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Chronic pain is a debilitating condition frequently observed in the elderly,
involving numerous pathological mechanisms within the nervous system.
Diminished local blood flow, nerve degeneration, variations in fiber
composition, alterations in ion channels and receptors, accompanied by the
sustained activation of immune cells and release of pro-inflammatory cytokines,
lead to overactivation of the peripheral nervous system. In the central nervous
system, chronic pain is strongly associated with the activation of glial cells, which
results in central sensitization and increased pain perception. Moreover, age-
related alterations in neural plasticity and disruptions in pain inhibitory pathways
can exacerbate chronic pain in older adults. Finally, the environmental influences
on the development of chronic pain in the elderly must be considered. An
understanding of these mechanisms is essential for developing novel
treatments for chronic pain, which can significantly improve the quality of life
for this vulnerable population.
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1 Introduction

The International Association for the Study of Pain (IASP) defines pain as an
“unpleasant sensory and emotional experience associated with, or resembling that
associated with, actual or potential tissue damage” (Raja et al., 2020). Pain is initiated
by nociceptors, specialized neurons located in the sensory ganglia of the peripheral nervous
system (PNS). These neurons subsequently translate different stimuli into an action
potential and transmit electrical impulses to the spinal cord and brainstem, reaching
some areas of the brain, where pain is experienced (Gore, 2022).

Pain can be classified into various types based on distinct characteristics. Acute pain
typically originates from an injury and is distinguished by its temporary period (Bonezzi
et al., 2020). Chronic pain persists for a prolonged duration, and frequently extends beyond
the timeframe required for tissue healing (Bonezzi et al., 2020). Its underlying causes are
different, such as tissue injury, inflammation, and chemotherapy (Bonezzi et al., 2020).
Moreover, chronic pain usually coexists with other medical conditions, like depression, and
sleep disturbances (Dahan et al., 2014). Risk factors that contribute to the development of
chronic pain include age, gender, tobacco and alcohol consumption, weight, and mental
health (Mills et al., 2019). Survey-based studies in Europe show that chronic pain prevalence
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increases with age, estimated between 38% and 60% in individuals
aged over 65 (Larsson et al., 2016). Older adults are particularly
vulnerable due to increased prevalence of some painful diseases,
which contribute to a deterioration in their overall health (Lam et al.,
2024). Managing chronic pain requires a deep understanding of its
underlying causes and the adoption of patient-centered therapies
(Mayoral Rojals et al., 2022).

This review will begin with an examination of the anatomy and
physiology of pain transmission. Subsequently, the cellular andmolecular
mechanisms that contribute to high prevalence of chronic pain among
the older adults will be analyzed. Finally, the management strategies for
chronic pain in the elderly will be examined.

2 Anatomy and physiology of pain

Pain is recognized as a protective mechanism that identifies
tissue damage. However, it can also become pathological, causing
physical and psychosocial issues when the problem persists beyond

the initial injury (Abdel Shaheed et al., 2024). To understand
effectively both the anatomy and physiology of pain, it’s essential
to explore numerous processes by which a peripheral painful
stimulus reaches the brain. This pathway requires four pivotal
steps: (i) transduction; (ii) transmission; (iii) modulation; (iv)
perception (Yam et al., 2018). Key elements in pain transmission
will be detailed below (Figure 1).

1. Nociceptors. The transformation of a painful stimulus into an
action potential occurs within free nerve endings known as
nociceptors. Nociceptors, which originate from cell bodies in
the dorsal root ganglia (DRG) and/or trigeminal ganglia (TG;
Dubin and Patapoutian, 2010), are activated by thermal,
mechanical, and chemical stimuli (e.g., adenosine
triphosphate -ATP-, leukotrienes, hydrogen ions -H+-,
prostaglandins, histamine, bradykinin, cytokines, and
chemokines; Basbaum et al., 2009). Nociceptor activation
begins when receptors detect stimuli, leading to
production of generator potentials. This mechanism

FIGURE 1
Scheme illustrating the pain transmission, showing both ascending and descending pathways. Additionally, the influence of non-noxious sensory
afferents (mechanoreceptors) is also represented, which induces an analgesic effect, according to the gate control theory proposed by Ronald Melzack
and Patrick Wall in 1965 (Melzack and Wall, 1965). Abbreviations: IL-1β and IL-6 (interleukin-1 beta and interleukin-6); TNF-α (tumor necrosis factor-
alpha); ATP (adenosine triphosphate); ASICs (acid sensing ion channels); P2X3 (P2X purinergic receptor type 3); GPCR (G protein-coupled
receptors); PKA (protein kinase A); PKC (protein kinase C); CaMK (Ca2+/calmodulin-dependent protein kinase); PI3K (phosphatidylinositol 3-kinase);
MAPKs (mitogen-activated protein kinases); cAMP (cyclic adenosinemonophosphate); Nav1.7, 1.8, and 1.9 (sodium voltage-gated channel alpha subunits
9, 10, and 11); DRG/TG (dorsal root ganglia/trigeminal ganglia); GABA (γ-aminobutyric acid); CGRP (calcitonin gene-related peptide); NA (noradrenaline);
5-HT (serotonine); RVM (rostral ventromedial medulla); PAG (periaqueductal grey); PFC (prefrontal cortex); ACC (anterior cingulate cortex).
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results in the influx of Na+ and Ca2+ ions, and subsequent
membrane depolarization. If the depolarization reaches a
certain threshold, voltage-gated sodium channels (Nav1.7,
Nav1.8, and Nav1.9) are strongly activated. This results in
rapid membrane depolarization and the generation of an
action potential (Basbaum et al., 2009).

2. Spinal cord. Nociceptive afferents terminate in the spinal
dorsal horn, where they form synapses with second-order
neurons through the secretion of glutamate, substance P,
and calcitonin gene-related peptide (CGRP; Basbaum et al.,
2009). Ascending tracts, which transmit noxious stimuli,
project through the ventrolateral spinal cord to reach some
nuclei of the thalamus (Gore, 2022).

