
MUSCULOSKELETAL, REHABILITATION & REGENERATIVE MEDICINE SECTION

Associations Between Resting Heart Rate, Resting Blood

Pressure, Psychological Variables and Pain Processing in Chronic

Whiplash-Associated Disorder: A Cross-Sectional Study

Liam White, BPhty(Hons),* Ashley D Smith, PhD,† and Scott F. Farrell , PhD‡,§

*School of Health and Rehabilitation Sciences, The University of Queensland, Brisbane, Australia; †Department of Clinical Neurosciences, Cumming

School of Medicine, University of Calgary, Calgary, Canada; ‡RECOVER Injury Research Centre, NHMRC Centre for Research Excellence: Better Health

Outcomes for Compensable Injury, The University of Queensland, Brisbane, Australia; §Menzies Health Institute Queensland, Griffith University, Gold

Coast, Australia

Correspondence to: Scott Farrell, PhD, RECOVER Injury Research Centre, Level 7 STARS Building, The University of Queensland, 296 Herston

Road, Herston 4006, Queensland, Australia. Tel: þ61 7 334 64791; E-mail: scott.farrell@uq.edu.au.

Funding sources: This research received no specific grant from any funding agency in the public, commercial, or not-for-profit sectors.

Conflicts of interest: There are no conflicts of interest to report.

Ethics statement: All procedures performed in this study were in accordance with the institutional research committee and with the 1964 Helsinki

Declaration and its later amendments.

Received on 3 February 2022; revised on 13 April 2022; Accepted on 10 May 2022

Abstract

Objective. Autonomic nervous system dysfunction has been implicated in chronic whiplash-associated disorder
(WAD). However, the relationship between autonomic variables (e.g., resting heart rate and blood pressure) and clin-
ical factors in chronic WAD is not well understood. This study sought to examine the associations between resting
heart rate, resting blood pressure, pain processing and psychological variables in chronic WAD and in pain-free con-
trols. Design. Secondary analysis of a cross-sectional study. Setting. University clinical research laboratory. Subjects.

Thirty-six people with chronic WAD Grade II (mean [SD] age 40.1 [14.6] years, 28 females) and 25 pain-free controls
(35.6 [13.0] years, 17 females). Methods. Participants had resting heart rate, systolic and diastolic blood pressure
measured. Pain processing measures comprised: (i) pain pressure threshold at the cervical spine, hand and leg, (ii)
temporal summation at the cervical spine and hand, and (iii) conditioned pain modulation. Psychological outcomes
included measures of kinesiophobia, pain catastrophizing and post-traumatic stress symptoms. Correlations be-
tween autonomic variables, pain processing and psychological variables were determined (P< .05, 5% FDR). Results.

No significant correlations between autonomic and pain processing variables, or autonomic and psychological vari-
ables were found in the chronic WAD group. In the control group, diastolic blood pressure was positively correlated
with cervical spine pressure pain threshold (r¼0.53, P¼ .007). Conclusions. An association between blood pressure
and pain sensitivity was observed in the control group but not the chronic WAD group. Such an association appears
to be disrupted in chronic WAD, which may infer involvement of autonomic pathways in the pathophysiology of this
condition.
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Introduction

Approximately 50% of people that sustain a whiplash in-

jury will develop ongoing pain and disability, termed

chronic whiplash-associated disorder (WAD) [1]. Current

guideline-based treatment for WAD comprises reassur-

ance, advice to remain active and exercises [2]. However,

this approach typically demonstrates small to moderate ef-

fect sizes [3, 4], which may be a result of an incomplete
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understanding of the pathophysiological mechanisms un-

derlying WAD [5, 6].

Chronic WAD appears to be underpinned by both bio-

logical and psychological pathways. Somatosensory

changes observed in chronic WAD patients include dys-

function of pain processing, such as reduced pain pres-

sure thresholds (PPT) [7–9], increased sensitivity to

repeated noxious stimuli (temporal summation [TS] of

pain) [7, 10] and impaired diffuse noxious inhibitory

control (conditioned pain modulation [CPM]) [11]. In

addition to altered pain processing, chronic WAD

patients often present with psychological issues [12] in-

cluding pain catastrophizing and kinesiophobia, as well

as post-traumatic stress symptoms [1]. There is emerging

evidence of altered autonomic function in people with

chronic WAD, in the form of lower resting heart rate var-

iability [13]. Differences in autonomic function in

chronic WAD are potentially clinically important, as they

may reflect mechanistic processes that contribute to pa-

tient symptoms, such as overlapping pathways common

to cardiovascular control and pain sensory processing

[14, 15].

In pain-free populations, relationships between auto-

nomic variables and measures of pain processing have

been identified. Higher resting blood pressure (BP) has

been observed to be associated with reduced sensitivity to

noxious stimuli (i.e., higher pressure [16], thermal [17]

and ischemic [17] pain thresholds) and lower TS [18].

This reciprocal relationship between BP and pain sensi-

tivity is thought to reflect baroreceptor reflex function,

whereby higher BP increases baroreceptor stimulation,

which subsequently activates descending pain inhibitory

pathways, as well as endogenous opioid and noradrener-

gic mechanisms [19, 20]. However, this “hypertension-

associated hypoalgesia” found in pain-free populations

[20] has been observed to be absent in chronic temporo-

mandibular pain [17] and reversed in chronic back pain

[16, 18] patients.

There also appears to be relationships between auto-

nomic variables and psychological factors in pain-free

populations. For instance, post-traumatic stress symp-

toms [21] are positively correlated with resting BP and

psychological distress is associated with altered heart rate

variability [22], while resting heart rate (HR) increases in

acute stress [23] and appears to reduce in chronic stress

[24, 25]. These relationships warrant examination in

chronic WAD, given the association between psychologi-

cal factors and poor outcome after whiplash injury (e.g.,

post-traumatic stress symptoms [1, 26]).

