
Exercise-induced pain threshold modulation in healthy subjects: 
a systematic review and meta-analysis.

Kevin Pacheco-Barrios1,2, Anna Carolyna Gianlorenço1,3, Roberto Machado1, Marcos 
Queiroga1, Huiyan Zeng1, Emad Shaikh1, Yiling Yang1, Beatriz Nogueira1, Luis Castelo-
Branco1, Felipe Fregni1

1.Neuromodulation Center and Center for Clinical Research Learning, Spaulding Rehabilitation 
Hospital and Massachusetts General Hospital, Boston, USA.

2.Universidad San Ignacio de Loyola, Vicerrectorado de Investigación, Unidad de Investigación 
para la Generación y Síntesis de Evidencias en Salud. Lima, Peru.

3.Department of Physical therapy, Laboratory of Neuroscience, Federal University of São Carlos 
(UFSCar), Rodovia Washington Luís, Km 235, São Carlos, Brazil.

Abstract

Background: The use of exercise is a potential treatment option to modulate pain (exercise-

induced hypoalgesia). The pain threshold (PT) response is a measure of pain sensitivity that may 

be a useful marker to assess the effect of physical exercise on pain modulation.

Aim: The aim of this systematic review and meta-analysis is to evaluate the PT response to 

exercise in healthy subjects.

Methods: We searched in MEDLINE, EMBASE, Web of Science, Lilacs, and Scopus using a 

search strategy with the following search terms: “exercise” OR “physical activity” AND “Pain 

Threshold” from inception to December 2nd, 2019. As criteria for inclusion of appropriate studies: 

randomized controlled trials or quasi-experimental studies that enrolled healthy subjects; 

performed an exercise intervention; assessed PT. Hedge’s effect sizes of PT response and their 

95% confidence intervals were calculated, and random-effects meta-analyses were performed.

Results: For the final analysis, thirty-six studies were included (n=1326). From this we found a 

significant and homogenous increase in PT in healthy subjects (ES=0.19, 95% CI= 0.11 to 0.27, 

I2=7.5%). According to subgroup analysis the effect was higher in studies: with women 

(ES=0.36); performing strength exercise (ES=0.34), and with moderate intensity (ES=0.27), and 

no differences by age were found. Confirmed by the meta-regression analysis.
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Conclusion: This meta-analysis provides evidence of small to moderate effects of exercise on 

PT in healthy subjects, being even higher for moderate strength exercise and in women. These 

results support the idea of modulation of the endogenous pain system due to exercise and highlight 

the need of clinical translation to chronic pain population.
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1. Introduction

Physical exercise is a beneficial intervention for many conditions and affects overall health 

and quality of life. Numerous studies have shown that physical exercise is an important 

component in the treatment of patients with chronic pain (Edmonds, McGuire, & Price, 

2004). Furthermore, exercise studies including healthy subjects resulted in a period of 

hypoalgesia, characterized by a reduction in sensitivity to a painful stimulus – the exercise-

induced hypoalgesia (Rice et al., 2019). The exercise modalities vary among these studies, 

as well as the pain induction techniques and measurement procedures. However, these 

results in general suggest that exercise could be used as an alternative or adjunct therapy to 

modulate pain (Geneen et al., 2017).

Studies have suggested that exercise can induce hypoalgesia by peripherally modulating the 

transduction, transmission and processing of noxious stimuli (Jones, Taylor, Booth, & Barry, 

2016). Some other hypothesis include the systemic activation of the endogenous opioid, 

serotoninergic and immune system, and the central activation of the cortico-thalamic 

descending inhibitory pathways (K. F. Koltyn, 2000), assuming that these physiological 

mechanisms could be assessed by quantitative sensory testing, such as paint threshold (PT). 

