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 Adaptability to tonic pain varies between subjects.

 Cardiovascular and pain regulatory systems interact with each other.

 However, whether pain adaptability is related to the cardiovascular system is unknown.

What does this study add?

 Two groups of participants, pain adaptive and pain non-adaptive, were identified according to their response to tonic thermal pain.

 These findings indicate that pain adaptation is related to initial pain rating and latency to peak pain but not to cardiovascular responses.

Introduction

The perception of pain is a complex and dynamic process that is characterized by tremendous inter-individual variability [START_REF] Nielsen | Individual differences in pain sensitivity: measurement., causation., and consequences[END_REF]. Previous studies have reported a decrease [START_REF] Milne | Habituation to repeated painful and non-painful cutaneous stimuli: A quantitative psychophysical study[END_REF]Ernt et al., 1986;[START_REF] Hollins | Changes in pain from a repetitive thermal stimulus: The roles of adaptation and sensitization[END_REF] as well as an increase (Casey et al., 2001;[START_REF] May | Within-session sensitization and between-session habituation: A robust physiological response to repetitive painful heat stimulation[END_REF] in pain experience during exposure to repeated noxious stimuli.

Increasing and decreasing pain represent facilitation and adaptation to painful stimulation, respectively. Such inter-individual variability can also occur during continuous painful stimuli that might better mimic clinical pain conditions [START_REF] Naert | Characterization of a novel model of tonic heat pain stimulation in healthy volunteers[END_REF]. [START_REF] Chen | Human pain responsivity in a tonic pain model: psychological determinants[END_REF] measured the endurance time during a tonic cold stimulation of the hand and identified pain tolerant and pain sensitive subjects. More recently, [START_REF] Zheng | Adaptability to pain is associated with potency of local pain inhibition, but not conditioned pain modulation: a healthy human study[END_REF], by computing the difference between peak and last pain ratings to a similar cold stimulation of the hand, also observed two types of participants, pain-adaptive (39%) and pain-nonadaptive (61%). Finally, [START_REF] Naert | Characterization of a novel model of tonic heat pain stimulation in healthy volunteers[END_REF] identified three forms of responses to tonic heat pain stimulation of the upper leg: 11% of participants reported increased then reduced pain, 55% increased pain, and 34% stable pain. These responses were referred to as pain adaptation, pain summation, and stable pain, respectively.

The mechanisms underlying the adaptation to tonic pain are not completely elucidated.

Differences in the peripheral vascular reactions to cold [START_REF] Kreh | Vascular reactions correlated with pain due to cold[END_REF][START_REF] Lautenbacher | Tonic pain evoked by pulsating heat: temporal summation mechanisms and perceptual qualities[END_REF] or potency of local pain inhibition [START_REF] Zheng | Adaptability to pain is associated with potency of local pain inhibition, but not conditioned pain modulation: a healthy human study[END_REF] have been suggested to account for individual pain sensitivity. Interestingly, both humans and animals studies have demonstrated functional interactions between cardiovascular and pain regulatory systems [START_REF] Bruehl | Interactions between the cardiovascular and pain regulatory systems: an updated review of mechanisms and possible alterations in chronic pain[END_REF]. According to these studies, high resting blood pressure (BP) was consistently associated with reduced pain sensitivity [START_REF] Bruehl | Interactions between the cardiovascular and pain regulatory systems: an updated review of mechanisms and possible alterations in chronic pain[END_REF]. Recently, we found that the cardiovascular responses to conditioning cold stimuli were positively correlated with the magnitude of endogenous pain inhibition [START_REF] Chalaye | Cardiovascular influences on conditioned pain modulation[END_REF]. These results imply that cardiovascular responses to tonic painful stimuli might be useful predictors of the endogenous capacity to modulate pain. Thus, we hypothesized that the cardiovascular reaction to tonic pain is associated with pain adaptability.

The aims of this experimental study were (i) to characterize the adaptability to tonic cold and heat pain and (ii) to examine the relationship between such adaptability and the cardiovascular parameters in healthy volunteers.