Associations between autonomic variables and other

clinical factors in chronic WAD, such as pain processing

and psychological symptoms, have not been fully ex-

plored. One study found that resting HR and heart rate

variability were unrelated to CPM and PPT (trapezius

and quadriceps muscles) in people with chronic WAD

and pain-free controls [27], whereas another study

reported resting HR and trapezius muscle PPT to be

positively correlated in chronic WAD patients but not in

pain-free individuals [28]. However, other studies exam-

ining chronic back pain found higher resting systolic and

diastolic blood pressure (SBP, DBP) to be related to lower

PPT [16] and facilitated TS [18] in people with chronic

back pain, contrary to the nature of these relationships in

pain-free populations. Associations between autonomic

variables and psychological factors in chronic WAD have

not been comprehensively investigated. Koenig et al. [13]

found lower heart rate variability was associated with

higher pain catastrophizing in chronic WAD, while an-

other study found no association between resting HR,

kinesiophobia, and pain catastrophizing in chronic neck

pain [29].

In pain-free populations, there are relationships be-

tween autonomic variables, pain processing and psycho-

logical variables, including “hypertension-associated

hypoalgesia” [16]. However, there is evidence of these

relationships being disrupted in chronic temporomandib-

ular [17] and back pain [16, 18], which may reflect al-

tered neurophysiological pathways underpinning

symptoms. In chronic WAD these relationships are not

well understood. Improving knowledge of pathophysio-

logical mechanisms underlying chronic pain conditions

such as WAD may allow development of treatment strat-

egies targeting such pathways. More broadly, the rela-

tionship between autonomic cardiovascular variables

and chronic pain conditions is of particular interest,

given the observed relationships between cardiovascular

disease and chronic pain conditions [30, 31]. This study

sought to characterize associations between resting HR

and BP and clinical outcomes including CPM, TS, PPT,

post-traumatic stress symptoms, pain catastrophizing,

and kinesiophobia in people with chronic WAD and in

pain-free controls.

Methods

Ethics Statement
Ethical clearance for this study was granted by Griffith

University human research ethics committee. All partici-

pants provided written informed consent. The study was

conducted in accordance with ethical standards laid

down in the Declaration of the Helsinki. This study is a

secondary analysis using baseline data from a previous

study that examined exercise-induced hypoalgesia in

chronic WAD [32].

Participants
Participants (aged 18–65 years) were recruited with

chronic WAD Grade II (musculoskeletal neck pain, no

fracture/dislocation, or neurological deficit [33]) and du-

ration of pain between 3 months and 10 years.

Participants had � 4/10 neck pain intensity on a numeri-

cal rating scale (NRS) or indicated at least moderate limi-

tation of daily activities due to pain (as per Item 8 of the
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SF-36 questionnaire). These patients were compared with

age- and sex-matched controls.

People with WAD IV (fracture or dislocation), WAD

III (with neurological deficits in the upper limbs), history

of migraine headaches, history of surgery to the neck,

metabolic disease (e.g., diabetes), neurological disease

(e.g., multiple sclerosis), cardiovascular diagnoses (in-

cluding hypertension), or psychiatric (e.g., depression)

diseases were excluded from the study. Individuals who

were pregnant, breastfeeding, or unable to discontinue

analgesic/anti-inflammatory medications for 48 hours

prior to participation were excluded. As the primary

study [32] included an exercise component, individuals

who screened positive on the Physical Activity Readiness

Questionnaire [34] indicating a need to consult a medical

practitioner prior to participating in physical activity

were also excluded.

Clinical Questionnaires
Basic demographic data were collected. In the chronic

WAD group, duration of symptoms was recorded and av-

erage pain intensity over the last 24 hours was assessed

using a 100 mm Visual Analogue Scale (VAS). All partici-

pants completed the Neck Disability Index (NDI) [35],

the Tampa Scale of Kinesiophobia (TSK) [36] and the

Pain Catastrophizing Scale (PCS) [37], with the chronic

WAD group also completing the Post-traumatic Stress

Disorder Checklist (PCL-S) [38]. The NDI gives a per-

centage score representing neck pain-related disability

[35], with scores > 28% indicating moderate-severe dis-

ability [8]. The TSK assesses fear of movement as a score

from 17–68 [36] with scores � 37 considered a signifi-

cant level of kinesiophobia [39]. The PCL-S assesses

post-traumatic stress symptoms as a score of 17–85 [38]

with scores above 30 considered to indicate significant

symptoms in general populations [40]. The PCS assesses

catastrophic thinking about pain as a score from 0–52

with scores � 30 suggesting clinically relevant cata-

strophizing [37].

Resting Heart Rate and Blood Pressure
Measures of resting HR, SBP and DBP were taken with

the participant seated after a 5-minute quiet resting pe-

riod [41]. HR was measured with a POLAR HR monitor

chest strap (RS300X, Polar, Finland) and BP was taken

manually using a mercury sphygmomanometer (Standby

model, W.A. Baumanometer Co Inc., USA) and then veri-

fied with an automatic BP monitor (IA1B model, Omron,

Japan). For descriptive purposes, resting HR, SBP, and

DBP were considered with reference to normative ranges

of 60–100 beats per minute (BPM) [42], 90–140 mmHg

and 60–90 mmHg, respectively [43, 44]. The HR and BP

measures were performed prior to the pain processing

measures.

Pain Processing
Measures of PPT, TS, and CPM were taken with stan-

dardized verbal instructions as per Rolke et al. [45]. PPT

was assessed using a Somedic SENSELab AB (Fastra,

Sweden) algometer with a 1 cm2 probe, with pressure ap-

plied at a rate of 40 kPa/s on the cervical spine (right C5-

6 articular pillar) with the patient in a prone position.

