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Purpose: Exercise-induced hypoalgesia (EIH) is a reduction in pain sensitivity that occurs following a single bout of exercise.
However, little research has compared the EIH effects of exercise at different intensities, including low intensity, in the same
participant. It is unclear as to which exercise intensities demonstrate EIH more effectively. The aim of this study was to examine
and compare the effect of different intensities of exercise on pain sensitivity in the same participant.

Methods: We included 73 healthy young adult volunteers (35 female and 38 male) in this experimental cross-over study. Each
participant completed four experimental sessions of 30 min, consisting of aerobic exercise at 30% heart rate reserve (HRR), aerobic
exercise at 50% HRR, aerobic exercise at 70% HRR, and quiet rest. EIH was assessed using the pressure pain threshold (PPT) and
temporal summation of pain (TSP) in the quadriceps, biceps, and trapezius.

Results: Low- and moderate-intensity exercise increased the multisegmental PPT and reduced TSP (all P < 0.05). High-intensity
exercise increased the multisegmental PPT (all P < 0.05), but decreased TSP in only the quadriceps and biceps (P < 0.05), not the
trapezius (P = 0.13). We found no difference in relative PPT and TSP changes between exercise intensities (P > 0.05) except for
relative PPT change at the quadriceps (P < 0.05).

Conclusion: Our results show that not only moderate- and high-intensity exercise, but also low-intensity exercise can produce
a hypoalgesic response.
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Introduction
Exercise has been shown to have beneficial effects on chronic diseases, including musculoskeletal, neurological,
cardiovascular, metabolic, pulmonary, mental and mood disorders, as well as cancer.' Especially for chronic musculos-
keletal pain, exercise is considered one of the first-line treatments.>> Exercise has a hypoalgesic effect and even a single
bout of exercise can induce hypoalgesia. This analgesic effect of exercise is called exercise-induced hypoalgesia (EIH).
EIH is a generalized decrease in pain sensitivity during and after a single exercise session in the exercising as well as
non-exercising body parts; the mechanism has been suggested to involve the endogenous pain inhibitory system.*”’
EIH studies have used a variety of exercise protocols in terms of exercise type, time, and intensity. Among exercise
types, aerobic exercise is more effective for EIH,® and the effective exercise time is that lasting more than 30 minutes.’
Hoffman et al’ reported that the EIH effect is greater with high-intensity exercise. However, some studies have demon-

strated no change or increased pain sensitivity with high-intensity exercise in patients with chronic pain;'® '

thus, it may be
difficult to apply high-intensity exercise in clinical practice. For this reason, Meeus et al'* recommended that patients with
chronic pain start with low-intensity exercise, which is defined at oxygen uptake reserve (VO,R), 20-39%; heart rate
reserve (HRR), 20-39%; and maximum heart rate (HR 1,y ), 50-63% by the American College of Sports Medicine.'> Low-
intensity aerobic exercise is often used in clinical practice as an intervention that is easily applicable to patients with chronic
pain.'® Previous studies of EIH have mostly investigated moderate- to high-intensity exercise. Some of the exercises treated

as “low-intensity” in previous studies,”'” involved moderate or higher intensity exercises instead. A few studies have
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examined the EIH effects of the above-mentioned low-intensity aerobic exercise, but there is still controversy as to whether
low-intensity aerobic exercise causes EIH.'®'® Furthermore, there are no studies examining EIH effects in the same
participants using different intensities (low, moderate, and high) of exercise. Therefore, it is unclear which exercise
intensities have the best EIH effect.