Even though these mechanisms are not entirely understood, there is strong evidence that 

showed not only the benefits in bouts of exercise but also in long-term exercise, leading to 

sustained hypoalgesia effects in healthy adults (Anshel & Russell, 1994; Ellingson, Koltyn, 

Kim, & Cook, 2014; Jones, Booth, Taylor, & Barry, 2014; Lemming et al., 2015; Naugle & 

Riley, 2014; Umeda, Newcomb, & Koltyn, 2009). Recent studies (Agnew, Hammer, Roy, & 

Rahmoune, 2018; Kelli F. Koltyn, Brellenthin, Cook, Sehgal, & Hillard, 2014; Krüger, 

Khayat, Hoffmeister, & Hilberg, 2016; Lee, 2014; Kathy J Lemley, Hunter, & Bement, 

2015; K. J. Lemley, Senefeld, Hunter, & Hoeger Bement, 2016; Lewis & Sullivan, 2018; 

Kelly Marie Naugle, Keith E. Naugle, Roger B. Fillingim, Brian Samuels, & Joseph L. 

Riley, 3rd, 2014; Naugle & Riley, 2014) have aimed to analyze and standardize the effects of 

exercise on nociception using pain threshold (PT) response with mixed results. Besides, the 

only available meta-analysis (Naugle, Fillingim, & Riley, 2012) have shown a significant 

improvement of pain, but they combined PT and pain rating measures hampering the 

interpretation of the results, also the outdated search (till 2012) does not included the 

remarkable production in the field in the past years. Based on that, it is still not clear how 

exercise modulates the pain threshold and how different types of physical exercise would 

induce that effect. Therefore, this study aims to quantitatively evaluate the updated published 

literature on exercise pain perception modulation indexed by a pain threshold changes in 

healthy subjects.
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2. METHODS

A systematic review of the literature and meta-analysis was conducted following the 

recommendation of the Cochrane handbook (Higgins et al., 2011), including the PRISMA 

guidelines (Appendix A)(Moher, Liberati, Tetzlaff, Altman, & The, 2009).

2.1. Literature search and study selection

We have searched in MEDLINE, EMBASE, Web of Science, Lilacs and Scopus from 

inception to December 2nd, 2019 using a search strategy with the following search terms: 

“exercise” OR “physical activity” AND “Pain Threshold.” The full research strategy is 

shown in Appendix B. Duplicates were eliminated before selection, and previous to the title 

and abstract selection, two experienced reviewers agreed on a standard approach. Afterward, 

the citations were independently screened by the two reviewers in terms of titles and 

abstracts. Discrepancies between reviewers were resolved by a third reviewer. Then, the two 

main reviewers independently assessed full text of selected studies, and again the third 

reviewer resolved discrepancies.

2.2. Eligibility criteria

We have searched for full-text articles restricted to English and included articles that had: a) 

enrolled healthy subjects (participants without any prior pain condition or chronic disease, 

including athletes or non-athletes; b) performed exercise intervention regardless intensity or 

duration; the exercise interventions performed to produce exercise-induce pain were 

excluded; c) assessed the pain threshold (PT) without any restriction of type of stimulus; d) 

been designed as randomized controlled trials (RCTs) – included parallel-group, crossover 

designs and pilot studies – and quasi-experimental studies, since we were focus in the 

within-studies changes (pre vs. post) after exercise to evaluate intrinsic properties of the 

intervention to modulate pain thresholds.

2.3. Data extraction

For each study, we extracted independently by two researchers in a standardized spreadsheet 

the following: i) participant characteristics (sample size, age, sex, and drop-outs), if the 

study included data from both patients and healthy subjects, just the last one were extracted; 

ii) exercise intervention protocol characteristics, and iii) outcomes of interest (pain 

threshold). In case of missing or unclear information, we requested the data to authors by 

email and, to extract data from relevant graphs, we have used WebPlotDigitizer v.3.11 

