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Abstract: Chronic pain and cognitive impairment are prevalent geriatric syndromes in the population of older adults, and they are the 
main cause of disability in people over sixty-five years of age. As the global population continues to age, chronic pain and cognitive 
impairment will affect an increasing number of older adults. While numerous studies in recent years have shown that chronic pain is 
associated with cognitive decline, the exact mechanisms linking the two remain unclear. In this review, we aim to present the available 
evidence on the connection between chronic pain and cognitive impairment and to discuss the potential mechanisms by which chronic 
pain affects cognitive function. In addition, we review potential therapeutic interventions targeting psychological factors, microglia 
activation, and altered gut flora that may improve and prevent cognitive decline in people with chronic pain. 
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Introduction
Cognitive impairment is defined as impairment in one or more functions in multiple domains including executive, 
memory, attention, numeracy, language, literacy, and orientation, and is classified as mild cognitive impairment and 
dementia.1 As life expectancy continues to improve, the incidence of cognitive impairment is increasing exponentially. 
Currently, approximately 50 million people worldwide suffer from dementia, and this number is expected to increase to 
152 million by 2050.2 Cognitive impairment is not only the main cause of disability in the elderly but also brings a huge 
burden to families and society. A multi-center survey of 3098 dementia patients in China reported that the total annual 
socioeconomic cost per person with dementia was $19,144, and the total annual dementia-related cost is expected to be 
$1.89 trillion by 2050.3 In view of the fact that there are no effective drugs for cognitive impairment, it is particularly 
important to prevent and delay the onset of dementia symptoms.4 A growing body of research now demonstrates that 
improving the management and monitoring of risk factors for cognitive impairment to halt or slow the progression of 
mild cognitive impairment is key to reducing the overall prevalence of dementia.5,6 For example, The 2020 Lancet 
Commission report on dementia prevention, intervention, and care identified 12 modifiable risk factors, including low 
educational attainment, high blood pressure, hearing impairment, smoking, obesity, depression, physical inactivity, 
diabetes, little social interaction, excessive alcohol consumption, head injuries, and air pollution, that could prevent or 
delay up to 40% of dementia.6 Thus if more risk factors can be identified and effective interventions implemented, the 
onset of dementia may be delayed in the future, and the number of people with dementia will be reduced even more.

Pain is defined by the International Association for the Study of Pain (IASP) as an unpleasant sensory and emotional 
experience associated with or similar to actual or potential tissue damage.7 Chronic pain, which lasts for three months or 
longer, affects over 30% of people worldwide and is prevalent in older populations.8 Unlike acute pain, chronic pain 
manifests itself in a pathological and inadequate manner, causing distress to the affected individual.9 Chronic pain 
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frequently predicts the onset of adverse outcomes such as disability, loss of daily function, mood disorders, reduced 
quality of life, and increased health costs.10 According to the author’s clinical experience and analysis of the available 
literature,11–15 it has been found that the damages observed by chronic pain patients far exceed the pain itself. These 
patients also exhibit changes in the cognitive and affective domains to varying degrees.16 For example, the presence of 
pain can cause greater vulnerability to depression and social isolation. These all seem to indicate that chronic pain may 
be a potential risk factor for cognitive decline in older adults.

Prevention is more effective than cure, which is why modifiable risk factors are becoming increasingly important. 
According to analysis of the available literature, in this review, we present current evidence for the relationship between 
cognitive impairment and chronic pain and for overlapping pathological changes in these two disorders. We also discuss 
the possibility that chronic pain exacerbates the pathogenesis of cognitive impairment in people with chronic pain 
through elevated levels of pro-inflammatory cytokines, hormonal imbalances, and neurotransmitter disturbances. 
(Figure 1) he lack of a systematic search for evidence should be considered.

