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A B S T R A C T

Background: Chronic pain and hypertension (HTN) have a significant societal impact worldwide. Both lead to 
consumption of substantial healthcare resources and dollars. The pathophysiology of chronic pain and HTN are 
each complex and multifactorial. Chronic pain has been associated with an increased risk of comorbid HTN. 
There are numerous common factors related to the development, progression, and prognosis of patients with 
chronic pain and HTN. Though the cardiovascular and pain regulatory systems are structurally and functionally 
intertwined, the exact physiological interactions between chronic pain and HTN are less understood. Many 
systems, including the central and autonomic nervous systems, play a role in the development and interaction of 
these two complex conditions. In collaboration with other healthcare providers, physical therapists play a critical 
role in managing those with chronic pain and HTN.
Objectives: This masterclass aims to develop physical therapists’ knowledge and understanding regarding 1) the 
epidemiological and physiological relationship between chronic pain and HTN, and 2) screening, examination, 
and management of the patient with chronic pain and HTN, including appropriate referral.
Discussion: Improving understanding of the relationship between chronic pain and HTN should assist clinicians in 
appropriate management strategies for such patients. Physical therapy should be an essential component in the 
management of patients with chronic pain and HTN. By collaboratively addressing both health conditions, there 
is a window of opportunity to play a role in mitigating the burden of these conditions and promoting a healthier 
society.

Introduction

Chronic pain and hypertension (HTN) are worldwide epidemics that 
can be challenging to manage. Chronic pain affects 20 % of people, 
while HTN affects nearly one-third of the global adult population.1,2

Chronic pain has been associated with multiple physical and mental 
health conditions, lost productivity, higher suicide rate, and substance 
abuse.3-7 HTN prevalence has increased across the world since its 
reclassification. The updated American Heart Association and American 
College of Cardiology defines HTN as a systolic blood pressure (BP) 
≥130mmHg or a diastolic BP ≥ 80mm Hg. Though the exact etiology of 
elevated blood pressure and HTN is often not known, the effectiveness of 
risk reduction through lifestyle and dietary changes make it the most 
common preventable non-communicable disease that leads to 

cardiovascular disease and all-cause mortality.3-7 The total costs of 
chronic pain and HTN are substantial across the globe. Healthcare ex-
penditures in the United States alone range from $261-300 billion and 
$131 billion for chronic pain and HTN, respectively.8,9

Physical therapists can play a pivotal role in managing patients with 
chronic pain and HTN. In this master class, we discuss the current 
literature regarding the relationship between chronic pain and HTN at 
the epidemiological and pathophysiological levels. In addition, we 
provide evidence suggesting that the two health conditions together 
comprise a syndemic.10 Further, we propose evidence-based guidelines 
regarding the screening, examination, and non-pharmacological man-
agement of patients with comorbid chronic pain and HTN.
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The relationship between chronic pain and hypertension at the 
population level

Globally, up to 4 in 10 people with chronic pain have HTN.11 Re-
lationships have been found between HTN and osteoarthritis, chronic 
low back pain (LBP), rheumatoid arthritis (RA), fibromyalgia, and 
complex regional pain syndrome.2,11 Chronic pain also has a bidirec-
tional relationship with several hypertensive risk factors, including 
metabolic syndrome, suboptimal diet, poor sleep quality, elevated body 
mass index (BMI), abdominal obesity, Type 2 diabetes, cigarette smok-
ing, social determinants of health, and mental health conditions.2,12,13

The relationship between chronic pain, HTN, and associated factors is 
illustrated in Fig. 1.

Individuals with chronic pain and cardiovascular disease report 
greater pain intensity and disability compared to those suffering from 
chronic pain alone.2,14 Moreover, a recent cross-sectional study has 
shown that the presence of comorbidities is associated with higher odds 
of daily pain, pain impact, and pain intensity.15 Individuals with chronic 
pain and comorbidities are less likely to receive appropriate care, have a 
poorer prognosis, and account for higher payment cost.16,17 Further, 
many of the associated factors listed in Fig. 1 have been shown to in-
fluence individuals’ pain intensity, symptom distribution, and pain 
reactivity.2,15

The interplay between chronic pain and HTN can be considered a 
syndemic. This term refers to the coexistence and interaction of multiple 
health conditions and factors that synergistically worsen prognosis and 
outcomes, creating a compounded health burden greater than the sum of 
its parts.10 Understanding this relationship allows physical therapists to 
develop more holistic and effective interventions that address these 

intertwined factors, ultimately leading to better patient outcomes.

Potential mechanisms mediating the relationship between blood 
pressure and pain

Hemodynamic response to noxious stimuli in healthy individuals

The cardiovascular and pain regulatory systems are structurally and 
functionally intertwined. In healthy individuals, these interconnections 
produce blood pressure (BP)-related hypoalgesia, in which a noxious 
stimulus triggers elevated BP to initiate a reduction in pain experience 
(Supplemental material 1).18,19 A noxious stimulus travels through the 
somato-autonomic reflex, which increases BP through sympathetic 
arousal (Fig. 2a). Increased BP leads to baroreceptor stimulation, trig-
gering the baroreflex and associated pathway in the central nervous 
system (CNS). The baroreceptor system is vital to cardiovascular regu-
lation. It consists of a negative feedback loop in which electrical activity 
changes in arterial baroreceptors, resulting from BP alteration, initiate 
compensatory changes in heart rate, cardiac contractility, and vascular 
tone.20 This feedback system processes information within the cardio-
vascular cranial nerve branches into the lower brain stem. Brain 
signaling reinforces sympathetic output and descending modulation of 
noxious stimuli via noradrenergic pathways to reduce the painful 
experience. Once reduction in noxious and pain signaling occurs, there 
is a reduction in activation within this baroreflex and associated path-
ways, allowing BP to return to baseline.

Although BP-related hypoalgesia has been postulated to respond to 
acute pain stimulus, it is important to highlight this mechanism has 
demonstrated mixed results in conjunction with exercise. Exercise 

Fig. 1. The relationship between chronic pain, hypertension, and associated factors.
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Fig. 2a. (A) Along with the secondary projections that sends signals to supraspinal centers, the noxious stimulus additionally travels through the somato-autonomic 
reflex, which increases sympathetic arousal and produces increased blood pressure. (B) Increased blood pressure leads to baroreceptor stimulation which triggers the 
baroreflex, inputting sensory information into the central nervous system. Alterations in baroreceptor sensitivity may limit the ability for the autonomic system to 
stimulate the central autonomic network which includes the nucleus of the solitary tract and the locus coeruleus. (C) Signals from the baroreceptor triggers the 
central autonomic network. (D) This reinforces sympathetic output and pain inhibition via noradrenergic pathways, decreasing pain stimulus. Adapted with 
permission from Bruehl et al. pain and blood pressure model26.