(Rogatgi, 2011). If we were unable to contact the authors or extract the data graphically, we 

excluded the study from the quantitative analysis. Some of the included studies measured 

multiple variables to assess the PT outcome within-subjects (more than one body location 

for PT assessments – left arm, right arm, left leg, etc.). We were aware that computing 

different effect sizes for the same sample or overlapping sets of participants and treating 

them as completely unrelated effect sizes violate the basic assumptions of the traditional 

meta-analytic method. In those cases, we calculated a weight mean of the multiple variables 

to compute a unique measurement of the outcome of interest, in order to not loss relevant 

information.
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Pain Threshold (PT) corresponds to the smallest stimulus that is reported by subjects as 

painful. This can be measured by different stimuli such as pressure with an algometer, heat, 

cold, or electrical stimulus . We have extracted and analyzed changes in stimulus units 

(kilopascals, centigrade degrees, and others) pre and post-exercise intervention and their 

standard deviations (SD) as a measurement of PT response, similar to previous literature 

(O’Brien, Deitos, Trinanes Pego, Fregni, & Carrillo-de-la-Pena, 2018; O’Brien et al., 2019).

2.4. Risk of bias assessment method

The risk of bias of the selected studies was evaluated by two reviewers using the 

Methodological Index for Non-randomized Studies (MINORS) tool (Slim et al., 2003) 

because the effect size was obtained from a pre-post comparison, meaning we were focus on 

the with-in group changes, instead of the between group comparison. The MINORS tool has 

8 domains to assess one-arm studies: 1) a clearly stated aim, 2) inclusion of consecutive 

patients, 3) prospective collection of data, 4) endpoints appropriate to the aim of the study, 

5) unbiased assessment of the study endpoint, 6) follow-up period appropriate to the aim of 

the study, 7) loss to follow up less than 5%, and 8) prospective calculation of the study size. 

This tool considered three possible scores for each item from 0 to 2: 0 for not reported 

information, 1 for information reported inadequately, and 2 for well-reported information. 

We considered that scores less than 16 points indicated a high risk of bias and from 16 to 24 

points indicated low risk of bias (Zafra-Tanaka, Pacheco-Barrios, Tellez, & Taype-Rondan, 

2019).

We assessed the certainty of our pooled estimates applying the grading of recommendation, 

assessment, development, and evaluation (GRADE) approach (Balshem et al., 2011). This 

assessment is based on five domains: study limitations (risk of bias of the studies included), 

imprecision (sample sizes and CI), indirectness (generalizability), inconsistency 

(heterogeneity), and publication bias as stated in the GRADE handbook (Schunemann, 

2008). The certainty of the evidence was characterized as high, moderate, low, or very low 

(Balshem et al., 2011).

2.5. Data Synthesis

The within-studies effect sizes of PT estimates and their 95% confidence intervals (95% CI) 

were calculated. We adjusted Cohen’s d to Hedge’s g by applying a correction factor as 

Cohen’s d has a slight bias to overestimate in small sample sizes. Then, an exploratory meta-

analysis was performed. Since we were focus in the within-studies changes (pre vs. post) 

after exercise, we considered appropriated to pooled estimates from RCTs and quasi-

experimental studies, when the intervention, population, and PT measurement were 

comparable. We assessed heterogeneity using an I2 statistic, and we considered low 

heterogeneity when I2 <40% (Higgins et al., 2011). We consider it appropriate to use 

random-effects models due to the overall heterogeneity evaluation(DerSimonian R Fau - 

Laird & Laird). Moreover, we performed subgroup analysis (by exercise type [aerobic and 

strength], exercise intensity [mild, moderate, intense] and duration, sex, and age), sensitivity 

analysis (to test consistency of the results by analyzing the effects of risk of bias and study 

design categories [randomized control trials or quasi-experimental studies]). Furthermore, 

we conducted univariate meta-regression to test the influence of study level moderators on 
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the PT estimates. Each co-variate was tested on a minimum of eight included studies in the 

meta-analysis. To select the best random-effects model, we assessed the residual percentage 

of variation due to heterogeneity and the proportion of between-study variance explained in 

addition to the significant criterion of p<0.05 per each moderator. The publication bias was 

evaluated by visual assessment (funnel plot) and by the Egger test. The data were analyzed 

using Stata v15.1 software (StataCorp LLC).