Participants were advised to press a handheld switch at

the first moment that the sensation changed from one of

pressure to one of pressure and pain. PPTs were also per-

formed at two distal locations: the right dorsum of the

hand between 2nd and 3rd metacarpals and the left tibia-

lis anterior, both done with the participant seated. These

sites were selected to allow assessment of localized and

widespread hyperalgesia. PPT has previously been

assessed at these locations in studies in WAD [8, 46].

Triplicate measures were taken for each site (20 s stimu-

lus interval), with the average recorded as PPT for that

location.

To assess TS, wind-up ratio was calculated using the

protocol described by Rolke et al. [45]. Briefly, perceived

pain intensity (0–100 numerical rating scale [NRS]) of a

single 256 mN pinprick stimulus (MRC Systems GmbH,

Heidelberg, Germany) was compared with perceived

pain intensity (0–100 NRS) of a series of ten of the same

pinprick stimulus of the same physical intensity (1/s ap-

plied within an area of 1 cm2). This was repeated three

times, and the average NRS after 10 pin pricks was di-

vided by the average NRS after one pin prick to deter-

mine the wind-up ratio. To assess TS at local and distal

sites, this procedure was performed over the C5-C6 neck

region in prone and on the dorsum of the hand between

2nd and 3rd metacarpals in sitting.

For assessment of CPM, the conditioning stimulus

was immersion of the right hand in thermostatically con-

trolled 5�C water for 2 minutes. The test stimulus was

PPT at left tibialis anterior performed as described above.

Both of these stimuli have been used in CPM in prior re-

search [47]. Baseline PPT was calculated as the average

of triplicate measures as described above, and PPT during

the conditioning stimulus was calculated as the average

of four measures taken in the presence of the condition-

ing stimulus (immediately, 30 seconds, 60 seconds, and

90 seconds following immersion of the right hand in ice

water). The CPM value was determined by subtracting

the average of the PPT measurements taken during appli-

cation of the conditioning stimulus from the average of

the baseline PPT values, quantified as kPa and as a per-

centage of baseline PPT. This is consistent with recom-

mendations by Yarnitsky et al. [48], such that a negative

CPM value denotes inhibition of test stimulus pain in the

presence of the conditioning stimulus. During the appli-

cation of the conditioning stimulus, time until first onset

of pain, duration of immersion lasted, and peak pain in-

tensity rating (NRS) were recorded.
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Statistical Analysis
Data were analyzed using IBM SPSS (v26, Armonk, NY,

USA). Normality was determined for each variable by vi-

sual inspection and Shaprio-Wilk testing. For descriptive

purposes, outcomes were summarizd as mean and stan-

dard deviation or median and interquartile range as ap-

propriate to distribution. Demographic, clinical,

questionnaire and pain processing data were compared

between groups using independent t-tests or Mann-

Whitney U tests as appropriate to distribution (P< .05).

Sex was compared between groups using a 2�2 table

(v2). Correlations between the primary outcome meas-

ures (resting HR, SBP, and DBP) and the psychological

and pain processing variables were determined with

Pearson or Spearman correlations (as appropriate to dis-

tribution), with Benjamini-Hochberg corrections to ac-

count for multiple comparisons at 5% false discovery

rate (FDR). In order to detect a moderate correlation of

r¼ 0.45 at 80% power, 36 chronic WAD participants

were required [49].

Results

Demographic and Clinical Characteristics
Thirty-six participants with chronic WAD and 25 con-

trols were included. Demographic and outcome measure

descriptive data are presented in Table 1. Duration of

symptoms ranged from 3 months to 10 years (median

[IQR] 22 [36] months) in the chronic WAD group.

Participants in the chronic WAD group reported average

pain intensity ranging from 0 to 73 mm (median [IQR]

51 [32]). The chronic WAD group had significantly

higher scores than controls on the NDI, TSK, and PCS.

In the chronic WAD group, 26 (72.2%) patients had

scores indicating moderate-severe neck pain-related dis-

ability (> 28%) on the NDI (mean [SD] 36.4 [13.4]),

while 20 (55.6%) patients had scores on the TSK (� 37)

indicating high levels of kinesiophobia (mean [SD] 37

[8.3]). Twelve participants (33.3%) in the chronic WAD

group had PCL-S scores consistent with significant post-

traumatic stress symptoms (�30) (median [IQR] 23

[17]). One participant (2.8%) in the chronic WAD group

did not complete the PCL-S questionnaire. Five partici-

pants (13.9%) in the chronic WAD group had PCS scores

consistent with significant pain catastrophizing (�30)

(median [IQR] 11 [14]).

Autonomic Variables
Resting HR, SBP, and DBP for the chronic WAD and

control groups can be seen in Table 1. There were no

group differences in any of these variables. Thirty partici-

pants in the chronic WAD group (83.3%) and 24 partici-

pants in the control group (96.0%) had resting HR

values between 60 and 100 BPM. Four chronic WAD

patients (11.1%) and one control (4.0%) had HR below

this range, while two chronic WAD patients (5.6%) had

HR above this range. Resting SBP was between 90 and

140 mmHg for 35 participants in the chronic WAD

group (97.2%) and for 20 participants in the control

group (80.0%). One chronic WAD participant (2.8%)

had SBP below this range and five controls (20.0%) had

SBP above this range. Resting DBP was between 60 and

90 mmHg for 32 participants in the chronic WAD group

(88.9%) and for 24 participants in the control group

(96.0%). One chronic WAD patient (2.8%) had resting

DBP below this range, while three chronic WAD patients

(8.3%) and one control (4.0%) were above the range.