Fig. 2b. Alterations in the pain and blood pressure model may include noradrenergic exhaustion where a reduction in norepinephrine which normally modulates 
pain. Another possibility in this region includes facilitatory mechanisms with changes in receptor type may promote symptoms. Adapted with permission from Bruehl 
et al. alterations in the pain and blood pressure model26.
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inherently is thought to produce an increase in BP that attenuates the 
baroreceptor related mechanism.21 Research on isometric exercises 
found that increases in BP has not consistently corresponded to alter-
ations in pain perception.22 These findings suggest that other physio-
logical mechanisms may be at play aside BP alone such as endogenous 
opioids, cannabinoids and growth hormones which have been hypoth-
esized to be produced during exercise.21

Alterations in hemodynamic response to noxious stimuli in individuals with 
chronic pain

Altered central nociceptive processing may occur with chronic pain, 
leading to nociplastic pain.23 While various mechanisms are associated 
with nociplastic pain, including hyperexcitability of nociceptive path-
ways, another potential feature of the condition is impaired descending 
inhibitory mechanisms. Descending noradrenergic inhibition can be 
profoundly effective in modulating pain, and may be impaired in in-
dividuals with HTN and chronic pain.24,25 Chronic pain is associated 
with reduced magnitude of BP-related hypoalgesia, suggesting mal-
adaptive processes occurring within the cardiovascular regulatory sys-
tems (Supplemental Material 1). These are potentially relevant to 
comorbid cardiovascular risk in chronic pain.26 Possible reasons for this 
altered relationship between BP and pain sensitivity include exhaustion 
of certain pain-inhibiting pathways, changes in baroreceptor function, 
increased inflammation, and other contributing factors (Fig. 2b).

Noradrenergic exhaustion
In chronic pain, persistent and excessive antinociceptive or endog-

enous pain blocking demands may eventually exhaust noradrenergic 
pathways24-26 (Fig. 2b). It additionally has been hypothesized that 
persistent nociceptive input and depletion of norepinephrine reserve 
leads to a reduction of receptor types within the dorsal horn. These two 
factors lead to an inability of norepinephrine to stimulate pain inhibition 
at the spinal level. Thus, pain is left uninhibited, allowing for a contin-
uous cycle to increase BP. A reduction in noradrenergic receptors has 
also been shown to contribute to HTN by affecting renal function.27

When the renin angiotensin aldosterone system is overly active, it can 
cause persistent vasoconstriction, increase blood volume, overstimulate 
the sympathetic nervous system, and cause vascular remodeling.28,29

This can lead to many systemic conditions, including essential HTN, 
renovascular HTN, heart failure, and chronic kidney disease.29

Noradrenergic facilitation
Alterations in noradrenergic facilitatory mechanisms result in 

noradrenaline producing more nociceptive drive rather than inhibiting 
(Fig. 2b). This stems in part from descending facilitatory mechanisms 
and/or promotion of pain input.30,31 Persistent pain has been shown to 
increase excitability and sensitivity of spinal neurons, further driving 
nociplastic changes.32-35 These CNS changes also include alterations in 
receptor type which have been hypothesized to increase firing when 
bound by norepinephrine. Noradrenergic facilitation increases spinal 
cord excitability when exposed to an influx of norepinephrine. Pain is 
further facilitated, with continuous driving of BP elevation.

Baroreceptor habituation
It is important to highlight that baroreceptor efficiency is often 

determined through the measurement of baroreceptor sensitivity.36 This 
measurement is defined as the change in the R-R interval in milliseconds 
per mmHg change in systolic BP and is the most established parameter 
describing the function of the baroreflex loop.36 Reductions in barore-
ceptor sensitivity have been demonstrated in those with HTN36 and 
chronic pain states, including LBP, RA, fibromyalgia, temporomandib-
ular disorders, and irritable bowel syndrome.26,37 Reduced sensitivity 
has also been observed in the presence of several health conditions and 
other factors such as anxiety, diabetes, chronic smoking, and 
obesity.36,38 Alterations in pain regulatory processes associated with 

chronic pain can be associated with changes in baroreceptor sensi-
tivity.36 Changes in baroreceptor sensitivity may occur due to an altered 
baroreceptor firing threshold. Thus, with changes in baroreceptor acti-
vation, an inability to reach the central nervous system occurs and ul-
timately influences pain inhibition (Fig. 2b).

Systemic inflammation
A bi-directional relationship is possible between systemic inflam-

mation and chronic pain and/or HTN. Elevated levels of systemic 
inflammation have been associated with higher odds of having pain and 
contributes to initiation, progression, and maintenance of HTN.39-43

Chronic pain has been shown to contribute to a persistent inflammatory 
state at both the peripheral and central level. This results in neuroplastic 
changes, including peripheral and central sensitization.44 HTN has also 
been proposed to trigger low grade systemic and vascular inflammation, 
leading to oxidative stress, and alterations in the extracellular matrix 
composition.45,46

Other contributory factors
Stress, anxiety, sleep deprivation, and depression have been sug-

gested to play a role in this mechanistic model linking chronic pain and 
HTN (Supplementary Material 2).18 These factors all relate to chronic 
stress and psychological distress which, both in animal and human 
studies, are related to CNS dysregulation and a neuroinflammatory state 
linked to chronic pain syndromes and HTN.37,47 This relationship un-
derscores the importance of a comprehensive biopsychosocial screen, a 
practice that has long been an integral piece of the physical therapy 
examination.23,48,49

Patient assessment

Evaluate for health conditions requiring referral

Chronic pain conditions may mask sinister pathology requiring 
assessment and intervention from another health care practitioner. 
Unfortunately, clinicians are more likely to discount symptoms that 
patients with chronic pain report and are less inclined to provide 
intervention, particularly when evidence for a particular pathology is 
lacking and/or the patient reports high pain intensity.50,51 It is imper-
ative that health care providers continue to screen and examine 
throughout the episode of care, even if patients are improving. For 
instance, Hensley and Emerson report on a patient with chronic left 
upper quarter pain who was improving with management provided by 
the physical therapist. A change in presentation during the episode of 
care warranted referral for further medical workup, leading to a diag-
nosis of lung cancer.52 Moreover, patients with chronic pain and HTN 
should be evaluated for signs and symptoms consistent with 
post-exertional malaise/post-exertional neuroimmune exhaustion 
(PEM/PENE),53 because pain is a common component of PEM/PENE. 
PEM/PENE is a clinical hallmark of myalgic encephalomyelitis (ME) and 
ME-like conditions, such as subtypes of Long Covid54-57 and 
post-treatment Lyme disease.58 These conditions are important to be 
aware of because exercise recovery responses are impaired in people 
with PEM/PENE.59-63 In those with PEM/PENE, exercise should not be 
considered as a frontline intervention.64

Identify predominant pain mechanism(s) involved

A mechanism-based approach to pain has been proposed to improve 
pain management. A mechanisms-based approach integrates and builds 
on the biopsychosocial models by defining specific pathobiology in pain 
processing, and external factors influence an individuals’ pain experi-
ence.23 Pathobiological categories in pain processing include nocicep-
tive, nociplastic, and neuropathic pain. These are further defined in 
Table 1. Recent recommendations have proposed features that 
discriminate between these three categories.65,66 It is important to 
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recognize that more than one category can simultaneously contribute to 
an individual’s pain experience. In addition, consideration of 
pain-relevant psychological and motor factors must be given, as they 
may play a role in the maintenance of an individual’s pain.23 In-
terventions have been proposed that can be matched to specific pain 
mechanisms.23,67 For instance, a patient with LBP predominantly driven 
by a nociceptive source can be managed with interventions that target 
biomechanics, such as posture education, strengthening weak muscu-
lature, and stretching structures deemed inflexible/hypomobile. Alter-
natively, if the pain is driven predominantly from a nociplastic source, it 
is unlikely that treatment targeting mechanics alone will improve out-
comes. Pain neuroscience education (PNE) can be a crucial addition to 
exercise and manual therapy to assist these patients.68,69 It should be 
noted that there is a paucity of evidence demonstrating that a 
mechanism-based approach to pain provides better benefits to patient 
outcomes compared to a thorough biopsychosocial assessment and 
person-centered management plan.

