was 803 and
818; in the Ex vs Pro groups, 33 and 32; in the Ex-Pro vs
Pro groups, 87 and 88; in subtotal groups (Ex and Ex-
Pro vs Pro), 64 and 64; and in the Ex-Pro vs Ex groups
it was 61 and 62.

For IL-6 analysis, the distribution (reported respec-
tive to the order of the listed groups) was as follows: in
the Ex vs Con groups, there were 520 and 504 partici-
pants; in the Pro vs Con groups, there were 208 and
2205 in the Ex-Pro vs Con groups, 62 and 71; in subtotal
groups (Ex and Pro, and Ex-Pro vs Con), 790 and 795;
in the Ex vs Pro groups, 51 and 50 participants; in the
Ex-Pro vs Pro groups, 121 and 122; in subtotal groups
(Ex and Ex-Pro vs Pro), 172 and 172; and in the Ex-Pro
vs Ex groups, there were 62 and 64 participants.

In TNF-a analysis, the participant allocation
(reported respective to the order of the listed groups)
was as follows: in the Ex vs Con groups, there were 266
and 261 participants; in the Pro vs Con groups, 114 and
119; in the Ex-Pro vs Con groups, 89 and 97; in subtotal
groups (Ex and Pro, and Ex-Pro vs Con), 469 and 477;
in the Ex vs Pro groups, 33 and 32 participants; in the
Ex-Pro vs Pro groups, 103 and 104; in subtotal groups
(Ex and Ex-Pro vs Pro), 136 and 136; and in the Ex-Pro
vs Ex groups, there were 44 and 46 participants.

Intervention Characteristics

The intervention duration of RCTs varied from 8 weeks
to 24 months. The weekly training sessions ranged from
2 to 3 times per week. Based on the classification of the
training protocol criteria, the included articles utilized
RT, AT, or CT. Additionally, some articles incorporated
stretching and other types of training, as detailed in
Table 2, where the intensity of the exercises is also speci-
fied. The protein supplementation protocols also are
reported in Table 2, and the detailed daily nutritional
profiles of the protein supplementation groups are pro-
vided in Table §4,%%~40-43-30:60

Meta-Analysis Results

C-Reactive Protein. Based on 15 studies, the comparison
of CRP levels between the Ex and Con groups did not
show a significant difference (WMD: 0.09 ug/mL [95%
CI, —0.12 to 0.31]; P=.39). However, there was signifi-
cantly high heterogeneity (I* = 95%; P < .00001) among
the included studies (Figure §25),3540,41,52-55,57-62
Similarly, the comparison of CRP levels between the
Pro and Con groups, based on 7 studies, showed no sig-
nificant result (WMD: 0.38 ug/mL [95% CI, —0.07 to
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0.83]; P=.10). There was significant heterogeneity
across the studies (PP = 97%; P <.00001) (Figure
§26).7>7%4043:4647 The comparison between the Ex-Pro
and Con groups, based on 5 studies, also revealed no
significant difference (WMD: 0.64 pg/mL [95% CI,
—0.20 to 1.47]; P=.13), with high heterogeneity (I* =
97%; P < .00001) (Figure $27).>>64048

When comparing the overall EXPL groups (Ex and
Pro, and Ex-Pro) with the Con group, no significant
subgroup differences in CRP levels were found (WMD:
0.34 ug/mL [95% CI, 0.16-0.52]; P=.19). However, sig-
nificantly high heterogeneity was observed across the
studies (I” = 97%; P < .00001) (Figure 2),7%3¢-28-41:43.46-
48,52-55.57-62 O the other hand, the comparison of CRP
levels between the Ex and the Pro groups, including 2
studies, showed a significant reduction in the Ex group
(WMD: —0.10 pg/mL [95% CI, —0.16 to —0.05];
P=.0003). Notably, the heterogeneity between these
studies was low and not significant (> = 0%; P=.37)
(Figure 3).>* In contrast, the comparison of CRP lev-
els between the Ex-Pro and Pro groups, based on 3
studies, did not show a significant difference (WMD:
—0.37 ug/mL [95% CI, —1.01 to 0.26]; P=.25), though
significant heterogeneity was observed (I° = 94%;
P <.00001) (Figure $28).>>4%%*