Pain Processing
Summary statistics for pain processing outcomes (PPT,

TS, and CPM) can be found on Table 2. At tibialis ante-

rior, PPT was lower in the chronic WAD group than the

control group (Chronic WAD: median [IQR] 352.2

[191.7] kPa; Controls: 467.0 [218.5] kPa; z¼�3.05,

P¼ .002). There were no other significant group differen-

ces for pain processing variables. Three participants in

the chronic WAD group (8.3%), and three participants

in the control group (12.0%) reported no pain during the

Table 1. Demographic, clinical and resting heart rate and blood pressure data for chronic whiplash-associated disorder (WAD) and
control groups

Characteristic

Chronic WAD Controls

Test Statistic PN¼36 N¼25

Age (years), Mean (SD) 40.1 (14.6) 35.6 (13.0) t¼ 1.25 .22

Sex (female), n (%) 28 (78) 17 (68) v2 ¼ 0.73 .39

Body Mass Index (kg/m2), Mean (SD) 24.6 (5.0) 23.9 (3.8) t¼ 0.57 .57

Duration (months), Median (IQR) 22 (36) . . . . . . . . .

Visual Analogue Scale (0–100 mm), Median (IQR) 51 (32) . . . . . . . . .

Neck Disability Index (%), Median (IQR) 37 (20) 2 (6) z¼ 6.62 <.001

Pain Catastrophizing Scale, Median (IQR) 11 (14) 5 (12) z¼ 3.30 .001

Post-traumatic Stress Disorder Checklist, Median (IQR) 23 (17) . . . . . . . . .

Tampa Scale of Kinesiophobia, Mean (SD) 37 (8) 27 (6) t¼ 5.13 <.001

Resting Heart Rate (beats/minute), Mean (SD) 77.7 (13.5) 75.7 (11.2) t¼ 0.59 .56

Resting Systolic Blood Pressure (mmHg), Mean (SD) 115.4 (11.5) 116.1 (9.9) t¼�0.27 .79

Resting Diastolic Blood Pressure (mmHg), Mean (SD) 76.8 (10.1) 75.2 (8.3) t¼ 0.66 .51

Bolded P values are significant.
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single pin prick (score of 0 NRS) for wind-up ratio at the

hand, so a ratio could not be calculated with zero as a de-

nominator [45]. This was also applicable for two partici-

pants in the chronic WAD group (5.6%) and two

participants in the control group (8.0%) for the wind-up

ratio of the C5-C6 area of the cervical spine.

During the CPM assessment, the time until pain onset

during the conditioning stimulus (hand in ice water) did

not differ between groups (Chronic WAD: median [IQR]

9 [6] s; Controls: 10 [7] s; z¼ -0.71, P¼ .48). Time lasted

with conditioning stimulus did not differ between groups

(Chronic WAD: median [IQR] 120 [0] s; Controls: me-

dian [IQR] 120 [0] s; z¼�1.37, P¼ 0.17). Eight partici-

pants in the chronic WAD group (22.2%) and two in the

control group (8.0%) did not tolerate the full

120 seconds of conditioning stimulus time. The NRS val-

ues for peak pain intensity given during conditioning

stimuli application ranged from 4 to 10/10 in the chronic

WAD group and 3–10/10 in the control group (Chronic

WAD: median [IQR] 9 [2]; Controls: 8 [2]; z¼ 1.28,

P¼ .20).

Correlations Between Clinical Characteristics,

Pain Processing, and Autonomic Variables
There were no significant correlations between resting

HR, SBP or DBP and pain catastrophizing or kinesiopho-

bia in either group, while in the chronic WAD group

there were no significant correlations between PCL-S,

NDI, VAS or duration of symptoms and resting HR, SBP

or DBP (Table 3, Supplementary Data Figures S1 and

S2). Associations between resting HR, SBP or DBP and

pain processing variables can be seen in Table 4 and

Supplementary Data Figures S3 and S4. There were no

significant correlations following correction for multiple

comparisons (5% FDR) in the chronic WAD group. One

positive correlation between resting DBP and PPT at the

cervical spine in the control group (r¼ 0.53, P¼ .007)

survived correction for multiple comparisons (Figure 1).

Discussion

Following corrections for multiple comparisons, the pre-

sent study did not find significant correlations between

resting HR or BP and pain processing variables (CPM,

TS, PPT) or psychological variables (post-traumatic stress

symptoms, pain catastrophizing, kinesiophobia) in peo-

ple with chronic WAD. However, in the control group a

positive correlation was noted between resting DBP and

PPT at the cervical spine. Taken together, these findings

suggest that higher resting BP may be associated with

lower sensitivity to blunt pressure noxious stimuli in

pain-free individuals; however in chronic WAD, this as-

sociation appears to be absent.

Altered pain processing has clinical significance in

WAD. Thermal and mechanical hyperalgesia is present in

acute and chronic WAD [1, 8], while in patients with

chronic WAD, impairments in CPM [11] and TS [10]

have been observed. In the present study, we found some

evidence of widespread hyperalgesia in chronic WAD

(lower PPTs at tibialis anterior compared with controls);

however, group differences in PPT at the neck and hand

did not reach significance (P¼ .11 and .22, respectively).

We suggest that in a larger sample, these differences may

have reached significance, in line with a prior meta-

analysis revealing lower PPTs at neck and upper limb

sites in chronic WAD [50].

In our data, higher resting DBP was associated with

higher cervical spine PPTs in pain-free controls. This is

consistent with other studies that reported resting BP to

be associated with lower pain sensitivity, in the absence

of chronic pain conditions. For instance, in pain-free sub-

jects, higher resting BP was associated with greater upper

limb ischemic pain threshold, thermal and ischemic pain

tolerance [17], as well as reduced sensitivity to a finger

pressure pain test and an ischemic forearm measure [16].

