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Abstract

Objective: The present study aimed to conduct a meta-analysis based on available randomized controlled
trial data to evaluate the effect of pre- or post-exercise caffeine ingestion on pain in individuals with Delayed
onset muscle soreness. Methods: PubMed, Web of Science, Scopus, and SPORTDiscus databases were sys-
tematically searched (from inception to December 2023) to identify randomized controlled trials evaluating
the effectiveness of caffeine on muscle pain before and after exercise damage. Visual analog scale was deter-
mined as the outcome measure. To compare the means and calculate the overall effect size “Cohen’s d” coeffi-
cient was used. Cochran Q test and I? statistics were used to evaluate heterogeneity between studies. Results:
Eight randomized controlled trials were analyzed as part of the meta-analysis. 5-6 mg/kg caffeine did not
significantly reduce visual analog scale at 24 hours when ingested pre-damage ([Standardized Mean Differ-
ence (SMD) =-0,022, p=0,920, I?: 0%]), and VAS at 24, 48, and 72 hours when caffeine was used post-damage
([SMD =-0,568, p=0,135, I?: 75,89%], [SMD =-0,169, p=0,747, 1>: 78,61%], [SMD = -0,181, p=0,523, I?: 2,78%],
respectively). Conclusion: Consuming 5-6 mg/kg of caffeine before or after muscle damage is not sufficient
to reduce delayed onset muscle soreness related muscle pain. The potential effectiveness of 3mg/kg caffeine
in preventing or reducing delayed onset muscle soreness pain seems promising. More studies are needed to
evaluate caffeine at different doses and periods.
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Introduction

Delayed onset muscle soreness (DOMS) commonly de-
velops following repeated high-intensity eccentric muscle
contractions or participation in unfamiliar exercises. DOMS
shows symptoms like pain, muscle and joint stiffness, mus-
cle tenderness, swelling, decrease in muscle strength, and
decrease in exercise capacity for up to 1 week (Lewis et al.,
2012). One of the most commonly accepted explanations for
exercise-induced muscle damage is the substantial mechani-
cal stress exerted on muscle myofibrils during eccentric con-
tractions and changes in metabolic activities leading to loss of
cellular homeostasis induced by exercise (Clarkson & Sayers,
1999).

DOMS is considered a grade 0 muscle injury according
to the British athletics muscle injury classification and is fre-
quently seen in both elite and amateur athletes (Cheung et
al., 2003; Pollock et al., 2014). Treatments such as non-ste-
roidal anti-inflammatory, cold water immersion, stretching,
massage, exercise, therapeutic ultrasound, acupuncture, and
electrical stimulation have limited effectiveness on muscle
pain (Cheung et al., 2003; Hiibscher et al., 2008). In addition
to these interventions, dietary supplements such as caffeine
(Hurley et al., 2013) and ginger (Matsumura et al., 2015)
which have anti-inflammatory actions, are used for the treat-
ment of DOMS. Caffeine has been shown to increase IL-10
levels during the inflammation process induced by exercise
and to support the anti-inflammatory response by reducing
oxidative stress. (Tauler et al., 2013, 2016). Caffeine acts on
the nervous system by blocking central adenosine A2B recep-
tors and afferent peripheral sensory pathways A2A (Sawyn-
ok, 1998). This action can alter pain intensity and may serve
as a helpful adjunct in managing both pain and headaches
(Derry et al., 2014). Pre-exercise caffeine ingestion decreases
the perception of pain, reduces the degree of perceived exer-
tion, and increases exercise capacity (Doherty et al., 2004).
Post-exercise caffeine ingestion increases muscle glucose
levels, Calcium2+/calmodulin-dependent protein kinase
phosphorylation, new glycogen synthesis rate and glycogen
accumulation (Pedersen et al., 2008). Also post-exercise caf-
feine intake has been reported to delay autonomic recovery
by causing increased sympathetic nerve activity (Bunsawat
etal., 2015).

Literature review reveals several randomized controlled
studies that have investigated the impact of caffeine on
DOMS-related pain, with varying findings (Al-Nawaiseh et
al., 2022; Chen et al,, 2019; Hurley et al., 2013; Maridakis et
al., 2007; Santos-Mariano et al., 2019). Some results showed
that caffeine intake leads to significantly lower pain levels in
the following days compared to placebo (Hurley et al., 2013;
Maridakis et al., 2007). In contrast, some studies found caf-
feine ineffective on pain scores in DOMS (Al-Nawaiseh et
al., 2022; Santos-Mariano et al., 2019). Recently, an import-
ant meta-analysis study evaluated the effects of caffeine on
DOMS (Muljadi et al., 2021). Despite the potential differenc-
es in caffeine’s effects when used before or after exercise, this
meta-analysis analyzed studies without making a distinction
between caffeine use before or after exercise (Muljadi et al.,
2021).