3. RESULTS

3.1. Overview

The search retrieved 4429 results; after removing duplicates, 2390 titles and abstracts were 

screened, and, of these, 2146 were excluded. 244 studies were evaluated in full-text, 208 

studies were excluded (Appendix C). One article was retrieved from the citations. And 

finally, 36 were included (Agnew et al., 2018; Alsouhibani, Vaegter, & Hoeger Bement, 

2019; Arroyo-Morales, Rodriguez, Rubio-Ruiz, & Olea, 2012; Bartholomew, Lewis, Linder, 

& Cook, 1996; Burrows, Booth, Sturnieks, & Barry, 2014; Falla, Gizzi, Tschapek, 

Erlenwein, & Petzke, 2014; Fingleton, Smart, & Doody, 2017; Focht & Koltyn, 2009; 

Gajsar, Titze, Hasenbring, & Vaegter, 2016; Gomolka et al., 2019; Harris, Sterling, Farrell, 

Pedler, & Smith, 2018; K. F. Koltyn & Arbogast, 1998; K. F. Koltyn, M. R. Trine, A. J. 

Stegner, & D. A. Tobar, 2001; K. F. Koltyn & M. Umeda, 2007; E. Kosek, Ekholm, & 

Hansson, 1996; Krüger et al., 2016; Lee, 2014; K. J. Lemley, Drewek, Hunter, & Hoeger 

Bement, 2014; K. J. Lemley et al., 2016; Lewis & Sullivan, 2018; Löfgren et al., 2018; 

Meeus, Roussel, Truijen, & Nijs, 2010; Micalos & Arendt-Nielsen, 2016; Kelly Marie 

Naugle et al., 2014; K. M. Naugle, K. E. Naugle, R. B. Fillingim, B. Samuels, & J. L. Riley, 

3rd, 2014; Naugle, Naugle, & Riley, 2016; Ohlman, Miller, Naugle, & Naugle, 2018; 

Persson, Hansson, Kalliomaki, Moritz, & Sjolund, 2000; Slater, Theriault, Ronningen, 

Clark, & Nosaka, 2010; Staud, Robinson, Weyl, & Price, 2010; Treseler, Bixby, & 

Nepocatych, 2016; Vaegter, Handberg, Jorgensen, Kinly, & Graven-Nielsen, 2015; Vaegter 

et al., 2017; Vaegter et al., 2019; van Weerdenburg et al., 2017). A flow diagram of the 

literature that was searched and evaluated is presented in Figure 1. Descriptive information 

on each article included in the meta-analysis is provided in Table 1.

3.2. Effects on pain threshold

We conducted a random-effects model meta-analysis on 67 comparisons (36 studies, 1326 

participants) and found a significant and homogeneous pooled effect: ES=0.19 95% CI= 

0.11 to 0.27, I2=7.5%. The positive ES favors PT increasing after exercise. The forest plot in 

Appendix D shows individual effect sizes that ranged from −0.93 to 1.37.

We also conducted a heterogeneity tests to assess subgroup-specific effects and regarding 

sex, results were significantly (p=0.041) in favor of women: ES=0.36 95%, CI=0.15 to 0.56, 

I2=41.6%; and between exercise groups results were in in favor of strength type of exercise 

(p=0.0001): ES=0.34, 95% CI=0.23 to both sexes?0.44, I2=0.0%, see Appendix E. The 

results also favored moderate exercise (p=0.025) (ES=0.27 95% CI=0.16 to 0.38, I2=9.0%, 

see Appendix F), and combining two categories, strength, and moderate exercise, resulted in 

higher ES: 0.45 95% CI=0.27 to 0.64. Finally, the heterogeneity test between subgroups was 
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in favor of strength exercise in women: ES=0.67 95% CI=0.34, 1.01, p=0.001 and results 

considering age subgroups were not significant. The rest of the subgroups were no 

significant (Appendix G)

3.3 Risk of bias assessment and evidence certainty

Most of the included articles (75%) had low risks of bias (higher than 16 points). The mean 

MINORS score was 18.17 (SD=3.31) However, most of them (60.53%) had deficit reporting 

of the sample size calculation and selecting an adequate control group for the experiment. 