While the standard patient interview and physical examination is 
critical, physical therapists may use additional testing, including quan-
titative sensory testing (QST), to help determine pain mechanism(s) 
involved. These tests include palpation, pain pressure threshold, tem-
poral summation, and conditioned pain modulation. It should be noted 
that these tests have several limitations as stand-alone pieces of an 
evaluation.12,75 Firstly, they are indirect measures of CNS excitability 
and inhibition of pain pathways. Secondly, there is a general lack of 
consensus on normative and predictive values. Thirdly, findings from 
these tests do not always correlate with symptoms intensity or 
improvement in symptoms.76–78 Finally, funding for equipment and 
time to perform QST may not be widely available across rehabilitation 
settings. There are, however, cheaper, alternative testing equipment 
that can be used to perform QST measures.79,80

Palpation
Palpating the area where pain is reported and areas remote from the 

site of pain can provide valuable clues. With palpation, clinicians should 
be looking for hyperalgesia (i.e., augmented response to noxious stim-
uli) and allodynia (i.e., pain evoked with a non-noxious stimulus). If 
either of these palpation tests are positive, particularly distant from the 
site of pain, a nociplastic pain mechanism should be considered.23,80

Pain pressure threshold (PPT)
PPT testing is a method used to objectively measure hyperalgesia. 

With the use of a pain algometer, pressure can be applied at sites local 
and distant to the pain location at a rate of about 30 kPa/s. Alternatively, 
a modified 10 ml syringe can be used as a substitute.81 Moderate evi-
dence has shown that there may be a relationship between brain alter-
ation and PPT.82 Further, patients are less likely to respond to physical 
therapy management when a reduction in PPT is found.83

Conditioned pain modulation
The clinician measures PPT at a distant site before and after inducing 

a noxious stimulus (BP cuff or cold-water immersion). This is a proxy 
measure of descending pain inhibition and exercise-induced hypoalgesia 
(EIH). If PPT is reduced or no change is found, a nociplastic condition is 
suspected.84

Temporal summation
Temporal summation is the term used to describe the phenomenon of 

windup. Windup is characterized by the gradual amplification activity in 
the dorsal horn cells following repetitive stimulation of primary afferent 
C-fibers.81 A repetitive noxious stimulus with a 0.7 mm hair/filament is 
applied with a frequency of 1/s for 30s in an area of hyperalgesia. Pa-
tients are asked to rate the pain intensity induced by the first and last 
stimuli.81 An increase in pain intensity between the first and last stim-
ulus indicates enhanced central excitability and reflects facilitated 

Table 1 
Identifying and differentiating between pain mechanisms65,70.

Nociceptive Nociplastic Neuropathic
Pain location Local Diffuse, widespread, multisite, and/or poorly localized. 

Varying distribution over time
Distributed to nerve injury/ pathology

Mechanism of 
injury

Clear, proportionate Less clear or unclear, disproportionate Consistent with nerve injury/ pathology

Pain behavior Proportionate to injury and healing stage Higher irritability 
Prolonged healing time

Consistent with nerve injury/ pathology

Pain descriptors Sharp in acute stage 
Dull ache, throb at rest

Combination of nociceptive/ neuropathic descriptors Lancinating, shooting, electric-like, burning, 
hot

Other subjective 
findings

+ response to anti-inflammatory 
medication

Fatigue, sleep, cognitive, mood, and/or gastrointestinal 
disturbance(s) 
Hypersensitivity to non-musculoskeletal stimuli (e.g., sound, 
heat, cold)

Paresthesia

Example 
screening tools

 Central Sensitization Inventory score above70 1. painDETECT71–73

2. Leads Assessment of Neuropathic Signs 
and Symptoms74

Movement testing 1. Pain reported in particular phases of 
movement

2. Consistent with a specific health 
condition

1. Pain reported through multiple phases of movement with 
multiple movement problems

2. Less consistent or inconsistent with a specific health 
condition(s)

Consistent with nerve injury/ pathology

Other objective 
findings

1. Warm, swelling, skin color changes 
indicative of local inflammation

2. Positive special tests linked to body 
structure(s)

1. Hyperalgesia and/or allodynia
2. Pain pressure thresholds- lower at distant site, contralateral 

extremity, or throughout upper/lower quarter)
3. Conditioned pain modulation- reduced or no change
4. Temporal summation- increased

Positive central or peripheral neural exam 
findings 
1. Muscle performance
2. Sensation
3. Deep tendon reflexes
4. Upper motor neuron testing
5. Neurodynamics
6. Other neural testing (i.e. tapping over 

nerve reproduces symptoms)
Nociceptive pain- pain arising from activation of nociceptors in non-neural tissues, which is traditionally associated with acute injury, inflammation, or mechanical 
irritant.
Nociplastic pain- pain that stems from alterations of nociceptive processing within the central nervous system and often there is no clear evidence of tissue damage nor 
somatosensory disease.
Neuropathic pain symptoms associated with a specific lesion or disease within the somatosensory system.
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temporal summation. This response is considered a clinical sign of 
central sensitization. An alternative proxy measure could be a functional 
test, such as the six-minute walk test.85 Elevation in temporal summa-
tion suggests that the patient is less likely to respond to physical therapy 
intervention.83

Assessment of vital signs

Physical therapists possess the expertise to assess vital signs 
throughout the episode of care, not only to conduct health screenings 
and gather patient history but also to ensure safety and appropriateness 
prior to initiating exercise interventions. They are positioned to expedite 
the World Health Organization’s initiative to reduce prevalence of un-
diagnosed or uncontrolled HTN.1 The specific parameters to attend to in 
order to mitigate threats to accurate BP measurement is available from 
the American Heart Association for reference.86 Appropriate BP man-
agement is likely to reduce the risk of negative 
cardiovascular/cerebrovascular-related sequelae, and improve societal 
health.87–90 Vital sign assessment should include monitoring at rest, 
during aerobic activity, and during recovery. This testing approach can 
reveal BP readings that place the patient at risk for an adverse 

event.1,12,16,91,92 Fig. 3 provides guidelines for assessment and man-
agement based on patient vitals during different stages of rest, aerobic 
testing/exercise, and during recovery to ensure safety and optimal 
health outcomes. It includes specific BP measures and corresponding 
clinical decision making.