In a study of EIH, pain sensitivity has been quantified using quantitative sensory testing (QST),*2!

which is classified
into static and dynamic QST.** It is thought that exercise affects nociceptors in the muscle more than in the skin, with
tenderness more likely to occur from nociceptors deep in the muscle and heat pain from nociceptors on the surface of the
skin.?® Therefore, pressure stimulation is considered appropriate for determining the effectiveness of EIH. Pressure pain
threshold (PPT), classified as static QST, is used to assess the state of pain sensitivity in the peripheral nervous sys‘cem.24
Increased PPT in the exercising body part indicates a local EIH response, while increased PPT in the non-exercising body
part indicates a systemic EIH response.”’ PPT at exercising and non-exercising body parts are the most frequently
investigated and may be the most appropriate to examine pain sensitivity. Temporal summation of pain (TSP), a part of

2425 and is

dynamic QST, is a phenomenon in which pain increases with repeated nociceptive stimulation above 0.3 Hz,
considered to reflect the degree of summation at the spinal dorsal horn (ie, wind-up).*® Therefore, the TSP mainly provides
information on the ascending pain transmission system. Previous studies have found that aerobic and isometric exercises
increased the pain threshold (ie, pressure, heat) and reduced the temporal summation of pressure and heat pain.* ***! EIH
is expected to improve pain sensitivity, including the ascending pain transmission system. A few studies have examined the
differences in the effects of moderate- and high-intensity exercises on pain sensitivity in the same participants.'”*’
However, these studies have not examined the effect of low-intensity exercise, as low as 30%. Another study examining
the effects of low-intensity exercise on pain was limited due to a small sample size (n = 10).'® Therefore, it is unclear which
exercise intensity can improve pain sensitivity more effectively.

The purpose of this study was to examine and compare the effect of different intensities of exercise on PPT and TSP
at the exercising and non-exercising body parts in the same participant. We hypothesized that low-intensity exercise

causes local and remote EIH responses to the same extent as moderate- and high-intensity exercise.

Materials and Methods

Participants

This was an experimental cross-over study on the effect of a low-intensity exercise on pain sensitivity in healthy young adults.
Participants were recruited through advertisements in the local university campus. As per the inclusion criteria, pain-free
individuals aged 18 to 25 years, who were able to speak, read, and write Japanese, were enrolled. Exclusion criteria were
neurological, cardiovascular, or psychological disorders; pregnancy; acute or chronic pain conditions; and use of any pain
medication. All participants were asked to avoid strenuous exercise and alcohol the day before participation and to refrain
from exercise, coffee, nicotine, and alcohol before the experiment. If menstruation occurred on the day of the experiment and/
or if signs of muscle damage were observed, the experiment was halted and conducted on another day.

This study was carried out according to the Declaration of Helsinki, approved by the Institutional Ethical
Committee of Kobe Gakuin University (approval number: So-Rin 19-24; date of approval: November 19, 2019). All
participants provided informed written consent before participating.

Sample size calculation was performed using G*Power, version 3.1.9.6.(Dusseldorf, Germany). A priori power
analysis determined that with a power of 0.80 and alpha < 0.05 on a paired #-test, 60 participants were required to
detect a significant difference in the change in PPT between pre and post exercise values with a small effect size (d =
0.37).%® Thus, a target sample of 70—75 participants was planned to provide more power and precision to the analysis and
account for the possibility of participant dropout (approximately 20%).

Procedure

All participants participated in five sessions at approximately the same time of the day, with the sessions separated by
a minimum of 48 hours (Figure 1).”*” For female subjects, measurements were avoided during menstruation. Participants
were introduced to the procedures and familiarized with the pressure pain assessments, namely, that of PPT and TSP in
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Session 1 Familiarization to PPT and TSP

Sessions 2-5 Four randomized experimental sessions. Each session of low-
intensity, moderate-intensity, high-intensity exercise and quiet
rest was separated by at least of 48 hours.