The comparison results between the overall EXPL
groups (Ex and Ex-Pro) and the Pro group did not yield
significant results (WMD: —0.20 ug/mL [95% CI, —0.41
to 0.02]; P=.07) with high heterogeneity observed (?=
93%; P <.00001) (Figure $29).*>*

Finally, the comparison of CRP levels between the
Ex-Pro and Ex groups, based on 4 studies, revealed a
significant reduction in the Ex group (WMD: 0.21 ug/
mL [95% CI, 0.12-0.29]; P < .00001). There was low but
significant heterogeneity (I = 0%; P <.00001) among
the included studies (Figure 4) 3%37:40:49

Interleukin-6. Based on 16 studies, the comparison of
IL-6 levels between the Ex and Con groups did not
show significant differences (WMD: 0.06 pg/mL [95%
CI, —0.32 to 0.44]; P=.75). However, significant high
heterogeneity was observed (I* = 99%; P < .00001)
among the included studies (Figure $30).°>***>>9-¢0
The comparison between the Pro and Con groups,
based on 8 studies, also did not show significant results
(WMD: —0.03 pg/mL [95% CI, —0.12 to 0.06]; P =.50),
with moderate heterogeneity among studies (I* = 47%;
P=.07) (Figure §31).3°:39:40:43,45,47,48,50 Similarly, the
comparison between the Ex-Pro and Con groups, based
on 4 studies, showed no significant result (WMD:
—0.31 pg/mL [95% CI, —0.98 to 0.36]; P = .36), with sig-
nificant high heterogeneity observed (I* = 92%;
P < .00001) (Figure $32).*>%%%°
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EXPL Con

Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight (%) IV,Random, 95% CI 1V, Random, 95% CI
1.1.1 Exercise
Alghadir et al, 2016 091 01 24 086 0.1 31 5.8 0.05 (-0.00 to 0.10)
Griffen et al, 2022 0 0.21 9 0.35 045 9 49 -0.35(-0.67 to-0.03) ™
Ihalainen et al, 2019 -0.15 1.95 26 0o 1.1 20 24 —0.15 (-1.04 to 0.74) T
Krik et al, 2021 -0.15 0.1 24 011 0.1 31 5.8 -0.26 (-0.31 to -0.21) -
Libardi et al, 2012 CT 0.08 1.11 11 0 1.17 4 1.4 0.08 (—1.24 to 1.40) R
Libardi et al, 2012 ET 0.02 0.51 12 0 117 5 1.9 0.02 (-1.05 to 1.09) -
Libardi et al, 2012 RT -049 1.6 11 0 1.17 4 1.2 —0.49 (-1.98 to 1.00) I
Masala et al, 2020 -0.02 022 113 0.24 044 117 58 —-0.26 (-0.35t0-0.17) -
Nicklas et al, 2008 0.78 0.85 183 -0.01 0.25 186 5.7 0.79 (0.66-0.92) -
Rodriguez et al, 2014 0.19 0.13 16 0.03 0.08 10 5.8 0.16 (0.08-0.24) -
So et al, 2013 1.85 3.15 18 0.35 0.36 22 1.2 1.50 (0.04-2.96)
Strandberg et al, 2015 -0.04 0.77 17 0 09 18 3.8 —0.04 (-0.59 to 0.51) T
Tomereli et al, 2017 0.4 0.85 22 -1 1.95 23 25 1.40 (0.53-2.27) -
Urzi et al, 2019 0.2 1.97 11 -0.24 1.27 9 1.2 0.44 (-0.99 to 1.87) [ B
Ward et al, 2020 0.25 1.22 26 0.35 1.59 29 29 —0.10 (-0.84 to 0.64) T
Subtotal (95% Cl) 523 518 52.3 0.09 (-0.12 to 0.31) 3
Heterogeneity: 1> = 0.10; x> = 302.99, df = 14 (P < .00001); /I* = 95%
Test for overall effect: Z=0.86 (P = .39)
1.1.2 Protein
Bumrungpert et al, 2018 0.8 0.79 23 -1.1 1.06 19 3.7 1.90 (1.32-2.48) -
Derrosa et al, 2020 1 0.55 59 0.15 04 58 5.6 0.85 (0.68-1.02) -
Fernandes et al, 2018 0.15 21 16 0.15 045 16 1.9 0.00 (-1.05 to 1.05) A
Griffen et al, 2022 025 6.5 9 0.35 045 9 0.2 —0.10 (-4.36 to 4.16)
Krik et al, 2021 -0.05 0.1 23 011 041 31 58 -0.16 (-0.21t0 -0.11) -
Sohrabi et al, 2016 0.07 1.65 23 -0.05 2.15 23 1.8 0.12 (-0.99 to 1.23) 1
Stojkovic et al, 2017 -06 0.3 38 -0.25 0.2 46 5.7 —-0.35(-0.46 to —0.24) -
Subtotal (95% ClI) 191 202 247 0.38 (-0.07 to 0.83) . 4
Heterogeneity: 1> = 0.25; x> = 184.98, df = 6 (P <.00001); I =97%
Test for overall effect: Z=1.66 (P =.10)
1.1.3 Exercise, Protein
Bo et al, 2019 1.29 047 30 -0.35 0.1 30 5.6 1.64 (1.47-1.81) -
Griffen et al, 2022 19 02 9 0.35 045 9 49 1.55 (1.23-1.87) -
Krik et al, 2021 0.08 0.08 22 011 0.1 31 5.8 —0.03 (-0.08 to 0.02)
Mikkelsen et al, 2015 1.09 05 13 088 04 14 438 0.21 (-0.13 to 0.55) I
Sugwara et al, 2012 0.47 1.07 15 -047 1.9 14 1.8 0.94 (-0.19 to 2.07) T
Subtotal (95% Cl) 89 98 229 0.86 (-0.09 to 1.81) . -
Heterogeneity: t2 = 1.10; %2 = 414.96, df = 4 (P < .00001); I = 99%
Test for overall effect: Z=1.77 (P = .08)
Total (95% Cl) 803 818 100.0 0.34 (0.16-0.52) ¢

