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Abstract
Introduction:Primary chronic pain is pain that persists for over 3months without associatedmeasurable tissue damage. One of the
most consistent findings in primary chronic pain is its association with autonomic hyperactivation. Yet whether the autonomic
hyperactivation causes the pain or results from it is still unclear. It is also unclear to what extent autonomic hyperactivation is related
to experienced pain intensity in different subtypes or primary chronic pain.
Objectives:Our first aimwas to test lagged relationships between themarkers of autonomic activation (heart rate) and pain intensity
to determine its directionality. The main question here was whether autonomic biomarkers predict pain intensity or whether pain
intensity predicts autonomic biomarkers. The second aim was to test whether this relationship is different between people with
primary back pain and people with fibromyalgia.
Methods: Sixty-six patients with chronic pain were observed over an average of 81 days. Sleep heart rate and heart rate variability
were measured with a wearable sensor, and pain intensity was assessed from daily subjective reports.
Results: The results showed a predictive relationship between sleep heart rate and next-day pain intensity (P , 0.05), but not
between daily pain intensity and next night heart rate. There was no interaction with the type of chronic pain.
Conclusions: These findings suggest that autonomic hyperactivation, whether stress-driven or arising from other causes,
precedes increases in primary chronic pain. Moreover, the present results suggest that autonomic hyperactivation is a common
mechanism underlying the pain experience in fibromyalgia and chronic back pain.

Keywords: Wearable sensors, Primary chronic pain, Heart rate, Heart rate variability, Autonomic hyperactivation

1. Introduction

Primary chronic pain is pain that persists for over 3 months
without associated measurable tissue damage. Themechanisms
underlying this mysterious condition are still debated25,51 and so
is the question of whether different subtypes of primary chronic
pain share similar underlying causes.23

Numerous findings link primary chronic pain to increased
sensitivity of the central nervous system to stimulation17,53,57 or
decreased ability to downregulate pain.7,9 In healthy people,
hypersensitivity to pain is observed during negative emotional
experiences.2,13,54,56 It is then plausible to suggest that primary
chronic pain is caused or exacerbated by experiences of stress
and other negative emotions.46 And indeed, multiple studies link
predisposition to stress to presence of chronic pain,29 increased

stress to higher pain sensitivity in people with chronic pain,10 and
acquisition of stress-management techniques to decreased
severity of chronic pain.45 Yet on the other hand, psychosocial
challenges associatedwith chronic pain are generally assumed to
be a result of pain itself.23,49

The experience of stress is regulated by the autonomic
nervous system (ANS), which also regulates bodily functions
such as heart rate, digestion, and pupil size. Historically, the ANS
has been conceptualized as 2 branches: sympathetic and
parasympathetic, although the separability of these branches is
increasingly being questioned.52,60,65 Within the traditional view,
ongoing negative emotional states such as chronic stress can be
induced by sympathetic hyperactivation. However, the same
outcome can come about through decreased activity of the
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parasympathetic system. In fact, several accounts55,59 empha-
size the role of parasympathetic system underreactivity in states
of chronic stress and poor mental health.3,37,67

Heart rate variability (HRV) and heart rate (HR) are often
presented as markers of parasympathetic and sympathetic
systems, respectively.43 Heart rate is indexed as the number of
heart beats per minute. Heart rate is regulated by multiple
systems, including the heart’s internal pacemaker. The most
direct way in which the brain regulates the heart is by slowing its
rate through activation of the vagus nerve.55 Vagal activation
produces slower and, most importantly, uneven heart beats. This
is why parasympathetic activation is conceptualized as variability
in the time that elapses between heart beats.

Decreased HRV is commonly observed in people with
chronic pain,26,66 especially in fibromyalgia,6,66 as is an
increase in HR.33,58,62,64 These findings support the notion
that chronic pain is associated with a dysregulated ANS, likely
caused by an insufficiently active parasympathetic system. To
investigate the directionality of this association, the present
study examined the lagged relationships between the state of
the ANS and primary chronic pain intensity. In addition, we
compared 2 primary chronic pain conditions that provided the
most consistent evidence (fibromyalgia66) and the least
consistent evidence (chronic back pain4) of ANS
dysregulation.

1.1. The present study

In this study, we focused on fluctuations of ANS and changes in
pain intensity within 2 chronic pain cohorts, people with primary
back pain and people with fibromyalgia. Previous studies have
established that both ANSmarkers12,41 and chronic pain intensity
fluctuate from day to day.47,63 In this study, we used wearable
technology to track autonomic markers, allowing us to test the
association of these markers with subjective pain reports over an
extended period.