This study aimed to perform a meta-analysis using data
from existing randomized controlled trials to more clearly as-
sess the impact of pre- or post-exercise caffeine consumption
on pain in patients with DOMS.

Methods

This meta-analysis was conducted and reported in accor-
dance with the Preferred Reporting Items for Systematic Re-
views and Meta-Analyses (PRISMA) guidelines.

Literature Search Strategy

Muscle pain associated with DOMS was evaluated by con-
ducting a literature search using electronic databases such as
PubMed, Scopus, Web of Science, and SPORTDiscus to iden-
tify relevant articles assessing the impact of caffeine supple-
mentation. The database search was performed from the ear-
liest date to December 2023 without language filtration. The
following keywords were used without any automatic filters
to find the relevant articles: (caffeine) AND ((delayed onset
muscle soreness) OR (DOMS) OR (muscle damage) OR (ex-
ercise-induced muscle damage) OR (EIMD) OR (muscle sore-
ness)) AND ((VAS) OR (visual analog scale) OR (pain)).

Inclusion and Exclusion Criteria

Quasi-randomized or randomized and controlled trials
published in English that used a crossover or parallel design
were included in this meta-analysis. Inclusion criterias were:
(1) studies compared caffeine with a placebo pre- or post ex-
ercise-induced muscle damage; (2) studies used a protocol de-
signed to exercise-induce muscle damage (EIMD); (3) studies
included in the analysis reported at least one measure of mus-
cle soreness index following exercise-induced muscle dam-
age, assessed at baseline and again at 24, 48, and/or 72 hours
post-exercise. Exclusion criterias were: (1) studies without a
control group; (2) studies used drugs, other supplements, and
diet; (3) participants of the studies having any metabolic, or
musculoskeletal disorders; (4) animal studies, case reports, let-
ters to the editor, book chapters and reviews.

Study Selection

Two independent reviewers (EA and CK) performed the
literature search and scanned the titles, abstracts, and identifi-
ers of the studies. Studies meeting the inclusion criterias were
identified and evaluated as full texts. Any disagreements were
resolved through consultation with a third reviewer (US).
Figure 1 illustrates the flow diagram of the literature search
process.

Data Extraction

The details of the studies, participants’ characteristics, and
the results were extracted from published data. Data were ex-
tracted from the graphs using WebPlotDigitizer 4.6 (Califor-
nia, USA, 2022) (Drevon et al., 2017) when the articles did not
provide data and the authors did not give an answer to any
communication requests.

Risk of Bias Assessment

Two reviewers (EA and US) used Version 2 of the Co-
chrane Risk of Bias Tool for randomized trials (ROB 2) (Sterne
etal., 2019) to assess the risk of bias, focusing on five domains:
the randomization process, deviations from intended inter-
ventions, missing outcome data, measurement of the outcome,
and selection of reported results. An independent researcher
was consulted in the case of any disagreement. The overall
assessment consisted of three ratings: high risk of bias, some
concerns, and low risk of bias. The risk of bias summary and
risk of bias graph are shown in Figure 2.
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Figure 2. Risk of bias assessment of the included studies: (A) risk of bias summary; (B) risk of bias graph.

Statistical Methods

The Comprehensive Meta-Analysis free trial software
(CMA- Version 2 Professional, Biostat Inc., Englewood, USA)
was used to conduct all statistical analyses. In the analysis
of continuous variables, the standardized mean difference
(SMD) and the 95% confidence interval (CI) were computed.
Heterogeneity was evaluated using the Chi-square test and the
I? test. The fixed effects model was used if statistical heteroge-
neity was not observed (p>0.05 and I* <50%), while the ran-
dom effects model was utilized when statistical heterogeneity
was identified (p<0.05 and I* 250%).