The Relationship Between Chronic Pain and Cognitive Impairment
It has been found that chronic pain and cognitive impairment are highly comorbid in older adults. An epidemiological 
analysis of community-dwell people and pain clinics estimated that more than 50% of pain patients reported cognitive 
decline.11 Similarly, a recent meta-analysis showed that 45.8% of people with dementia reported having chronic pain.17 

Perhaps in the elderly population, the relationship between chronic pain and cognitive impairment is bidirectional. 
Chronic pain may increase the risk of cognitive impairment, while neurodegenerative pathologies associated with 
cognitive impairment possibly exacerbate the pain sensation. Numerous cross-sectional studies have reported poorer 
overall performance in cognition in people with chronic pain. Compared to the general elderly population, people with 
chronic pain often have memory deficits, reduced attention, disorientation, executive dysfunction, and impaired 
emotional decision-making.12,18–21 In recent years, an increasing number of longitudinal cohort studies with large 
samples are also available to support this view.13–15,22,23 For example, a cohort study that followed 10,065 older 
Americans for 12 years reported that persistent pain was associated with accelerated cognitive decline and an increased 
probability of dementia.13 Similarly, a prospective longitudinal study recruiting 693 elderly patients in France also 

Figure 1 Summarizing the content and highlights of the article.
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reported that the presence of chronic pain was associated with higher cognitive decline in older adults.14 Moreover, as 
research continues, some studies suggest that it is the persistence of pain interference (defined as the degree to which 
pain impairs activities of daily living), rather than pain intensity, that is associated with an increased risk of cognitive 
impairment.24,25

Interestingly, two recent meta-analyses have shown different results. One of these meta-analyses, which included 
37 studies, supported our previous point.26 The other meta-analysis of 10 longitudinal cohort studies showed that 
chronic pain was not associated with the incidence of cognitive impairment.27 We believe that some of the studies that 
produced negative results may be due to differences in the pain and cognitive assessment methods used. This is 
because some studies have shown that Mini-Mental State Examination is not as accurate as Montreal cognitive 
assessment.28 Mini-Mental State Examination is effective only if the cognitive impairment is severe enough. Just as 
some studies have found no correlation between pain and memory performance,29 others have suggested a link 
between the two,22 the primary reason for this result was the different choice of assessment scales in the research 
methods. Choosing the appropriate scale for subjective assessment is particularly important, especially when studying 
the elderly, as their pain tolerance may be stronger than that of young people, which may affect the accuracy of the 
data. Overall, although there is some controversy, the majority of research suggests that chronic pain may contribute to 
cognitive impairment.

Potential Mechanisms for Cognitive Impairment in People with Chronic 
Pain
The link between chronic pain and cognitive impairment is multifactorial. Multiple direct and indirect mechanisms are 
involved in chronic pain leading to cognitive impairment. Although the precise mechanisms have not been elucidated, 
several hypotheses and theories have been proposed. For example, the most common cognitive resource competition 
hypothesis, in which patients with chronic pain have difficulty adequately diverting attention and memory resources 
away from pain-related sensations, feelings, and thoughts, leaving fewer cognitive resources for other concurrent 
cognitive processes, may account for their cognitive decline.30,31 In addition to the cognitive resource competition 
hypothesis, based on recent research advances, we summarize four mechanisms of cognitive impairment in older adults 
with chronic pain: (1) altered neural network activity and structural changes in the brain; (2) Overactivation of microglia 
and neuroinflammation; (3) psychosocial variables; and (4) altered intestinal flora. We will discuss each of these possible 
mechanisms in the following sections. (Figures 2 and 3).