Furthermore, higher resting BP was associated with

lower TS to a thermal stimulus [18]. In animal studies,

inducing hypertension by drug, diet, or renal artery clip-

ping results in hypoalgesia and lowering BP in genetically

hypertensive rats reverses their usual hypoalgesia [51].

This reciprocal relationship between BP and pain sensi-

tivity is thought to be mediated by the baroreceptor re-

flex, whereby greater BP increases baroreceptor

stimulation which subsequently activates descending

pain inhibitory pathways [19].

In people with chronic pain conditions, there is evi-

dence that: (i) this “hypertension-associated hypoalgesia”

relationship (normally present in pain-free populations [20])

Table 2. Pain processing data for chronic whiplash-associated disorder (WAD) and pain groups

Measure
Chronic WAD Controls

Test Statistic PN¼36 N¼25

Pain Pressure Threshold at Hand (kPa), Mean (SD) 260.5 (108.8) 307.7 (112.8) t¼�1.64 .11

Pain Pressure Threshold at Cervical Spine (kPa), Median (IQR) 240.8 (143.3) 268.0 (176.2) z¼�1.22 .22

Pain Pressure Threshold at Tibialis Anterior (kPa), Median (IQR) 352.2 (191.7) 467.0 (218.5) z¼�3.05 .002

Wind Up Ratio Hand, Median (IQR) 2.6 (3.1) 2.0 (2.1) z¼ 1.46 .14

Wind Up Ratio at Cervical Spine, Median (IQR) 2.0 (1.7) 1.8 (1.1) z¼ 0.67 .51

Conditioned Pain Modulation (kPa), Median (IQR) �118.3 (173.3) �119.8 (245.5) z¼�0.29 .77

Conditioned Pain Modulation (% of baseline), Median (IQR) 30.0 (70.7) 31.9 (46.2) z¼�0.87 .39

Bolded P values are significant.
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is reversed [16, 18], or (ii) the relationship between these

variables is absent [17]. In line with (i), Bruehl et al. [16]

found higher resting SBP to be associated with higher pain

thresholds in pain-free individuals and lower pain thresholds

in low back pain patients. Similarly, Chung et al. [18]

reported higher BP to be associated with lower TS of ther-

mal pain in pain-free controls, and the reverse relationship

in patients with chronic back pain. In line with (ii), Maixner

et al. [17] found that higher BP was associated with lower

thermal and ischemic pain sensitivity in pain-free controls,

however this relationship was absent in temporomandibular

disorder. Similarly, we observed a relationship between DBP

and PPT in controls, which was not present in the chronic

WAD group. Disruption of the relationship between resting

BP and pain sensitivity could be due to impaired descending

pain inhibitory pathways that may occur in chronic pain

conditions [52] or altered baroreceptor sensitivity as has

been found in chronic musculoskeletal pain [51].

Interestingly, we found no group differences in CPM (quan-

tified in kPa or as a % change from baseline) between the

chronic WAD and control groups, nor associations between

CPM and resting SBP or DBP, suggesting our data is not

consistent with the proposition that impaired descending

pain inhibition accounts for the disruption of the relation-

ship between resting BP and pain sensitivity. The present

study did not investigate baroreceptor reflex function; how-

ever, Chung and Bruehl [18] found that spontaneous baror-

eflex sensitivity was associated with lower TS in pain-free

individuals but not in back pain patients, implying that

baroreceptor reflex function may explain their observed as-

sociation between higher BP and reduced TS in controls

(and reversal of this relationship in back pain patients).

Table 3. Correlations between psychological and clinical characteristics and autonomic variables

PCS PCL-S TSK VAS NDI Duration

Chronic WAD (N¼ 36)

Resting HR �0.16 �0.03 0.04* �0.25 0.03* 0.06

(0.34) (0.87) (0.84) (0.14) (0.87) (0.74)

Resting SBP 0.14 �0.13 �0.18* �0.25 �0.19* �0.03

(0.43) (0.46) (0.29) (0.14) (0.27) (0.88)

Resting DBP 0.00 �0.14 �0.07* �0.30 �0.11* �0.12

(0.99) (0.42) (0.67) (0.08) (0.51) (0.47)

Controls (N¼ 25)

Resting HR �0.05 . . . 0.40* . . . . . . . . .

(0.83) (0.05)

Resting SBP �0.07 . . . 0.29* . . . . . . . . .

(0.74) (0.15)

Resting DBP 0.13 . . . 0.22* . . . . . . . . .

(0.54) (0.29)

Data are presented as correlation coefficient (P values). Spearman correlations used unless indicated otherwise. No correlations were significant following cor-

rection for multiple comparisons (FDR 5%). HR ¼ heart rate; SBP ¼ systolic blood pressure; DBP ¼ diastolic blood pressure; VAS ¼ Visual Analogue Scale; NDI

¼ Neck Disability Index; PCS ¼ Pain Catastrophizing Scale; TSK ¼ Tampa Scale of Kinesiophobia; PCL-S ¼ Posttraumatic Stress Disorder Checklist.

*Pearson correlation rather Spearman correlation used, as appropriate to distribution.