Methods

Subjects

Twenty-seven healthy volunteers participated in this study. One participant did not complete the entire experimental procedure and was removed from all analyses based on this criterion.

Hence, 26 healthy volunteers (13 men and 13 women, mean age = 26.0 ± 0.9 years) were included in the analyses. All participants signed a written consent form, and all procedures were approved by the Human Ethics Committee of the Centre Hospitalier Universitaire de Sherbrooke (CHUS). None were suffering from known diseases or self-reported hypo/hypertension and none have health problem that needed medications. Subjects were asked to refrain from smoking and/or drinking coffee one hour before testing. Only women in luteal phase of their menstrual cycle or under contraception were included. All subjects received a 20$CAD compensation for their participation.

Pain perception during cold and hot water immersion tests

Participants were comfortably seated in a quiet room. Cold water immersion test (CIT) and hot water immersion test (HIT) were used to elicit strong and prolonged pain sensations.

Immersion tests consisted in the immersion of the right arm (up to the elbow) in circulating cold (7°C) or hot water (47.5°C) during 5 minutes. These temperatures were shown to induce moderate pain in healthy subject [START_REF] Tousignant-Laflamme | Establishing a link between heart rate and pain in healthy subjects: a gender effect[END_REF][START_REF] Granot | Determinants of endogenous analgesia magnitude in a diffuse noxious inhibitory control (DNIC) paradigm: Do conditioning stimulus painfulness, gender and personality variables matter?[END_REF]. The sequence of both tests was alternated and participants were randomly assigned to sequence order and parallelized with respect to gender. An interval of at least 60 minutes separated the CIT and the HIT. Subjects rated their perceived pain every 15 seconds during the 5-minute immersion.

Ratings of pain intensity and unpleasantness were obtained verbally using separate visual analog scales (VAS) with numeric and verbal descriptors ranging from 0 (no pain/not unpleasant) to 100 (most intense/unpleasant pain imaginable).

Adaptability to cold and hot water immersion tests

We observed that the time course of VAS pain during HIT (linear function) and CIT (cubic function) are different, and therefore, different methods of calculation were used to identify the individual temporal profile of pain rating. We used the methods of [START_REF] Zheng | Adaptability to pain is associated with potency of local pain inhibition, but not conditioned pain modulation: a healthy human study[END_REF] for CIT and adapted those of [START_REF] Naert | Characterization of a novel model of tonic heat pain stimulation in healthy volunteers[END_REF] for HIT. A cut-off of 20 out of 100 was used to classify the participants as pain adaptive or non-adaptive, because this level of pain variation is considered significant in clinical [START_REF] Todd | Clinical significance of reported changes in pain severity[END_REF], and experimental [START_REF] Zheng | Adaptability to pain is associated with potency of local pain inhibition, but not conditioned pain modulation: a healthy human study[END_REF] studies. The temporal profile of pain rating to HIT was indicated by subtracting the last pain rating from the first pain rating. Thus, when the difference between the first and last pain ratings was less than or equal to 20/100, participants were classified as pain adaptive (ie, reporting decreased pain or no change during HIT); otherwise pain non-adaptive (ie, reporting increased pain during HIT).The temporal profile of pain rating to CIT was indicated by subtracting the last pain rating from the peak pain rating (maximal pain intensity). For cold stimulation, participants, who showed a decrease of more than 20 points between peak pain and the last cold pain rating were classified as pain adaptive (ie, reporting decreased pain or no change during CIT); otherwise pain non-adaptive (ie, reporting increased pain during CIT).

Blood pressure

Noninvasive continuous blood pressure measurements were taken during baseline (5 minutes) and during CIT and HIT (5 minutes) using a Nexfin monitor (BMEYE, Amsterdam, Netherlands). The finger cuff was placed on the mid-phalanx of the index or middle finger (with appropriate cuff size) of the left hand. The heart reference system of the Nexfin monitor was used to compensate for differences between finger and heart level. Nexfin monitor showed good accuracy and reliability to track changes in BP compared to invasive intraarterial pressure measurement [START_REF] Martina | Noninvasive continuous arterial blood pressure monitoring with Nexfin®[END_REF]. BP responses to the CIT and HIT were determined by calculating immersion-induced changes in BP (ie, mean BP during CIT or HIT mean blood pressure during baseline before each session).

