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Background. Conditioned pain modulation (CPM), a phenomenon also known as diffuse noxious inhibitory control, is thought
to be affected by various factors, including sex and level of physical activity. However, the involvement of these factors in CPM
remains unclear. Methods. Eighty-six healthy young subjects (M/F, 43/43) participated in this study. Participants were assessed
on the basis of their mechanical pressure pain threshold (PPT), CPM response, body mass index (BMI), basal metabolic rate
(BMR), and duration of moderate-to-vigorous physical activity (MVPA) over a week, using a motion counter. Response to CPM
was evaluated as PPT during painful cold stimulation relative to baseline PPT. Results. Men showed significantly higher baseline
PPT than women; however, this difference was no longer significant after controlling for confounders. Stepwise multiple linear
regression analyses revealed BMR to be a significant contributor towards baseline PPT in the entire study population. In contrast,
although there were no significant contributors to CPM response among men and in the overall study group, MVPA was positively
associatedwithCPM response amongwomen (𝛽= 0.397).Conclusions.These results suggest that, among healthy young individuals,
CPM response may be associated with moderate-to-vigorous physical activity in women but not in men.

1. Introduction

Pain is a subjective experience, and several excitatory and
inhibitory endogenous mechanisms are known to influence
the transmission of noxious stimuli. Recent studies have
examined endogenous pain modulatory processing within
the central nervous system by using an experimental test
termed conditioned pain modulation (CPM). CPM, a phe-
nomenon also known as diffuse noxious inhibitory control
(DNIC), refers to the process whereby a noxious stimulus
applied to one body part results in decreased pain perception
from another noxious stimulus applied at a distal body part
[1, 2].

Previous studies have reported that CPM is affected by
various factors, particularly sex [3, 4] and level of physical
activity [5]. Furthermore, chronic pain conditions appear to

cause a decrease in CPM [6, 7], and these findings support the
major characteristics of chronic pain. For example, the preva-
lence of chronic pain is higher among women than among
men [8], and common chronic pain conditions including
fibromyalgia, migraine, temporomandibular disorders, and
rheumatic diseases are more prevalent among women than
among men [9]. Research addressing the effect of sex on
one-dimensional pain sensitivity measures has mostly pro-
duced consistent results indicating that women demonstrate
a higher pain sensitivity than men [10, 11]. In addition, some
recent studies have reported a less efficient pain inhibitory
capacity in women compared to that in men [12]. In contrast,
other studies have reported no difference in the magnitude
of CPM responses according to sex [13, 14]. Popescu et
al. found that sex-wise differences in DNIC depend both
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on experimental methodology and on the modes used for
measuring the effect [3].

It is also well known that inactivity is a risk factor
for development of chronic pain [15]. Moreover, increase
in physical activity attenuates the severity of symptoms in
patients with chronic pain [16, 17]. Accordingly, guidelines for
treatment of musculoskeletal pain include recommendations
for exercise for preventing progression to chronic pain [18].
Pain relief, which is the overall beneficial effect of physical
activity, can be achieved through activation of endogenous
pain inhibitory mechanisms [19]. Furthermore, some studies
suggest that engaging in vigorous physical activity might
help reduce sensitivity to experimental pain stimulation
in healthy adults [20–22]. Conversely, decrease in physical
activity and dysfunction of endogenous pain modulation
have been reported in patients with chronic pain [23, 24].
Meanwhile, several studies have reported that a relationship
exists between level of physical activity and chronic pain
among women [25, 26]. These studies have also shown
that physical activity is positively related to brain responses
implicated in pain modulation, including responses in the
dorsolateral prefrontal cortex, dorsal posterior cingulate, and
periaqueductal grey in women [26, 27]. Therefore, it might
be more important for women than for men to maintain
physical activity in order to prevent chronic pain. However,
not many studies have investigated the association between
pain sensitivity and physical activity of participants using
objective devices such as motion counters.

Despite these findings, the dominant factor influencing
CPM is still unknown. Previous studies have suggested that
men are more active than women during leisure time [28].
The effects of sex and physical activity on CPM have not
yet been assessed despite the fact that men have larger body
components and greater basal metabolic consumption than
women [29, 30]. Lowe et al. reported that female patients with
fibromyalgia have lower metabolic rate than healthy control
subjects [31], indicating that metabolic rate could be involved
in pain modulation. Several studies have indicated high body
mass index (BMI) to be associated with chronic pain [32, 33]
and pain sensitivity [34]. Thus, basal metabolic rate (BMR)
and BMI might be potential confounders in the association
of pain sensitivity with sex. Moreover, recent studies have
suggested that CPM response could be influenced by ethnic
background [35, 36] as well as aging [37, 38].