Resting blood pressure
At rest, normal BP (<120/80 mmHg) allows for safe exercise testing 

if there is no history of organ disease or failure; any uncertainty requires 
consultation with another healthcare provider. Any reading between 
>120/80 and <180/120 mmHg in a patient without HTN diagnosis and 
symptoms (dizziness, nausea, tinnitus, headache, or pain unrelated to 
their primary diagnosis) necessitates at home BP measurements for at 
least 1 week, close in clinic monitoring, and referral to an appropriate 
healthcare provider for additional monitoring (usually 2-3 office visits at 
1-4 week intervals).93

In patients with known HTN, or elevated BP (120-129/<80 mmHg), 
at home and close in clinic monitoring is required throughout the 
episode of care. Readings between 130-159/80-99 mmHg in the patient 
with diagnosed HTN and on medication is considered to be uncon-
trolled. If asymptomatic, submaximal aerobic testing may proceed, 

Fig. 3. Decision-making algorithm to identify and manage patients with elevated blood pressure.
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education on lifestyle modification that is evidenced to reduce BP, and a 
referral to the healthcare practitioner managing the patients BP (general 
practitioner, cardiologist, etc) is required to ensure medical manage-
ment is optimal. If a patient presents with symptoms such as headache, 
chest pain, tinnitus, or vision changes, exercise testing is contra-
indicated, and prompt medical evaluation is required. Any systolic 
reading ≥180 mmHg and/or diastolic reading ≥110 mmHg is a 
contraindication to resistance training and aerobic activity.94,95 The 
literature varies on the upper limit of BP readings as contraindications to 
exercise. However, we recommend the lowest limit as a conservative 
approach in individuals with chronic pain, as there are likely many other 
variables that impact exercise intensity in this population. Asymptom-
atic patients should seek care for management options within 1-2 days 
after detection, as this is considered a hypertensive urgency case. These 
patients could still benefit from other interventions prior to compre-
hensive testing. If the patient is symptomatic or shows signs of organ 
damage, this is considered a hypertensive emergency requiring access to 
emergency care.96,97

Blood pressure during aerobic activity
There is growing evidence for the utility of high BP responses to 

submaximal aerobic activity (60-70 % maximum HR intensity).98–100

Recent data have shown that systolic BP ≥160 mmHg during submaxi-
mal exercise testing is associated with an increased risk for a major 
cardiovascular event.98,101 During aerobic activity, normal vital re-
sponses include a gradual increase in systolic BP of approximately 10 
mmHg per metabolic equivalent (MET) and a corresponding rise in heart 
rate (HR) of around 10 beats per minute (BPM) per MET as measured in 
normal adults.102 These increases reflect the body’s appropriate physi-
ological adaptation to the increased demand for oxygen during physical 
activity. Estimated MET levels using the Fitness Registry and the 
Importance of Exercise National Database (FRIEND) equations can assist 
the clinician with accurately estimating MET level increases.103 For 
instance, walking at 2.41 kilometers per hour (km/h) at 0 % grade is 
equal to approximately 3 METs. Increasing speed to 3.22 km/h on a 3.5 
% grade equates to approximately 4 METs. In patients taking beta 
blocker medication, HR response is blunted. The rate of perceived 
exertion (RPE) scale should be used in supplement to vital sign mea-
surement.104 The RPE is also a useful tool to guide exercise prescription 
in cases where the patient cannot tolerate aerobic testing. Regardless, an 
unexplained drop in systolic BP, no increase in systolic BP, or an exag-
gerated elevation in BP or HR may suggest poor cardiovascular response, 
deconditioning, or other potential cardiovascular abnormalities. The 
largest study available in the literature that measured exercise testing 
responses in patients with cardiovascular disease offers a sense of the 
variance from normal responses as driven by disease.105 There is no 
database for standardized exercise testing responses for individuals with 
chronic pain. The clinician will need to allow self-selected intensities 
with ongoing vital sign monitoring due to variations in exercise intensity 
as driven by pain intensity.

If a patient without a history of HTN is found to have elevated BP in 
response to aerobic activity, careful monitoring of vitals over time is 
needed to confirm a diagnosis of HTN. In patients with HTN, abnormal 
responses require immediate cessation of aerobic activity with prompt 
referral for a medical evaluation to assess the underlying causes and 
determine if further diagnostic testing or treatment is needed. Addi-
tionally, if there are concerns about the patient’s cardiovascular health, 
further monitoring and a more comprehensive evaluation may be war-
ranted. Aerobic activity should be terminated if the patient develops 
symptoms (dyspnea, extreme fatigue, faintness, chest pain, unsteadi-
ness, change in mentation), signs of poor peripheral perfusion (cyanosis, 
cramping, or pallor), there is a drop in systolic BP > 10mmHg, or there is 
a BP reading that exceeds 250/115 mmHg.106 Finally, it should be 
noted that manual measurement of BP is necessary during exercise. 
Automatic oscillometric BP measurement, while useful at rest, cannot 
accurately measure BP during exercise.107

Blood pressure during recovery
There is also growing utility for the use of BP and HR response after 

aerobic activity.87–90,98,108–110 For instance, in middle-aged men, if 
systolic BP is >195 mmHg two minutes after aerobic testing, there is a 
69 % increased risk for a future myocardial infarction.111 In contrast, 
recent data have shown a 1.27 increases odds of a major cardiovascular 
event for every 10 mmHg increase in diastolic BP three minutes after 
exercise.112 This is understandable because an elevation in diastolic BP 
reduces the opportunity for the myocardial perfusion between beats. BP 
should be taken at completion of aerobic activity.113 BP should pro-
gressively trend to normal resting levels over the course of 5-6 min 
post-aerobic activity. HR should decrease at least 12 BPM in the first 
minute and return to near resting.113 If BP remains elevated beyond 5-6 
min during recovery, it is considered an abnormal response and may 
signal an underlying issue, such as persistent HTN or poor cardiovas-
cular conditioning. In such cases, the patient should undergo further 
medical evaluation.

Determine contributing factors to chronic pain and HTN

Multiple common risk factors should be considered when evaluating 
a patient with chronic pain and HTN. Assessment tools are identified and 
described in Table 1. As able, the health care team should work with the 
patient to mitigate these risk factors. Providers should also consider pain 
medications that can elevate BP. Risk of systolic/diastolic HTN can in-
crease with consumption of non-steroidal anti-inflammatory drugs (e.g., 
naproxen), serotonin norepinephrine reuptake inhibitors (e.g., dulox-
etine), and tricyclic antidepressants (e.g., amitriptyline).93,114

Intervention for the patient with comorbid chronic pain and 
hypertension

Given the relationship described above between chronic pain and 
HTN, interventions could be designed to target risk factors for chronic 
pain and HTN and the health conditions themselves. Further, in-
terventions targeting pain management may also reduce BP.