Heart rate

Electrocardiograms (ECG) were recorded and analyzed at baseline (5-minute rest at the beginning of the experimental session) and during CIT or HIT (5 minutes). ECG activity was obtained using a standard 3-lead montage sampled at a frequency of 1000 Hz using the PowerLab system and analyzed with Chart software (AD Instruments, Colorado Springs, CO, USA). Mean heart rate was computed from successive R-R intervals of the ECG waveform.

Cardiac responses to CIT and HIT were determined by calculating immersion-induced changes in heart rate (ie, mean heart rate during CIT or HIT  mean heart rate during baseline before each session).

Statistical analysis

Statistical analyses were conducted with SigmaStat 2.03 for Windows (SPSS, Erkrath, Germany). The time course of pain rating, blood pressure and HR during CIT and HIT were analyzed by using one-way Repeated Measures (RM) analysis of variance (ANOVA) followed by a post-hoc Tukey test (normally distributed data) or Friedman test on ranks with post-hoc Tukey test (non-normally distributed data). Within-subject effects for pain rating, heart rate, and blood pressure were analyzed using paired t-tests. Student's t-tests were used to examine the differences between the pain adaptive group and pain non-adaptive group.

Fisher's Exact Test was used to analyze the association between either gender or stimulationorder and the adaptability to tonic cold and heat pain. Pearson's correlations were used to test the linear relationships between the characteristics of pain response (initial pain rating, peak pain rating, latency to peak pain, and average pain rating), and pain ratings and cardiovascular responses. All data are given as mean ± SEM. Statistical significance was set at P < 0.05.

Results

Pain perception to tonic cold and heat pain

A comparison of response to cold (CIT) and heat (HIT) immersing tests is shown in Figure 1 and Table 1. Pain intensity and time course of pain experience were different for both tests.

On average, pain sensation (t = -3.593, P = 0.001) and pain unpleasantness (t = -4.561, P < 0.001) intensity were significantly higher during CIT than during HIT (Table 1). Average pain intensity and pain unpleasantness were highly correlated for both CIT (r = 0.832, P < 0.001) and HIT (r = 0.821, P < 0.001).

Regarding the time course of pain perception, we also found that CIT and HIT were different. The time course of perceived pain sensation and pain unpleasantness intensity is illustrated in Figure 1A and 1B, respectively for the two modalities. During the HIT, the function best describing pain sensation intensity evolution in time is monotonic and approximately linear in form (r = 0.994, P < 0.001). There was a slow and steady increase in pain throughout the 5 min of the test period, without any indication of acceleration or deceleration. In contrast, to the linearity observed with heat pain, pain intensity evoked by cold stimulation (CIT) is better approximated by a cubic function (r = 0.967, P < 0.0001).

There was a rapid increase in pain over the first 75 sec, thereafter, the subjects exhibited pain adaptation.

During both tests, the latency to peak pain unpleasantness was significantly shorter than for peak pain sensation (CIT: t = 2.352, P = 0.027, HIT: t = 2.230, P = 0.035). The latency to peak pain sensation and peak pain unpleasantness evoked by CIT was significantly shorter than those evoked by HIT (difference of 60 seconds, Table 1). A significant difference in pain rating between CIT and HIT was observed 45 seconds after the beginning of hand immersion and disappeared after the 180th second.

Pearson's correlation revealed a strong positive relationship between the initial pain sensation rating and the average pain sensation rating (CIT: r = 0.554, P = 0.003; HIT: r = 0.606, P = 0.001), and between initial pain unpleasantness rating and the average pain unpleasantness rating (CIT: r = 0.598, P = 0.001; HIT: r = 0.634, P < 0.001), for both tests.

The effect of the order of the presentation of the test (i.e. HIT or CIT first) on the temporal profile was analyzed and was non-significant. These results suggest that the magnitude of pain sensation and pain unpleasantness are related to intensity of the initial pain sensation and the initial pain unpleasantness, respectively.