H . 2 = . 2 - - -2 = 0, I I = {
Heterogeneity: 12 = 0.14; y? = 955.64, df = 26 (P < .00001); 1> = 97% _4 5 0 ) )

Test for overall effect: Z = 3.69 (P = .0002)
Test for subgroup differences: x> = 3.36, df = 2 (P = .19), I> = 40.5%

Favors EXPL Favors Con

Figure 2. Forest Plot lllustrating the Effects of Total Subgroups (exercise and protein supplementation, and those 2 combined vs the control
[Con] group) on C-reactive Protein. EXPL, experimental; IV, inverse variance.

The comparison results among the overall EXPL
groups (Ex and Pro, and Ex-Pro) vs the Con group did
not provide significant results (WMD: 0.04 ug/mL [95%
CI, —0.19 to 0.27]; P=.72), with high heterogeneity (I*
= 98%; P < .00001) (Figure 833)'35,39,40,42,43,45,47,48,50—60
The comparison between the Ex and Pro groups, based
on 2 studies, showed a significant reduction in the Ex
group (WMD: —1.01 ug/mL [95% CI, —1.63 to —0.40];
P=.001), with moderate heterogeneity among studies
(P = 43%; P=.17) (Figure 5).3%4030 The comparison
among 5 studies between the Ex-Pro and Pro groups

displayed a significant reduction in the Ex-Pro group
(WMD: —0.54pug/mL [95% CI, —1.07 to —0.01];
P=.05), though high heterogeneity was observed (I* =
94%; P < .00001) (Figure 6).>4*#0

The comparison of IL-6 concentrations among the
EXPL groups (Ex and Ex-Pro) compared with the Pro
group revealed a significant reduction in EXPL (WMD:
—0.70 ug/mL [95% CI, —1.16 to —0.25]; P=.0002)
along with substantial high heterogeneity (I> = 98%;
P <.00001) (Figure 7).>>*****% Lastly, the comparison
between the Ex-Pro and Ex groups, based on 4 studies,
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Ex Pro