Education

Educational material should be provided in an accessible format to 
the patient. Education should be provided regarding: 

1) What their BP reading means relative to healthy BP.
2) How to accurately measure BP at home for consistent comparison.
3) Warning signs and symptoms that require a consultation with a 

physician or an emergency room visit.
4) The potential bi-directional relationship between chronic pain and 

HTN, and how management targeting a patient-centered approach 
can assist with management of both.

5) Associated risk factors, particularly modifiable risk factors like stress, 
sleep, physical activity, and diet, related to chronic pain and HTN. 
Stress, for example, can be addressed through teaching coping stra-
tegies using the eliminate-change-accept approach and/or by 
increasing greenspace exposure.115 Educating on the importance of 
sleep and sleep hygiene can be tailored to address any sleep-related 
dysfunction.116 Clinicians should consider a referral to a psycholo-
gist, sleep specialist, and/or dietitian when deemed appropriate.

6) Factors related to predominant pain mechanism(s). Modifiable 
biomechanical factors that may be further perpetuating symptoms 
should be discussed. PNE could be incorporated when the clinical 
picture is dominated by nociplastic pain, or when maladaptive pain 
perceptions and/or coping strategies are present.68 Clinicians should 
aim to improve patients’ knowledge of pain processing within the 
nervous system, engaging patients in a discussion regarding their 
pain and attempting to reconceptualize the patient’s understanding 
and beliefs about their pain as needed.117 Recent evidence has shown 
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beneficial effects of PNE in chronic musculoskeletal pain69 and 
fibromyalgia.117

Exercise

Exercise can provide both acute and chronic changes in pain and 
BP.118–120 While exercise can increase BP during activity, there is a drop 
in BP for up to several hours after exercise in those with and without 
HTN.118,121 As suggested above, vitals should be measured throughout 
the plan of care to ensure safe delivery of exercise. Chronic adaptations 
in BP response to various forms of exercise are outlined in Supplemen-
tary Material 3. It should be noted that current data do not differentiate 
chronic changes in exercise between those with and without chronic 
pain. These changes should be used and interpreted with caution in 
patients with chronic pain.

Several mechanisms have been suggested as to why exercise is 
effective for managing chronic pain and HTN. Namely, there are im-
provements in pain regulation systems through EIH; improvements in 
autonomic regulation through decreasing sympathetic tone and vagal 
inhibition; increases in circulatory and intraarticular anti-inflammatory 
markers, and changes in brain chemical makeup, activation, and 
connectivity.122

If deemed safe to begin an exercise program, factors such as current 
activity level, patient’s previous response to exercise, patient beliefs, 
readiness to begin an exercise program, predominant pain mechanism 
(s), health conditions, and current medications need to be considered. 
Integrating exercise in the plan of care in those with chronic pain can be 
challenging. Nijs et al outline a stepwise approach to assist with 
implementing exercise for patients with chronic pain.123 This includes 
an individually tailored plan that may involve: 

1) Goal setting plus identifying body functions, activity limitations, 
participation restrictions, and contextual factors related to pain

2) Shared decision making
3) Tackling maladaptive beliefs about pain and physical activity
4) Improving lifestyle factors that can optimize exercise, such as sleep, 

diet, and stress
5) Identification of activities that are avoided (managed with graded 

activity) versus persisted (managed with pacing and acceptance- 
based interventions).

Table 2 provides proposed guidelines for clinical-decision making 
regarding exercise parameters in patients with chronic pain and 
HTN.119,122,124–126 Aerobic, resistance, and isometric exercise have 
demonstrated effectiveness in managing patients with chronic pain or 
HTN.119,122,124–126 Exercise can be tailored to best meet the demands of 
the patient. For instance, if a patient has significant pain at the knee yet 
can tolerate regional exercise at other body sites, clinicians can consider 
titrating exercise at these other and less painful sites.127

Moderate intensity aerobic exercise has been a staple element of HTN 
management at all stages.136,137 High intensity aerobic exercise is safe 
and also appears to promote substantial decreases in BP in those with 
HTN, although there are limited high quality studies supporting this 
approach.128 Moreover, higher intensity training may not be tolerated in 
those with chronic pain, particularly early on during the rehabilitation 
process. It is important to recognize that, although exercise and lifestyle 
change are important management strategies in those with HTN, phar-
macological intervention may be indicated in those with higher BP 
and/or those at higher risk for a cardiovascular event.93 Moderate to 
high intensity aerobic exercise has also been recommended for the best 
analgesic effect. However, Vaegter and Jones21 suggested that even very 
short-duration aerobic exercise can elicit EIH, which implies that in-
tensity, or permutations of intensity and duration, may be more critical 
for achieving analgesia after aerobic exercise than either variable alone.

Depending on the patient’s pain and BP response to aerobic exercise/ 
testing, resistance and/or isometric exercise may be a necessary and 

effective first step to address chronic pain and HTN. There is promising 
research emerging on the effects of isometric exercise and BP manage-
ment.136,138 Large increases in BP can take place with resistance and 
isometric exercise.121 If there is a concern for large increases in BP, 
clinicians should consider using smaller musculature to begin.138

Breathing/meditation

Emerging data suggest that meditation and/or breathing control 
exercises for 15-20 min/day can reduce BP in those with HTN 39 and 
improve ability in those with chronic musculoskeletal pain.136,139

Research on mindfulness meditation has demonstrated significant pain 
relief and greater activation in brain regions associated with cognitive 
modulation of pain, including the orbitofrontal, subgenual anterior 
cingulate, and anterior insular cortex.140

Manual therapy

Manual therapy intervention has shown to increase PPT and 

Table 2 
Beginning clinical decision-making exercise parameter guidelines for those 
deemed safe to exercise with chronic pain113,128–131.

Factor Low-moderate intensity 
exercise

Moderate-high 
intensity exercise

Current activity level Sedentary-low Moderate-high
Previous exercise 

response
Negative Positive

Exercise/movement 
beliefs

Negative Positive

Pain intensity/irritability Moderate-high Low
Vitals at baseline 130-179/80-109 mmHg 

for asymptomatic cases 
of HTN

<130/80 mm Hg

Vitals during submaximal 
aerobic activity

Vitals responding 
inappropriately to testing 
per metabolic equivalent

Vitals responding 
appropriately to testing 
per metabolic 
equivalent

Vitals post-aerobic 
activity

Elevated after five 
minutes of rest

Returning to baseline 
after five minutes of 
rest

Neuromusculoskeletal 
measures (range of 
motion)

High pain intensity 
High pain irritability 
Multiple motions 
reproduce pain

Low pain intensity 
Low pain irritability

Palpation Hyperalgesia/allodynia Normal response
Pain pressure thresholds Low High
Conditioned pain 

modulation
No change or decreases Increases

Temporal summation High Low
Starting exercise 

parameters  

• Intensity
• Sets x repetitions.
• Frequency; Duration

Aerobic^  

• 40-70 % HR max or 8- 
13 rating of perceived 
exertion (RPE)- (RPE 
scale required if on 
beta blocker)

• 2-5x/week
• 20-60 minutes
Resistance*

• 40-70 % of maximum
• 1-2 × 15-20
• 2-3x/week
Isometric*132,133

• Up to 20 % of 
maximum

• 2-5s for 10 minutes 2- 
5x/week

Aerobic  

• 55-90 % HR max or 
11-16 rating of 
perceived exertion 
(RPE scale required 
if on beta blocker)