Adaptability to tonic cold and heat pain

The analysis of the individual temporal profile of pain ratings during CIT (Fig. 2A,B) and HIT (Fig. 3A,B) revealed that some participants were pain adaptive and some were pain nonadaptive.

During CIT, 9 (35%) participants (pain adaptive group) showed increased pain to CIT initially, then a gradual, steady decrease after approximately 75 seconds. At the end of the 5 minutes, there was no significant difference (t = 0.475, P = 0.648) between the initial and the last pain sensation rating (Table 2A). The remaining 17 (65%) participants (pain non-adaptive group) reported pain in a similar manner to the pain adaptive group in the first 75 seconds.

Thereafter, the pain ratings plateaued. There was a significant difference between the initial and the last pain sensation rating for the pain non-adaptive group (t = -9.377, P < 0.001). A comparison of the pain adaptive and pain non-adaptive groups based on their responses to CIT is shown in Table 2A. No significant group difference was observed for the average pain sensation and pain unpleasantness. However, the pain adaptive group had significantly higher initial pain sensation (t = -2.597, P = 0.016) and lower last pain sensation rating than the pain non-adaptive group (t = 3.657, P = 0.001). Moreover, compared to the pain non-adaptive group, the pain adaptive group required significantly less time to attain peak pain sensation (t = 3.919, P < 0.001).

During HIT, 8 (31%) participants (pain adaptive group) showed no change in pain rating over time. At the end of the 5 minutes, there was no significant difference (t = -0.527, P = 0.615) between the initial and the last pain sensation rating for these participants (Table 2B).

The remaining 18 (69%) participants (pain non-adaptive group) reported slow and steady increase in pain throughout the 5 min of the test period. There was significant difference between the initial and the last pain sensation rating (t = 10.529, P < 0.001) for the pain nonadaptive participants. A comparison of pain adaptive and pain non-adaptive groups based on response to HIT is shown in Table 2B. Similar to those in response to CIT, both groups did not differ with regard the average pain sensation and pain unpleasantness. However, the pain adaptive group had significantly higher initial pain sensation and lower last pain sensation rating than the pain non-adaptive group. Again, the pain-adaptive group required significantly less time to reach peak pain sensation (t = -4.911, P < 0.001).

There was no correlation between being adaptive to HIT or CIT. Some participants (15 %, n=4) were adaptive to both heat and cold, some were adaptive to only one of the stimulation modalities (35%, n= 9), and 50 % (n=13) of participants were non-adaptive to both.

The adaptability to tonic cold (male vs female: 30.8% (n = 4) vs 38.5% (n = 5) adaptive, Fisher's Exact Test, P = 1), and heat (male vs female: 46.2 % (n = 6) vs 15.4 % (n = 2) adaptive, Fisher's Exact Test P = 0.20) pain was not related to gender. However, this results should be interpreted with caution because our sample size (n = 13 per group) was insufficient to conduct statistical analyses with appropriate power. There was no stimulation-order effect in the adaptability to tonic cold (Fisher's Exact Test, P = 0.66), and heat (Fisher's Exact Test, P = 0.58) pain.

The results suggest that the individual temporal profile of pain sensation is related to both the initial pain intensity and the latency to peak pain.

Relationships between pain rating and cardiovascular responses

As indicated in Figures 1, 2 and 3 and in supplementary Table 1, there was no difference in pre HIT and pre CIT baseline values of BP and HR. The mean arterial BP response increased significantly during CIT (F= 30.573, P < 0.001) and HIT (F= 9.087, P < 0.001). The time course of BP was comparable for both immersion tests (Fig. 1C). The time course of BP during CIT and HIT is illustrated in Figure 1C and can be approximated by a cubic function (heat: r = 0.908, P < 0.001; cold: r = 0.927, P < 0.001). However, CIT produced a stronger rise in BP than HIT (Table 3, t = 5.760, P < 0.001) and the latency to attain peak BP is significantly shorter for CIT than HIT (Table 3, t = -2.247, P = 0.034).