3. From thalamus to brain (ascending tract). The thalamus
plays a fundamental role in processing somatosensory
information, including pain signals. Third-order neurons,
emanating from thalamic nuclei, project to the
somatosensory cortex (primary -S1- and secondary -S2-),
anterior cingulate cortex (ACC), prefrontal cortex (PFC),
periaqueductal grey (PAG), nucleus accumbens (NAc), and
hippocampus (HP; Gore, 2022).

4. From brain to spinal cord (descending tract). The descending
pain pathway is composed of some supraspinal elements,
including the rostral ventromedial medulla (RVM) and PAG
(Bourne et al., 2014). Noradrenaline (NA) and serotonin (5-
HT) are the key neurotransmitters involved in the descending
inhibition (Bourne et al., 2014). The PAG receives inputs from
the prefrontal cortex and ACC, and activates some neurons
located in the nucleus raphe magnus (NRM), which contain 5-
HT. Serotoninergic neurons, along with noradrenergic
projections (originating from the locus coeruleus -LC-),
establish synapses with spinal interneurons (Ossipov et al.,
2014). These interneurons, located in the spinal dorsal horn,
release several inhibitory neurotransmitters such as glycine, γ-
aminobutyric acid (GABA), nitric oxide (NO), opioid peptides,
and endocannabinoids. In accordance with the gate control
theory, proposed by Ronald Melzack and Patrick Wall in 1965
(Melzack and Wall, 1965), non-noxious sensory afferents
(mechanorreceptors) activate spinal interneurons, thereby
modulating pain signals within the spinal cord. The
analgesic effects mediated by inhibitory neurotransmitters
are as follows: (i) activation of the respective receptors,
located on nociceptive afferents, induces the influx of Cl⁻

FIGURE 2
Diagram that represents the cellular and molecular mechanisms, both peripheral and central, which induce chronic pain in the elderly.
Abbreviations: NMDA (N-methyl-D-aspartate); GABA (γ-aminobutyric acid); LTP (long-term potentiation); IL-1β and IL-6 (interleukin-1 beta and
interleukin-6); TNF-α (tumor necrosis factor-alpha); CCL2 and CX3CL1 (chemokine -C-Cmotif-ligand two and chemokine -C-X3-Cmotif-ligand 1); NF-
κB (nuclear factor-κB); ncRNA (non-coding RNA); P0 (myelin protein zero); PMP22 (peripheral myelin protein 22); MAG (myelin-associated
glycoprotein); Cx32 (connexin-32); TRP (transient receptor potential).
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ions or efflux of K⁺ ions, leading to hyperpolarization and a
subsequent reduction in the secretion of glutamate, substance
P, or CGRP onto the spinal dorsal horn; (ii) the inhibition of
second-order neurons due to their hyperpolarization, a process
that occurs in a similar manner (Hughes and Todd, 2020).

3 Peripheral mechanisms of chronic
pain in the elderly

The aging process induces numerous changes in the PNS,
which may play a fundamental role in the generation and
maintenance of chronic pain. A deep understanding of these
mechanisms is crucial for developing innovative therapies that
improve the quality of life for older adults with chronic pain. The
mechanisms which contribute to this circumstance are the
following (Figure 2).

1. Nerve degeneration. Is the major contributor to chronic pain in the
older adults. One significant alteration is the degeneration of the
myelin sheath, the protective barrier surrounding nerve fibers,
which slows nerve conduction and impairs signal transmission
(Kemp et al., 2014). This fact has been associated with a decrease in
the biosynthesis of numerous structural proteins (P0, PMP22,
MAG, and Cx32), crucial for maintaining the integrity of the
myelin sheath (Verdú et al., 2000).

2. Changes in fiber composition. In the elderly, there is a
profound reduction in both the conduction velocity and
density of specific Aδ nociceptive nerve fibers (Chakour
et al., 1996). This alteration in fiber composition results in
chronic pain (Gibson and Farrell, 2004).

3. Changes in ion channels and receptors. Aging causes significant
modifications in nociceptor ion channels, affecting both their
quantity and type, which contributes to the increased prevalence
of chronic pain in the elderly. Moreover, aging alters the
functionality of transient receptor potential channels (TRP; e.g.,
TRPV1) as well as K+ channels (e.g., KCa2.1), causing increased
nociceptor activity and release of substance P and CGRP onto the
spinal dorsal horn, thereby intensifying pain sensation (Strickland
et al., 2019; Xiao et al., 2023).

4. Decreased local blood flow. Recent research, conducted by
Devanne et al. (2024), has revealed that diminished local blood
flow in older adults induces chronic inflammation and
amplified pain sensitivity. This situation arises from reduced
nutrient bioavailability, as well as the accumulation of toxicants
(like reactive oxygen species -ROS-) and cell debris (Sanada
et al., 2018; Chaudhary et al., 2023).

5. Chronic inflammation. In the elderly, chronic inflammation is
usually observed in many tissues. Pro-inflammatory cytokines
(e.g., IL-1β, IL-6, and TNF-α), regulated by many microRNAs
(e.g., miR-155, let-7c, and miR-181a), are known to disrupt
many anabolic signaling pathways, which can lead to
development of sarcopenia (Fan et al., 2016). The factors
which contribute to the chronic inflammation are as follows
(Sanada et al., 2018): (i) cell debris and/or immunoglobulin
accumulation (this fact results in the sustained activation of the
immune system); (ii) impaired microbiota (evokes the
infiltration of microorganisms and the stimulation of the

immune system); (iii) cell senescence (senescent cells
-generated by several mechanisms, like telomere shortening,
which culminate in the activation of p16 and p53-release
several pro-inflammatory cytokines, resulting in low-grade
inflammation); (iv) immunosenescence (age-related
reduction in immune responses; Liu et al., 2023); (v) altered
coagulation and fibrinolysis systems (recent studies have
observed an increase in inflammatory processes among
older adults). Chronic inflammation in the periphery evokes
peripheral sensitization, defined by elevated responsiveness of
nociceptors (Puja et al., 2021).