• 4-7x/week
• 30-60 minutes
Resistance  

• 60-80 % of 
maximum

• 1-3 × 8-12
• 2x/week
Isometric*134

• Up to 80 % of 
maximum

• Up to 5 × 45s
• Up to 4x/week

^Consider shorter intervals to begin that add up to 20 minutes.
* Consider starting with exercise at non-painful/least painful sites.119,135
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facilitates impaired conditioned pain modulation in persons with lateral 
epicondylalgia of at least 6 weeks duration; however, the effects on BP 
were not reported.141,142 Yung et al found that non-thrust mobilization 
targeting the cervical spine in those with non-chronic neck pain results 
in acute changes in systolic BP.143 Other trials are underway investi-
gating the effects of manual therapy on BP in those with HTN.144 While 
studies are limited, it seems plausible that improving pain may alter 
intertwined mechanisms involving chronic pain and HTN and reduce 
BP. Future studies are warranted.

Future directions

We advocate for more research to identify and understand patho-
physiological mechanisms and factors underlying the relationship be-
tween chronic pain and HTN. Understanding these mechanisms should 
lead to more targeted and succinct evidence-informed management for 
patients with chronic pain and HTN. Future research should also 
ascertain patients whose HTN is directly linked to chronic pain, and if 
targeting chronic pain can result in improved BP regulation. Finally, we 
recommend best practice framework and guideline development to 
assist clinicians in managing the patient with chronic pain and HTN.

Conclusion

The personal and societal burden of chronic pain and HTN are sig-
nificant. Although evidence suggests a relationship between chronic 
pain and HTN exists, there is much we have yet to learn. In conjunction 
with other health care providers, physical therapists can play a critical 
role in the management of patients with chronic pain and HTN. Iden-
tifying common risk factors, performing a thorough examination, and 
ongoing reassessment should allow progression of appropriate man-
agement that leads to successful outcomes for the patient with chronic 
pain and HTN.

Declaration of competing interest

The author has no known competing financial interests or personal 
relationships that could have appeared to influence the work reported in 
this paper.

Supplementary materials

Supplementary material associated with this article can be found, in 
the online version, at doi:10.1016/j.bjpt.2025.101229.

References
1. Hypertension. Accessed August 29th, 2023, https://www.who.int/news-room/fact 

-sheets/detail/hypertension.
2. Giummarra MJ, Tardif H, Blanchard M, Tonkin A, Arnold CA. Hypertension 

prevalence in patients attending tertiary pain management services, a registry- 
based Australian cohort study. PLoS One. 2020;15(1), e0228173.

3. Zis P, Daskalaki A, Bountouni I, Sykioti P, Varrassi G, Paladini A. Depression and 
chronic pain in the elderly: links and management challenges. Clin Interv Aging. 
2017:709–720.

4. Khalid S, Sambamoorthi U, Umer A, Lilly CL, Gross DK, Innes KE. Increased odds of 
incident Alzheimer’s disease and related dementias in presence of common non- 
cancer chronic pain conditions in Appalachian older adults. J Aging Health. 2022; 
34(2):158–172.

5. Gaskin DJ, Richard P. The economic costs of pain in the United States. J Pain. 
2012;13(8):715–724.

6. Ditre JW, Zale EL, LaRowe LR. A reciprocal model of pain and substance use: 
Transdiagnostic considerations, clinical implications, and future directions. Annu 
Rev Clin Psychol. 2019;15(1):503–528.

7. NIo Health. Interagency Pain Research Coordinating Committee: National Pain 
Strategy: A comprehensive population health-level strategy for pain. US Department of 
Health and Human Services, Published; 2016:2023.

8. BoHS Policy, Research CoAP Care. Relieving pain in America: a blueprint for 
transforming prevention, care, education, and research. National Academies Press; 
2011.

9. Kirkland EB, Heincelman M, Bishu KG, et al. Trends in healthcare expenditures 
among US adults with hypertension: national estimates, 2003–2014. J Am Heart 
Assoc. 2018;7(11), e008731.

10. Shrestha S, Bauer CX, Hendricks B, Stopka TJ. Spatial epidemiology: an empirical 
framework for syndemics research. Soc Sci Med (1967). 2022;295, 113352.

11. Chung OY, Bruehl S, Diedrich L, Diedrich A, Chont M, Robertson D. Baroreflex 
sensitivity associated hypoalgesia in healthy states is altered by chronic pain. Pain. 
2008;138(1):87–97.

12. Goodson NJ, Smith BH, Hocking LJ, et al. Cardiovascular risk factors associated 
with the metabolic syndrome are more prevalent in people reporting chronic pain: 
results from a cross-sectional general population study. PAIN®. 2013;154(9): 
1595–1602.

13. LaRowe LR, Ditre JW. Pain, nicotine, and tobacco smoking: Current state of the 
science. Pain. 2020;161(8):1688.

14. Li C-Y, Lin W-C, Lu C-Y, Chung YS, Cheng Y-C. Prevalence of pain in community- 
dwelling older adults with hypertension in the United States. Sci Rep. 2022;12(1): 
1–10.

15. Heikkala E, Oura P, Ho E, Ferreira P, Paananen M, Karppinen J. Accumulation of 
long-term diseases is associated with musculoskeletal pain dimensions among 
middle-aged individuals with musculoskeletal pain. Eur J Pain. 2023;27(3): 
438–448.

16. Ramanathan S, Hibbert P, Wiles L, Maher CG, Runciman W. What is the association 
between the presence of comorbidities and the appropriateness of care for low 
back pain? A population-based medical record review study. BMC Musculoskelet 
Disord. 2018;19:1–9.

17. Warwick H, O’Donnell J, Mather III RC, Jiranek W. Disparity of health services in 
patients with knee osteoarthritis before total knee arthroplasty. Arthroplast Today. 
2020;6(1):81–87.

18. Bruehl S, Olsen RB, Tronstad C, et al. Chronic pain-related changes in 
cardiovascular regulation and impact on comorbid hypertension in a general 
population: the Tromsø study. Pain. 2018;159(1):119–127.

19. Olsen RB, Bruehl S, Nielsen CS, Rosseland LA, Eggen AE, Stubhaug A. Hypertension 
prevalence and diminished blood pressure-related hypoalgesia in individuals 
reporting chronic pain in a general population: the Tromsø study. Pain. Feb 2013; 
154(2):257–262. https://doi.org/10.1016/j.pain.2012.10.020.

20. Levy M, Pappano A, Berne R. Cardiovascular physiology. 9. Philadelphia, PA: Mosby. 
Elsevier; 2007.

21. Vaegter HB, Jones MD. Exercise-induced hypoalgesia after acute and regular 
exercise: experimental and clinical manifestations and possible mechanisms in 
individuals with and without pain. Pain Rep. 2020;5(5).

22. Ring C, Edwards L, Kavussanu M. Effects of isometric exercise on pain are mediated 
by blood pressure. Biol Psychol. 2008;78(1):123–128.