Figure 2 Potential relationship between chronic pain and cognitive impairment in patients with chronic pain. 
Abbreviations: CRH, adrenocorticotropin-releasing hormone; GC, glucocorticoid; Glu, glutamate; GABA, y-aminobutyric acid; LPS, lipopolysaccharides.
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Altered Activity in the Brain’s Default Mode Network and Structural 
Changes in Different Cortical Regions May Directly Impair Cognitive 
Function
With the use of functional magnetic resonance imaging (fMRI), altered activity in the brain’s default mode network 
(DMN) in patients with chronic pain has been widely reported. The DMN is a largescale cerebral network comprising 
multiple functionally linked brain regions, consisting primarily of the posterior cingulate/precuneus, the medial prefrontal 
cortex (mPFC), the medial temporal lobes (including the hippocampus and parahippocampal cortices), and the inferior 
parietal lobules.32 Many elements of the DMN control cognitive functions such as working memory, decision-making, 
and attention allocation.33,34 Some studies have suggested that adequate inactivation of DMN might be required for 
optimal performance on target-directed cognitive tasks.35,36 However, many studies have demonstrated that chronic pain 
states can lead to a lower degree of inactivation of the DMN.37–39 Thus, the overactivation of DMN in chronic pain 
patients may account for their poor performance on attention allocation and working memory. We speculate that 
increased DMN activity may be related to pain handling. As mentioned earlier in the cognitive resource competition 
hypothesis, people with chronic pain display resting-state mPFC overactivity. This is because individuals with chronic 
pain probably require resource allocation in the mPFC to regulate and manage negative emotions generated by pain. 
Thus, individuals who experience higher pain intensity have higher resting-state mPFC activity than those with mild 
pain, raising the possibility that the former may engage in more resource competition in the mPFC.

In addition to altered activity in the DMN, structural changes are also observed in the gray matter of many cortical 
regions. It has been reported in kinds of literature that the hippocampus, amygdala, medial prefrontal cortex, insular 

Figure 3 Underlying direct and indirect mechanisms of cognitive impairment in patients with chronic pain. Elevated levels of proinflammatory cytokines, hormonal 
imbalances, and neurotransmitter disturbances are potential links between chronic pain and cognitive impairment in people with chronic pain. Specifically, chronic pain may 
directly raise levels of circulating pro-inflammatory cytokines. In addition, chronic pain may indirectly lead to peripheral inflammation by causing anxiety, depression, sleep 
disturbances, and altering the composition of the gut flora. Elevated levels of proinflammatory cytokines may impair BBB, resulting in a large influx of proinflammatory 
cytokines into the central nervous system. High levels of proinflammatory cytokines in the central nervous system can trigger excessive microglia activation, leading to 
neurodegeneration and cognitive impairment. In addition, chronic pain may also lead to disruption of the body’s levels of CRH, GC, Glu, and GABA, resulting in brain gray 
matter atrophy and cognitive impairment. 
Abbreviations: BBB, the blood-brain barrier; CNS, the central nervous system; CRH, adrenocorticotropin-releasing hormone; GC, glucocorticoid; Glu, glutamate; GABA, 
y-aminobutyric acid; LPS, lipopolysaccharides.
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cortex, thalamus, and dorsolateral prefrontal cortex are all atrophic in individuals with chronic pain.40,41 However, most 
of these brain regions are involved in different cognitive functions, such as the medial prefrontal cortex, which is 
involved in decision-making, executive control, and emotional processing; the hippocampus is involved in memory and 
learning; the dorsolateral prefrontal cortex is involved in attention. Therefore, brain gray matter atrophy may be one of 
the pathophysiological mechanisms for the development of cognitive dysfunction in patients with chronic pain. It is still 
unclear what gray matter atrophy in the brain represents in the context of chronic pain. Interestingly, the loss of gray 
matter volume in patients with chronic pain is reversible, and the volume of atrophied gray matter increases after 
effective treatment and elimination of chronic pain.42,43 This may indicate that the gray matter atrophy is not caused by 
neuronal loss, but by other changes in neuronal organization. Studies of magnetic resonance spectral labeling of neuronal 
integrity in patients with fibromyalgia also support this, confirming that the decrease in gray matter is not due to impaired 
neuronal integrity.44 According to the current research, there may be two pathways leading to gray matter atrophy in 
patients with chronic pain. One is the altered neuronal dendritic morphology caused by hypothalamic-pituitary-adrenal 
(HPA) axis dysfunction.45 Chronic pain puts patients in a constant state of stress. The chronic stress response can affect 
the function of the HPA axis, which in turn disrupts glucocorticoid (GC) and corticotropin releasing hormone (CRH) 
homeostasis in the body. Excess GC and CRH eventually flood into the central nervous system, leading to collapse of 
synaptic spines and contraction of dendrites, which then leads to loss of gray matter volume. The other is due to 
neurotransmitter dysregulation leading to changes in blood flow or volume in brain regions. Dysregulation of glutamate 
and GABA (the brain’s main excitatory and inhibitory neurotransmitters) has been observed in various cerebral regions 
of individuals with chronic pain. These dysregulated neurotransmitters can affect microvasculature through neurovas
cular signaling and pericytes—contractile cells activation resulting in changes in blood flow or volume in various brain 
regions that have been proposed to appear as grey matter decreases on T1-weighted scans.46