Study or Subgroup Mean SD Total Mean

SD Total Weight (%) IV,Random, 95% Cl

Mean Difference
1IV,Random, 95% CI

Mean Difference

Griffen et al, 2022
Krik et al, 2021

0 02 9 025 045 9
-0.15 0.1 24 -0.05 041 23

Total (95% Cl) 33 32
Heterogeneity: 1> = 0.00; x> =0.81, df =1 (P =.37); I’=0%
Test for overall effect: Z = 3.64 (P = .0003)

3.1 ~0.25 (~0.57 to 0.07)
96.9 -0.10 (=0.16 to —0.04)
100.0  —0.10 (-0.16 to —0.05) ¢

1 05 0 05 1
Favors Ex Favors Pro

Figure 3. Forest Plot lllustrating the Effects of Exercise (Ex) vs Protein Supplementation (Pro) on C-reactive Protein. IV, inverse variance.

Ex+Pro Ex Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight (%) IV,Random,95%CI IV, Random, 95% CI
Griffen et al, 2022 01 0.2 9 0 0.2 9 189 0.10 (-0.08 to 0.28)
Krik et al, 2021 0.08 0.1 22 -0.15 0.2 24 792 0.23 (0.14-0.32)
Madzima et al, 2017 0.24 1.06 17 -0.01 1.06 16 1.2 0.25 (-0.47 t0 0.97) 1
Nabuco et al, 2019 0.35 1.15 13 0.2 1.35 13 0.7 0.15 (-0.81 to 1.11) [ R
Total (95% Cl) 61 62 100.0 0.21 (0.12-0.29) (]

Heterogeneity: 12 = 0.00; x2 = 1.56, df = 3 (P = .67); I* = 0%
Test for overall effect: Z = 5.01 (P < .00001)

-2 -1 0 1 2
Favors Ex-Pro  Favors Ex

Figure 4. Forest Plot lllustrating the Effects of Combined Exercise (Ex) and Protein Supplementation (Pro) vs Ex Alone on C-reactive Protein.

IV, inverse variance.

Ex

StudyorSubgroup  Mean SD Total Mean

Pro

SD Total Weight (%)

Mean Difference
IV, Random, 95% CI

Mean Difference
IV, Random, 95% CI

Biesk et al, 2021 -0.75 24 18 0.4

1.95 18

Griffen et al, 2022
Krik et al, 2021

0.4 0.75 9 06 1.5 9
-0.05 0.1 24 1.2 041 23

Total (95% Cl) 51 50
Heterogeneity: 1> = 0.15; x> = 3.54, df =2 (P = .17); I>=43%
Test for overall effect: Z=3.23 (P =.001)

14.4 -1.15 (-2.58 to 0.28) N
21.2 -0.20 (~1.30 to 0.90) —
64.4 -1.25 (-1.31 t0 -1.19) [ |

100.0  —1.01 (-1.63 to —0.40) D

2 10 1 2
Favors Ex Favors Pro

Figure 5. Forest Plot lllustrating the Effects of Exercise (Ex) vs Protein Supplementation (Pro) on Interleukin-6. IV, inverse variance.

Ex-Pro Pro Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight (%) IV,Random,95%Cl IV,Random, 95% CI
Biesk et al, 2021 -1.05 1.75 18 04 1.95 18 12.3 —1.45 (-2.66 to —0.24) -
Griffen et al, 2022 0.05 11 9 0.6 2 9 9.3 —0.55 (—2.04 to 0.94) I
Krik et al, 2021 -0.03 0.1 22 06 041 23 33.2 —0.63 (-0.69 to —0.57) u
Li et al, 2019 0.05 3.75 56 1 24 56 12.9 —0.95 (-2.12 10 0.22) /]
Serra et al, 2012 0.01 0.25 16 -0.05 0.2 16 324 0.06 (-0.10 t0 0.22) N
Total (95% Cl) 121 122 100.0 -0.54 (-1.07 to —0.01) ‘

Heterogeneity: 12 = 0.22; x> = 67.85, df = 4 (P <.00001); /? = 94%

Test for overall effect: Z=1.99 (P =.05)