PPT PPT
TSP 30 min TSP
exercise
or

_ quiet rest

Figure | lllustration of the experimental procedure in each session. Pressure pain threshold (PPT) and temporal summation of pain (TSP) are assessed in the quadriceps,
biceps, and trapezius with a handheld algometer before and immediately after the exercise and rest sessions.

the first session, followed by four experimental sessions. The measurement order was PPT followed by TSP. To avoid
tissue damage, the maximum stimulation intensities were 1000 kPa for PPT and TSP. During PPT and TSP, participants
were seated on a chair. The four experimental sessions included aerobic exercises performed at 30% HRR, 50% HRR,
70% HRR, and a rest session. At the beginning of each session, participants were fitted with a Polar Heart Rate monitor
(OH1) (Polar Electro Oy, Kempele, Finland), which monitored and collected heart rate (HR) during exercise and rest.
The order of each exercise and rest session was allocated randomly. PPT and TSP at the thigh, arm, and shoulder were
assessed before and immediately after exercise and the rest session. A 5-minute rest was given before the first PPT was
assessed. Participants maintained the same pain testing order for every session pre-exercise and immediately after

exercise and quiet rest. All assessments were performed by one assessor.

Pressure Pain Threshold

PPT was assessed using a handheld pressure algometer (Somedic Algometer type II, SBMEDIC Electronics, Solna,
Sweden) with a stimulation area of 1 cm?. Measurement of PPT using a handheld pressure algometer has been reported
as reliable (intraclass correlation coefficients [ICC],5: 0.972; 95% CI: 0.887-0.993).%° Three assessment sites were
located and marked on the non-dominant side (ie, the non-writing side) of the body. Location 1 was 15 cm proximal to
the base of the patella in the middle of the quadriceps muscle (exercising body part).>® Location 2 was 10 cm proximal to
the cubital fossa in the middle of the biceps brachii muscle (non-exercising body part).” Location 3 was 10 cm from the
acromion in direct line with the neck at the upper trapezius muscle (non-exercising body part).”*° The PPT was assessed
for each site by gradually applying pressure (30 kPa/s) until the patient defined the pressure as pain.*'*? PPT was

measured twice at each site and the average of the two measurements was used in the statistical analyses.>* >

Temporal Summation of Pressure Pain

TSP used the same measurement equipment as PPT and it was measured in accordance with previous studies.*' > Measurement
of TSP using a handheld pressure algometer has been reported as reliable ([ICC],5: 0.710; 95% CI: 0.295-0.930).%° TSP was
assessed by pressure stimuli delivered at 0.5 Hz (1 second duration and 1 second interval).*'** Between stimulations, constant
non-painful pressure of 10 kPa was maintained to prevent the probe from moving.* The intensity of the pressure stimulus for TSP
was PPT x 1.25 kPa.> Ten sequential stimulations were applied once to each site: the quadriceps muscle, biceps brachii muscle,
and upper trapezius muscle (Locations 1, 2, and 3, respectively). Participants were instructed to evaluate the pain intensity on the
visual analog scale (VAS) for each of the ten stimulations. The VAS defines 0 as “no pain”, whereas 100 indicates “maximal pain.”
In order to represent the degree of summation, the normalized VAS score was extracted by subtracting the VAS scores from the
first stimulation.>> For TSP analyses, the accumulated normalized VAS score (VAS-sum) of the ten stimulations was used.*
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Exercise Sessions

Each of the three acrobic exercise sessions (low-, moderate-, and high-intensity) lasted 30 min. Aerobic exercises were
performed using a stationary cycle ergometer (AEROBIKE EZ101, Konami Sports Life, Kanagawa, Japan). The exercise
sessions tested for changes in PPT and TSP after 30 min of bicycling. In the low- and moderate-intensity exercise
sessions, the participants cycled for 30 min at the intensity of 30% and 50% HRR, respectively. In the high-intensity
sessions, the participants cycled for the first 5 min at an intensity of up to 50% HRR (warm-up period), after which the
resistance of the cycle ergometer was increased to correspond to an intensity that elicited 70% HRR. The saddle and
handlebars were positioned according to the participants’ preferences, and they were instructed to place their hands on
the handlebars or grip during aerobic exercise.

A target HR was determined for each participant using the Karvonen method.>® The Karvonen method has been used
in studies examining the hypoalgesic effects of many aerobic exercises.>*’"** The Karvonen method is related to the
percentage of age-predicted maximal HR, but allows for differences in resting HR with the following method: target HR
= (age-predicted maximal HRR) X % intensity plus resting HR. Age-predicted maximal HR is given by 220 minus age.