Results
General Characteristics of the Included Studies

Out of the 378 initially identified studies, a total of eight
randomized controlled trials were incorporated into this me-
ta-analysis. Six of the studies had a crossover design, while two
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studies used a parallel design. Five trials were conducted in the
USA (Al-Nawaiseh et al., 2022; Caldwell et al., 2017; Green
et al.,, 2018; Hurley et al., 2013; Maridakis et al., 2007), 2 in
Brazil (Fogaga et al., 2020; Santos-Mariano et al., 2019), and 1
in Taiwan (Chen et al., 2019). All studies were written in En-
glish. The subjects consisted of 81 males (70%) and 34 females
(30%). Participant ages ranged from 18 to 52 years, with body
mass indexes between 20.9 and 27.9. Three studies (Fogaca et
al,, 2020; Green et al.,, 2018; Hurley et al,, 2013) administered
caffeine before muscle damage, while 5 studies (Al-Nawaiseh
et al,, 2022; Caldwell et al., 2017; Chen et al., 2019; Maridakis
et al., 2007; Santos-Mariano et al., 2019) administered caffeine
after muscle damage. Caffeine doses varied among studies,
with 1 study (Caldwell et al., 2017) using 3 mg/kg, 4 studies
(Al-Nawaiseh et al., 2022; Hurley et al., 2013; Maridakis et
al., 2007; Santos-Mariano et al., 2019) using 5 mg/kg, and 3
studies (Caldwell et al., 2017; Chen et al., 2019; Green et al.,
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other 4 studies (Al-Nawaiseh et al., 2022; Caldwell et al., 2017;

2018) using 6 mg/kg. Four studies (Green et al., 2018; Hurley

etal., 2013

Fogaga et al., 2020) used aerobic exercise

>

Chen et al., 2019

(Table 1).

Santos-Mariano et al., 2019)

>

Maridakis et al., 2007

>

induced muscle damage through eccentric exercise, while the
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Risk of Bias

All selected studies demonstrated a low risk of bias
during the randomization process and reporting of out-
come measurements. One study (Al-Nawaiseh et al., 2022)
raised concerns about deviations from intended interven-

A

tions and the presence of missing outcome data. Five studies
(Al-Nawaiseh et al., 2022; Fogaca et al., 2020; Green et al,,
2018; Hurley et al., 2013; Maridakis et al., 2007) presented
some concerns regarding the selection of reported results
(Figure 2).

Study name Statistics for each study Std diff in means and 95% C1

Std diff  Standard Lower Upper

inmeans  error  Variance limit  limit Z-Value p-Value
Hurley etal, 2013 0,079 0472 0222 -1,003 0845 -0167 0867
Green et al, 2018 0,238 0,355 0126 D458 0,933 0,670 0,503
Fogaca etal, 2019 a 0,141 0472 0223 -1066 0784 -0298 0,765
Fogaca etal, 2019 b 0,097 0472 0222 -1022 0827 -0206 0836
0,022 0,216 0047 0402 0445 0100 0920
400 200 000 200 400
Favours Caffeine  Favours Placebo
Study name Statistics for each study Sid diff in means and 95% C1T
Sud diff  Standard Lower Upper
inmeans emror  Variance limit  limit Z-Value p-Value
Maridakis et al, 2007 0,214 0473 0223 -1,141 0712 0453 0,650
Caldwell et al, 2016 -L775 0437 0191 -2632 0917 4057 0,000
Chen et al,, 2019 -1,081 0339 0115 -1L745 0417 -3193 0,001 E o
Mariano et al., 2019 0,111 0427 0,182 0947 0725 0260 0795
Nawaiseh et al., 2020 0,401 0431 0185 0443 1245 0931 0352
0,568 0,380 0145 -1314 0177 1AM 0,135
4,00 -200 000 200 4,00
Favours Caffeine  Favours Flacebo
Study name Statistics for each study Std diff in means and 95% C1
St diff  Standard Lower Upper
inmeans error  Variance limit  limit Z-Value p-Value
Caldwell et al., 2016 -L147 0401 016l -1933 -0361 -2859 0,004 -
Mariano et al., 2019 0,069 0427 0182 -0,767 0905 0,162 0572
Nawaiseh et al, 2020 0,602 0436 0190 -0252 1457 1381 0,167
0,169 0,520 0276 -1,200 0861 0322 0747
-,00 -200 000 00 400
Favours Caffeine  Favours Placebo
Study name Statistics for each study Stel diff in means and 95% C1
Sid diff Standard Lower Upper
inmeans  emor  Variance  limit limit  Z-Value p-Value
Caldwell et al, 2016 0,066 0,373 013 0865 0797 0177 0859
Mariano et al, 2019 0,514 0433 0188 -1363 0336 -L185 0236
0,181 0,283 0,080 074 0373 0639 0523
400 200 000 200 400

Favours Caffeine  Favours Placebo

Figure 3. Forest plot for comparison of VAS at 24, 48 and 72 hours
between caffeine supplementation and placebo: (A) VAS at 24 hour
post-damage in caffeine ingestion before damage (a.biceps femoris

muscle pain score, b. quadriceps femoris muscle pain score); VAS at (B)

24, (C) 48, and (D) 72 hours post-damage after caffeine ingestion.