6. Epigenetic influences. Research on biological aging identifies
nine potential hallmarks, including epigenetic alterations
(López-Otín et al., 2013). These variations are distinguished
by anomalous DNA methylation patterns, histone
modifications, and the participation of ncRNAs, particularly
microRNAs (Wang et al., 2022). Although the specific genes
influenced by epigenetic alterations in the PNS of older adults
with chronic pain are not yet identified, genes influenced by
epigenetic mechanisms have been identified in several
experimental chronic pain murine models, making it a
promising research area. In the spinal nerve ligation (SNL)
experimental model, which induces chronic neuropathic pain,
the activation of histone methyltransferase G9a (dimethylates
histone H3 at lysine 9; H3K9me2) causes transcriptional
repression of the Oprm1 gene (encodes μ-opioid receptor
-MOR-) in the DRG (Zhang et al., 2016). Moreover, this
model alters DNA methylation patterns in the DRG,
influencing genes that encode voltage-gated and ligand-
gated ion channels, all of which are involved in pain
processing (Garriga et al., 2018). The role of microRNAs
should also be considered, due to the detection of
63 microRNAs whose level of expression was altered in the
DRG following SNL (von Schack et al., 2011).

4 Central mechanisms of chronic pain
in the elderly

Chronic pain in the elderly is influenced by complex changes in
the central nervous system (CNS) that result in altered pain
perception. These effects are linked to structural and functional
alterations in brain regions involved in pain processing. Consistent
with the peripheral mechanisms of chronic pain, understanding
central mechanisms is crucial for developing novel pain
management strategies tailored to older adults. The mechanisms
which contribute to this situation are as follows (Figure 2).

1. Nerve degeneration and alterations in pain pathways. In older
adults, there are many degenerative changes in the spinal
dorsal horn (Piekarz et al., 2020), midbrain, and brainstem
(van der Meulen et al., 2024), involving axonal regression and
myelin loss. Moreover, in older adults with chronic pain, there
is a significant reduction in the activity of the descending pain
pathway. This is linked to a progressive loss of serotonergic and
noradrenergic neurons in the spinal dorsal horn (Iwata et al.,
2002). This impairment leads to increased sensitivity to pain
(van der Meulen et al., 2024).
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2. Structural and functional brain changes. Significant structural
alterations in the brain have been documented in older adults
with chronic pain. These variations mainly affect regions
involved in pain processing, suggesting a complex
interaction between aging and pain (Mackey and Maeda,
2004). Gray matter volume reductions have been reported
in many areas of the brain in the elderly (such as, PFC,
PAG, HP, and corpus callosum; Zimmerman et al., 2009;
Buckalew et al., 2010; Luo et al., 2022). Moreover, several
studies show that older adults with chronic pain have altered
cortical connectivity within the descending pain pathway
(Cruz-Almeida and Cole, 2020).

3. Changes in neurotransmitter activity. Multiple inhibitory
neurotransmitters (GABA, 5-HT, NA, glycine, and opioid
peptides) are diminished in brains of older patients with
chronic pain (Bruehl et al., 2012; Yang and Chang, 2019).
The absence of these neurotransmitters in the CNS allows
nociceptors to release increased amounts of glutamate and/or
substance P onto the spinal dorsal horn, due to the lack of
presynaptic inhibition mechanisms (Hughes and Todd, 2020).

4. Chronic inflammation. Persistent inflammation in the CNS is
fundamental in the maintenance of chronic pain in the
elderly. This process is characterized by the activation of
glial cells, especially microglia and astroglia, in both the
spinal cord and brain (Paladini et al., 2015). Glial cells
secrete numerous pro-inflammatory cytokines (e.g., IL-1β
and TNF-α) and chemokines (e.g., CCL2 and CX3CL1),
which lead to central sensitization by increasing neuronal
excitability and synaptic plasticity (Puja et al., 2021). This
mechanism is driven by the NF-κB transcription factor
(Shih et al., 2015). The release of pro-inflammatory
mediators enhances pain intensity through various
mechanisms: (i) upregulation of pain-related receptors
(e.g., IL-1β increases the activity of N-methyl-D-aspartate
-NMDA-receptors; Viviani et al., 2003); (ii) downregulation
of GABA receptors (induced by TNF-α; Stellwagen et al.,
2005); (iii) neuroplasticity (numerous cytokines trigger the
long-term potentiation -LTP- process and allow continuous
pain signal transmission; Gonçalves Dos Santos et al., 2020).

5. Epigenetic influences. Consistent with the previous section, the
epigenetic mechanisms involved in chronic pain in the CNS of the
elderly must be elucidated. However, the impact of epigenetics on
chronic pain is recognized, providing a starting point for studying
chronic pain in the elderly. DNA methylation has a considerable
effect on chronic pain in the CNS, as evidenced by studies in rodent
models of chronic neuropathic pain that show modifications in
global DNA methylation within the PFC and thalamus. These
alterations are associated with decreased expression of DNA
methyltransferases DNMT1 and DNMT3a, along with changes
in TET enzyme levels (Alvarado et al., 2015; Rodrigues et al., 2023).
In relation to histone modifications, trimethylation of histone H3
(H3K27me3) and increased activity of histone deacetylases
(HDACs) contribute to sustained production of pro-
inflammatory cytokines in the CNS of rodents with chronic
inflammatory pain (Jiang et al., 2023). In many experimental
models of chronic pain, various microRNAs (including miR-101,
miR-132, miR-155, and miR-223) have been identified as
modulators of chronic pain through their effects on neuronal

excitability and/or synaptic plasticity (Kovanur Sampath et al.,
2023; Zhang et al., 2023).