Participants were instructed to maintain a pedal frequency of 60-70 rounds per minute.

Quiet Rest—Control Session

This control session tested for changes in PPT and TSP after quiet rest. The participants were instructed to relax in
a seated position in a comfortable chair for 30 min in an undisturbed room with a temperature of 22°C and were not
allowed to read or use any devices such as smart phones.

Statistical Analyses

Data are presented in the text as mean and standard deviation for parametric data, median and interquartile range (IQR)
for nonparametric data, and box-and-whisker plots for figures. We used nonparametric tests because the distribution of
PPT and TSP deviated significantly from normal (Shapiro—Wilk test, P < 0.05). The relative changes of PPT and TSP
were calculated by (PPT/TSP values-immediately after - PPT/TSP values-before) +~ (PPT/TSP values-before) x 100,
denoted as relative PPT change and relative TSP change hereafter. Thus, positive values of relative PPT change represent
a decrease in pain sensitivity after exercise and negative values of relative TSP change represent higher EIH. PPT and
TSP were analyzed using the Friedman test followed by a Bonferroni post hoc correction for multiple comparisons
between sessions. Wilcoxon signed-rank test was conducted to examine if PPT and TSP changed between before and
immediately after within each session. The correlation between exercise intensity and relative PPT/TSP changes after
each exercise was analyzed using Spearman’s rank test. Additionally, we analyzed the differences between males and
females within each condition. Data were analyzed using SPSS software, version 24 (IBM Corp., Armonk, NY, USA)
and P values of 0.05 or less were considered statistically significant. Effect sizes were calculated as r/rho; < 0.09 was
considered no effect, 0.10-0.30 a small effect, 0.30-0.50 a moderate effect, and > 0.50 a large effect.®’

Results

Participant Characteristics

Seventy-three healthy and pain-free young adults (38 men and 35 women) volunteered for the study, with no dropouts.
Participants had a mean age of 20.6 + 1.1 years (range: 18-23 years), height of 164.3 + 8.2 cm (range: 150-181 cm),
weight of 56.3 + 8.8 kg (40-74 kg) and body mass index (BMI) of 20.8 + 2.1 kg/m* (range: 15.8-26.0 kg/m?). The
baseline HR was 68.1 £ 7.4 beats/min. There was no significant age difference between the sexes (men = 20.5 years,
women = 20.7 years, P = 0.42), but there were significant differences in the height, weight, and BMI between the sexes
(height: men = 170.9 cm, women = 157.1 cm, P < 0.001; weight: men = 62.9 kg, women = 49.1 kg, P < 0.001; BMI: men
= 21.5 kg/m?, women = 19.9 kg/m?, P < 0.001). None of the participants complained about adverse events caused by
pain assessment or exercise during and after the experiment.
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Intensity of Each Exercise

The HR data of each exercise were as follows: low-intensity exercise indicated an average HR = 107.6 £ 5.1 beats/min;
moderate-intensity exercise indicated an average HR = 133.8 + 3.6 beats/min; and high-intensity exercise indicated an
average HR = 160.0 + 2.2 beats/min.