4 20 2 4
Favors Ex-Pro Favors Pro

Figure 6. Forest Plot lllustrating the Effects of Combined Exercise (Ex) and Protein Supplementation (Pro) (Ex-Pro) vs Pro on Interleukin-6. IV,

inverse variance.

did not show significant results (WMD: —0.01 ug/mL
[95% CI, —0.07 to 0.05]; P=.77), with low and non-
significant heterogeneity (I = 0%; P=.66) among the
included studies (Figure §34),3%:37:40.50
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Tumor Necrosis Factor-a. Based on 11 studies, the com-
parison of TNF-a levels between the Ex and Con groups
did not show significant results (WMD: 0.22 ug/mL [95%
CI, —0.12 to 0.56]; P=.20). However, significantly high
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EXPL Pro Mean Difference Mean Difference
StudyorSubgroup Mean SD Total Mean SD Total Weight (%) IV,Random,95%Cl 1V,Random, 95% ClI
12.1.1 Exercise
Biesk et al, 2021 -0.75 24 18 04 1.95 18 6.8 —-1.15 (-2.58 t0 0.28) B
Griffen et al, 2022 0.4 0.75 9 06 15 9 93 —0.20 (-1.30 to 0.90) -
Krik et al, 2021 -0.05 0.1 24 1.2 041 23 203 -1.25 (-1.31 to —1.19) -
Subtotal (95% CI) 51 50 36.4 —1.01 (-1.63 to —0.40) <@
Heterogeneity: 12 = 0.15; x> = 3.54, df =2 (P = .17); I* = 43%
Test for overall effect: Z = 3.23 (P =.001)
12.1.2 Exercise+Protein
Biesk et al, 2021 -1.05 1.75 18 04 1.95 18 83 -1.45(-2.66t0-0.24) —
Griffen et al, 2022 0.05 1.1 9 0.6 2 9 64 —0.55 (—2.04 to 0.94) -1
Krik et al, 2021 -0.03 0.1 22 06 0.1 23 203 —0.63 (-0.69 to -0.57) "
Li et al, 2019 0.05 3.75 56 1 24 56 8.7 —0.95 (-2.12 t0 0.22) S
Serra et al, 2012 0.01 0.25 16 -0.05 0.2 16  19.9 0.06 (—0.10 to 0.22) o
Subtotal (95% Cl) 121 122 63.6 —0.54 (-1.07 to —0.01) <P
Heterogeneity: 12 = 0.22; y2 = 67.85, df =4 (P < .00001); /> = 94%
Test for overall effect: Z=1.99 (P = .05)
Total (95% Cl) 172 172 100.0 —0.70 (-1.16 to —0.25) <o

Heterogeneity: <> = 0.26; 32 = 371.65, df = 7 (P < .00001); /> = 98%

Test for overall effect: Z = 3.04 (P =.002)

2 1 0 1 2
Favors EXPL  Favors Pro

Test for subgroup differences: ?=1.29, df =1 (P =0.26), 1> =22.7%

Figure 7. Forest Plot lllustrating the Effects of Total Subgroups (Exercise and Exercise + Protein Supplementation [Pro] vs Pro) on

Interleukin-6. EXPL, experimental; IV, inverse variance.

heterogeneity was observed (I = 89%; P < .00001) among
the included studies (Figure §35),3%:40:42:53,54,56.58,60,62 T
comparison between the Pro and Con groups, based on 4
studies, did not yield significant results (WMD: 0.18 ug/
mL [95% CI, —0.38 to 0.75]; P=.52), with high heteroge-
neity present among the studies (I = 95%; P < .00001)
(Figure $36).”>*%*** Similarly, the comparison between
the Ex-Pro and Con groups, based on 5 studies, showed
no significant results (WMD: —0.05ug/mL [95% CI,
—0.51 to 0.41]; P=.84), with significant high heterogene-
ity (I’ = 96%; P <.00001) among these studies (Figure
837)‘35,36,40,48