5 Management of chronic pain in
the elderly

It’s evident that chronic pain significantly affects the quality of
life in the elderly. In light of this, ongoing research is uncovering new
molecular mechanisms involved in chronic pain (Simonetti and
Mauceri, 2023). Meanwhile, a wide range of preclinical studies and
clinical trials are being conducted with innovative therapies, leading
to highly promising outcomes (Chen et al., 2021; Ashar et al., 2022).
Regardless, managing chronic pain in this cohort requires a
multifaceted strategy that combines several pharmacological,
physical, and psychological therapies (Schwan et al., 2019).

5.1 Pharmacological therapies

The American Geriatrics Society (AGS) provides the most
appropriate treatment guidelines for managing chronic pain in
the elderly, first established in 1998 and updated with newer
pharmacological approaches in 2009 (American Geriatrics Society
Panel on Pharmacological Management of Persistent Pain in Older
Persons, 2009).

1. Nonsteroidal anti-inflamatory drugs (NSAIDs). NSAIDs are
anti-inflammatory medications that inhibit prostaglandin
synthesis through the cyclooxygenase (COX) pathway
(Wongrakpanich et al., 2018). Classic NSAIDs (e.g.,
ibuprofen) are non-selective and inhibit both COX-1 and
COX-2 enzymes, but recent NSAIDs (e.g., celecoxib)
specifically target COX-2 (Wongrakpanich et al., 2018).

2. Anti-depressants. Anti-depressants used in the treatment of
chronic pain include tricyclic anti-depressants (TCAs; e.g.,
imipramine) and serotonin/noradrenaline reuptake
inhibitors (SNRIs; duloxetine; McCleane, 2008). Both types
of drugs block the reuptake of 5-HT and NA, resulting in
increased levels of these neurotransmitters in the synaptic cleft
(McCleane, 2008).

3. Anti-convulsivants. Classical anti-convulsivants (such as
carbamazepine) serve as inhibitors of sodium channels and
reduce nerve hyperexcitability (Sullivan and Robinson, 2006).
Moreover, gabapentinoids (e.g., gabapentin), which are α-2δ
calcium channel blockers, influence primary afferent
excitability (Sidhu and Sadhotra, 2016).

4. Other analgesics: (i) cannabinoids (like tetrahydrocannabinol
-THC-), that bind to CB1 and CB2 cannabinoid receptors, have
demonstrated efficacy in many clinical trials for the
management of chronic pain (Johal et al., 2020); (ii) opioids
(such as morphine; their effects are mediated through opioid
receptors found in the midbrain and spinal cord; Guerriero,
2017); (iii) muscle relaxants (include baclofen; these drugs are
linked to side effects including sedation and muscle weakness;
Fu and Perloff, 2022); (iv) low-dose naltrexone (naltrexone, a
non-selective opioid antagonist, exerts anti-inflammatory
effects by inhibiting Toll-like receptor 4 -TLR4-, present in
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microglial cells; McKenzie-Brown et al., 2023); (v) memantine
(a NMDA receptor antagonist that reduces pain intensity;
Kurian et al., 2019).

5.2 Physical and psychological interventions

This section will characterize the physical and psychological
interventions that complement the pharmacological treatments.

1. Physical interventions. The primary aim of rehabilitation is to
improve impairment, typically through modalities that target
the underlying pathophysiological causes. When improvement
of impairment is unlikely, rehabilitation should instead focus
on limiting patient disability (Leung et al., 2024). Examples of
physical therapies include Tai Chi and high-/low-intensity
strengthening programs (Leung et al., 2024).

2. Psychological interventions. Psychological treatments for older
adults with chronic pain aim to manage emotional and
cognitive aspects to enhance overall quality of life (Driscoll
et al., 2021). Examples of psychological therapies include
cognitive-behavioral therapy (CBT) and mindfulness-based
stress reduction (MBSR) techniques (Driscoll et al., 2021).

6 Conclusion

The analysis of chronic pain in the elderly reveals that aging-
related changes in neuroplasticity, chronic low-grade inflammation,
and dysfunction of pain inhibitory pathways. Additionally,
epigenetic modifications, along with PNS degeneration and

diminished local blood flow, increase pain sensitivity. These
insights highlight the complexity of chronic pain in the elderly
and underscore the necessity for targeted therapeutic interventions
to manage their pain effectively.

Author contributions

MG: Writing–original draft, Writing–review and editing.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors and
do not necessarily represent those of their affiliated organizations, or those
of the publisher, the editors and the reviewers. Any product that may be
evaluated in this article, or claim thatmay bemade by itsmanufacturer, is
not guaranteed or endorsed by the publisher.

References

Abdel Shaheed, C., Hayes, C., Maher, C. G., Ballantyne, J. C., Underwood, M.,
McLachlan, A. J., et al. (2024). Opioid analgesics for nociceptive cancer pain: a
comprehensive review. C. A. Cancer J. Clin. 74 (3), 286–313. doi:10.3322/caac.21823

Alvarado, S., Tajerian, M., Suderman, M., Machnes, Z., Pierfelice, S., Millecamps, M.,
et al. (2015). An epigenetic hypothesis for the genomic memory of pain. Front. Cell
Neurosci. 9, 88. doi:10.3389/fncel.2015.00088

American Geriatrics Society Panel on Pharmacological Management of Persistent
Pain in Older Persons (2009). Pharmacological management of persistent pain in older
persons. J. Am. Geriatr. Soc. 57 (8), 1331–1346. doi:10.1111/j.1532-5415.2009.02376.x

Ashar, Y. K., Gordon, A., Schubiner, H., Uipi, C., Knight, K., Anderson, Z., et al.
(2022). Effect of pain reprocessing therapy vs placebo and usual care for patients with
chronic back pain: a randomized clinical trial. JAMA Psychiatry 79 (1), 13–23. doi:10.
1001/jamapsychiatry.2021.2669