23. Chimenti RL, Frey-Law LA, Sluka KA. A mechanism-based approach to physical 
therapist management of pain. Phys Ther. 2018;98(5):302–314. https://doi.org/ 
10.1093/ptj/pzy030.

24. Pereira-Silva R, Costa-Pereira JT, Alonso R, Serrão P, Martins I, Neto FL. 
Attenuation of the diffuse noxious inhibitory controls in chronic joint 
inflammatory pain is accompanied by anxiodepressive-like behaviors and 
impairment of the descending noradrenergic modulation. Int J Mol Sci. 2020;21(8): 
2973.

25. Hayashida K-i, Obata H. Strategies to treat chronic pain and strengthen impaired 
descending noradrenergic inhibitory system. Int J Mol Sci. 2019;20(4):822.

26. 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.

27. Hering L, Rahman M, Potthoff SA, Rump LC, Stegbauer J. Role of α2-adrenoceptors 
in hypertension: focus on renal sympathetic neurotransmitter release, 
inflammation, and sodium homeostasis. Front Physiol. 2020;11, 566871.

28. Hsu C-N, Tain Y-L. Targeting the renin–angiotensin–aldosterone system to prevent 
hypertension and kidney disease of developmental origins. Int J Mol Sci. 2021;22 
(5):2298.

29. Capric V, Chandrakumar HP, Celenza-Salvatore J, Makaryus AN. The role of the 
renin-angiotensin-aldosterone system in cardiovascular disease: pathogenetic 
insights and clinical implications. Renin-Angiotensin Aldosterone Syst. 2021.

30. Pertovaara A. Noradrenergic pain modulation. Prog Neurobiol. 2006;80(2):53–83.
31. Drummond ES, Dawson LF, Finch PM, Bennett GJ, Drummond PD. Increased 

expression of cutaneous α1-adrenoceptors after chronic constriction injury in rats. 
J Pain. 2014;15(2):188–196.

32. Fuchs PN, Meyer RA, Raja SN. Heat, but not mechanical hyperalgesia, following 
adrenergic injections in normal human skin. Pain. 2001;90(1-2):15–23.

33. Dogrul A, Coskun I, Uzbay T. The contribution of alpha-1 and alpha-2 
adrenoceptors in peripheral imidazoline and adrenoceptor agonist-induced 
nociception. Anesth Analg. 2006;103(2):471–477.

34. Carroll I, Mackey S, Gaeta R. The role of adrenergic receptors and pain: The good, the 
bad, and the unknown. Elsevier; 2007:17–21.

35. Gil DW, Cheevers CV, Kedzie KM, et al. α-1-Adrenergic receptor agonist activity of 
clinical α-adrenergic receptor agonists interferes with α-2-mediated analgesia. 
J Am Soc Anesthesiol. 2009;110(2):401–407.

36. Suarez-Roca H, Klinger RY, Podgoreanu MV, et al. Contribution of baroreceptor 
function to pain perception and perioperative outcomes. Anesthesiology. 2019;130 
(4):634–650.

37. Kaufmann H, Norcliffe-Kaufmann L, Dysfunction Palma J-ABaroreflex. N Engl J 
Med. 2020;382(2):163–178. https://doi.org/10.1056/NEJMra1509723.

38. Virtanen R, Jula A, Salminen JK, et al. Anxiety and hostility are associated with 
reduced baroreflex sensitivity and increased beat-to-beat blood pressure 

R. Mendoza et al.                                                                                                                                                                                                                               Brazilian Journal of Physical Therapy 29 (2025) 101229 

9 

https://doi.org/10.1016/j.bjpt.2025.101229
https://www.who.int/news-room/fact-sheets/detail/hypertension
https://www.who.int/news-room/fact-sheets/detail/hypertension
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0002
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0002
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0002
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0003
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0003
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0003
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0004
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0004
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0004
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0004
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0005
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0005
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0006
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0006
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0006
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0007
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0007
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0007
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0008
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0008
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0008
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0009
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0009
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0009
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0010
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0010
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0011
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0011
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0011
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0012
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0012
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0012
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0012
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0013
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0013
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0014
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0014
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0014
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0015
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0015
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0015
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0015
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0016
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0016
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0016
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0016
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0017
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0017
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0017
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0018
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0018
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0018
https://doi.org/10.1016/j.pain.2012.10.020
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0020
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0020
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0021
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0021
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0021
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0022
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0022
https://doi.org/10.1093/ptj/pzy030
https://doi.org/10.1093/ptj/pzy030
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0024
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0024
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0024
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0024
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0024
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0025
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0025
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0026
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0026
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0026
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0027
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0027
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0027
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0028
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0028
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0028
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0029
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0029
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0029
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0030
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0031
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0031
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0031
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0032
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0032
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0033
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0033
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0033
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0034
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0034
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0035
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0035
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0035
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0036
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0036
http://refhub.elsevier.com/S1413-3555(25)00058-9/sbref0036
https://doi.org/10.1056/NEJMra1509723


variability. Psychosom Med. 2003;65(5):751–756. https://doi.org/10.1097/01. 
Psy.0000088760.65046.Cf.

39. Okifuji A, Bradshaw DH, Olson C. Evaluating obesity in fibromyalgia: 
neuroendocrine biomarkers, symptoms, and functions. Clin Rheumatol. 2009;28: 
475–478.

40. Briggs MS, Givens DL, Schmitt LC, Taylor CA. Relations of C-reactive protein and 
obesity to the prevalence and the odds of reporting low back pain. Arch Phys Med 
Rehabil. 2013;94(4):745–752.

41. Zewinger S, Reiser J, Jankowski V, et al. Apolipoprotein C3 induces inflammation 
and organ damage by alternative inflammasome activation. Nat Immunol. 2020;21 
(1):30–41.

42. Guzik TJ, Touyz RM. Oxidative stress, inflammation, and vascular aging in 
hypertension. Hypertension. 2017;70(4):660–667.

43. Anderson L, Nguyen TT, Dall CH, Burgess L, Bridges C, Taylor RS. Exercise-based 
cardiac rehabilitation in heart transplant recipients. Cochrane Database Syst Rev. 
Apr 4 2017;4, CD012264. https://doi.org/10.1002/14651858.CD012264.pub2.

44. Fang X-X, Zhai M-N, Zhu M, et al. Inflammation in pathogenesis of chronic pain: 
foe and friend. Mol Pain. 2023;19, 17448069231178176.

45. Aboukhater D, Morad B, Nasrallah N, et al. Inflammation and hypertension: 
underlying mechanisms and emerging understandings. J Cell Physiol. 2023;238(6): 
1148–1159.

46. Baral P, Udit S, Chiu IM. Pain and immunity: implications for host defence. Nat Rev 
Immunol. 2019;19(7):433–447.

47. Zhuo M. Neural mechanisms underlying anxiety–chronic pain interactions. Trends 
Neurosci. 2016;39(3):136–145.

48. AACVPR. Guidelines for cardiac rehabilitation programs. Human Kinetics. 2020.
49. Delitto A, George SZ, Van Dillen L, et al. Low back pain: clinical practice guidelines 

linked to the international classification of functioning, disability, and health from 
the orthopaedic section of the American physical therapy association. J Orthop 
Sports Phys Ther. 2012;42(4):A1–A57. https://doi.org/10.2519/jospt.2012.42.4. 
A1.