Additionally, many previous studies have used small sam-
ple sizes for statistical analysis for evaluating CPM response,
which has also been pointed out by Riley 3rd et al. [39].
Kennedy et al. recently suggested that lack of control for
confounding factors and lack of standardization in statistical
analysis are common problems affecting the reliability of
CPM measurements [40]. Therefore, rigorous eligibility cri-
teria with a sufficient sample size of young healthy individuals
would be helpful for elucidating the physiological differences
in CPM response betweenmen andwomen and for clarifying
the relationship between CPM response and physical activity.

Altogether, in present study, we hypothesized that (1)
although pressure pain threshold (PPT) would be higher
among men than among women [10], this difference would
be affected more by other possible confounders than by sex;

(2) there would be sex-wise differences in CPM response;
(3) although physical activity and CPM response would be
related, this relationship wouldmore likely be seen in women
than in men. To address these hypotheses, we investigated
the relationship of pain threshold and CPM response towards
pressure pain with sex, BMR, BMI, and physical activity level
measured using a motion counter among healthy Japanese
individuals.

2. Methods

2.1. Ethical Approval and Subjects. After receiving approval
from the Nagoya Gakuin University Board of Ethics and
obtaining written informed consent, we recruited healthy
subjects to participate in the present study by means of flyers
on a notice board. The inclusion criteria for participation
were (1) age between 20 and 29 years and (2) no ongoing
pain problems. On the other hand, the exclusion criteria
were history of chronic pain conditions and serious health
conditions such as neurological diseases (e.g., stroke or
hereditary diseases), diabetes, or use of sedatives, analgesics,
or other medications.

Minimum sample size was estimated in accordance with
three previous hypotheses. According to a previous report,
at least 41 subjects per sex are needed for comparison of
differences in PPT with sufficient analytical power (>.80)
[40]. In terms of the effect of sex on CPM, Bulls et al. [4]
performed a CPM study and reported that, on the basis of
an effect size of .64, the sample size for a power of >.80 and
a two-tailed 𝛼 at a significance level of <.05 for performing
a 𝑡-test required a minimum of 80 subjects (40 subjects per
sex). Regarding physical activity, Naugle and Riley 3rd have
reported that total physical activity scores (𝛽 = .431) were
predictive ofCPM[5] and that 37 subjects per sex are required
to detect this correlation coefficient by bivariate regression
analysis with a two-tailed 𝛼 of <.05 and a power of >.80. For
a priori power analysis, we used the G∗power 3 software [41]
to determine the sample size for this study.

Finally, we enrolled 86 volunteers (43men and 43women;
age, 20.9± 0.8 years) for participation in this study, whichwas
conducted in three separate intervals, because it was difficult
to gather the necessary number of subjects in a single round.
Each subgroup participated in the study in March, May, and
November 2016.

2.2. Participant Characteristics and Physical Activity Mea-
surement. The height and body weight of all participants
were measured using scales, and BMI was calculated from
these values using the following formula: BMI = weight
(kg)/height (m2); BMR was calculated using the Harris-
Benedict equation [42] as follows:

Men: BMR = 66.5 + (13.7 × weight [kg]) + (5.00 ×
height [cm]) – (6.8 × age [years]).
Women: BMR = 655.1 + (9.56 ×weight [kg]) + (1.85 ×
height [cm]) – (4.68 × age [years]).

Before pain measurement, in order to measure the
degree of physical activity for 7 consecutive days, all
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participants were instructed to wear an accelerometer
(Kenz Lifecorder, Suzuken Co., Ltd., Nagoya, Japan) at the
waist level throughout the day except during water-related
activities (e.g., bathing and swimming) [5]. Kenz Lifecorder
is a validated device with good reliability [43]. This motion
counter measures acceleration in the vertical (𝑧) direction.
According to technical details provided by the manufacturer,
the device samples acceleration at 32Hz and assesses values
ranging from 0.06 to 1.94 g (1.00 g is equal to the acceleration
of free fall). The acceleration signal is filtered by an analogue
bandpass filter and digitized. Maximum pulse over 4 s
is considered as the acceleration value, and activities are
categorized into eleven activity levels, 0.0, 0.5, and 1.0–9.0
(where level 0.0 corresponds to 0.06 g), on the basis of the
accelerometric signal pattern.