Basbaum, A. I., Bautista, D. M., Scherrer, G., and Julius, D. (2009). Cellular and
molecular mechanisms of pain. Cell 139, 267–284. doi:10.1016/j.cell.2009.09.028

Bonezzi, C., Fornasari, D., Cricelli, C., Magni, A., and Ventriglia, G. (2020). Not all
pain is created equal: basic definitions and diagnostic work-up. Pain Ther. 9 (Suppl. 1),
1–15. doi:10.1007/s40122-020-00217-w

Bourne, S., Machado, A. G., and Nagel, S. J. (2014). Basic anatomy and physiology of
pain pathways. Neurosurg. Clin. N. Am. 25 (4), 629–638. doi:10.1016/j.nec.2014.06.001

Bruehl, S., Burns, J. W., Chung, O. Y., and Chont, M. (2012). What do plasma beta-
endorphin levels reveal about endogenous opioid analgesic function? Eur. J. Pain 16 (3),
370–380. doi:10.1002/j.1532-2149.2011.00021.x

Buckalew, N., Haut, M.W., Aizenstein, H., Morrow, L., Perera, S., Kuwabara, H., et al.
(2010). Differences in brain structure and function in older adults with self-reported
disabling and nondisabling chronic low back pain. Pain Med. 11 (8), 1183–1197. doi:10.
1111/j.1526-4637.2010.00899.x

Chakour, M. C., Gibson, S. J., Bradbeer, M., and Helme, R. D. (1996). The effect of age
on A delta- and C-fibre thermal pain perception. Pain 64 (1), 143–152. doi:10.1016/
0304-3959(95)00102-6

Chaudhary, M. R., Chaudhary, S., Sharma, Y., Singh, T. A., Mishra, A. K., Sharma, S.,
et al. (2023). Aging, oxidative stress and degenerative diseases: mechanisms,
complications and emerging therapeutic strategies. Biogerontology 24 (5), 609–662.
doi:10.1007/s10522-023-10050-1

Chen, R., Yin, C., Fang, J., and Liu, B. (2021). The NLRP3 inflammasome: an
emerging therapeutic target for chronic pain. J. Neuroinflammation 18 (1), 84.
doi:10.1186/s12974-021-02131-0

Cruz-Almeida, Y., and Cole, J. (2020). Pain, aging, and the brain: new pieces
to a complex puzzle. Pain 161 (3), 461–463. doi:10.1097/j.pain.
0000000000001757

Dahan, A., van Velzen, M., and Niesters, M. (2014). Comorbidities and the
complexities of chronic pain. Anesthesiology 121 (4), 675–677. doi:10.1097/ALN.
0000000000000402

Devanne, J., Dufour, A., Després, O., Pebayle, T., and Lithfous, S. (2024). Interaction
between local blood flow and tolerance to prolonged pain in the elderly. Eur. J. Appl.
Physiol. 124 (2), 573–583. doi:10.1007/s00421-023-05294-1

Driscoll, M. A., Edwards, R. R., Becker, W. C., Kaptchuk, T. J., and Kerns, R. D. (2021).
Psychological interventions for the treatment of chronic pain in adults. Psychol. Sci.
Public Interest. 22 (2), 52–95. doi:10.1177/15291006211008157

Dubin, A. E., and Patapoutian, A. (2010). Nociceptors: the sensors of the pain
pathway. J. Clin. Invest. 120 (11), 3760–3772. doi:10.1172/JCI42843

Fan, J., Kou, X., Yang, Y., and Chen, N. (2016). MicroRNA-regulated
proinflammatory cytokines in sarcopenia. Mediat. Inflamm. 2016, 1438686. doi:10.
1155/2016/1438686

Fu, J. L., and Perloff, M. D. (2022). Pharmacotherapy for spine-related pain in older
adults. Drugs Aging 39 (7), 523–550. doi:10.1007/s40266-022-00946-x

Garriga, J., Laumet, G., Chen, S. R., Zhang, Y., Madzo, J., Issa, J. J., et al. (2018). Nerve
injury-induced chronic pain is associated with persistent DNA methylation
reprogramming in dorsal root ganglion. J. Neurosci. 38 (27), 6090–6101. doi:10.
1523/JNEUROSCI.2616-17.2018

Frontiers in Aging frontiersin.org06

García-Domínguez 10.3389/fragi.2024.1477017

https://doi.org/10.3322/caac.21823
https://doi.org/10.3389/fncel.2015.00088
https://doi.org/10.1111/j.1532-5415.2009.02376.x
https://doi.org/10.1001/jamapsychiatry.2021.2669
https://doi.org/10.1001/jamapsychiatry.2021.2669
https://doi.org/10.1016/j.cell.2009.09.028
https://doi.org/10.1007/s40122-020-00217-w
https://doi.org/10.1016/j.nec.2014.06.001
https://doi.org/10.1002/j.1532-2149.2011.00021.x
https://doi.org/10.1111/j.1526-4637.2010.00899.x
https://doi.org/10.1111/j.1526-4637.2010.00899.x
https://doi.org/10.1016/0304-3959(95)00102-6
https://doi.org/10.1016/0304-3959(95)00102-6
https://doi.org/10.1007/s10522-023-10050-1
https://doi.org/10.1186/s12974-021-02131-0
https://doi.org/10.1097/j.pain.0000000000001757
https://doi.org/10.1097/j.pain.0000000000001757
https://doi.org/10.1097/ALN.0000000000000402
https://doi.org/10.1097/ALN.0000000000000402
https://doi.org/10.1007/s00421-023-05294-1
https://doi.org/10.1177/15291006211008157
https://doi.org/10.1172/JCI42843
https://doi.org/10.1155/2016/1438686
https://doi.org/10.1155/2016/1438686
https://doi.org/10.1007/s40266-022-00946-x
https://doi.org/10.1523/JNEUROSCI.2616-17.2018
https://doi.org/10.1523/JNEUROSCI.2616-17.2018
https://www.frontiersin.org/journals/aging
https://www.frontiersin.org
https://doi.org/10.3389/fragi.2024.1477017