In a previous study testing the reliability of autonomic markers
taken from wrist-worn sensors, we reported that high reliability of
HR and HRV measurements can be achieved during sleep.19

However, only HR, but not HRV, correlated with next-day mood.
In a second pilot study, pain intensity was predicted by sleep HR
in people with primary chronic pain of various subtypes, but not in
pain-free controls.21

Here, we aim to test these associations again, in a larger group
of people and over a longer time. We now also focus specifically
on primary back pain and fibromyalgia to test whether the
association varies for these 2 types of chronic pain. Bymeasuring
HR and HRV during sleep and pain intensity during the day, this
study aims to determine whether changes in ANS markers
precede or follow changes in reported pain intensity.

2. Methods

2.1. Participants

Using a safeguard approach, we estimated the target effect as
the lower limit of the 80%CI on the effect size obtained in Ref. 21.
We then used simulation approach to power analysis for
generalized linear mixed models implemented as the simr
package for R.30,31 To address HR, HRV, and potential-
moderating effect of painkillers, our target sample size was 35
participants per group (fibromyalgia vs back pain) with observa-
tional data for 2 months. Anticipating dropouts, we aimed to
recruit up to 80 participants. Seventy-five people took part in the
study. Of them, 66 provided at least 14 days of subjective metrics

and sufficient amount of biometric data (see below) and were
included in the analyses.

Participants were recruited using newsletters serving the local
patient population with chronic pain (Pain BC) and the provincial
platform for recruitment of participants into health research in
British Columbia (Reach BC). Inclusion criteria were (1) aged at
least 18 years, (2) presence of fibromyalgia or primary chronic
back pain, (3) fluent English, (4) no history of heart disease, and (5)
no injury or surgery in the 3 months before the study and no
surgeries planned for the time of the study. The diagnosis of
fibromyalgia or chronic back pain (or both, see below) was self-
reported. Volunteers were also asked to report any other
conditions that could be related to pain, and people with such
conditions (eg, cancer, rheumatoid arthritis, osteoarthritis, or
spondylosis) were not included in the study.

2.2. Procedure

Participants were asked to track their emotional state, pain
intensity, and heart biometrics for 2 to 3 months. Figure 1 shows
the daily study procedures. Participants were instructed to wear
the wristband sensor for sleep only (main sleep period of the day,
not naps). Subjective state was reported during participants’
waking time.

2.2.1. Subjective experience

We used the Ecological Momentary Assessment tool to track
daily subjective experience.38 Using RealLifeData app (https://
www.lifedatacorp.com), participants were prompted 3 times
a day at random times between 7 AM and 9:30 PM with 5 to 7
questions each time. The questions assessed, in this order: (1)
emotional experience (reported elsewhere) and (2) pain intensity
assessed using the standard 11-point pain scale.35 At the end of
each day, participants were asked whether they used any
symptomatic pain medication (yes/no question) and nonmedical
pain modulators (yes/no question), and if yes, when they took it
for the first time during that day. Information about regular and
symptomatic pain medication brand names and dosages was
collected in the intake survey (see below).

2.2.2. Objective state

Heart rate and heart rate variability were tracked using the
Biostrap wearable sensor (www.biostrap.com), which captures
beat-to-beat intervals by using photoplethysmography (PPG).
From it, HR is computed as beats per minute (BPM), HRV is
computed as root mean square of successive differences
(rMSSD) between heart beats. Root mean square of successive
difference is the most reliable and widely used time domain
measure of vagal tone.43 It is the measure provided by most
wearable sensors of HRV.5,27,36 Beat-to-beat intervals are
sampled for 60 seconds, with 86 Hz frequency, automatically
on 2-minute cycles. The data collected by the device are then
passed to a smartphone app, which transfers it to the Biostrap
servers for filtering and processing.22 Dur et al. (2018) demon-
strated that BPM and rMSSD measured with Biostrap correlated
with those assessed with ECG at r 5 0.994 and r 5 0.924,
respectively.

The sensor also detects oxygen saturation and respiration rate,
making it possible to control for these biometrics when assessing
HRV. In addition, the Biostrap device contains an accelerometer
to detect movement, and HRV values obtained during movement
are automatically discarded.39

2 V. Dudarev et al.·9 (2024) e1119 PAIN Reports®

https://www.lifedatacorp.com
https://www.lifedatacorp.com
http://www.biostrap.com/


Participants could not see their biometrics or subjective state
measures for the duration of the study, and only saw their results
on completion.