Pressure Pain Threshold

Figure 2 shows PPT results of the four experimental sessions. PPT before exercise or rest showed no significant
differences between sessions at all assessment sites (quadriceps: P = 0.83, biceps: P = 0.26, trapezius: P = 0.91). For low-
intensity exercise, large and significant effects of exercise that increased PPT were observed at the quadriceps (pre =
342.0 kPa [266.0-493.5 kPa], post = 376.0 kPa [305.5-533.5 kPa]; z = —5.52, P < 0.001, r = 0.65), biceps (pre = 160.0
kPa [133.0-218.0 kPa], post = 184.0 kPa [150.0-245.5 kPa]; z=—6.33, P < 0.001, r = 0.74), and trapezius (pre = 219.0
kPa [180.5-289.5 kPa], post = 236.0 kPa [198.0-304 kPa]; z = —6.09, P < 0.001 r = 0.71). For moderate-intensity
exercise, large and significant effects of exercise increasing PPT were observed at the quadriceps (pre = 339.0 kPa
[266.0-470.5 kPa], post = 382.0 kPa [301.0-552.0 kPa]; z=—6.96, P < 0.001, r = 0.82), biceps (pre = 173.0 kPa [124.5—
221.0 kPa], post = 193.0 kPa [152.0-252.5 kPa]; z= —6.90, P < 0.001, r = 0.81), and trapezius (pre = 230.0 kPa [177.5—
288.0 kPa], post = 252.0 kPa [193.0-311.0 kPa]; z = —6.25, P < 0.001, r = 0.73). For high-intensity exercise, large and
significant effects of exercise increasing PPT were observed at the quadriceps (pre = 325.0 kPa [274.5-462.5 kPa], post =
400.0 kPa [315.5-539.5 kPa]; z = —6.80, P < 0.001, r = 0.80), biceps (pre = 167.0 kPa [135.5-212.0 kPa], post = 191.0
kPa [146.0-246.0 kPa]; z=—5.80, P < 0.001, r = 0.68), and trapezius (pre = 215.0 kPa [182.5-262.5 kPa], post = 238.0
kPa [189.0-285.5 kPa]; z = —4.59, P < 0.001, r = 0.54). For the control session, there were no significant effects at the
quadriceps (pre = 341.0 kPa [253.0-474.0 kPa], post = 340.0 kPa [260.0—475.5 kPa]; z=0.31, P = 0.76, r = 0.04), biceps
(pre = 170.0 kPa [132.0-221.5 kPa], post = 174.0 kPa [133.5-230.5 kPa]; z = —1.21, P = 0.23, r = 0.14), and trapezius
(pre = 217.0 kPa [175.0-266.0 kPa], post = 219.0 kPa [180.5-289.0 kPa]; z = —0.54, P = 0.59, r = 0.06).

There were significant differences in PPT post-exercise between sessions (quadriceps: P < 0.001, biceps: P < 0.001,
trapezius: P < 0.001). After correction for multiple comparison, significant differences were observed between the groups
for PPT post exercise at the quadriceps (control vs low: z =—4.69, P < 0.001, r = 0.55, control vs moderate: z = —5.35,
P <0.001, r = 0.63, control vs high: z=-5.94, P < 0.001, r = 0.70), biceps (control vs low: z =-3.05, P =0.014, r =
0.36, control vs moderate: z =—3.77, P < 0.001, r = 0.44, control vs high: z=-2.78, P = 0.004, r = 0.33), and trapezius
(control vs low: z=-3.64, P =0.001, r = 0.43, control vs moderate: z=—3.62, P < 0.001, r = 0.42, control vs high: z =
—2.50, P =10.035, r = 0.29). The differences between sessions for the relative PPT change after exercise were statistically
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Figure 2 Pressure pain threshold at each exercise intensity at three assessment sites (quadriceps, biceps, and trapezius). Box plots indicate Ist and 3rd quartiles; bold lines
in the boxes indicate medians, cross indicate means, and whiskers indicate ranges excluding outliers. White bar: pre-test; Black bar: post-test.

Note: Significant difference between pre- and post-test (***P < 0.001).