Caffeine Effect on VAS at 24 hours after pre-damage caffeine intake

Effects of caffeine ingestion before muscle damage on
DOMS-related pain after 24 hours later were evaluated by 3
studies (Fogagca et al., 2020; Green et al., 2018; Hurley et al,,
2013). As Fogoga et al.(Fogaga et al., 2020) evaluated the pain
score of the quadriceps and biceps femoris muscles individ-
ually, and the scores of both muscle groups were included in
the analysis as separate values. No significant differences were
found in the mean VAS scores for muscle soreness between
the caffeine and placebo groups at 24 hours following exercise.
(SMD=0,22, 95% CI -0,40, 0,44; p=0.920) (Figure 3-A). The
analysis revealed a low level of heterogeneity across the stud-
ies. (Cochran’s Q: 0,598, df (Q):3, p=0,897; 12:0%).

Caffeine Effect on VAS at 24 hours after post-damage caffeine intake

Five studies examined the impact of caffeine consump-
tion on pain associated with DOMS at 24 hours following

DOI 10.26773/mjssm.250306

muscle damage (Al-Nawaiseh et al., 2022; Caldwell et al,,
2017; Chen et al., 2019; Maridakis et al., 2007; Santos-Mari-
ano et al., 2019). Caldwell et al. (Caldwell et al., 2017) ad-
ministered caffeine immediately after damage and at 24
hours, while other studies administered caffeine at 24 hours
(Al-Nawaiseh et al., 2022; Chen et al., 2019; Maridakis et al.,
2007; Santos-Mariano et al., 2019). No significant difference
was found in pain scores between the caffeine group and the
placebo group. The analysis revealed no significant differ-
ence between the caffeine and placebo groups in terms of
pain scores (SMD=-0,568, 95% CI -1,31, 0,17; p=0.135) (Fig-
ure 3-B). Statistical heterogeneity was detected between the
studies (Cochran’s Q:16,596, df (Q):4, p=0,002; 1%:75,89%).
Upon performing a subgroup analysis to determine the
source of heterogeneity, the results suggested that the caf-
feine dose and study design could explain the heterogeneity,
while exercise type (aerobic or resistance) could not.
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Caffeine Effect on VAS at 48 hours after post-damage caffeine intake

The impact of caffeine consumption on VAS score 48
hours after muscle damage was investigated by three studies
(Al-Nawaiseh et al., 2022; Caldwell et al., 2017; Santos-Maria-
no et al,, 2019). There was no statistically significant difference
between caffeine and plasebo consumption on pain score at 48
hours after muscle damage (SMD=-0.169, 95% CI -1,20, 0,86;
p=0,747) (Figure 3-C). A high heterogeneity was seen across
studies (Cochran’s Q:9,353, df (Q):2, p=0,009; 1%78,61%)
(p=0,009, ’=78,61).

Caffeine Effect on VAS at 72 hours after post-damage caffeine intake

Two studies investigated the impact of caffeine con-
sumption on pain 72 hours following muscle damage. No
improvement in VAS scores was identified after the inges-
tion of caffeine (SMD=-0,181, 95% CI -0,73, 0,37; p=0,523)
(Figure 3-D). A low level of heterogeneity was observed

Study name
Std diff - Standard

Statistics for each study

between the studies (Cochran’s Q:1,029, df (Q):1, p=0,310;
12:2,78%).