Overactivation of Microglia and Neuroinflammation May Directly Impair 
Cognitive Function
Microglia are a type of macrophage in the central nervous system which regulate homeostasis in the brain and spinal 
cord.47 Activated microglia have two phenotypes: pro-inflammatory M1 and anti-inflammatory M2. Activated M1 
phenotypic microglial lead to synaptic remodeling and changes in brain network function by releasing interleukin 
(IL)-1β, IL-6, tumor necrosis factor-α (TNF-α), inducible nitrous oxide synthase (iNOS), and reactive oxygen species, 
while activated M2 phenotypic microglial promote phagocytosis, extracellular matrix remodelling, and tissue repair 
through release of anti-inflammatory cytokines such as IL-4, IL-10, and IL-13.48 It has been shown that different relative 
ratios of M1 /M2 phenotypes can produce neuroprotective effects or cytotoxicity affecting cognitive performance. Just as 
microglia play a role in the pathogenesis of Alzheimer’s disease. In the early stage of Alzheimer’s disease, activated 
microglia exhibit an anti-inflammatory phenotype, and then microglia activation lose their homeostasis and then turn into 
long-term and pathological neuroinflammation.49

However, it is worth noting that chronic pain is related to the upregulation of inflammatory microglia in different 
regions of the brain. Numerous preclinical and clinical researches have shown that activated microglia and neuroin
flammation play a key role in the occurrence and maintenance of chronic pain.50,51 This also suggests a partial overlap in 
the pathophysiological mechanisms of chronic pain and cognitive impairment. Chronic pain usually sets in after 
a musculoskeletal injury. Its persistence is not always caused by the progression of the initial injury, but in some 
cases by the onset of central sensitization.52 Much scientific data has demonstrated that this central sensitization is caused 
by multiple complex interactions between the nervous system and immune system, driven by neuroinflammation in the 
peripheral and central nervous systems. A characteristic feature of neuroinflammation is the activation of microglia cells 
in the spinal cord and brain, leading to the release of pro-inflammatory cytokines and chemokines.53 Therefore, 
Overactivation of microglia may be one of the pathophysiological mechanisms of cognitive impairment in people with 
chronic pain. The increased relative proportion of pro-inflammatory M1 phenotype triggers a pro-inflammatory cascade 
response to generate neurotoxicity that leads to synaptic remodeling and deposition of amyloid and tau proteins, and then 
cognitive decline.
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Psychosocial Variables May Mediate and/or Further Accelerate Cognitive 
Impairment in Patients with Chronic Pain
Psychosocial factors play an integral role in developing, maintaining, and treating chronic pain conditions. The 
biopsychosocial model describes pain and cognitive impairment as a multidimensional, dynamic integration among 
physiological, social, and psychological factors that reciprocally influence one another.54 It is widely accepted that older 
adults with chronic pain usually co-exist with psychosocial variables such as depression, anxiety, poor social environ
ment, and sleep disturbances.8 And there is a wealth of evidence that these psychosocial variables contribute strongly to 
long-term outcomes of chronic pain such as physical disability,55 suicide,56 and mortality.57 We, therefore, consider that 
psychosocial factors may mediate or further accelerate cognitive impairment in the elderly with chronic pain.