The HR response also varies during CIT and HIT, but the two tests differed with respect to the time course of responses (Fig. 1D). During CIT, HR increased significantly (F = 17.049, P < 0.001) during the first 30 sec and then decreased throughout the rest of the stimulation period. From 180 seconds, no significant difference in HR is observed from the baseline.

During HIT, HR increased significantly (F = 25.397, P < 0.001) during the first 15 sec, then decreased (P<0.001) during the following 75 sec (but remains significantly higher than the baseline, P = 0.001) and finally re-increased (P < 0.001). On average, the increase in HR was significantly higher (Table 3, t = -2.753, P = 0.010) during the HIT compared the CIT.

However, the peak HR response is achieved significantly earlier (Table 3, t = -6.941 P < 0.001) during CIT, than HIT. During CIT, the latency to peak BP is significantly shorter than for peak HR (t = 6.694, P < 0.001), while there is no difference during the HIT.

Discussion

The present study characterized : i) the physiological and psychophysical effects of tonic cold and hot water immersion test in healthy adults, ii) the adaptability to tonic cold and heat pain, and iii) the relationships between pain adaptability and cardiovascular parameters.

Consistently with previous studies [START_REF] Rainville | A psychophysical comparison of sensory and affective responses to four modalities of experimental pain[END_REF][START_REF] Lautenbacher | Tonic pain evoked by pulsating heat: temporal summation mechanisms and perceptual qualities[END_REF][START_REF] Tousignant-Laflamme | Establishing a link between heart rate and pain in healthy subjects: a gender effect[END_REF][START_REF] Zheng | Adaptability to pain is associated with potency of local pain inhibition, but not conditioned pain modulation: a healthy human study[END_REF]; but see [START_REF] Streff | Differential physiological effects during tonic painful hand immersion tests using hot and ice water[END_REF], we found that the intensity of pain sensation and unpleasantness were significantly higher during CIT than during HIT. Moreover, there was a strong correlation between the initial intensity and the total amount of heat and cold pain. These relationships imply that the total amount of tonic noxious cold and heat-evoked pain can be inferred from the initial pain intensity. Interestingly, the intensity of suprathreshold heat pain has been shown to correlate with postoperative pain [START_REF] Abrishami | Preoperative pain sensitivity and its correlation with postoperative pain and analgesic consumption: a qualitative systematic review[END_REF].

In this study, continuously rating pain intensity and unpleasantness revealed that the time courses of both CIT and HIT-evoked pains are not only complex but also different. On one hand, during CIT, pain rapidly increases over the first 75 seconds of the test and, thereafter, stabilizes. Similar time-course of pain intensity during CIT has been previously obtained (Wolf and Hardy, 1943;[START_REF] Kreh | Vascular reactions correlated with pain due to cold[END_REF][START_REF] Rainville | A psychophysical comparison of sensory and affective responses to four modalities of experimental pain[END_REF][START_REF] Lautenbacher | Tonic pain evoked by pulsating heat: temporal summation mechanisms and perceptual qualities[END_REF][START_REF] Polianskis | Pressure-pain function in desensitized and hypersensitized muscle and skin assessed by cuff algometry[END_REF][START_REF] Streff | Differential physiological effects during tonic painful hand immersion tests using hot and ice water[END_REF][START_REF] Zheng | Adaptability to pain is associated with potency of local pain inhibition, but not conditioned pain modulation: a healthy human study[END_REF]. On the other hand, during HIT, pain slowly and steadily increases throughout the 5-min test, as previously observed by studies using water immersion [START_REF] Zhao | Both happy and sad melodies modulate tonic human heat pain[END_REF]; but see [START_REF] Streff | Differential physiological effects during tonic painful hand immersion tests using hot and ice water[END_REF] as well as contact thermode [START_REF] Rainville | A psychophysical comparison of sensory and affective responses to four modalities of experimental pain[END_REF][START_REF] Lautenbacher | Tonic pain evoked by pulsating heat: temporal summation mechanisms and perceptual qualities[END_REF][START_REF] Naert | Characterization of a novel model of tonic heat pain stimulation in healthy volunteers[END_REF][START_REF] Zheng | Adaptability to pain is associated with potency of local pain inhibition, but not conditioned pain modulation: a healthy human study[END_REF], but see Weissman-Fogel et al., 2014). Differences between the time courses of tonic cold and heat pain may result from different peripheral [START_REF] Kreh | Vascular reactions correlated with pain due to cold[END_REF][START_REF] Treede | Evidence for two different heat transduction mechanisms in nociceptive primary afferents innervating monkey skin[END_REF][START_REF] Peng | Fatigue and paradoxical enhancement of heat response in C-fiber nociceptors from crossmodal excitation[END_REF], spinal [START_REF] Tiseo | Differential release of substance P and somatostatin in the rat spinal cord in response to noxious cold and heat effect of dynorphin A(1-17)[END_REF]supraspinal (Cazey et al., 1996;Craig et al., 1996) mechanisms.