Abbreviation: PPT, pressure pain threshold.
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significant at the quadriceps (control = —0.6% [—4.5-3.4%], low-intensity = 11.3% [2.9-17.7%], moderate-intensity =
14.5% [4.1-22.5%], high-intensity = 15.8% [7.1-24.3%]; P < 0.001), biceps (control = 1.0% [—4.0-9.0%], low-intensity
=10.2% [5.3-17.7%], moderate-intensity = 15.5% [4.7-23.8%], high-intensity = 15.4% [3.7-26.4%]; P < 0.001), and
trapezius (control = 0.0% [—5.9—-6.4%], low-intensity = 9.2% [0.8—-16.3%], moderate-intensity = 8.0% [3.4—16.4%], high-
intensity = 5.6% [-2.2-17.4%]; P < 0.001). After correction for multiple comparison, significant differences were
observed between the groups for relative PPT change after exercise at the quadriceps (control vs low: z = =5.12, P <
0.001, r = 0.60; control vs moderate: z = —6.35, P < 0.001, r = 0.74; control vs high: z=—-6.44, P < 0.001, r = 0.75; and
low vs high: z =-3.59, P = 0.035, r = 0.42), biceps (control vs low: z=—4.74, P < 0.001, r = 0.56; control vs moderate:
z =—5.46, P < 0.001, r = 0.64; and control vs high: z=-4.92, P < 0.001, r = 0.58), and trapezius (control vs low: z =
—4.52, P <0.001, r = 0.53; control vs moderate: z=—4.85, P <0.001, r = 0.57; and control vs high: z=—-3.66, P = 0.009,
r = 0.43). The additional analysis showed that the relative PPT changes in each condition were not significantly different
between males and females. There were no significant differences between sessions by gender in relative PPT change for
quadriceps (low: P = 0.57, moderate: P = 0.28, high: P = 0.93), biceps (low: P = 0.35, moderate: P = 0.53, high: P =
0.82), and trapezius (low: P = 0.96, moderate: P = 0.91, high: P = 0.49).

Temporal Summation of Pressure Pain

Figure 3 shows the VAS-sum score data of the four experimental sessions. Before exercise and rest, there were no
significant differences between the sessions at any of the assessment sites (quadriceps: P = 0.60, biceps: P = 0.00,
trapezius: P = 0.55).

For the control session, there were no significant differences at the quadriceps (pre = 81.0 mm [36.5-140.5 mm], post
=72.0 mm [32.0-130.0 mm]; z = 0.93, P = 0.35, r = 0.11), biceps (pre = 84.0 mm [48.5-126.5 mm], post = 82.0 mm
[49.5-134 mm]; z = 0.40, P = 0.69, r = 0.05), and trapezius (pre = §9.0 mm [44.5-128.0 mm], post = 79.0 mm [43.5—
132.5 mm]; z = 0.43, P = 0.67, r = 0.05) between pre- and post-session assessments. There were large and significant
effects of exercise decreasing TSP for moderate- and high-intensity exercise at the quadriceps (moderate: pre = 90.0 mm
[52.5-144.0 mm], post = 63.0 mm [30.0-104.5 mm]; z = 4.62, P < 0.001, r = 0.54; high: pre = 86.0 mm [53.5—
142.5 mm], post = 65.0 mm [29.5-91.0 mm]; z = 5.15, P < 0.001, r = 0.60). For low-intensity exercise, moderately
significant effects of exercise that decreased TSP were observed at the quadriceps (pre = 91.0 mm [45.5-147.5 mm], post
=69.0 mm [31.0-117.5 mm]; z = 3.72, P < 0.001, r = 0.44). All exercise sessions had significantly decreased TSP at the
biceps (low: pre = 84.0 mm [46.0-142.0 mm], post = 77.0 mm [33.5-121.0 mm]; z = 2.0, P = 0.046, r = 0.23; moderate:
pre = 93.0 mm [56.5-146.0 mm], post = 69.0 mm [34.5-119.0 mm]; z = 4.29, P < 0.001, r = 0.50; high: pre = 90.0 mm
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Figure 3 Temporal summation of pain at each exercise intensity at three assessment sites (quadriceps, biceps, and trapezius). Box plots indicate Ist and 3rd quartiles; bold
lines in the boxes indicate medians, cross indicate means, and whiskers indicate ranges excluding outliers. White bar: pre-test. Black bar: post-test.

Note: Significant difference between pre- and post-test (*P < 0.05, ***P < 0.001).