Depression, sleep disturbances, and little social interaction are known risk factors for cognitive impairment.6 For 
example, a meta-analysis including 27 observational studies revealed that individuals with sleep problems had a 1.68 
(95% CI: 1.51–1.87) times higher risk for the combined outcome of cognitive impairment and/or Alzheimer’s disease. 
Similarly, a prospective study of 4922 initially cognitively healthy men, aged 71–89 years, found depression symptoms 
were associated with 1.5 (95% CI 1.2–2.0) times the incidence of dementia.58 These results may be attributed to pro- 
inflammatory cytokines. Studies have found elevated levels of circulating pro-inflammatory cytokines (eg, IL-6, IL-1, 
and TNF-α) in people with symptoms of insomnia, anxiety, and depression.59,60 In addition, circulating pro-inflammatory 
cytokine levels are closely linked to blood-brain barrier (BBB) permeability, and Bowman et al found that individuals 
with higher levels of serum pro-inflammatory biomarkers (vascular endothelial growth factor (VEGF) and IL-16) had 
more severely damaged blood-brain barrier, while individuals with more severe blood-brain barrier impairment had 
higher levels of inflammatory biomarkers (VEGF and IL-8) in the brain-spinal fluid.61 Thus high levels of pro- 
inflammatory cytokines entering the central system elicit microglia activation and neuroinflammation, which in turn 
leads to severe neurodegeneration and cognitive impairment. What’s more, depressive symptoms stimulate glucocorti
coid production or beta-amyloid deposition through activation of the HPA axis, which in turn damages the hippocampus 
and results in cognitive impairment.62

Gut Flora May Mediate and/or Further Accelerate Cognitive Impairment 
in Patients with Chronic Pain
The gut flora plays a critical role in human health and disease. In recent years, evidence has been accumulating that the 
composition of the gut microbiome changes in individuals with various types of chronic pain, such as osteoarthritis- 
related pain, fibromyalgia, chronic pelvic pain, irritable bowel syndrome, and so on.63–66 For example, A systematic 
review showed that osteoarthritis-related pain is associated with altered gut microbes, and hypothesized that gut 
microbial products and their metabolites contribute to local or systemic inflammatory responses, thus inducing or 
exacerbating pain.66 In clinical research, compared with the healthy control group, the relative abundance of the genera 
Bifidobacterium and Faecalibacterium and the species Faecalibacterium prausnitzii in the feces of patients with irritable 
bowel syndrome decreased, while the relative abundance of Lactobacillaceae, Bacteroides, and Enterobacteriaceae 
increased.67 Minerbi et al found that the relative abundance of F. prausnitzii and B. uniformis was lower in stool 
samples from fibromyalgia patients compared to age-matched healthy individuals.64 Similarly, Shoskes et al found that 
individuals with chronic pelvic pain syndrome had significantly reduced gut microbiota diversity, particularly the 
abundance of Prevotella species, compared to controls.63 Notably, the gut microbiota has recently emerged as important 
contributors to homeostasis and dysfunction within the central nervous system.68 Therefore, the role of altered gut flora 
in cognitive decline cannot be ignored. Altered gut microbiome may mediate and/or further accelerate cognitive 
impairment in patients with chronic pain.

Studies have shown that altered gut flora composition can increase the permeability of the intestinal and blood-brain 
barriers.69 These changes in permeability may be useful for promoting brain accumulation of intestinal microbial-derived 
molecules and metabolites (eg lipopolysaccharides (LPS), amyloid), which in turn alter the homeostasis of pro- 
inflammatory conditions, thus laying the foundation for the pathogenesis of neurodegenerative diseases.70 For example, 
LPS could activate a variety of immune cells, including neutrophils, dendritic cells, and macrophages.71 These activated 
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cells would produce abundant pro-inflammatory cytokines (eg TNF-α, IL-1β, IL-2, and IL-6), and then cross the blood- 
brain barrier into the brain via diffusion and cytokine transporters.71 The accumulation of bacterial-born amyloid in the 
brain would trigger many other downstream events that activate the NF-kB signaling pathway to trigger microglia 
inflammatory responses, leading to neurodegeneration.72