Subgroup Analysis

A subgroup analysis was carried out to determine if there
was evidence for the impact of different caffeine doses on pain
scores following exercise-induced muscle damage. A sub-
group analysis of (Al-Nawaiseh et al., 2022; Chen et al., 2019;
Maridakis et al., 2007; Santos-Mariano et al., 2019) three stud-
ies evaluating the effect of 5-6 mg/kg caffeine dose on mus-
cle damage was performed (SMD=-0,287, 95% CI -0,95, 0.37;
p=0,398) and it was observed that 5-6 mg/kg caffeine had no
significant effect on the pain score compared to placebo (Fig-
ure 4-Al). In the analysis of a study (Caldwell et al., 2017)
evaluating the effect of 3 mg/kg caffeine (SMD=-1,775, 95%
CI -2,63, 0,97; p<0,00) (Figure 4-A2), a substantial effect of 3
mg/kg caffeine on pain score was found compared to placebo.

Std diff in means and 95% CI

Lower Upper

inmeans emror Varance limit limit Z-Value p-Value

Maridakis et al, 2007 0,214 0473 0223

1,141 0712 0453 0650
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Favours Caffeine  Favours Placebo
Study name Statistics for each study Std diff in means and 95% €1
Std diff Standard Lower Upper
inmeans error Variance limit limit Z-Value p-Value
Caldwelletal, 2016 1775 0437 0191 -2632 -0917 4057 0000
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Study name Statistics for each study Std diff in means and 95% CI
Std diff Standard Lower Upper
inmeans emor Variance limit limil Z-Value p-Value
Maridakis et al,, 2007 0214 0473 0223 1,141 0712 0453 0,650
Mariano et al,, 2019 0111 0427 0182 -0947 0725 0260 0795
Nawaisehetal, 2020 0401 0431 0185 0443 1245 0931 0352
0039 0255 0065 0462 0539 0151 0880
400 -200 000 200 400
Favours Caffeine  Favours Placebo
Study name Statistics for each study Std diff in means and 95% C1
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inmeans error Varance limit limit Z-Value p-Value

Caldwell et al, 2016 1775 0437 0191 -2632
Chen et al., 2019 -1,081 0339 0115 -1745
-1372 0342 0117 -2043

0917 4057 0,000
-0417
-0.701 4009 0000

-3,193 0001

s
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Study name Statistics for each study
Std diff  Standard Lower Upper
inmeans emor Variance Limit limit Z-Value p-Value
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Figure 4. Subgroup analysis of VAS at 24 hours in groups ingested
caffeine and placebo after muscle damage: (A1) 5-6 mg/kg caffeine;
(A2) 3 mg/kg caffeine; (B1) crossover design; (B2) parallel design; (C1)
aerobic exercise; (C2) resistance exercise.

A subgroup analysis of five studies was performed to ex-
amine the relationship between study design (crossover-paral-
lel) and pain score during caffeine ingestion. For three cross-

over studies (Al-Nawaiseh et al., 2022; Maridakis et al., 2007;
Santos-Mariano et al., 2019) compared to placebo, caffeine
did not have a significant effect on pain (SMD=0,039, 95%
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CI -0,46, 0,53; p=0,880) (Figure 4-B1). In the analysis of two
studies (Caldwell et al., 2017; Chen et al., 2019) evaluating the
effect of caffeine with a parallel design (SMD=-1,372, 95% CI
-2,04, -0,70; p<0,00) (Figure 4-B2), a significant effect of caf-
feine on pain score was observed compared to placebo.

Three studies (Al-Nawaiseh et al., 2022; Caldwell et al.,
2017; Chen et al., 2019) were included in the subgroup anal-
ysis for the effect of caffeine use 24 hours after aerobic exer-
cise-related muscle damage. The combined SMD of VAS score
for the subgroup of patients with DOMS was -0,823 (95% CI
-1,99, 0,34; p=0,169), indicated no significant decrease in VAS
score in the caffeine consomption grup (Figure 4-C1). Two
studies (Maridakis et al., 2007; Santos-Mariano et al., 2019)
evaluating VAS scores of caffeine use 24 hours after resistance
exercise-induced muscle damage were included in the sub-
group analysis. Compared with placebo, the caffeine group did
not show any significant improvement in pain (SMD=-0,157,
95% CI -0,77, 0,46; p=0,619) (Figure 4-C2).

Discussion

This meta-analysis investigated the influence of caffeine
supplementation on pain caused by exercise-induced muscle
damage. The results of this study show that caffeine supple-
mentation, administered either before or after muscle damage,
did not significantly influence the DOMS pain score compared
to the control groups.