Gibson, S. J., and Farrell, M. (2004). A review of age differences in the
neurophysiology of nociception and the perceptual experience of pain. Clin. J. Pain
20 (4), 227–239. doi:10.1097/00002508-200407000-00004

Gonçalves Dos Santos, G., Delay, L., Yaksh, T. L., and Corr, M. (2020). Neuraxial
cytokines in pain States. Front. Immunol. 10, 3061. doi:10.3389/fimmu.2019.03061

Gore, D. (2022). The anatomy of pain. Anaesth. Intensive Care 23 (7), 355–359.
doi:10.1016/j.mpaic.2022.04.002

Guerriero, F. (2017). Guidance on opioids prescribing for the management of
persistent non-cancer pain in older adults. World J. Clin. Cases 5 (3), 73–81. doi:10.
12998/wjcc.v5.i3.73

Hughes, D. I., and Todd, A. J. (2020). Central nervous system targets: inhibitory
interneurons in the spinal cord.Neurotherapeutics 17 (3), 874–885. doi:10.1007/s13311-
020-00936-0

Iwata, K., Fukuoka, T., Kondo, E., Tsuboi, Y., Tashiro, A., Noguchi, K., et al. (2002).
Plastic changes in nociceptive transmission of the rat spinal cord with advancing age.
J. Neurophysiol. 87 (2), 1086–1093. doi:10.1152/jn.00243.2001

Jiang, W., Zhang, L. X., Tan, X. Y., Yu, P., and Dong, M. (2023). Inflammation and
histone modification in chronic pain. Front. Immunol. 13, 1087648. doi:10.3389/fimmu.
2022.1087648

Johal, H., Devji, T., Chang, Y., Simone, J., Vannabouathong, C., and Bhandari, M.
(2020). Cannabinoids in chronic non-cancer pain: a systematic review and meta-
analysis. Clin. Med. Insights Arthritis Musculoskelet. Disord. 13, 1179544120906461.
doi:10.1177/1179544120906461

Kemp, J., Després, O., Pebayle, T., and Dufour, A. (2014). Differences in age-
related effects on myelinated and unmyelinated peripheral fibres: a sensitivity and
evoked potentials study. Eur. J. Pain 18 (4), 482–488. doi:10.1002/j.1532-2149.
2013.00388.x

Kovanur Sampath, K., Belcher, S., Hales, J., Thomson, O. P., Farrell, G., Gisselman, A.
S., et al. (2023). The role of micro-RNAs in neuropathic pain-a scoping review. Pain
Rep. 8 (6), e1108. doi:10.1097/PR9.0000000000001108

Kurian, R., Raza, K., and Shanthanna, H. (2019). A systematic review and meta-
analysis of memantine for the prevention or treatment of chronic pain. Eur. J. Pain 23
(7), 1234–1250. doi:10.1002/ejp.1393

Lam, N., Green, J., Hallas, S., Forster, A., Crocker, T. F., Andre, D., et al. (2024).
Mapping review of pain management programmes and psychological therapies for
community-dwelling older people living with pain. Eur. Geriatr. Med. 15 (1), 33–45.
doi:10.1007/s41999-023-00871-1

Larsson, C., Hansson, E. E., Sundquist, K., and Jakobsson, U. (2016). Chronic pain in
older adults: prevalence, incidence, and risk factors. Scand. J. Rheumatol. 46 (4),
317–325. doi:10.1080/03009742.2016.1218543

Leung, D. K. Y., Fong, A. P. C., Wong, F. H. C., Liu, T., Wong, G. H. Y., and Lum, T. Y.
S. (2024). Nonpharmacological interventions for chronic pain in older adults: a
systematic review and meta-analysis. Gerontologist 64 (6), gnae010. doi:10.1093/
geront/gnae010

Liu, Z., Liang, Q., Ren, Y., Guo, C., Ge, X., Wang, L., et al. (2023). Immunosenescence:
molecular mechanisms and diseases. Signal Transduct. Target. Ther. 8 (1), 200. doi:10.
1038/s41392-023-01451-2

López-Otín, C., Blasco, M. A., Partridge, L., Serrano, M., and Kroemer, G. (2013). The
hallmarks of aging. Cell 153 (6), 1194–1217. doi:10.1016/j.cell.2013.05.039

Luo, J., Zhu, H. Q., Gou, B., and Wang, X. Q. (2022). Neuroimaging assessment of
pain. Neurotherapeutics 19 (5), 1467–1488. doi:10.1007/s13311-022-01274-z

Mackey, S. C., and Maeda, F. (2004). Functional imaging and the neural systems
of chronic pain. Neurosurg. Clin. N. Am. 15 (3), 269–288. doi:10.1016/j.nec.2004.
03.001

Mayoral Rojals, V., Canós Verdecho, Á., Soler López, B., and The Team Duo (2022).
Assessment of the management of patients with chronic pain referred to a specialized
pain unit: a cross-sectional multicenter study (the duo project). J. Clin. Med. 11 (13),
3586. doi:10.3390/jcm11133586

McCleane, G. (2008). Antidepressants as analgesics. CNS Drugs 22 (2), 139–156.
doi:10.2165/00023210-200822020-00005

McKenzie-Brown, A. M., Boorman, D. W., Ibanez, K. R., Agwu, E., and Singh, V.
(2023). Low-dose naltrexone (ldn) for chronic pain at a single institution: a case series.
J. Pain Res. 16, 1993–1998. doi:10.2147/JPR.S389957

Melzack, R., and Wall, P. D. (1965). Pain mechanisms: a new theory. Science 150
(3699), 971–979. doi:10.1126/science.150.3699.971