Consecutive activities performed by the participants were
recorded automatically, and physical activity was automati-
cally expressed as sedentary (<level 1.0), light (levels 1.0–3),
moderate (levels 4–6), or vigorous (≥level 7). These activity
levels were also automatically transformed to the correspond-
ing estimated metabolic equivalents (METs) as follows: level
1.0, 1.8 MET; level 2.0, 2.3 MET; level 3.0, 2.9 MET; level 4.0,
3.6 MET; level 5.0, 4.3 MET; level 6.0, 5.2 MET; level 7.0,
6.1 MET; level 8.0, 7.1 MET; and level 9.0, >8.3 MET. The
principle of transformation in this device has previously been
described in detail [44].

In the present study, the time spent engaging inmoderate-
to-vigorous physical activity (MVPA) was considered as
the physical activity score for each individual. This was
because light activity was regarded as corresponding to less
activity than walking at normal speed for young healthy
participants [44]. The device computed an exercise value
(METs × h/week), which was calculated by the sum of activity
levels (≥level 4.0) for every 4 s over 7 days. Finally, the exercise
value was defined as the MVPA score for each participant.

Days when the device was not worn for 4 consecutive
hours on the same day were excluded from analysis. It was
easy to distinguish between sleep motion (variable within
level 0.0 to level 0.5) and wearing no device (completely level
0.0) on the recorded data.

2.3. Pain Measurement. The pain measurement session con-
sisted of a training and test session on the same day. In
the training session, participants received information about
and experienced the entire experimental procedure. The test
session was performed immediately after all participants had
finished the training session.

Subjects sat in a fixed chair and placed their dominant
forearm on the desk. On the dominant forearm, PPT was
evaluated at a site over the extensor carpi radialis brevis
muscle, 2 cm distal to the lateral epicondyle. The mechanical
force transmitted to the muscle was measured using a cal-
ibrated mechanical pressure algometer (Digital Force Gage,
AIKOH, Osaka, Japan). The rubber tip of the algometer was
1 cm in diameter. The algometer was applied to the testing
site, and pressure was gradually increased by approximately
5N/s during the test. Participants were instructed to respond
immediately when they felt pain because of the pressure
applied, at which point pressure testing was stopped and the

results were automatically recorded.Allmechanical stimuli in
this study were applied by a single examiner (Y. S.) who had
practiced extensively using an electric balance to ensure that
the algometer was successfully applied to the participants in
a constant manner.

For evaluating the level of CPM response, algometric
assessment on the dominant dorsal forearm provided phasic
stimulus, while the cold pressor task was used for application
of tonic conditioning stimulus [45]. Baseline PPT was mea-
sured prior to immersion of the nondominant hand in a cold-
water bath (10∘C [12] for 1min) of up to whole-hand depth.
After 30 s of cold-water immersion of the nondominant hand
and immediately after immersion for 1min, the algometer
was again applied on the dominant dorsal forearm for
quantifyingCPMresponse relative to the baseline level.These
time points were used because a previous study had indicated
that the duration of the conditioning stimulus was commonly
between 30 s and 2min for a cold-water bath [46]. In this
study, PPTduring cold-water immersion of the nondominant
hand was adopted as the conditioned PPT, because CPM
response has been shown to be significantly greater during
application of conditioning stimulus than immediately after
[47, 48].

Baseline PPT values were used for comparison of PPT
between men and women. Analysis of CPM response was
accomplished using methods described by previous stud-
ies, which had suggested quantification of CPM response
as percent change from baseline to conditioned PPTs [1].
Accordingly, the change ratio for PPT within each trial was
calculated by the following formula:

CPM response = (conditioned PPT – baseline PPT)/
baseline PPT.

2.4. Data Analysis. All data were analyzed using SPSS ver-
sion 20 (IBM Corp., Armonk, NY). Continuous data were
presented as mean and standard deviation. The Shapiro-
Wilk test was used to investigate whether data were normally
distributed. Comparisons between the two groups were
performed using Student’s 𝑡-test or Mann–Whitney 𝑈 test,
depending on the data distribution.

Subsequently, variables (such as sex, BMI, BMR, and
MVPA) that exhibited a potential correlation with PPT or
CPM response at an 𝛼 level of 0.1 in univariate analysis
were selected as candidates for multivariate analysis. Mul-
tiple regression analysis (forward stepwise selection) was
performed to predict and compare the overall effect of the
confounders on PPT and CPM response according to sex. A
𝑝 value of <.05 was considered statistically significant.

3. Results

Table 1 shows the difference in each variable between the
sexes. As expected, BMR was higher among men than
among women.There was no significant difference in MVPA
between men and women. In pain-related measures, the
change ratio for PPTwas larger during cold-water immersion
(i.e., CPM response) than immediately after CPM among
both sexes (men: 𝑝 < 0.001; women: 𝑝 = 0.005). Men



4 Pain Research and Management

Table 1: Sex-wise differences in characteristics of the study participants.