Table 4. Correlations between pain processing outcomes and autonomic variables

PPT C-Spine PPT Hand PPT Tib Ant WUR C-Spine WUR Hand CPM (kPa) CPM (%)

Chronic WAD (N¼ 36)

Resting HR �0.07 �0.07* �0.09 �0.01 0.41 0.00 0.02

(0.68) (0.70) (0.62) (0.98) (0.02) (0.99) (0.92)

Resting SBP 0.12 0.27* 0.19 0.08 �0.05 �0.10 0.03

(0.51) (0.11) (0.26) (0.66) (0.77) (0.57) (0.85)

Resting DBP 0.05 0.16* 0.11 0.14 0.05 0.01 0.12

(0.78) (0.34) (0.51) (0.42) (0.77) (0.97) (0.42)

Controls (N¼ 25)

Resting HR �0.10* �0.21* �0.04 0.14 �0.04 �0.13* �0.12*

(0.64) (0.31) (0.86) (0.52) (0.88) (0.53) (0.57)

Resting SBP 0.27 0.44* 0.32 0.08 �0.15 0.23* 0.21*

(0.20)* (0.03) (0.12) (0.71) (0.52) (0.26) (0.31)

Resting DBP 0.53* 0.46* 0.18 �0.09 �0.17 0.08* 0.05*

(0.007) (0.02) (0.38) (0.69) (0.46) (0.71) (0.80)

Data are presented as correlation coefficient (P values). Bold indicates significant following correction for multiple comparisons (FDR 5%). HR ¼ heart rate;

SBP ¼ systolic blood pressure; DBP ¼ diastolic blood pressure; PPT ¼ pressure pain threshold; WUR ¼ wind-up ratio; CPM ¼ conditioned pain modulation

(quantified in kPa and as % of baseline PPT).

*Pearson correlation rather Spearman correlation used, as appropriate to distribution.
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Similarly, in fibromyalgia impaired baroreflex sensitivity

was associated with increased pain sensitivity assessed by

cold pressor test [53]. Taken together, it appears that the re-

ciprocal relationship between BP and pain sensitivity present

in pain-free individuals is absent or disrupted in chronic

WAD patients—although it should be noted that in our

data, only the correlation between PPT cervical spine and

DBP was significant, while the correlations between PPT

hand & SBP, and PPT hand and DBP did not survive correc-

tion for multiple comparisons (P¼ .03 and .02, respec-

tively). While the physiological pathways underlying

dysfunction of baroreceptor reflex-mediated pain inhibition

in chronic pain conditions are not well understood [51], pro-

gressing knowledge of the relationships between these varia-

bles in conditions like chronic WAD will advance

understanding of the mechanisms underpinning such

conditions.

Our analysis did not identify significant relationships

between resting HR and pain processing outcomes in ei-

ther the chronic WAD or control groups, although the

positive correlation between resting HR and TS (wind-up

ratio) in the chronic WAD group approached significance

but did not survive correction for multiple comparisons

(r¼ 0.41, P¼ .02). De Kooning et al. [28] found a mod-

erate correlation (r¼ 0.48, P¼ .008) between resting HR

and trapezius PPT in chronic WAD, although—consis-

tent with the present study—they reported no associa-

tions between HR and CPM and PPT at a lower limb site

(quadriceps). The association between resting HR and

trapezius PPT observed by De Kooning et al. [28] could

be related to altered autonomic function in chronic

WAD, as a relationship between chronic pain and higher

resting HR has been reported, which may imply in-

creased sympathetic nervous system activation and re-

duced parasympathetic counteraction [54]. However,

this association is not consistently reported, as another

study [27] examining chronic WAD and controls found

that HR during experimental pain testing was not corre-

lated with PPTs (trapezius and quadriceps) or CPM. No

prior study has examined the relationship between TS

and resting HR and our study would suggest that there

may be no association. Overall, our study findings sug-

gest there is no association between resting HR and pain

processing measures, and evidence for an association be-

tween these variables is conflicting in the literature.

Psychological variables have previously been noted to

be associated with resting HR and BP. For example, pain

catastrophizing (in mixed chronic musculoskeletal pain

populations) and post-traumatic stress symptoms (in gen-

eral populations) have been shown to be related to higher

resting BP [21]. Resting HR has been observed to be

raised in acute stress [23] and reduced in chronic stress

[24, 25]. Interestingly, our study found no correlations

between resting HR or BP and psychological measures

(PCS, TSK, PCL-S) in either controls or chronic WAD

patients. This is in agreement with prior investigations in

chronic back pain [55] and neck pain [29], reporting no

associations between resting HR and psychological fac-

tors. We also found no correlations between resting BP

and psychological outcome measures. This is contrary to

another study which found small correlations between

pain catastrophizing and resting SBP and resting DBP in
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Figure 1. Scatterplots illustrating relationships between resting diastolic blood pressure and pressure pain threshold (PPT) at the
cervical spine in (A) people with chronic whiplash-associated disorder (WAD) and (B) pain-free controls. In the control group
(r¼0.53, P¼ .007), this correlation was significant following correction for multiple comparisons (5% false discovery rate).

1888 White et al.



a mixed chronic musculoskeletal pain population [56]. It

is important to consider that while the chronic WAD par-

ticipants reported substantial levels of kinesiophobia,

most of the chronic WAD group participants (24/36) did

not have PCL-S scores consistent with significant levels

of post-traumatic stress or significant pain catastrophiz-

ing (30/36)—nor did any of the pain-free controls—

which may have impacted our capacity to assess the rela-

tionship between these psychological factors and pain

processing measures.

This study has several limitations. As a secondary

analysis using the baseline data taken for a previous

study [32], the sample size of the present study was pow-

ered to find a moderate correlation. However, the deci-

sion to strictly correct for multiple comparisons (5%

FDR) due to the numerous correlations performed means

there is (accordingly) an increased risk of type II errors,

particularly in the control group (smaller sample size).

Additionally, the physiotherapist researcher that per-

formed the laboratory assessments was not blinded to the

WAD/control status of the participants. Future research

on this topic is required utilizing: (i) larger sample sizes

and longitudinal designs, to allow exploration of the tem-

poral development of potential aberration of the relation-

ship between pain sensitivity and autonomic variables

(such as BP) after a whiplash injury, (ii) participants with

a wider range of scores on the psychological measures,

(iii) assessments of baroreflex sensitivity [18, 53], HR

and BP reactivity and variability [28, 29], and (iv) longi-

tudinal study designs to characterize relationships be-

tween HR, BP, pain processing, and psychological

factors in the acute phase following whiplash injury and

subsequently through the transition to chronic pain.