2.2.3. Additional information

Participant demographic and medical information was collected
at the time of recruitment: age, sex, medical diagnoses (pain-
related and pain-unrelated), regularly and symptomatically used
medications, and duration of chronic pain. The questionnaires
were administered through RealLifeData app. In addition,
participants filled out questionnaires assessing pain interference
(Pain Disability Index11), depression, anxiety, alexithymia, emo-
tion regulation, interoceptive awareness, psychological well-
being, and physical activity (reported elsewhere).

All aspects of this study were approved by the Behavioral
Research Ethics Board of the University of British Columbia
(approval number H19-03824). All participants gave informed
consent to participate in the study.

2.3. Data processing

Heart rate was assessed as BPM and HRV was indexed as the
root mean square difference between successive beats (rMSSD),
and both measures were determined by Biostrap on recording
PPG and processing it with Biostrap proprietary algorithms.22

Heart rate and HRV recording samples were screened by
removing 0 values. Heart rate and HRV values for the samples
where SPO2 was 0 or 100 were also excluded.

Sleep periods were determined by removing datapoints that
were more than 5 hours away from a next and previous recorded
measurement. This is based on an observation that during
periods of immobility (sleep or watching a movie) most measure-
ments which are automatically attempted every 2 minutes are
successful. In contrast to that, during wakeful activity very few
datapoints survive artifact and movement monitoring, and the
successful recordings are very sparce in time. Sleep periods

shorter than 2 hours were removed. Within the remaining sleep
periods, BPM and HRV values more than 2 standard deviations
above each participant’s average were removed. Finally, nights
with less than 20 BPM samples were discarded. This resulted in
one participant losing all their biometric data.

For regression analyses, we used HR and HRV averaged per
sleeping period per participant and subjective pain ratings averaged
per day per participant. Missing data were not interpolated. Sixty-six
participants with on average 81 days/nights (not necessarily
consecutive) provided sufficient data for mixed model regressions.
Day count was included in all regressions to account for the near-
consecutive character of the data.

2.4. Analyses

The focus of the study was testing the predictive association
between sleep heart rate and daytime pain intensity. The
preregistered analysis20 was an multilevel model (MLM) re-
gression predicting pain intensity from (1) sleepHR (preceding the
day of pain), (2) day of study, (3) proportion of day with painkiller,
and (4) pain type, and all possible interactions as fixed factors,
and participant as the random factor. In addition to this analysis,
we report the same analysis as used in Ref. 21: MLM regression
predicting pain intensity from sleep HR, HRV, day of study, and
pain on the previous day as fixed factors to account for
autocorrelation of pain. MLM regressions were conducted in R
using package lmerTest.42 Additional analyses (t-tests) were
performed to compare the 2 pain groups in pain intensity, HR,
and HRV.

3. Results

Sixty-seven participants provided at least 14 days of subjective
responses, and over 70 days on average (average age 47.7,
range 22-79, sex: 4 male, 60 female). One participant kept
responding to daily questions after they returned the sensor to the
study team and reached 176 days of participation. For this

Figure 1.Overview of daily study procedures. The circle represents a day of study. Each dot on the circle represents data collection point: blue dots for biometric
data collected with a wearable sensor during sleep and orange dots for subjective data collected using RealLife app during wakeful hours. HR, heart rate; HRV,
heart rate variability.
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participant, only days until returning the sensor were included in
the analyses (n5 115). One participant had no biometric data left
after data cleaning (see Section 2.3).

The final sample included 66 participants: 28with chronic back
pain and 38 with fibromyalgia. We aimed to recruit equal number
of people with fibromyalgia and chronic back pain and performed
prescreening (by subjective reports) to achieve that. However,
some people recruited into the chronic back pain group endorsed
fibromyalgia diagnosis in the intake survey. We use endorsed
diagnoses in all following assignments, classifying people with
fibromyalgia (with or without back pain) as the fibromyalgia group
and those with back pain only as the back pain group.

Of all participants, 9 reported an injury or surgery within
3 months before the study and 3 people had emergency hospital
admissions during the study. Exclusion of these participants does
not change the patterns of the results or their significance.