Men Women p value
𝑁 = 43 𝑁 = 43

Age (years) 20.8 (0.8) 21.0 (0.8) 0.289
Height (cm) 172.2 (5.4) 158.1 (6.1) <0.001∗

Weight (kg) 66.3 (9.8) 52.0 (5.8) <0.001∗

BMI (kg/m2) 22.4 (3.3) 20.8 (2.1) 0.010∗

BMR (kcal) 1657.6 (159.9)# 1273.3 (96.3)# <0.001∗

MVPA (METs × h/week) 14.8 (6.3) 13.7 (5.0) 0.342
Baseline PPT (N) 20.0 (13.6)# 16.5 (12.5)# 0.019∗

CPM response 0.24 (0.28)# 0.24 (0.37)# 0.948
CPM response immediately after CPM 0.11 (0.10) 0.15 (0.33) 0.144
Values: mean (standard deviation) or median (interquartile range)#; CPM response = (PPT during conditioning stimulus − baseline PPT)/baseline PPT; CPM
response immediately after CPM = (PPT immediately after conditioning stimulus − baseline PPT)/baseline PPT; comparison between the two groups was
performed using Student’s 𝑡-test or Mann–Whitney 𝑈 test, depending on the distribution of data. ∗Statistical significance (𝑝 < 0.05); BMI: body mass index,
BMR: basal metabolic rate, MVPA: moderate-to-vigorous physical activity, PPT: pressure pain threshold, CPM: conditioned pain modulation.

Table 2: Results of multiple regression analysis with PPT as a dependent variable.

Variable Adjusted 𝑅2 𝐵 𝛽 𝑝 value 95% CI for 𝐵
Lower limit Upper limit

Overall 0.054
BMR 0.012 0.256 0.018 0.002 0.022

Men —
None

Women —
None

𝐵: unstandardized coefficient, 𝛽: standardized coefficient, PPT: pressure pain threshold, CI: confidence interval, BMR: basal metabolic rate.

showed higher baseline PPT than women, but there were no
significant differences according to sex in CPM response or
change ratio for PPT immediately after CPM.

The results of stepwise multiple linear regression analysis
revealed that BMR was a significant predictor of PPT in the
overall study population. However, PPT was not correlated
with BMI, BMR, orMVPA in either sex (Table 2 and Figure 1).
On the other hand, although there were no predictors of
CPM response in the overall study population or amongmen,
MVPAwasmoderately correlatedwithCPM response among
women (Table 3 and Figure 2).

4. Discussion

This study investigated the relationship of pain threshold and
CPMresponse towards pressure painwith sex,metabolic rate,
and moderate-to-vigorous physical activity among healthy
young Japanese individuals, using quantitative assessment
tools. The major findings of this study were as follows: (1)
an interrelationship between PPT and sex was observed, as
expected; however, this relationship was no longer significant
after controlling for confounders; BMR might be potentially
associated with PPT; (2) contrary to our expectations, CPM
response did not vary according to sex; and (3) MVPA
showed a positive moderate correlation with CPM response
among women but not in the overall study population or
among men.

Interestingly, although the present results revealed that
men might have a higher PPT than women, which is
consistent with the current body of evidence [10], this
difference was no longer significant after controlling for
possible confounders such as BMI, BMR, and MVPA. Our
results also indicated that PPT was influenced more by BMR
than by sex in each individual. To date, research relevant
to the relationship between pain sensitivity and BMR has
been scarce, despite the fact that hypothyroidism, a condition
of decreased metabolism, is known to be associated with
fibromyalgia [49] and pain sensitivity [50]. Our results imply
that BMR should be considered as a potential confounder
when investigating human pain sensitivity.

Despite the use ofmany differentmethodological designs,
CPM response is regarded as a complex phenomenon,
affected by various predictors [51]. According to the review
by Hermans et al. [51], many studies have addressed the
influence of sex on CPM; however, 9 of 15 studies found no
difference in CPM response according to sex, while the rest
reported thatmenhad better CPM function thanwomen.The
authors concluded that it remained unclear whether or not
sex has any influence on CPM. The present results, too, sug-
gest that there was no difference in CPM effect according to
sex. In other words, the functioning of the endogenous pain
inhibitory system is not influenced exclusively by sex among
healthy Japanese subjects. Although these results are not
consistent with the latest data presented by Skovbjerg et al.,
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Table 3: Results of multiple regression analysis with CPM response as a dependent variable.