The comparison results among the overall EXPL
groups (Ex and Pro, and Ex-Pro) compared with the
Con group did not show significant results (WMD:
0.06 ug/mL [95% CI, —0.11 to 0.23]; P=.48), along with
significant high heterogeneity (I2=93%; P <.00001)
(Figure $38),3%36:40:42:43,15,48.53,50,56,58.60.62 The compari-
son between the Ex and Pro groups, based on 2 studies,
also did not show significant results (WMD: 0.16 ug/mL
[95% CI, —0.77 to 1.09]; P =.74), with significantly high
heterogeneity observed among the studies (I = 96%;
P <.00001) (Figure $39).>>%° The comparison between
the Ex-Pro and Pro groups, based on 4 studies, did not
show significant results (WMD: 0.21 ug/mL [95% CI,
—0.44 to 0.85]; P=.53), with significantly high hetero-
geneity (I* = 99%; P<.00001) among the studies
(Figure $40).°>4%-#

Similarly, the comparison results among EXPL
groups (Ex and Ex-Pro) vs the Pro group did not show

10

significant results (WMD: 0.19 ug/mL [95% CI, —0.22
to 0.59]; P=.37). There was a significantly high hetero-
geneity (P = 99%; P <.00001) (Figure $41).°>*
Lastly, the comparison of TNF-o levels between the Ex-
Pro and Ex groups, based on 3 studies, showed a signifi-
cant reduction in the Ex-Pro group (WMD: —0.15 ug/
mL [95% CI, —0.20 to 0.09]; P <.00001), with low het-
erogeneity observed among the studies (> = 0%;
P=.74) (Figure g).3337:40

DISCUSSION

This comprehensive meta-analysis explores the complex
relationship among exercise, protein supplementation,
and inflammatory markers in the context of aging. In
particular, the focus was on CRP, IL-6, and TNF-a lev-
els, because they have been associated with several
health outcomes.**™*

In the analysis across different comparison groups,
CRP levels decreased significantly with Ex intervention
compared with Pro. This reduction was also observed
between the Ex group and both the Pro group and the
Ex-Pro group, indicating that the reduction in CRP lev-
els is more reliable with Ex intervention. There was no
significant change in IL-6 levels between all intervention
groups when compared with the Con group. Although
some comparisons between Ex-Pro and Con revealed a
trend favoring the Ex-Pro group and Pro group, this
effect was not significant. However, the analysis
revealed a significant reduction in IL-6 levels in Ex
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Ex-Pro Ex

Study or Subgroup Mean SD Total Mean

SD_Total Weight (%) IV, Fixed,95%Cl

Mean Difference
IV, Fixed, 95% CI

Mean Difference

Griffen et al, 2022
Krik et al, 2021
Nabuco et al, 2019

0.3 0.3 9 035 045 9
0.65 1.7 13 0.3 2.86 13
Total (95% CI) 44 46

Heterogeneity: 2 = 0.59, df =2 (P =.74); I? = 0%
Test for overall effect: Z=5.05 (P < .00001)

26

243 01 22 258 041 24 973

0.1

100.0

~0.05 (=0.40 to 0.30)
—0.15 (=0.21 to —0.09)
0.35 (~1.46 to 2.16)

~0.15 (~0.20 to —0.09) '

-2 -1 0 1 2
Favors Con

Favors Ex-Pro

Figure 8. Forest Plot lllustrating the Effects of combined Exercise + Protein Supplementation (Ex-Pro) vs Ex on Tumor Necrosis Factor-a. IV,

inverse variance.

group compared with the Pro group, suggesting a
potential effect of Ex on IL-6. Additionally, the compar-
ison of Ex-Pro and Pro showed a significant reduction
in the Ex-Pro group on IL-6, highlighting the significant
impact of Ex combined with Pro. Furthermore, the sig-
nificant reduction in the EXPL group compared with
the Pro group may indicate the effectiveness of the Ex
intervention. For TNF-a levels, most comparisons did
not show significant differences across groups.
However, the Ex-Pro group, compared with the Ex
group, showed a significant reduction in TNF-a levels,
indicating the potential combined effects of Ex and Pro.

One potential strategy that offers health benefits is
Ex, irrespective of age. Reduced physical activity is a key
factor contributing to muscle loss in ARDs*>®” and is
often linked to chronic illness and aging. Increasing
physical activity, therefore, may help slow, prevent, or
even reverse muscle loss.®® Bowen et al®® argued that Ex
promotes an anti-inflammatory environment by reduc-
ing local expression of TNF-a, IL-18, and IL-6.
Although the analysis focused on circulatory markers of
inflammation, the findings support the view that Ex is
an effective measure in reducing CRP when compared
with Pro and Ex-Pro groups. For IL-6, these levels
changed significantly in the Ex, Ex-Pro, and EXPL
groups compared with the Pro group.