Using a tonic cold (t = 0-2°C) stimulation, [START_REF] Chen | Human pain responsivity in a tonic pain model: psychological determinants[END_REF] identified two types of responses: pain tolerant participants could keep their hand in cold water during at least 3 min and pain sensitive ones could not withstand more than 80 s. Recently, [START_REF] Zheng | Adaptability to pain is associated with potency of local pain inhibition, but not conditioned pain modulation: a healthy human study[END_REF] proposed a new method to identify different response patterns to tonic painful cold (1-4°C) stimulation: pain adaptability was assessed by computing the difference between peak and last pain ratings. Two groups of participants, pain adaptive (40% of participants) and pain nonadaptive (60% of participants), were thus identified based on whether this difference was < or ≥ 2 (out of 10) [START_REF] Zheng | Adaptability to pain is associated with potency of local pain inhibition, but not conditioned pain modulation: a healthy human study[END_REF]. Using this method, we found very similar proportions of pain adaptive (35%) and non-adaptive (65%) participants. [START_REF] Naert | Characterization of a novel model of tonic heat pain stimulation in healthy volunteers[END_REF] also reported inter-individual variability in the time-course of tonic heat pain. Pain adaptability was assessed by computing the difference between the last and first pain ratings to 7-min tonic heat (47°C) pain stimulation. Setting the cut-off value to 1 (of 10), three forms of responses were identified: 11% of participants reported increased then reduced pain, 55%, continuous increment in pain, and 34%, stable pain. These responses were referred to as pain adaptation, pain summation, and stable pain, respectively [START_REF] Naert | Characterization of a novel model of tonic heat pain stimulation in healthy volunteers[END_REF]. Using this method, we found that the majority of our participants (85%) were pain non-adaptive.

However, setting the cut-off value to 20 (of 100) revealed two groups of participants: pain adaptive (exhibiting pain adaptation or stable pain; 31%) and non-adaptive (or pain summation; 69%). Such proportions are slightly lower than those reported by [START_REF] Naert | Characterization of a novel model of tonic heat pain stimulation in healthy volunteers[END_REF].

Interestingly, adaptation to both tonic cold and heat pain is related to the latency to peak. Indeed, both adaptive groups required significantly less time to reach peak pain sensation than non-adaptive ones. A recent study of tonic cold pain also found that the pain-adaptive group had a shorter latency to peak than the non-adaptive one [START_REF] Zheng | Adaptability to pain is associated with potency of local pain inhibition, but not conditioned pain modulation: a healthy human study[END_REF]. Other investigators reported that feeling pain faster was associated with being adaptive to tonic heat pain [START_REF] Severin | Subjective sensitization to tonic heat as an indicator of thermal pain[END_REF]. Altogether, these results suggest an association between fast pain facilitation and fast pain inhibition [START_REF] Zheng | Adaptability to pain is associated with potency of local pain inhibition, but not conditioned pain modulation: a healthy human study[END_REF].