In conclusion, we found no significant correlations be-

tween resting HR or BP and pain processing variables

(CPM, TS, PPT) or psychological variables (post-trau-

matic stress symptoms, pain catastrophizing, kinesiopho-

bia) in people with chronic WAD. However, in the

control group a positive correlation was noted between

resting DBP and PPT at the cervical spine. These data

suggest that the relationship between higher BP and

lower pain thresholds seen in pain-free individuals

may not be present in chronic WAD. Furthermore, no

associations were noted between resting HR and pain-

processing in chronic WAD or controls, nor between psy-

chological variables and resting HR or BP in either

group. These data provide novel insight on the potential

involvement of autonomic pathways in the pathophysiol-

ogy of chronic WAD.
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Gerdle B. Widespread pain hypersensitivity and facilitated tem-

poral summation of deep tissue pain in whiplash associated dis-

order: An explorative study of women. J Rehabil Med 2012;44

(8):648–57.

11. Ng TS, Pedler A, Vicenzino B, Sterling M. Less efficacious condi-

tioned pain modulation and sensory hypersensitivity in chronic

whiplash-associated disorders in Singapore. Clin J Pain 2014;30

(5):436–42.

12. Oka H, Matsudaira K, Fujii T, Tanaka S, Kitagawa T.

Epidemiology and psychological factors of whiplash associated

disorders in Japanese population. J Phys Ther Sci 2017;29

(9):1510–3.

13. Koenig J, De Kooning M, Bernardi A, et al. Lower resting state

heart rate variability relates to high pain catastrophizing in

patients with chronic whiplash-associated disorders and healthy

controls. Pain Pract 2016;16(8):1048–53.

14. Millan MJ. Descending control of pain. Prog Neurobiol 2002;66

(6):355–474.

15. Randich A, Maixner W. Interactions between cardiovascular

and pain regulatory systems. Neurosci Biobehav Rev 1984;8

(3):343–67.

16. Bruehl S, Chung OY, Ward P, Johnson B, McCubbin JA. The re-

lationship between resting blood pressure and acute pain sensi-

tivity in healthy normotensives and chronic back pain sufferers:

The effects of opioid blockade. Pain 2002;100(1):191–201.

Heart Rate, Blood Pressure in Whiplash 1889

https://academic.oup.com/painmedicine/article-lookup/doi/10.1093/pm/pnac075#supplementary-data


17. Maixner W, Fillingim R, Kincaid S, Sigurdsson A, Harris MB.

Relationship between pain sensitivity and resting arterial blood

pressure in patients with painful temporomandibular disorders.

Psychosom Med 1997;59(5):503–11.

18. Chung OY, Bruehl S. The impact of blood pressure and barore-

flex sensitivity on wind-up. Anesth Analg 2008;107(3):1018–25.

19. Bruehl S, Chung OY. Interactions between the cardiovascular

and pain regulatory systems: An updated review of mechanisms

and possible alterations in chronic pain. Neurosci Biobehav Rev

2004;28(4):395–414.

20. Sacc�o M, Meschi M, Regolisti G, et al. The relationship between

blood pressure and pain. J Clin Hypertens (Greenwich) 2013;15

(8):600–5.

21. McFarlane AC. The long-term costs of traumatic stress:

Intertwined physical and psychological consequences. World

Psychiatry 2010;9(1):3–10.

22. Kim HG, Cheon EJ, Bai DS, Lee YH, Koo BH. Stress and Heart

Rate Variability: A Meta-Analysis and Review of the Literature.

Psychiatry Investig 2018;15(3):235–45.

23. Kaegi DM, Halamek LP, Van Hare GF, Howard SK, Dubin AM.

Effect of Mental Stress on Heart Rate Variability: Validation of

Simulated Operating and Delivery Room Training Modules.

Pediatric Research 1999;45(4, Part 2 of 2):77A.

24. Lucini D, Di Fede G, Parati G, Pagani M. Impact of chronic psy-

chosocial stress on autonomic cardiovascular regulation in oth-

erwise healthy subjects. Hypertension 2005;46(5):1201–6.

25. Lee JM, Kim HC, Kang JI, Suh I. Association between stressful

life events and resting heart rate. BMC Psychol 2014;2(1):29.

26. Sterling M, Hendrikz J, Kenardy J. Compensation claim lodge-

ment and health outcome developmental trajectories following

whiplash injury: A prospective study. PAIN 2010;150(1):22–8.

27. De Kooning M, Daenen L, Cras P, Gidron Y, Roussel N, Nijs J.

Autonomic response to pain in patients with chronic whiplash

associated disorders. Pain Physician 2013;16(3;5):E277–85.

28. De Kooning M, Daenen L, Roussel N, et al. Endogenous pain in-

hibition is unrelated to autonomic responses in acute whiplash-

associated disorders. J Rehabil Res Dev 2015;52(4):431–40.

29. Santos-de-Ara�ujo AD, Dibai-Filho AV, Dos Santos SN, et al.

Correlation between chronic neck pain and heart rate variability

indices at rest: A cross-sectional study. J Manipulative Physiol

Ther 2019;42(4):219–26.

30. Farrell SF, Kho P-F, Campos AI, et al. A shared genetic signature

for common chronic pain conditions and its impact on biopsy-

chosocial traits. medRxiv 2022;2022.03.13.22272317.

Available at: https://doi.org/10.1101/2022.03.13.22272317.