50. Tait RC, Chibnall JT, House K, Biehl J. Medical judgments across the range of 
reported pain severity: clinician and lay perspectives. Pain Med. 2016;17(7): 
1269–1281.

51. De Ruddere L, Goubert L, Stevens M, ACdC Williams, Crombez G. Discounting pain 
in the absence of medical evidence is explained by negative evaluation of the 
patient. PAIN®. 2013;154(5):669–676.

52. Hensley CP, Emerson AJ. Non–small cell lung carcinoma: clinical reasoning in the 
management of a patient referred to physical therapy for costochondritis. Phys 
Ther. 2018;98(6):503–509.

53. Carruthers B, van de Sande M, De Meirleir K, et al. Myalgic encephalomyelitis: 
international consensus criteria (vol 270, pg 327, 2011). J Intern Med. 2017;282 
(4), 353-353.

54. Jason LA, Dorri JA. ME/CFS and post-exertional malaise among patients with long 
COVID. Neurol Int. 2022;15(1):1–11.

55. Vernon SD, Hartle M, Sullivan K, et al. Post-exertional malaise among people with 
long COVID compared to myalgic encephalomyelitis/chronic fatigue syndrome 
(ME/CFS). Work. 2023;74(4):1179–1186.

56. Davis HE, Assaf GS, McCorkell L, et al. Characterizing long COVID in an 
international cohort: 7 months of symptoms and their impact. EClinicalMedicine. 
2021;38.

57. Twomey R, DeMars J, Franklin K, SN Culos-Reed, Weatherald J, Wrightson JG. 
Chronic fatigue and postexertional malaise in people living with long COVID: an 
observational study. Phys Ther. 2022;102(4):pzac005.

58. Bai NA, Richardson CS. Posttreatment Lyme disease syndrome and myalgic 
encephalomyelitis/chronic fatigue syndrome: A systematic review and comparison 
of pathogenesis. Chronic Dis Transl Med. 2023;9(03):183–190.

59. Moore GE, Keller BA, Stevens J, et al. Recovery from exercise in persons with 
myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS). Medicina (B 
Aires). 2023;59(3):571.

60. Keller B, Receno CN, Franconi CJ, et al. Cardiopulmonary and metabolic responses 
during a 2-day CPET in myalgic encephalomyelitis/chronic fatigue syndrome: 
translating reduced oxygen consumption to impairment status to treatment 
considerations. J Transl Med. 2024;22(1):1–35.

61. Mateo LJ, Chu L, Stevens S, et al. Post-exertional symptoms distinguish myalgic 
encephalomyelitis/chronic fatigue syndrome subjects from healthy controls. Work. 
2020;66(2):265–275.

62. Franklin JD, Graham M. Repeated maximal exercise tests of peak oxygen 
consumption in people with myalgic encephalomyelitis/chronic fatigue syndrome: 
a systematic review and meta-analysis. Fatigue: Biomed Health Behav. 2022;10(3): 
119–135.

63. Lim E-J, Kang E-B, Jang E-S, Son C-G. The prospects of the two-day 
cardiopulmonary exercise test (CPET) in ME/CFS patients: a meta-analysis. J Clin 
Med. 2020;9(12):4040.

64. Davenport TE, Stevens SR, VanNess MJ, Snell CR, Little T. Conceptual model for 
physical therapist management of chronic fatigue syndrome/myalgic 
encephalomyelitis. Phys Ther. 2010;90(4):602–614.

65. Shraim MA, Sluka KA, Sterling M, et al. Features and methods to discriminate 
between mechanism-based categories of pain experienced in the musculoskeletal 
system: a Delphi expert consensus study. Pain. 2022;163(9):1812–1828.

66. Nijs J, Kosek E, Chiarotto A, et al. Nociceptive, neuropathic, or nociplastic low 
back pain? the low back pain phenotyping (BACPAP) consortium’s international 
and multidisciplinary consensus recommendations. Lancet Rheumatol. Mar 2024;6 
(3):e178–e188. https://doi.org/10.1016/s2665-9913(23)00324-7.

67. Hensley CP, Courtney CA. Management of a patient with chronic low back pain 
and multiple health conditions using a pain mechanisms-based classification 

approach. J Orthop Sports Phys Ther. Jun 2014;44(6). https://doi.org/10.2519/ 
jospt.2014.4861, 403-c2.

68. Nijs J, Van Wilgen CP, Van Oosterwijck J, van Ittersum M, Meeus M. How to 
explain central sensitization to patients with ‘unexplained’chronic musculoskeletal 
pain: practice guidelines. Man Ther. 2011;16(5):413–418.

69. Siddall B, Ram A, Jones MD, Booth J, Perriman D, Summers SJ. Short-term impact 
of combining pain neuroscience education with exercise for chronic 
musculoskeletal pain: a systematic review and meta-analysis. Pain. 2022;163(1): 
e20–e30.

70. Neblett R, Cohen H, Choi Y, et al. The Central Sensitization Inventory (CSI): 
establishing clinically significant values for identifying central sensitivity 
syndromes in an outpatient chronic pain sample. J Pain. 2013;14(5):438–445.

71. Freynhagen R, Tölle TR, Gockel U, Baron R. The painDETECT project–far more 
than a screening tool on neuropathic pain. Curr Med Res Opin. 2016;32(6): 
1033–1057.

72. Freynhagen R, Baron R, Gockel U, Tölle TR. Pain DETECT: a new screening 
questionnaire to identify neuropathic components in patients with back pain. Curr 
Med Res Opin. 2006;22(10):1911–1920.

73. Mathieson S, Maher CG, Terwee CB, De Campos TF, Lin C-WC. Neuropathic pain 
screening questionnaires have limited measurement properties. A systematic 
review. J Clin Epidemiol. 2015;68(8):957–966.

74. Bennett M. Leeds Assessment of neuropathic symptoms and signs pain scale. Pain.
75. Backonja MM, Attal N, Baron R, et al. Value of quantitative sensory testing in 

neurological and pain disorders: NeuPSIG consensus. Pain. Sep 2013;154(9): 
1807–1819. https://doi.org/10.1016/j.pain.2013.05.047.

76. Huysmans E, Goudman L, Van Bogaert W, et al. Experimental pain measurements 
do not relate to pain intensity and pain cognitions in people scheduled for surgery 
for lumbar radiculopathy. Pain Med. 2023;24(2):139–149.

77. Palsson TS, Christensen SW, De Martino E, Graven-Nielsen T. Pain and disability in 
low back pain can be reduced despite no significant improvements in mechanistic 
pain biomarkers. Clin J Pain. 2021;37(5):330–338.

78. Balasch-Bernat M, Lluch E, Vaegter H, Dueñas L. Should exercises be painful or 
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