We also found that the type of temporal profiles to tonic cold and heat pain can be inferred from the intensity of initial pain. Indeed, high initial pain intensity was associated with either fast facilitation followed by fast inhibition (cold pain) or stable pain (heat pain), and low initial pain intensity with either fast followed by slow facilitation (cold pain) or slow and steady facilitation (heat pain). Although, [START_REF] Naert | Characterization of a novel model of tonic heat pain stimulation in healthy volunteers[END_REF] did not specifically address this issue, their figure 2 clearly indicates that participants with high initial heat pain intensity are pain stable or adaptive whereas those with low initial pain intensity show pain summation. [START_REF] Polianskis | Pressure-pain function in desensitized and hypersensitized muscle and skin assessed by cuff algometry[END_REF] also found that the adaptability to tonic mechanical pain depends on the initial pain intensity. Finally, higher initial pain levels also correlate with habituation [START_REF] Treister | Factors affecting -and relationships between-different modes of endogenous pain modulation in healthy volunteers[END_REF]. In animals, the decrease in the number of spikes of WDR neurons [START_REF] Coste | A role for wind-up in trigeminal sensory processing: intensity coding of nociceptive stimuli in the rat[END_REF] or the magnitude of spinal nociceptive reflexes [START_REF] Gozariu | Temporal summation of C-fiber afferent inputs: competition between facilitatory and inhibitory effects on C-fiber reflex in the rat[END_REF] evoked by repetitive noxious cutaneous stimulation, that occurs after the initial increase, is more pronounced when initial responses are high. Likely, an inhibitory mechanism counteracts neuronal facilitation after high-intensity repetitive noxious stimulation or after tonic noxious stimulation. Overall, these data suggest that the adaptability to tonic thermal (present results) or mechanical [START_REF] Polianskis | Pressure-pain function in desensitized and hypersensitized muscle and skin assessed by cuff algometry[END_REF] pain is related to the intensity of initial pain.

In agreement with previous studies [START_REF] Streff | Differential physiological effects during tonic painful hand immersion tests using hot and ice water[END_REF], mean arterial BP varied during CIT and HIT. The time course of BP was similar in both immersion tests. However, CIT-evoked BP responses showed a steeper rise and a shorter time to peak than HIT-evoked ones.

Variations in HR were also observed during CIT and HIT, but the time course of HR responses during the two tests were different. We could not identify any relationship between the variations of cardiovascular responses and pain intensity. Previous reports have provided conflicting results on the association between cardiovascular reactivity and pain perception.

Either no [START_REF] Tousignant-Laflamme | Establishing a link between heart rate and pain in healthy subjects: a gender effect[END_REF][START_REF] Streff | Differential physiological effects during tonic painful hand immersion tests using hot and ice water[END_REF][START_REF] Huang | Radial pressure pulse and heart rate variability in heat-and cold-stressed humans[END_REF][START_REF] Meeuse | Heart rate variability parameters do not correlate with pain intensity in healthy volunteers[END_REF][START_REF] Nilsen | A large conditioned pain modulation response is not related to a large blood pressure response: A study in healthy men[END_REF] or positive [START_REF] Peckerman | Blood pressure reactivity and perception of pain during the forehead cold pressor test[END_REF][START_REF] Maixner | Gender differences in pain and cardiovascular responses to forearm ischemia[END_REF][START_REF] Fillingim | Sex differences in perceptual and cardiovascular responses to pain: the influence of a perceived ability manipulation[END_REF][START_REF] Tousignant-Laflamme | Establishing a link between heart rate and pain in healthy subjects: a gender effect[END_REF][START_REF] Treister | Differentiating between heat pain intensities: the combined effect of multiple autonomic parameters[END_REF] correlations were found. However, such correlations are usually weak and more frequently observed in men than women [START_REF] Maixner | Gender differences in pain and cardiovascular responses to forearm ischemia[END_REF][START_REF] Fillingim | Sex differences in perceptual and cardiovascular responses to pain: the influence of a perceived ability manipulation[END_REF][START_REF] Tousignant-Laflamme | Establishing a link between heart rate and pain in healthy subjects: a gender effect[END_REF]. All these observations suggest that the autonomic system responds to heat or cold pain, but these responses do not reflect pain intensity.