Abbreviation: VAS-sum, accumulated visual analog scale score.
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Table | Correlation Between Exercise
Intensity and Relative PPT/TSP Change

Variables rs P-value
PPT
Quadriceps 0.174 0.010
Biceps 0.007 0.305
Trapezius —0.007 0.284
TSP
Quadriceps —0.068 0.315
Biceps 0.024 0.721
Trapezius 0.037 0.588

Abbreviations: PPT, pressure pain threshold; TSP, tem-
poral summation of pain.

[51.0-119.0 mm], post = 77.0 mm [33.0-116.0 mm], z = 2.07, P = 0.039, r = 0.24). Moreover, the low- and moderate-
intensity exercises had significantly decreased TSP at the trapezius (low: pre = 79.0 mm [43.0-129.5 mm], post =
68.0 mm [26-114.5 mm], z = 2.57, P = 0.010, r = 0.30, moderate: pre = 79.0 mm [46.5-126.0 mm], post = 61.0 [28.0—
110.5 mm], z = 3.64, P < 0.001, r = 0.43). For high-intensity exercise, there was no significant effect at the trapezius (pre
=79.0 mm [52.5-123.0 mm], post = 68.0 mm [45.0-105.5 mm]; z = 1.51, P = 0.13, r = 0.18). There was a significant
difference in the post-exercise TSP between the control and low-, moderate-, and high-intensity exercise sessions at the
quadriceps (P = 0.022) but no significant differences at the biceps and trapezius (P = 0.153 and P = 0.088). After
correction for multiple comparisons, a significant difference was observed between sessions for TSP post-exercise at the
quadriceps (control vs moderate: z =2.54, P = 0.047, r = 0.30). The differences between sessions for the median relative
TSP change for after exercise were statistically significant at the quadriceps (control = 0.0% [—26.5-16.7%], low-
intensity = —18.9% [—50.6-5.9%], moderate-intensity = —27.6% [—51.9—4.6%], high-intensity = —29.8% [-54.0— —0.3%];
P <0.001), biceps (control = 1.6% [—17.7-24.8%], low-intensity = —9.2% [—42.4—15.1%], moderate-intensity = —23.2%
[-50.5-11.0%], high-intensity = —8.5% [-51.5-30.3%]; P = 0.073), and trapezius (control = 2.1% [-21.0-20.6%], low-
intensity = —12.1% [—44.9—7.4%], moderate-intensity = —19.9% [—50.0-11.8%], high-intensity = —12.3% [—47.3—
30.8%]; P = 0.031). After correction for multiple comparison, significant differences were observed between the groups
for the median relative TSP change for after exercise at the quadriceps (control vs moderate: z = 3.31, P = 0.002, r =
0.39, control vs high: z=4.00, P < 0.001, r = 0.47), and trapezius (control vs moderate: z = 2.61, P = 0.040, r = 0.31).
The additional analysis showed that the relative TSP changes for TSP in each condition were not significantly different
between males and females. There were no significant differences between sessions by gender in relative TSP change for
quadriceps (low: P = 0.52, moderate: P = 0.80, high: P = 0.24), biceps (low: P = 0.74, moderate: P = 0.27, high: P =
0.95), and trapezius (low: P = 0.97, moderate: P = 0.79, high: P = 0.28).

Correlation Between Exercise Intensity and EIH Response

The relationship between exercise intensity and relative PPT/TSP changes was analyzed and is shown in Table 1.
A significant, poor positive correlation was observed between exercise intensity and relative PPT change at the
quadriceps (rs = 0.17, P = 0.010). There was no correlation between exercise intensity and relative PPT change at the
biceps (P = 0.31) or between exercise intensity and relative PPT change at the trapezius (P = 0.28) or between exercise
intensity and relative TSP change at all assessment sites (quadriceps: P = 0.32, biceps: P = (.72, trapezius: P = 0.59).