Mills, S. E. E., Nicolson, K. P., and Smith, B. H. (2019). Chronic pain: a review of its
epidemiology and associated factors in population-based studies. Br. J. Anaesth. 123 (2),
e273–e283. doi:10.1016/j.bja.2019.03.023

Ossipov, M. H., Morimura, K., and Porreca, F. (2014). Descending pain modulation
and chronification of pain. Curr. Opin. Support. Palliat. Care 8 (2), 143–151. doi:10.
1097/SPC.0000000000000055

Paladini, A., Fusco, M., Coaccioli, S., Skaper, S. D., and Varrassi, G. (2015). Chronic
pain in the elderly: the case for new therapeutic strategies. Pain Physician 18 (5),
E863–E876. doi:10.36076/ppj.2015/18/e863

Piekarz, K. M., Bhaskaran, S., Sataranatarajan, K., Street, K., Premkumar, P.,
Saunders, D., et al. (2020). Molecular changes associated with spinal cord aging.
Geroscience 42 (2), 765–784. doi:10.1007/s11357-020-00172-6

Puja, G., Sonkodi, B., and Bardoni, R. (2021). Mechanisms of peripheral and central
pain sensitization: focus on ocular pain. Front. Pharmacol. 12, 764396. doi:10.3389/
fphar.2021.764396

Raja, S. N., Carr, D. B., Cohen, M., Finnerup, N. B., Flor, H., Gibson, S., et al. (2020).
The revised International Association for the Study of Pain definition of pain: concepts,
challenges, and compromises. Pain 161 (9), 1976–1982. doi:10.1097/j.pain.
0000000000001939

Rodrigues, D., Monteiro, C., Cardoso-Cruz, H., and Galhardo, V. (2023).
Altered brain expression of DNA methylation and hydroxymethylation
epigenetic enzymes in a rat model of neuropathic pain. Int. J. Mol. Sci. 24
(8), 7305. doi:10.3390/ijms24087305

Sanada, F., Taniyama, Y., Muratsu, J., Otsu, R., Shimizu, H., Rakugi, H., et al. (2018).
Source of chronic inflammation in aging. Front. Cardiovasc. Med. 5, 12. doi:10.3389/
fcvm.2018.00012

Schwan, J., Sclafani, J., and Tawfik, V. L. (2019). Chronic pain management in the
elderly. Anesthesiol. Clin. 37 (3), 547–560. doi:10.1016/j.anclin.2019.04.012

Shih, R. H., Wang, C. Y., and Yang, C. M. (2015). NF-kappaB signaling pathways in
neurological inflammation: a mini review. Front. Mol. Neurosci. 8, 77. doi:10.3389/
fnmol.2015.00077

Sidhu, H. S., and Sadhotra, A. (2016). Current status of the new antiepileptic drugs in
chronic pain. Front. Pharmacol. 7, 276. doi:10.3389/fphar.2016.00276

Simonetti, M., and Mauceri, D. (2023). Cellular and molecular mechanisms
underlying pain chronicity. Cells 12 (8), 1126. doi:10.3390/cells12081126

Stellwagen, D., Beattie, E. C., Seo, J. Y., and Malenka, R. C. (2005). Differential
regulation of AMPA receptor and GABA receptor trafficking by tumor necrosis factor-
alpha. J. Neurosci. 25 (12), 3219–3228. doi:10.1523/JNEUROSCI.4486-04.2005

Strickland, M., Yacoubi-Loueslati, B., Bouhaouala-Zahar, B., Pender, S. L. F., and
Larbi, A. (2019). Relationships between ion channels, mitochondrial functions and
inflammation in human aging. Front. Physiol. 10, 158. doi:10.3389/fphys.2019.00158

Sullivan, M. D., and Robinson, J. P. (2006). Antidepressant and anticonvulsant
medication for chronic pain. Phys. Med. Rehabil. Clin. N. Am. 17 (2), 381–400.
doi:10.1016/j.pmr.2005.12.006

van derMeulen,M., Rischer, K.M., González Roldán, A.M., Terrasa, J. L.,Montoya, P., and
Anton, F. (2024). Age-related differences in functional connectivity associated with pain
modulation. Neurobiol. Aging 140, 1–11. doi:10.1016/j.neurobiolaging.2024.04.008

Verdú, E., Ceballos, D., Vilches, J. J., and Navarro, X. (2000). Influence of aging on
peripheral nerve function and regeneration. J. Peripher. Nerv. Syst. 5 (4), 191–208.
doi:10.1046/j.1529-8027.2000.00026.x

Viviani, B., Bartesaghi, S., Gardoni, F., Vezzani, A., Behrens, M. M., Bartfai, T., et al.
(2003). Interleukin-1beta enhances NMDA receptor-mediated intracellular calcium
increase through activation of the Src family of kinases. J. Neurosci. 23 (25), 8692–8700.
doi:10.1523/JNEUROSCI.23-25-08692.2003

von Schack, D., Agostino, M. J., Murray, B. S., Li, Y., Reddy, P. S., Chen, J., et al.
(2011). Dynamic changes in the microRNA expression profile reveal multiple regulatory
mechanisms in the spinal nerve ligation model of neuropathic pain. PLoS One 6 (3),
e17670. doi:10.1371/journal.pone.0017670

Wang, K., Liu, H., Hu, Q., Wang, L., Liu, J., Zheng, Z., et al. (2022). Epigenetic
regulation of aging: implications for interventions of aging and diseases. Signal
Transduct. Target Ther. 7 (1), 374. doi:10.1038/s41392-022-01211-8

Wongrakpanich, S., Wongrakpanich, A., Melhado, K., and Rangaswami, J. (2018). A
comprehensive review of non-steroidal anti-inflammatory drug use in the elderly. Aging
Dis. 9 (1), 143–150. doi:10.14336/AD.2017.0306