3.1. Between-participant comparisons

Patients with fibromyalgia and back pain did not differ on age,
average HR, HRV, or number of days with biometrics, all P’s .
0.1. However, participants with fibromyalgia experienced more
years with chronic pain, higher pain intensity, and interference
(Table 1, Fig. 2), suggesting higher severity of their chronic pain
condition. In addition, participants with fibromyalgia provided
significantly more days with subjective reports. To balance the
amount of data for the 2 groups, we limited all analyses to the first
60 days for everyone.

3.2. Within-participant correlations

3.2.1. Predicting daily pain intensity

Within-participant reliability19 was high for both HR and HRV, 0.99
and 0.88, respectively. Normality and homoscedasticity assump-
tions for all the models reported below were assessed by visual
inspection of the residual and Q-Q plots. The absence of any
correlation in these plots, along with no other apparent system-
aticity, indicated that no violationsof the assumptionswereevident.
After,21 we performed MLM regression predicting pain intensity
from sleep HR, HRV, pain intensity on the previous day, and day of
study as fixed factors. Daily pain intensity was predicted by HR on
the previous night, b5 0.012, t(2474)5 2.78,P5 0.005, and pain
on the previous day, b 5 0.36, t(2478) 5 20.03, P , 0.001. This
pattern of results suggests that daily pain is autocorrelative, ie,
current pain is best predicted by pain on the previous day, which is
not surprising. Importantly, above and beyond autocorrelative
predictiveness, daily pain is also predicted by sleep HR.

Does use of symptomatic painkillers moderate this result? We
computed proportion of days when painkillers were used, for
each participant, and added this as a factor to the model
described above, as well as the interactions between painkiller
use and each of the biometrics. Painkiller was associated with
higher pain, b5 2.27, t(959.7)5 2.22,P5 0.027, suggesting that
participants with higher pain intensity were taking symptomatic
painkillers more often. Above and beyond this effect, pain
intensity was still predicted by sleep HR, b 5 0.004, t(2421) 5
2.90, P 5 0.004, and pain on the previous day, b 5 0.36,
t(2470) 5 20.05, P , 0.001. There was no interaction between
sleep HR and painkiller, P 5 0.09.

Does pain type moderate this association? MLM predicting pain
intensity from sleep HR, HRV, pain type, the 2-way interactions
between pain type and the 2 biometrics, pain on the previous day,
and day of study as fixed factors revealed only 2 significant effects:
that of pain on the previous day, b 5 0.36, t(2486) 5 19.91, P ,
0.001, and that of HR, b5 0.011, t(2134)5 2.67, P5 0.008. Heart
rate variability and its interaction with pain type did not yield
significant effects, P’s . 0.4. Crucially, pain type had neither main
effect nor interaction with cardiac biometrics, all P’s. 0.2 (Fig. 3).

The preregistered analysis was an MLM predicting pain
intensity from sleep HR, day of study, pain type, proportion of
days when symptomatic pain medications were taken per
participant, and all possible interactions between them as fixed
factors, with participant as the random factor. The results yielded
a significant main effect of sleep HR, b 5 0.016, t(2575) 5 2.22,
P 5 0.027, and an interaction between sleep HR and day of
study, b 5 0.011, t(2541) 5 3.22, P 5 0.001. There was also
a main effect of the painkiller, b 5 2.27, t(479.4) 5 2.08, P 5
0.038, and day of study, b520.66, t(2541)522.99,P5 0.003.
Pain type had no significant effect nor interactions, all P’s . 0.2.

To summarize, the data show that daily pain intensity was
predicted by sleep HR even controlling for multiple contributing
factors such as pain on the previous day and use of symptomatic
painkillers. The type of chronic pain did not moderate this
association. As in our previous study, sleep HRV did not
contribute to prediction of daily pain.

3.2.2. Predicting heart rate metrics

Two MLM models were tested, predicting each biometric (HR and
HRV) frompain on the previous day, same biometric on the previous
night, the other biometric on the same night, and day of study, with
participant as the random factor. Only autocorrelations and
correlations betweenHR andHRVwere significant, with pain having
no predictive effect on either HR or HRV, P’s. 0.1.

Table 1

Characteristics of participants with primary back pain and participants with fibromyalgia.