See Table 1. We judged the certainty of the pooled estimate as very low. We started the 

evaluation from low certainty since we included non-randomized studies (quasi-

experimental). We downgraded according to the risk of bias of the studies (60.53% had a 

methodological limitation due to sample size and control group selection). We did not 

downgrade the evidence due to heterogeneity (the calculated I2 was 7.5%), nor by 

imprecision (the calculated 95% CI was precise), neither by publication bias (Table 2).

3.4 Sensitivity and meta-regression analysis

The sensitivity analysis showed not significant differences by risk of bias categories and by 

study design (RCTs vs. quasi-experimental). Moreover, the meta-regression analysis 

confirms that type of exercise is the main source of between-study heterogeneity (p<0.001), 

age, sex, and exercise intensity was not significant in the meta-regression model (Appendix 

G).

3.5 Publication bias

We did not find publication bias in this meta-analysis as indexed by symmetrical funnel 

plots and non-significant Egger’s (p=0.43) and Begg’s (p=0.67) test analysis (Appendix H).

4. DISCUSSION

4.1 Summary of results

We included thirty-six studies that have evaluated the effects of exercise on pain threshold 

(PT) in healthy adults. These studies have no publication bias but were methodologically 

heterogeneous and presented a small sample size. The main sources of heterogeneity were 

especially regarding the type and intensity of exercise. Also, it was found that exercise had 

different effects on PT in healthy adults; however, the heterogeneity test for women was 

marginally significant. Men and women presented their PTs modulated by exercise in 

opposite ways, independently of age or the intensity of the exercise. In other words, women 

significantly benefited from exercise, while men did not. In terms of the type of exercise, 

stretching increased PT significantly. Interestingly, in this study, no positive effect of aerobic 

exercise on PT was found, which was different from previous studies. From the point of 

exercise intensity, moderate intensity exercise increases PT, but light and high intensity 

exercise has no similar effects. In general, regardless of sex, exercise has a positive role in 

the PT in a healthy population, especially when doing strength exercises at a moderate 

intensity.
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4.2 Comparison with previous meta-analysis results

Naugle et al. (Naugle et al., 2012) conducted a comprehensive review of the published 

articles to examine the effects of exercise on pain perception on healthy adults (Ambrose & 

Golightly, 2015). They found that aerobic exercise reduced pain sensitivity in response to the 

application of all types of pain stimulation (pressure, heat/cold, and electric) among healthy 

participants. They found the largest effect in studies using pressure stimuli and the smallest 

effect in those using cold and heat stimuli. The authors concluded that among healthy adults, 

aerobic exercise is very effective in reducing pain perception following different pain-

inducing techniques and that PT reduction works best when exercise is performed at 

moderate to high-intensity pace. In our study, however, we did not find a significant effect 

on aerobic exercise. The reason for such differences may be the heterogenous outcome 

definition of pain perception response (combining PT and pain rating measures) that they 

used, which could overestimate the effect; also, our study included an updated evidence 

body that could provide a more robust pooled effect estimate.

4.3 Sex effects

The mechanisms that explain why exercise leads to a higher threshold increase in women 

that in men have not been elucidated. Similar to our results, several studies(Girdler et al., 

2005; K. Koltyn, M. Trine, A. Stegner, & D. Tobar, 2001; Rhud & Meagher, 2001; 

Sternberg, Boka, Kas, Alboyadjia, & Gracely, 2001) found that females exhibit more 

efficient pain inhibitory responses when compared to males. For instance, Koltyn et al. 