Discussion

This is the first study to examine EIH responses in the same participants in three different exercise intensities (low, moderate,
and high). A priori power analysis allowed for a sufficient sample size. PPT increased post-exercise compared to pre-exercise
in both exercising and non-exercising body parts at all exercise intensities. The relative PPT changes for all assessment sites
were greater at all exercise intensities than those at quiet rest. There was a significant difference in relative PPT change of the
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exercising body part between low-intensity exercise and high-intensity exercise. TSP decreased at all exercise intensities in the
exercising and non-exercising body parts post-exercise compared to pre-exercise. The relative TSP changes of the exercising
body parts were greater at moderate- and high-intensity exercise than those at quiet rest. The relative TSP changes of the non-
exercising body parts were greater at moderate-intensity exercise than those at quiet rest.

EIH is a generalized decrease in pain sensitivity during and after a single exercise session.*”” We found that not only
moderate- and high-intensity exercise, but also low-intensity exercise decreases pain sensitivity of the local area of the
exercising body part. Few studies have examined the EIH of low-intensity aerobic exercise (eg, VO,R: 20-39%, HRR:
20-39%, HR,ax: 50—63%).18’19 In the present study, we recruited a sufficient sample size and investigated the effect of
low-intensity exercise on EIH. High-intensity exercise resulted in greater changes in PPT than low-intensity exercise.
Previous studies have indicated a dose-response relationship between the EIH effect and exercise intensity.”>*” Our
results are similar to a dose-response relationship. Stimulation of muscles through exercise accelerates phenotypic
switching from M1 to M2 macrophages in the muscle tissue, resulting in increased production of anti-inflammatory
cytokines.*® It has been reported that anti-inflammatory cytokines are involved in the local mechanism of EIH.*!
A similar mechanism might be involved in our results of changes in PPT of the exercising body part.

We have shown that exercise at all intensities, including low intensity, caused a significant EIH response in the PPT of
non-exercising body parts and TSP compared to pre-exercise conditions. Our findings suggest that not only moderate-
and high-intensity exercise, but also low-intensity exercise have EIH effect on remote sites. However, the relative TSP
changes varied based on the intensity of the exercise. Compared to quiet rest, low-intensity exercise was not significantly
different between the exercising and non-exercising body parts, and high-intensity exercise was not significantly different
in the non-exercising body part. In contrast, there were significant differences between moderate-intensity exercise and
quiet rest in the exercising and non-exercising body parts. Thus, moderate-intensity exercise may be more effective for
decreasing TSP. These results might indicate that the dose-response effect on TSP decrease is an inverted U-shaped
curve. In addition, these results may be similar to the mood-improving effects associated with activation of the
endogenous analgesic system.**** The endogenous cannabinoid system was observed to change significantly in circulat-
ing endocannabinoid-levels depending on the moderate-intensity (average HRmax of 72%), not low- (average HRmax of
45%) or high-intensity (average HRmax of 92%) exercise.** In general, the neurobiological effects of exercise on the
activation of the endogenous system follow an inverse “U-shaped” curve, with the most significant effects occurring at
moderate-intensity levels and minimal effects occurring at low- and high-intensity levels.*>**¢

This study has some limitations. First, pain assessments were performed using handheld algometry. Thus, measure-
ments were performed by a skilled assessor following methods described in previous studies.>' > Second, our results
may not be directly applicable to patients with chronic pain because the participants in this study were healthy young
people. Because excessive exercise may increase pain intensity, future studies should investigate whether low-intensity
aerobic exercise induces EIH effects in patients with chronic pain. Low-intensity exercise may be an effective treatment
when prescribing exercise to patients with chronic pain who have difficulty performing high-intensity exercise.

Conclusion
This study investigated the effectiveness of EIH after low-, moderate-, and high-intensity exercise and revealed that not
only moderate- and high-intensity exercise, but also low-intensity exercise can produce a hypoalgesic response.

Abbreviations

EIH, Exercise-induced hypoalgesia; QST, Quantitative sensory testing; VO,R, Oxygen uptake reserve; HRR, Heart rate
reserve, HRyax, Maximum heart rate; PPT, Pressure pain threshold; TSP, Temporal summation of pressure pain; HR,
Heart rate; ICC, Intraclass correlation coefficients; VAS, Visual analog scale; VAS-sum, Accumulated VAS score.
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