Back pain
M (SD)

Fibromyalgia
M (SD)

Comparison
t test

Age 43.58 (11.6) 48.8 (12.9) t (63) 5 1.66, P 5 0.1

Duration of chronic pain (y) 9.31 (7) 18.8 (15.7) t (63) 5 2.91, P 5 0.005

Pain interference 2.04 (1.78) 5.87 (1.85) t (63) 5 2.53, P 5 0.014

Pain intensity (average across all days) 3.39 (1.74) 5.39 (1.53) t (65) 5 5.0, P < 0.001

BPM (average across all nights) 64.73 (8.4) 68.13 (8.66) t (64) 5 1.60, P 5 0.115

HRV (average across all nights) 43.52 (13.6) 44.38 (15.14) t (64) 5 0.24, P 5 0.81

Number of days with biometric data 49.8 (22.7) 58.7 (22.9) t (65) 5 1.58, P 5 0.12

Number of days with subjective data 70.04 (23.6) 83.1 (18.7) t (65) 5 2.51, P 5 0.014

Bold font highlights significant differences between the groups.

BPM, beats per minute; HRV, heart rate variability.

4 V. Dudarev et al.·9 (2024) e1119 PAIN Reports®



4. Discussion

This study investigated the relationship between sleep heart
rate metrics and daily pain intensity in people with primary back
pain and fibromyalgia. In a previous study,21 we reported that
night-time HR predicted next-day pain intensity in people with

primary chronic pain, but not in pain-free controls matched by
age and sex. This relationship implies that sympathetic
activation precedes rather than follows increases in pain,
suggesting that autonomic hyperactivation plays a causal role
in chronic pain.

Figure 2. Pain intensity (A), interference (B), and duration (C) in participants with chronic back pain (gray) and in participants with fibromyalgia (with or without back
pain, purple). The vertical axis shows the number of participants. Pain intensity in this figure is based on participants’ rating of their pain on the NRS scale (from 0 to
10) at the beginning of the study. Pain interference is the total score of the Pain Disability Index. Duration of pain was reported in years at the beginning of the study.

Figure 3. Daily pain predicted by heart rate and group (back pain vs fibromyalgia), controlling for the autocorrelation and HRV. HRV, heart rate variability.
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Themethod of this study was designed to replicate and extend
the previous study in 4 ways. First, it included a larger group of
people (N5 66) than the previous study (N5 54, 30 with chronic
pain). Second, it observed participants for longer time (mean 5
81 days) than the previous study (mean 5 33 days). Third, it
documented the use of symptomatic painkillers. Fourth, it tested
whether the finding held equally for back pain and fibromyalgia.

The finding of a predictive relationship between sleep heart rate
and next-day pain intensity was replicated in this study with an
effect size (b 5 0.012, 95% CI [0.004, 0.020]) that was similar to
the previous study (b 5 0.024, 95% CI [0.012, 0.036]). This
relationship held even after controlling for previous day pain
intensity and for concurrent HRV. More frequent painkiller use
was also associatedwith higher pain intensity, although this effect
did not modulate the association between sleep HR and pain
intensity.

We were surprised to find, in both this and in our previous
study, that there was no evidence for an association between
HRV and pain reports. These null findings stand in striking
contrast to a body of literature outlining multiple pathways by
which the vagus nerve regulates pain perception14 and studies
showing decreased HRV in people with chronic pain.26,66 We
offer 2 possible interpretations of this null result. The first is that
the Biostrap measurement of HRV may not have sufficient
precision to support finding a relatively small correlation with next-
day pain reports. We discuss this possibility in the upcoming
Limitations section. However, a second interpretation also
deserves careful consideration. If the absent HRV–pain correla-
tion does not reflect a measurement problem, it begs for further
study of the timelines of sympathetic and parasympathetic
mechanisms of chronic pain. For example, if the intensity of
chronic pain fluctuates over time, then pain regulation by
sympathetic and parasympathetic pathways is also variable. At
the timescale used in this study (night to next day), the HR
measure may have had a better opportunity to reveal the
sympathetic impact.8 It could be that parasympathetic influence,
linked more closely to HRV, changes on a different timescale and
thus evaded our analyses. This, in turn, begs for more detailed
longitudinal studies.

The 2 pain conditions that were tested—fibromyalgia and back
pain—offered an opportunity to compare involvement of auto-
nomic hyperactivation in these 2 different manifestations of
chronic pain. Fibromyalgia is a classic example of nociplastic
pain: widespread pain with a multitude of additional symptoms,
such as fatigue, sleep, mood, and memory problems. Fibro-
myalgia patients show most distinct signs of central sensitiza-
tion16 and autonomic hyperactivation.6,66 Chronic back pain, on
the other hand, represents a very diverse category, with pain
occurrence, resurgence, intensity, and pain-related disability
varying widely. Studies show that 75% of adults have experi-
enced back pain at least once in their lives, with pain becoming
chronic in about a quarter of them.15 People who have
experience back pain are also more likely to develop fibromyal-
gia.44 The mechanisms and categorization of chronic back pain
are still debated,24,48 yet there is growing evidence of involvement
of central sensitization in this type of pain.28,40,48,50 However, the
data on involvement of autonomic mechanisms in chronic back
pain are still mixed.4,32,61