31. Fayaz A, Ayis S, Panesar SS, Langford RM, Donaldson LJ.

Assessing the relationship between chronic pain and cardiovas-

cular disease: A systematic review and meta-analysis. Scand J

Pain 2016;13:76–90.

32. Smith A, Ritchie C, Warren J, Sterling M. Exercise-induced

hypoalgesia is impaired in chronic Whiplash-Associated

Disorders (WAD) with both aerobic and isometric exercise. Clin

J Pain 2020;36(8):601–11.

33. Spitzer WO, Skovron ML, Salmi LR, et al. Scientific monograph

of the Quebec Task Force on Whiplash-Associated Disorders:

Redefining “whiplash” and its management. Spine (Phila Pa

1976) 1995;20(Suppl 8):1s–73s.

34. Warburton DE, Jamnik VK, Bredin SS, et al. Evidence-based risk

assessment and recommendations for physical activity clearance:

An introduction. Appl Physiol Nutr Metab 2011;36(Suppl 1):S1–2.

35. Vernon H, Mior S. The Neck Disability Index: A study of reliabil-

ity and validity. J Manipulative Physiol Ther 1991;14(7):409–15.

36. Miller RP, Kori SH, Todd DD. The Tampa scale: A measure of

Kinisophobia. Clin J Pain 1991;7(1):51.

37. Sullivan MJL, Bishop S, Pivik J. The pain catastrophizing scale:

Development and validation. Psychol Assess 1995;7(4):524–32.

38. Weathers F, Litz B, Herman D, Huska JA, Keane T. The PTSD

Checklist (PCL): Reliability, validity, and diagnostic utility.

Paper Presented at the Annual Convention of the International

Society for Traumatic Stress Studies. 1993.

39. Crombez G, Eccleston C, Van Damme S, Vlaeyen JW, Karoly P.

Fear-avoidance model of chronic pain: The next generation. Clin

J Pain 2012;28(6):475–83.

40. National Centre for PTSD. Using the PTSD Checklist for DSM-

IV (PCL). 2021. Available at: https://www.ptsd.va.gov/profes-

sional/assessment/documents/PCL_handoutDSM4.pdf.

41. Sutters M. How is blood pressure measured and hypertension di-

agnosed? In: Papadakis MA, McPhee SJ, Rabow MW, editors.

Current Medical Diagnosis and Treatment 2020. New York,

NY: McGraw-Hill Education; 2020.

42. Palatini P. Need for a revision of the normal limits of resting

heart rate. Hypertension 1999;33(2):622–5.

43. Gabb GM, Mangoni AA, Anderson CS, Cowley D, et al.

Guideline for the diagnosis and management of hypertension in

adults - 2016. Med J Aust 2016;205(2):85–9.

44. Sharma S, Hashmi MF, Bhattacharya PT. Hypotension. In:

StatPearls [Internet]. Treasure Island, FL: StatPearls Publishing;

2022.

45. Rolke R, Baron R, Maier C, et al. Quantitative sensory testing in

the German Research Network on Neuropathic Pain (DFNS):

Standardised protocol and reference values. Pain 2006;123

(3):231–43.

46. Farrell SF, Cowin GJ, Pedler A, Durbridge G, de Zoete RMJ,

Sterling M. Magnetic resonance spectroscopy assessment of

brain metabolite concentrations in individuals with chronic

whiplash-associated disorder: A cross-sectional study. Clin J

Pain 2021;37(1):28–37.

47. Kennedy DL, Kemp HI, Ridout D, Yarnitsky D, Rice ASC.

Reliability of conditioned pain modulation: A systematic review.

Pain 2016;157(11):2410–9.

48. Yarnitsky D, Bouhassira D, Drewes AM, et al.

Recommendations on practice of conditioned pain modulation

(CPM) testing. Eur J Pain 2015;19(6):805–6.

49. Algina J, Olejnik S. Sample size tables for correlation analysis

with applications in partial correlation and multiple regression

analysis. Multivariate Behav Res 2003;38(3):309–23.

50. Stone A, Vicenzino B, Lim E, Sterling M. Measures of central

hyperexcitability in chronic whiplash associated disorder - a sys-

tematic review and meta-analysis. Man Ther 2013;18(2):111–7.

51. Suarez-Roca H, Klinger RY, Podgoreanu MV, et al.

Contribution of baroreceptor function to pain perception and

perioperative outcomes. Anesthesiology 2019;130(4):634–50.

52. van Wijk G, Veldhuijzen DS. Perspective on diffuse noxious in-

hibitory controls as a model of endogenous pain modulation in

clinical pain syndromes. J Pain 2010;11(5):408–19.

53. Reyes del Paso GA, Garrido S, Pulgar �A, Duschek S. Autonomic car-

diovascular control and responses to experimental pain stimulation

in fibromyalgia syndrome. J Psychosom Res 2011;70(2):125–34.

54. Hallman DM, Lyskov E. Autonomic regulation, physical activity

and perceived stress in subjects with musculoskeletal pain: 24-hour

ambulatory monitoring. Int J Psychophysiol 2012;86(3):276–82.

55. Wolff B, Burns JW, Quartana PJ, Lofland K, Bruehl S, Chung

OY. Pain catastrophizing, physiological indexes, and chronic

pain severity: Tests of mediation and moderation models. J

Behav Med 2008;31(2):105–14.

56. Leonard MT, Chatkoff DK, Gallaway M. Association between

pain catastrophizing, spouse responses to pain, and blood pres-

sure in chronic pain patients: A pathway to potential comorbid-

ity. Int J Behav Med 2013;20(4):590–8.

1890 White et al.

https://www.ptsd.va.gov/professional/assessment/documents/PCL_handoutDSM4.pdf
https://www.ptsd.va.gov/professional/assessment/documents/PCL_handoutDSM4.pdf