Our study is one of the first addressing the issue of an association between pain adaptability and cardiovascular responses. There was no difference in the temporal profile and magnitude of the CIT-and HIT-evoked BP and HR responses between the adaptive and nonadaptive groups. Only the latency to peak BP during HIT was shorter in the adaptive compared with the non-adaptive group. Thus, although we found previously an association between BP reactivity to tonic cold stimulation and conditioned pain modulation (CPM) [START_REF] Chalaye | Cardiovascular influences on conditioned pain modulation[END_REF], in the present study, we found no association between the cardiovascular responses to tonic thermal stimulation and pain adaptability of adaptive and non-adaptive groups. This is in line with a recent study [START_REF] Zheng | Adaptability to pain is associated with potency of local pain inhibition, but not conditioned pain modulation: a healthy human study[END_REF] showing that pain adaptability does not correlate with the potency of the CPM. The absence of association between the adaptability to tonic thermal pain and cardiovascular responses suggest that other factors contribute to inter-individual variability in the time profiles of pain ratings to tonic thermal pain [START_REF] Nielsen | Individual differences in pain sensitivity: measurement., causation., and consequences[END_REF].

Many studies are reporting variability in pain perception among healthy subjects (Nielsen et al., 2007). This individual variability has been suggested to influence the risk of developing chronic pain as well as the response to treatments. Using a tonic thermal stimulus model, we propose a computing method to identify the individual temporal profile of pain rating during both cold and heat tonic painful stimuli. We found that pain evoked by tonic cold and hot painful stimuli is a dynamic and complex process, including three phases: an increasing, a plateau and a decreasing phase. The time course of pain perception varies differently for cold and heat pain. Moreover, two groups of participants can be identified: one-third of participants are pain adaptive and the two other thirds non pain adaptive. The adaptability to tonic cold and heat pain is related to the initial pain rating and latency to peak pain, but not to cardiovascular responses. We conclude that this method may be useful to reveal the mechanisms underlying both normal and pathologic sensitivity to pain and could eventually contribute to better understand individual pain perception characteristics and variable responses to pain treatment. Thus, the non adaptive individuals to heat or cold pain may experience prolonged and more intense pain sensation following injury. These individuals may also require longer-term analgesic treatments and could be more susceptible to develop chronic pain. 
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Text pages: 25, Figures: 3; Tables: 3, Supplementary table: 1; References: 40 Abstract: 250 words; Introduction: 379 words; Discussion: 1485 words Correlation analysis revealed no significant correlations between the BP variation and average pain sensation (r = 0.049, P = 0.810) or pain unpleasantness (r = 0.043, P = 0.833) following tonic cold. Similarly, no linear relationship was observed between the BP variation and average pain sensation (r = 0.117, P = 0.570) or average pain unpleasantness (r = 0.162, P = 0.429) following tonic heat pain. No significant relationship was found between the HR variation and average pain sensation (r = 0.059, P = 0.776) and average pain unpleasantness (r = 0.060, P = 0.770) following tonic cold and between the HR variation and average pain sensation (r = 0.155, P = 0.448) and average pain unpleasantness (r = 0.282, P = 0.162) following tonic heat pain. No significant differences in the temporal profile of the BP (Fig. 2C,3C) and HR (Fig. 2D, 3D) evoked by CIT and HIT was observed between the pain adaptive and pain non-adaptive groups. Overall, there were also no significant differences in magnitude of variations of cardiovascular parameters during CIT and HIT between the groups (Table S1), except for the latency to peak BP during HIT which was slightly but significantly (t = -2.371, P = 0.026) shorter for the pain adaptive group.

Author contributions

All authors had full access to all the data in the study and take responsibility for the integrity of the data and the accuracy of the data analysis. Study concept and design: LD, PC, SL, SM.

Acquisition of data: LD, SL, PC. Analysis and interpretation of data: LD, PC, SL, SM, RD.

Drafting of the manuscript: LD, PC, SM, RD.

Values denote mean ± standard error of the mean. Statistically significant difference in response to cold and heat stimulation (paired Student's t test)