Therapeutic Implications of These Underlying Mechanisms for 
Comorbidity Chronic Pain and Cognitive Impairment
Psychological Interventions
Psychological interventions may be useful in the prevention and treatment of cognitive impairment. The most common 
psychologically based intervention for chronic pain is cognitive behavioral therapy, which involves restructuring 
maladaptive beliefs, attitudes, and behaviors that contribute to disease burden.8 Studies have shown that cognitive 
behavioral therapy is likely to work by reducing stress in patients with chronic pain, thereby reducing activation of the 
HPA axis and downstream negative effects of this activation.73 For example, cognitive behavioral therapy can be 
effective in improving symptoms of depression and anxiety in chronic pain patients.74,75 In addition, cognitive behavioral 
therapy can normalize various aberrant neural patterns and also increase gray matter volume in prefrontal and 
somatosensory brain regions in individuals with chronic pain.43,76 Therefore, psychological interventions may help 
prevent and treat cognitive impairment in people with chronic pain.

Inhibition of Microglia Overactivation
Inhibition of microglia hyperactivation and excessive neuroinflammation may also prevent and alleviate cognitive 
impairment. While there are no currently approved drugs that specifically target microglia, some clinically available 
drugs exhibit a degree of microglial modulation and are being explored as potential analgesics.77 For example, in clinical 
trials, minocycline (Minocycline is a semi-synthetic tetracycline derivative that is widely used to inhibit microglia 
activation.)78 can effectively improve peripheral and autonomic neuropathy in diabetes mellitus type 2.79 Low-dose 
naltrexone (Naltrexone is an opioid antagonist that is introduced into clinical use as a microglial modulator.)80 has been 
shown to significantly reduce baseline pain and improve life satisfaction and mood.81 In terms of improving cognitive 
function, microglia inhibitors have now been validated in preclinical experiments, and we believe there will be plenty of 
clinical data to support this in the future as well.

Improvement of Intestinal Flora
Another possible approach to preventing and alleviating cognitive impairment is to improve intestinal flora. Short-chain 
fatty acids (SCFAs) are well-established to possess anti-inflammatory, neuromodulatory, and immune regulatory proper
ties. Therefore, improving the gut microbiota to promote the growth of beneficial bacteria that produce short-chain fatty 
acids may aid in pain relief and improve cognitive function. For instance, animal models have shown that improving gut 
microbiota through antibiotic, probiotic, or fecal microbiome transplantation can have a positive effect on the incidence 
of postoperative delirium and pain.67 Similarly, clinical research has suggested that probiotics may have potential benefits 
for central nervous system disorders such as depression and anxiety.82 Furthermore, it is worth noting that a recent 
systematic review has indicated that lifestyle interventions such as diet, exercise, and sleep may improve the composition 
of the gut microbiota, thereby alleviating various chronic widespread pain conditions and improving quality of life.83 

Therefore, we recommend that patients with chronic pain can make appropriate lifestyle changes such as increasing their 
intake of prebiotics and probiotics and engaging in regular exercise to relieve pain and prevent cognitive decline.

Summary and Future Directions
This review provides current evidence of the relationship between cognitive impairment and chronic pain and the 
overlapping pathological changes in the two disorders. To show that chronic pain may be a controllable factor leading to 
cognitive impairment in the elderly. Doctors and nurses should pay more attention to the evaluation of chronic pain in the 
elderly in clinical work, and actively take reasonable intervention measures.
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Ultimately, we know that chronic pain may contribute to cognitive impairment, but it remains uncertain whether 
lifestyle changes such as regular exercise, diet, and sleep, as well as pharmacological and cognitive-behavioral 
interventions, can significantly reduce the occurrence of cognitive dysfunction in older adults with early intervention 
and management of chronic pain. Future research is needed not only to integrate knowledge from different research 
fields, such as neuroscience, psychology, biology, and molecular biology, to more fully understand the relationship 
between chronic pain and cognitive impairment, but also to conduct large-scale prospective clinical studies to determine 
whether effective interventions and management of chronic pain can help prevent and delay the onset of cognitive 
impairment in the elderly.
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