A recent meta-analysis on whey and soy protein
supplementation showed significant reductions in IL-6
and TNF-a levels, with whey protein particularly effec-
tive for participants younger than 60 years and those
with sarcopenia.®” The analysis also indicated a reduc-
tion in IL-6 in the Pro group, though this reduction was
significantly more pronounced in the Ex-Pro group.
Subgroup analyses by Prokopidis et al®” of TNF- levels
in individuals aged 60 years or older showed inconsis-
tent results across different treatment durations.
Similarly, soy protein decreased TNF-o levels,* aligning
with the findings we report here that demonstrated a
reduction in TNF-a levels in the Pro and Ex-Pro groups
compared with the Ex group. Whey protein appears
beneficial for sarcopenia and frailty, possibly due to its
antioxidant properties.®

Nutrition Reviews® Vol. 00(0):1-14

Variations in participant characteristics, such as
age, health status, and baseline inflammatory profiles,
may influence the responsiveness to protein supplemen-
tation.”” Moreover, differences in methodology, such as
sample size and statistical power, as well as the manage-
ment of heterogeneity, may have affected these find-
ings.”" Therefore, whereas the Prokopidis et al®” meta-
analysis highlights the potential anti-inflammatory
effects of whey and soy protein supplementation, the
present study emphasizes the importance of considering
both Pro and Ex interventions as an anti-inflammatory
approach to combat ARDS.

Finally, similar to this meta-analysis, Woods et al’*
reported a moderate decrease in CRP levels in older
adults after RT. The intervention group EXPL had
reduced CRP levels compared with the Con group, and
we note particularly that Ex was more effective in
decreasing CRP levels than was Pro alone.

Limitations

It is important to acknowledge several limitations to
this study. First, there was some inconsistency in heter-
ogeneity among the few studies. Despite conducting
subgroup analyses to address this inconsistency, the
small number of studies in each category may have
affected the conclusions, which is important for addi-
tional research in this field. However, most of our analy-
sis indicates overall consistency in our findings.

The number of studies examining different types of
Ex, their intensity, and duration was limited. The focus
was on the chronic phase of Ex over the long term. It is
recommended that future research investigate each type
of Ex, along with its intensity, in this population.

Furthermore, although we tried to examine baseline
characteristics in subgroup analyses to see how factors
such as age, health condition, and initial inflammation
might affect the anti-inflammatory effects of Ex in older
adults, the differences among study populations remain
a constraint.

Moreover, a significant limitation of the RCTs
included in the analysis was the absence of details about
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the timing between the final Ex session and blood sam-
ple collection and the collection time; these can affect
the levels of these inflammatory markers. This oversight
could introduce bias because the acute effects of Ex may
change inflammatory marker levels.

Additionally, although we had wanted to perform a
subgroup analysis based on sex, the limited number of
studies providing sex-specific data prevented this and
restricted our ability to fully explore the differential
effects of interventions on men and women.

CONCLUSION

The findings of this systematic review and meta-analysis
demonstrate that both Ex and Pro, particularly when
combined, show promise in reducing inflammatory
markers and mitigating the effects of ARDs. Although
valuable studies have advanced understanding of muscle
wasting in sarcopenia and cachexia through Ex, more
research is needed to validate these findings and explore
various Ex intervention strategies on inflammatory
markers. Given that aging often leads to muscle loss, it
is crucial to understand how Ex and nutrition affect the
progression of sarcopenia. Exercise training and Pro
have shown promising results in combating muscle
wasting, but the molecular mechanisms by which these
interventions decrease inflammatory markers require
further investigation. This meta-analysis provides
important insights into the effect of Ex and Pro on
inflammatory markers in older adults. However, more
research is warranted to elucidate the underlying mech-
anisms and enhance strategies for addressing age-
related muscle issues and improving overall health in
older populations.
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