In this study, participants with fibromyalgia and those with
chronic back pain presented distinguishable profiles of pain
intensity, interference, and duration, all these being higher in
fibromyalgia. In addition, it is notable that our attempt to recruit
equal number of participants with fibromyalgia and back pain was
not successful because many participants recruited with chronic

back pain also endorsed a fibromyalgia diagnosis. Most
importantly, sleep heart rate was predictive of next-day pain
intensity for both participants with fibromyalgia and chronic back
pain, even despite the differences in pain intensity between these
groups. This supports the interpretation of central
sensitization—specifically ANS activation—being a common
mechanism in the pain experience of both groups.

Interventions that reduce autonomic hyperactivation, eg,
exercise and cognitive behavioural therapy, are widely recom-
mended for people with fibromyalgia.1,34 Yet for chronic back
pain both doctors and patients consider them as a second or
even third line of treatment.18,68 The evidence presented here
suggests that biopsychosocial approaches and interventions
aimed at restoring autonomic balance should be prioritized for
both conditions. One way of implementing these approaches in
the context of our novel finding is to target interventions
specifically for the mornings after elevated HR values.

4.1. Limitations and strengths

Longitudinal observation of biomarkers of ANS undertaken in this
study was made possible by the use of wearable technology,
which is both a strength and a limitation. Although consumers
and markets are rushing to adopt wearable sensors of different
physiological indexes, the research community is concerned
about the validity of the data acquired fromwearables. Not only is
the resolution of commercially available wearables generally
much lower than that of laboratory equipment but wearable
devices are also likely to be affected more by circumstances of
the measurement, such as movement, chemical intake, etc. In
a previous study, we found that both HR and HRV were highly
reliable during sleep,19 yet HR was more reliable numerically, and
it was the only biometric that correlated with mood on the next
day. In that article, we discuss how reduced measurement
precision is expected to weaken predictions based on HRVmore
than those based on HR because HR estimates are more robust
to missing or extreme intervals between heartbeats. It is therefore
possible that HRV correlations are more vulnerable to being
masked by noise when looking for weak relationships measured
in real-life environment across time lags from night to day. In this
interpretation, wearable technology is simply not of sufficient
fidelity tomeasure HRV and its associations with other outcomes.

Another major feature of this study is that cardiac biometrics
and pain intensity measurements were lagged, the former
occurring during sleep and the latter during wakeful time. This
was conducted to minimize extraneous influences on cardiac
biometrics, and it allowed testing of the temporal directionality of
the relationships between heart rate and pain intensity.

The comparison between fibromyalgia and chronic back pain
was complicated by several factors. First, our effort to recruit
equal number of participants into the 2 groups failed, as
described above. This finding emphasizes the association
between back pain and fibromyalgia and suggests that people
whose primary complaint is back pain actually experience more
widespread pain and/or other somatic symptoms. Second,
participants with back pain had significantly lower pain intensity
and interference than those with fibromyalgia, although no
differences were detected in the cardiac metrics. Yet, despite
that difference in pain intensity for these 2 groups, we did not find
any modulation by pain type for the association between heart
rate and pain. This null result should be treated with caution
because the comparison between subgroups does not have the
same statistical power as the measurement of a heart–pain
correlation. However taken at face value, the null finding implies
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that any difference in the heart–pain correlation for fibromyalgia
and back pain is likely very small, if exists at all.

4.2. Conclusions

Two main findings are reported. First, sleep heart rate was
predictive of next-day pain intensity, after controlling for
concurrent HRV, pain on the previous day, and painkiller use.
Pain reports, on the other hand, were not a reliable predictor for
either HR or HRV on the next night. This pattern replicates our
previous findings.21 The 2 studies together strongly suggest that
sympathetic tone precedes and possibly causes changes in pain
intensity in primary chronic pain. The second finding is the
absence of a measurable difference in the heart–pain correlation
for fibromyalgia and primary chronic back pain. This finding
suggests that autonomic hyperactivation is a common mecha-
nism in the pain experience for both conditions.
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Machine learning suggests sleep as a core factor in chronic pain. PAIN
2021;162:109–23.
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