Variable Adjusted 𝑅2 𝐵 𝛽 𝑝 value 95% CI for 𝐵
Lower limit Upper limit

Overall —
None

Men —
None

Women 0.137
MVPA 0.020 0.397 0.008 0.005 0.035

𝐵: unstandardized coefficient, 𝛽: standardized coefficient, CPM: conditioned pain modulation, CI, confidence interval, MVPA, moderate-to-vigorous physical
activity.
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Figure 1: Correlation between PPT andMVPA among (a) men and (b) women. PPT: pressure pain threshold; MVPA: moderate-to-vigorous
physical activity.
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who demonstrated in a large sample population that women
show less efficient CPM than men [52], this inconsistency
may be attributed to subject characteristics. That is, it would
be difficult to detect sex-wise differences pertaining to CPM
if women in the sample population tended to be active (as in
the present study) and not inactive (as previously reported)
[28].

In the present study, we found that, in women, low
MVPAmight cause a decrease in CPM response even among
healthy young individuals; however, no such relationship was
observed among men or in the overall study population.
Although recent studies have indicated that greater physical
activity is associated with more efficient CPM in healthy
adults [5, 53, 54], one study implied that the difference in
CPM effect between active and less-active subjects seemed
to be greater among women than among men [53]. Previous
neuroimaging studies have reported that, in female patients
with fibromyalgia, physical activity is positively related to
brain responses implicated in pain modulation, including
those associated with the dorsolateral prefrontal cortex,
dorsal posterior cingulate, and periaqueductal grey [26, 27],
which partly supports the results of our study.

The effect of possible confounders and methods of statis-
tical analysis on the present results must also be considered.
Although a considerable number of studies have investigated
sex-wise differences in many pain modalities, there appears
to be a lack of potential confounders. Indeed, age, sex, genetic
factors, ethnicity, catastrophizing, anticipation, and physical
activity level have been discussed as potential confounders
of the CPM effect [40, 51]. For example, Weissman-Fogel
et al. identified sex-wise differences in the CPM effect by
bivariate comparison; however, after correction for catastro-
phizing, these differences were no longer significant [55].
The present study included sex, BMI, BMR, and MVPA as
potential confounding factors for PPT and CPM response.
The results of multiple regression analysis revealed a possible
relationship between MVPA and CPM response among
women (𝛽 = 0.397), which is consistent with the findings of
Naugle and Riley 3rd [5]. However, the adjusted 𝑅2 in this
model was 0.137, which suggested that only approximately
14% of the CPM effect was explained by physical activity
within this model. Furthermore, the 𝑝-trend depends both
on correlation coefficients and on sample size; it should never
be used as a measure of strength of an association [56].
Therefore, sample size has a strong influence on the quality
of correlations. For instance, when a significant correlation
between parameters is obtained with a small number of
subjects, supplementing this sample with another population
that does not exhibit a significant correlation could result in
nonsignificance upon analysis of the entire population.

Additionally, several limitations have to be considered
in the present study. First, physical activity was measured
using a single type of motion counter, the Lifecorder, which
calculated the activities of the participants. Since the mea-
surements collected in this study relied only on this uniaxial
accelerometer, we cannot be certain that our results would
be consistent with those obtained using other types of sen-
sors. Previous studies have evaluated physical activity using

triaxial accelerometers [53, 54]; however, some authors have
reported significant differences in activity results between
uniaxial (i.e., Lifecorder) and triaxial accelerometers [57].
Second, since we only measured MVPA, light activity and
sedentary time were not included in our analysis. Addition-
ally, the study period for measuring the activity of partici-
pants was limited to only 1 week. Therefore, the long-term
effects of physical activity on CPM response are not clear.
Third, PPT was only evaluated at one point on the dominant
arm, and the CPM effect was evaluated only by means of
the cold pressor stimulus. Wider areas of the body should
be evaluated using different conditioning stimuli in future
studies. Fourth, althoughprevious studies have suggested that
CPM response might decrease with age [37, 38], this study
only involved young men and women. Further research is
needed to test the influence of predictive variables on CPM
response among older adults selected using rigorous eligi-
bility criteria. Fifth, participants in this study were healthy
volunteers. Thus, the generalizability of the present results
among subjects with chronic pain conditions is limited. Last,
we did not consider the influence of psychological factors in
this study, although a recent study has demonstrated that pain
catastrophizingmight be related to disruption in endogenous
pain modulation [58]. Therefore, more studies involving
potential confounders and sufficient sample sizes are required
in order to further elucidate the factors associated with CPM
response.
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