Caffeine is the most used ergogenic supplement among
athletes, with a 75% usage rate before and during the compe-
tition (Del Coso et al., 2011). Caffeine increases cellular ion
release by stimulating adrenaline secretion (Graham, 2001;
Sokmen et al., 2008). When used after exercise, it increases
the rate of new glycogen synthesis and glycogen accumulation
(Pedersen et al., 2008). In addition, the elevation in heart rate
and blood pressure, as well as the extension of the QTc inter-
val resulting from caffeine intake after exercise suggest that
the sympathetic recovery period is prolonged. It is important
because it can disrupt the stability of autonomic function, es-
pecially after exercise termination (Bunsawat et al., 2015). It
seems that caffeine use before or after muscle damage has quite
different effects on muscle metabolism.

Because of various effects of caffeine on muscle metabo-
lism, pre-exercise ingestion may influence damage formation,
while post-exercise use may impact muscle recovery. In the
pioneering study by Muljadi et al. (2021) the analysis included
studies that assessed the effects of caffeine use on pain before,
after, or both before and after exercise-induced damage. Un-
like this study, in order to more clearly evaluate the effect of
pre- or post-exercise caffeine use on pain, pre- or post-exercise
caffeine ingestion was analyzed separately in this study. When
the risk of bias assessment was made in the included RCTs,
low bias was observed in 3 studies, while some concerns were
observed in 5 studies.

First, randomize controlled studies evaluating caffeine
use before exercise damage were analyzed to see the effect of
pre-injury use on pain. Of the three studies in the literature
examining the effect of caffeine use on DOMS-induced pain
compared to placebo before muscle damage, Hurley et al.
(2013) showed that caffeine was more effective, while Green
et al. (2018) and Fogaga et al. (2020) found no difference at 24
hours later. Hurley et al. (2013) indicated that using caffeine
in the days following intense resistance training could allevi-
ate pain and facilitate an increase in the frequency of training
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sessions over time. In contrast, Green et al. (2018) and Fogaca
et al. (2020) found that pre-injury caffeine use did not cause a
significant reduction in perceived pain at 24 hours compared
to placebo. In Muljadi et al. (2021) meta-analysis study, when
7 studies that evaluating the effect of caffeine before, after, or
both before and after muscle damage were analyzed together,
no significant difference was found in the change in pain score
compared to placebo. Similarly, in this meta-analysis study, it
was observed that consuming 5-6 mg/kg of caffeine only pri-
or to the muscle damage did not have a significant impact on
pain 24 hours later.

Although caffeine use increases the firing rate of muscles
by increasing the release of dopamine and glutamate (Kalmar,
2005), according to the available data of this study, the con-
sumption of 5-6 mg/kg of caffeine prior to muscle damage
does not influence muscle pain. In order to reveal the effects of
caffeine before muscle damage more clearly, studies involving
more participants and evaluating different doses are required.

It has been stated that when caffeine is used after exercise,
an increase in muscle glucose level is observed (Bunsawat et
al,, 2015), while it may also prolonged sympathetic recovery
time (Pedersen et al., 2008). Five studies exist within the lit-
erature just looking at the effects of caffeine and placebo use
on DOMS pain after exercise damage. While Chen (2019) and
Caldwell (2017) report a more significant decrease in pain
scores than placebo with caffeine ingestion, other studies did
not find any advantage of caffeine over placebo. Of these stud-
ies, only Caldwell et al. (2017) used caffeine (3 mg/kg) both
4 days after the damage and immediately after muscle damage
and reported a positive effect of caffeine on pain Analysis of the
results from these studies revealed that caffeine consumption
does not have a significant effect on exercise-related muscle
pain at 24, 48, and 72 hours following muscle damage. When
Muljadi et al. (2021) analyzed studies involving caffeine use be-
fore, after, or both before and after exercise, they demonstrated
that caffeine was ineffective in alleviating DOMS pain at 24
and 72 hours, similar to this study. Differently, they found that
caffeine supplements were effective in reducing DOMS pain
48 hours after exercise (Muljadi et al., 2021). In addition, Mul-
jadi et al’s (2021) meta-analysis study showed that caffeine use
during exercise had no effect on Creatine kinase (CK) values
are an indicator of muscle damage. Most of the studies exam-
ined in the analysis applied caffeine doses of 5-6 mg/kg. The
hypoalgesic effects of caffeine may become evident after more
rigorous exercise or with varying dosages. Spriet (2014) stat-
ed that low and very low doses of caffeine taken at the end of
long-term exercise had an ergogenic effect in athletes and may
be associated with lower side effects. Considering the studies
of Caldwell et al.(2017) and Spriet (2014) together, low-dose
caffeine use immediately after muscle damage and in the fol-
lowing days may have an affect on DOMS pain and perhaps
muscle damage. Using a low dose of caffeine, such as 3 mg/kg,
may help maintain muscle glucose levels without negatively
impacting the sympathetic recovery process. To confirm this
prediction, studies examining the effects of caffeine immedi-
ately following muscle damage and in the subsequent days are
needed.