Xiao, T., Sun, M., Zhao, C., and Kang, J. (2023). TRPV1: a promising therapeutic
target for skin aging and inflammatory skin diseases. Front. Pharmacol. 14, 1037925.
doi:10.3389/fphar.2023.1037925

Yam, M., Loh, Y., Tan, C., Adam, S. K., Manan, N. A., and Basir, R. (2018). General
pathways of pain sensation and the major neurotransmitters involved in pain
regulation. Int. J. Mol. Sci. 19, 2164. doi:10.3390/ijms19082164

Yang, S., and Chang, M. C. (2019). Chronic pain: structural and functional changes in
brain structures and associated negative affective States. Int. J. Mol. Sci. 20 (13), 3130.
doi:10.3390/ijms20133130

Zhang, X., Zhu, L., Wang, X., Xia, L., and Zhang, Y. (2023). Advances in the role and
mechanism of miRNA in inflammatory pain. Biomed. Pharmacother. 161, 114463.
doi:10.1016/j.biopha.2023.114463

Zhang, Y., Chen, S. R., Laumet, G., Chen, H., and Pan, H. L. (2016). Nerve injury
diminishes opioid analgesia through lysine methyltransferase-mediated transcriptional
repression of μ-opioid receptors in primary sensory neurons. J. Biol. Chem. 291 (16),
8475–8485. doi:10.1074/jbc.M115.711812

Zimmerman, M. E., Pan, J. W., Hetherington, H. P., Lipton, M. L., Baigi, K., and
Lipton, R. B. (2009). Hippocampal correlates of pain in healthy elderly adults: a pilot
study. Neurology 73 (19), 1567–1570. doi:10.1212/WNL.0b013e3181c0d454

Frontiers in Aging frontiersin.org07

García-Domínguez 10.3389/fragi.2024.1477017

https://doi.org/10.1097/00002508-200407000-00004
https://doi.org/10.3389/fimmu.2019.03061
https://doi.org/10.1016/j.mpaic.2022.04.002
https://doi.org/10.12998/wjcc.v5.i3.73
https://doi.org/10.12998/wjcc.v5.i3.73
https://doi.org/10.1007/s13311-020-00936-0
https://doi.org/10.1007/s13311-020-00936-0
https://doi.org/10.1152/jn.00243.2001
https://doi.org/10.3389/fimmu.2022.1087648
https://doi.org/10.3389/fimmu.2022.1087648
https://doi.org/10.1177/1179544120906461
https://doi.org/10.1002/j.1532-2149.2013.00388.x
https://doi.org/10.1002/j.1532-2149.2013.00388.x
https://doi.org/10.1097/PR9.0000000000001108
https://doi.org/10.1002/ejp.1393
https://doi.org/10.1007/s41999-023-00871-1
https://doi.org/10.1080/03009742.2016.1218543
https://doi.org/10.1093/geront/gnae010
https://doi.org/10.1093/geront/gnae010
https://doi.org/10.1038/s41392-023-01451-2
https://doi.org/10.1038/s41392-023-01451-2
https://doi.org/10.1016/j.cell.2013.05.039
https://doi.org/10.1007/s13311-022-01274-z
https://doi.org/10.1016/j.nec.2004.03.001
https://doi.org/10.1016/j.nec.2004.03.001
https://doi.org/10.3390/jcm11133586
https://doi.org/10.2165/00023210-200822020-00005
https://doi.org/10.2147/JPR.S389957
https://doi.org/10.1126/science.150.3699.971
https://doi.org/10.1016/j.bja.2019.03.023
https://doi.org/10.1097/SPC.0000000000000055
https://doi.org/10.1097/SPC.0000000000000055
https://doi.org/10.36076/ppj.2015/18/e863
https://doi.org/10.1007/s11357-020-00172-6
https://doi.org/10.3389/fphar.2021.764396
https://doi.org/10.3389/fphar.2021.764396
https://doi.org/10.1097/j.pain.0000000000001939
https://doi.org/10.1097/j.pain.0000000000001939
https://doi.org/10.3390/ijms24087305
https://doi.org/10.3389/fcvm.2018.00012
https://doi.org/10.3389/fcvm.2018.00012
https://doi.org/10.1016/j.anclin.2019.04.012
https://doi.org/10.3389/fnmol.2015.00077
https://doi.org/10.3389/fnmol.2015.00077
https://doi.org/10.3389/fphar.2016.00276
https://doi.org/10.3390/cells12081126
https://doi.org/10.1523/JNEUROSCI.4486-04.2005
https://doi.org/10.3389/fphys.2019.00158
https://doi.org/10.1016/j.pmr.2005.12.006
https://doi.org/10.1016/j.neurobiolaging.2024.04.008
https://doi.org/10.1046/j.1529-8027.2000.00026.x
https://doi.org/10.1523/JNEUROSCI.23-25-08692.2003
https://doi.org/10.1371/journal.pone.0017670
https://doi.org/10.1038/s41392-022-01211-8
https://doi.org/10.14336/AD.2017.0306
https://doi.org/10.3389/fphar.2023.1037925
https://doi.org/10.3390/ijms19082164
https://doi.org/10.3390/ijms20133130
https://doi.org/10.1016/j.biopha.2023.114463
https://doi.org/10.1074/jbc.M115.711812
https://doi.org/10.1212/WNL.0b013e3181c0d454
https://www.frontiersin.org/journals/aging
https://www.frontiersin.org
https://doi.org/10.3389/fragi.2024.1477017

	Chronic pain in the elderly: Exploring cellular and molecular mechanisms and therapeutic perspectives
	1 Introduction
	2 Anatomy and physiology of pain
	3 Peripheral mechanisms of chronic pain in the elderly
	4 Central mechanisms of chronic pain in the elderly
	5 Management of chronic pain in the elderly
	5.1 Pharmacological therapies
	5.2 Physical and psychological interventions

	6 Conclusion
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References