(2001)(K. Koltyn et al., 2001) found PT elevated responses to isometric exercise in females 

but not in males; they hypothesized that differences in blood pressure between men and 

women were related to different pain perception responses; however, such relationship is 

exploratory and needs further research. The potential biological mechanism of sex 

differences in pain perception includes the effects of gonadal hormones on the endogenous 

pain modulation system. Estrogens and androgens have been proved to affect nociceptive 

pathways both via receptor-based mechanisms and indirectly through the influence on 

neuropeptides action (such as the endogenous opioid system) in nociceptive tracts(Bartley & 

Fillingim, 2013; Fillingim, King, Ribeiro-Dasilva, Rahim-Williams, & Riley III, 2009; 

Maurer, Lissounov, Knezevic, Candido, & Knezevic, 2016; Vincent & Tracey, 2008). Also, 

previous literature reported that estrogen could increase pain perception (Bartley & 

Fillingim, 2013; Fillingim et al., 2009; Maurer et al., 2016; Vincent & Tracey, 2008). Thus, 

we hypothesize that the sex difference in exercise-induced pain threshold in women 

participants can be attributed to the decrease of female hormone levels caused by the 

exercise effects and consequently, it could enhance the endogenous inhibitory pain 

pathways.

4.4 Type of exercise effects

Regular exercise has been associated with numerous physical and mental health benefits, 

including lower blood pressure; improve lipoprotein profile, enhance insulin sensitivity, 

release of neural growth factors, improve cognition and play an important role in pain 

management (Mazzeo & Tanaka, 2001). According to studies substantiating the American 
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College of Sports Medicine Position Stand exercise prescription is based upon the frequency, 

intensity, and duration of training (Pescatello et al., 2004).

Regarding the type of exercise, our results showed that the overall effect was higher for 

strength exercise ES of 0.37 (0.23, 0.34) when compared to aerobic on pain threshold. These 

results are supported by some other studies (Focht & Koltyn, 2009; K. F. Koltyn & 

Arbogast, 1998; K. F. Koltyn et al., 2001; K. F. Koltyn & M. Umeda, 2007), that compared, 

in similar designs, the effect of exercise induced hypoalgesia in subjects submitted to 

aerobic and strength exercise. Some authors suggest that high threshold motor units need to 

be recruited during strength exercises to elicit a significant hypoalgesic response (Garland, 

Enoka, Serrano, & Robinson, 1994), which may explain the differences between the two 

modalities of exercise.

Several studies showed the effect of isometric strength exercise increasing PT 

multisegmental and not isolated to the contracting muscle (Gajsar et al., 2016; Garland et al., 

1994; Hoeger Bement et al., 2011; Kelli F. Koltyn & Masataka Umeda, 2007; Eva Kosek & 

Ekholm, 1995). According to Kosek and Lundenburg et al.(E. Kosek & Lundberg, 2003), the 

widespread hypoalgesic response of the exercise is driven by central mechanisms that may 

include increased secretion of β-endorphins, attention mechanisms, interaction of the 

cardiovascular and pain regulatory systems or an activation of diffuse noxious inhibitory 

controls. In addition to this activation, it was shown that nociceptive afferents originated in 

the muscle also undergo extensive endogenous modulation which acts to enhance or 

diminish the intensity perceived pain(O’Connor & Cook, 1999).

Pain perception is modulated by the activity of central endogenous modulatory processing, 

which involves antagonist mechanisms(Le Bars, Dickenson, & Besson, 1979). This system 

acts in the central nervous system at both spinal and supraspinal level. Also, this process 

involves descending neural pathways with inputs from cortical, subcortical and spinal 

regions(Flood, Waddington, Keegan, Thompson, & Cathcart, 2017).