To identify the source of heterogeneity, subgroup analy-
ses were performed with a focus on the 24-hour VAS as the
primary outcome. Subgroup analysis was not conducted for
the 48-hour mark due to insufficient studies for inclusion. In
conclusion, while caffeine dose and study design could explain
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the heterogeneity, exercise type (aerobic or resistance) could
not account for it.

In the subgroup analysis, 5-6 mg/kg caffeine dose had no
effect on DOMS pain, while 3mg/kg caffeine reduced the pain
score. However, there is only one study using 3mg/kg caffeine,
so it is not possible to clearly demonstrate the effect of low
dose caffeine. In the literature, various doses of caffeine (5, 6,
and 10 mg/kg) are employed in studies investigating its im-
pact on muscle pain caused by exercise (Al-Nawaiseh et al.,
2022; Chen et al., 2019; Maridakis et al., 2007; Motl et al., 2006;
Santos-Mariano et al.,, 2019). Low-dose caffeine use (3 mg/
kg) has also been reported to reduce muscle pain (Caldwell et
al., 2017; Ganio et al., 2011). According to Spriet (2014) , low-
dose caffeine use in athletes may have an ergogenic effect and
is also associated with fewer side effects. Although this view of
Spriet’s (2014) supports the Caldwell study (2017), which used
3 mg/kg caffeine in its study, but more studies examining these
effects of low-dose caffeine are needed.

The subgroup analysis according to study design revealed
no significant difference in VAS scores between caffeine and
placebo in crossover studies. In contrast, parallel studies found
that caffeine had a significant effect on VAS scores compared
to placebo. Consistent with the present study, Muljadi et al.
(2021) observed a significant impact of caffeine on VAS scores
in parallel-design studies, while crossover-design randomized
controlled studies showed no significant effect. They also stat-
ed that crossover studies may not be very appropriate, because
of the exercise damage to the muscle may last for a long time
and may affect the formation of exercise damage again (Mulja-
dietal, 2021). Additionally, complete blinding can be difficult
when using supplements and placebo in crossover studies, and
the washout time of caffeine can cause problems.

The subgroup analysis assessing aerobic and resistance ex-
ercises indicated that the pain scores of the two groups were
not statistically significantly different. In contrast, Muljadi et
al. (2021) reported that caffeine intake 24 hours after resis-
tance exercise reduced VAS. However, unlike in this analysis,
they analyzed studies that used caffeine before or after exercise
together. Due to the few studies available and the diversity in
doses and exercise damage models, evaluating the analyses be-
comes challenging. Additional studies are required to explore
the connection between caffeine and DOMS.

This is the first study to examine the impact of caffeine
use on pain scores before or after DOMS using randomized
controlled trials. Additionally, this study presents some lim-
itations. The initial limitation is the relatively low number of
studies included, reflecting the limited scope of available lit-
erature. As most studies included in the meta-analysis lacked
reports of these values, there was not enough data to assess
the muscle damage markers. Moderate to significant het-
erogeneity existed for several outcomes. The heterogeneity
was attributed to the limited number of studies as well as the
presence of studies with different exercise models and athlete
groups. When assessing heterogeneity, most of the subgroup
analyzes had to be conducted on a small number of studies. In
addition, this meta-analysis included only English-language
articles, and no registration was performed.

Conclusion

According to the current meta-analysis, a caffeine dosage
of 5-6 mg/kg administered before or after muscle damage does
not effectively reduce muscle pain associated with DOMS. It
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is possible that caffeine could have a hypoalgesic effect follow-
ing a more strenuous exercise session or when administered
at doses different from 5-6 mg/kg. Future studies may consid-
er evaluating the effects of a 3 mg/kg caffeine dose on DOMS
pain and potential side effects. Furthermore, to more clearly
understand caffeine’s analgesic effect, research evaluating var-
ious doses and timing of caffeine intake before and after exer-
cise-induced damage is required.
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