It is known that many areas involved in control of motivation, anxiety, fear, and mood have a 

strong influence in pain perception. Therefore, prefrontal, anterior cingulate, and insula 

cortices, amygdala and hypothalamus, project to the brainstem pain modulatory network 

(Benarroch, 2008). However, still, future studies need to address specific neural effects 

comparing different types of exercise to understand potential differences in activated 

networks.

4.5 Intensity of exercise effects

In our analysis, the greatest increase in PT was among the moderate-intensity group, with 

ES of 0.2795% CI=0.16, 0.38, followed by high-intensity, with ES of 0.13 95% CI=0, 0.27. 

Low-intensity exercise decreased PT by an ES of −0.195% CI=−0.36, 0.17, but this effect 

was not statistically significant.

Light, moderate and high-intensity exercise were defined according to the Borg Scale of 

Perceived Exertion (Borg, 1998) as reported by the analyzed studies; if the study did not 

report such scale, we defined it based on the description of the exercise protocols: none, 
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very, very light or very light exertions were classified as light (Borg ratings 6–10), fairly 

light and somewhat hard were classified as moderate (Borg ratings 11 to 14) and hard, very 

hard and very, very hard were classified as high-intensity (Borg ratings 15 to 20).

Our results are consistent with the observations from Brümmer et al.(Brümmer, Schneider, 

Abel, Vogt, & Strueder, 2011), in which brain cortical activation patterns present a dose-

response relationship with exercise intensity among strength training modes but not for 

aerobic exercise modes. In addition, that study suggests that, for exercises that are familiar 

or preferable to the participant, an intensity of 50 to 80% of the individual capacity is 

necessary to evoke significant brain activation.

Potential undocumented differences in baseline levels of fitness among participants between 

studies could also be part of the neural mechanisms behind the heterogeneity in results, as 

suggested by the study from Petruzzello et al. (Petruzzello & Landers, 1994), in which brain 

activation in response to exercise was mediated by the level of aerobic fitness. Another 

explanation could be a ceiling effect for highly-trained individuals, in which the long-term 

effects of exercise would already be reflected in their baseline PT levels, so no significant 

differences would be observed after the training sessions.

4.6 Limitations

In light of the findings, it is acknowledged that the interpretation for this study requires 

consideration of some limitations. First, database searching was limited to English-language 

papers, which possibly decreased the number of eligible papers for analysis. Second, the 

interaction of several other variables such as exercise training sessions, prior exercise 

conditioned state, and the detailed exercise selection could have influenced the 

neurophysiological outcomes. Furthermore, the lack of standard in the PPT protocol from 

the different studies combined in this meta-analysis might have increased the heterogeneity 

of outcomes and affected the overall effect sizes.

5. CONCLUSION

This meta-analysis provides evidence of significant small to moderate effects of exercise on 

PT in healthy subjects. This effect was higher for moderate strength exercise and in women 

population. These results support the idea of modulation of the endogenous pain system due 

to exercise and highlight the need of clinical translation to chronic pain population. 

However, validation of PT as a biomarker for pain perception requires further investigation 

under strict methodological settings and combination with other quantitative measurements.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Flow diagram of the study selection based on inclusion and exclusion criteria
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Table 2.

Quality of the body of evidence: Summary of findings

Exercise-induced pain threshold modulation in healthy subjects

Outcomes
Anticipated absolute effects (95% CI)

№ of participants (Studies) Certainty of the evidence 
(GRADE)Effect size (Hedge’s) CI 95%

Effects on pain threshold due to 
physical exercise in healthy 

subjects
0.19 0.11 to 0.27 1326

(36 studies)
⨁◯◯◯

VERY LOW a, b

CI: Confidence interval.

Explanations

a
The certainty rating started from low certainty since we included non-randomized studies.

b
We downgraded according to the risk of bias of the studies (60.53% had a methodological limitation due to sample size and control group 

selection)
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