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Cognitive Reserve as a Protective Factor of Mental Health in Middle-Aged Adults Affected by Chronic Pain
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Chronic pain is associated with worse mental health and cognitive impairment, which can be a cause or a consequence of brain structure and function alterations, e.g., maladaptive plasticity, antinociceptive system dysregulation. Cognitive reserve reflects the effectiveness of the internal connections of the brain and it has been shown to be a protective factor in brain damage, slowing cognitive aging or reducing the risk of mental health disorders. The current study explored the impact of chronic pain on psychosocial factors, mental health, and cognition. Furthermore, we aimed to examine the role of cognitive reserve in the relationship between mental health and chronic pain clinical characteristics in middle-aged adults. The study group consisted of 477 volunteers from the Barcelona Brain Health Initiative who completed online surveys on pain, mental health, cognitive reserve, and psychosocial factors (sleep and quality of life). We described the differences in sociodemographic data, psychosocial factors, mental health, and self-perceived cognitive impairment, and neuropsychological assessment, between participants reporting pain compared with those without pain, as well as the main characteristics of the chronic pain group. Finally, to study the role of cognitive reserve in the modulation of the relationship between chronic pain and mental health, we compared variables between subgroups of participants with high/low pain intensity and cognitive reserve. The results showed that chronic pain was reported by 45.5% of middle-aged adults. Our results revealed that participants with chronic pain were older and had worse health status than people without pain. The presence of chronic pain affected working memory, mental health, and daily life activities. Moreover, cognitive reserve moderated the influence of pain intensity on mental health, resulting in less mental health affection in people suffering from high pain intensity with high cognitive reserve. In conclusion, the construct of the cognitive reserve could explain differential susceptibility between chronic pain and its mental health association and be a powerful tool in chronic pain assessment and treatment, principally due to its modifiable nature.
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INTRODUCTION

Chronic pain, a pain persisting beyond 3 months, has been linked with altered mood and mental health disorders (Baliki and Apkarian, 2015; Baker et al., 2016; Kawai et al., 2017), cognitive impairments (refer to Moriarty et al., 2011 for a review), sleep disturbances (Karaman et al., 2014; Generaal et al., 2017), and decreased quality of life (Leadley et al., 2014; Kawai et al., 2017; Senba and Kami, 2017).

These factors can influence the experience of pain and help the transition from acute to chronic pain (CP) (Apkarian et al., 2013). Furthermore, pain is strongly influenced by the cognitive context (Kucyi and Davis, 2015), altering the response to subsequent noxious stimuli, which potentially contribute to CP development.

A complete model for understanding pain must include not only risk factors, which have been widely studied but also protective ones. In this regard, Cognitive Reserve (CR) could potentially play a role. CR is intended as the adaptability of cognitive processes that explain differential susceptibility to brain aging, pathology, or insult (Stern et al., 2020). People with higher CR have more efficient brain networks that allow them to actively cope with pathology using compensatory mechanisms (Stern, 2002, 2009; Barulli et al., 2013). Previous studies suggested the role of CR as a protective factor in dementia and traumatic brain injury (Reynoso-Alcántara et al., 2018) or its moderator effect in psychiatric diseases (Pertl et al., 2017; Opdebeeck et al., 2018), but only a few studies explored CR associations with CP and emotional factors. The study of Gómez-Beldarrain et al. found that high levels of CR in migraine patients, could facilitate pain control and reduce the tendency to migraine chronification (Gomez-Beldarrain et al., 2016). On the other hand, low CR estimates decreased quality of life, increased anxiety and depression, and increased risk for drug dependence and medication overuse (Gómez-Beldarrain et al., 2015).

Given these results and considering the importance of cognitive processes in pain chronification reported in previous literature (Bushnell et al., 2013; Landrø et al., 2013; Attal et al., 2014; Moriarty and Finn, 2014; Brucki and Brucki, 2016), we hypothesized that CR could modulate cognitive processes which can vary its impact on mental health (MH) in the presence of CP.

The aims of the current study were: (1) to investigate the presence of CP, its clinical characteristics, and their impact on measured and self-perceived cognition and general psychological aspects (sleep and quality of life), (2) to explore its putative interference with specific psychological aspects related with MH, and (3) to examine the hypothesized CR protective role, expected to weaken the relation between pain and MH in a healthy middle-aged sample.



MATERIALS AND METHODS


Participants and Study Design

This study involved 477 healthy voluntaries from the Barcelona Brain Health Initiative (BBHI) (Cattaneo et al., 2018, 2020), who answered online questionnaires (Phase I) and performed an in-person neuropsychological assessment (Phase II). BBHI is an ongoing prospective longitudinal study that started in 2017 to identify lifestyle factors and biological mechanisms underlying good brain health in healthy middle-aged adults (between 40 and 65). The main BBHI aim was to study healthy participants in a pre-clinical stage of possible age-related pathologies, like dementia or Parkinson's disease. Due to this, the inclusion criterion was to be aged between 40 and 65 years (middle-aged adults) and to recruit only healthy participants. Exclusion criteria were if they had a history or current diagnosis of neurological disease, traumatic brain injury associated with post-traumatic sequelae, or current or recent diagnosis (<2 years) of psychiatric conditions, e.g., major depression, post-traumatic stress disorders, substance abuse/dependence.

Participants were divided into two groups based on CP presence/absence (as shown in Figure 1), i.e., if they had been having pain for the last 3 months.


[image: Figure 1]
FIGURE 1. Flowchart of the selection and distribution of patients in this study. BBHI, Barcelona Brain Health Initiative; NP, Neuropsychological; CP, Chronic Pain. *Volunteers were selected by BBHI methodology. For more detail information refer to Cattaneo et al. (2018, 2020). For this study, we selected participants enrolled in the project until February 2020.


The protocol was approved by the “Comité d'Ètica i Investigació Clínica de la Unió Catalana d'Hospitals” and was carried out following the Declaration of Helsinki (World Medical Association, 2013). Written informed consent was obtained from all participants before inclusion in the study.


Online Assessment

In Phase I, 4,686 participants underwent an online self-assessment between July and December 2017 through the BBHI web-based platform about sociodemographic characteristics, MH, CR, and psychosocial factors (sleep, quality of life, and self-perceived cognitive impairment), as well as a detailed screening for CP or other chronic conditions.



In-person Assessment

In Phase II, from May 2018 to February 2020, 634 participants selected from 1,000 performed an in-person assessment, including a medical and physical exam and a cognitive assessment.

The same evaluation protocol was applied to all participants. First, participants underwent a medical visit with a physician (SA), which included a clinical interview to assess previous and present medical conditions, body mass index (BMI), presence of CP and medication intake, tobacco, alcohol (Alcohol Use Disorder Identification Test; AUDIT) (Carretero et al., 2016), and use of other substances. A neuropsychological assessment session was conducted by two expert clinical neuropsychologists (CPG and VAS). The neuropsychological tests (as shown below) were administered in the same order for all participants.



Inclusion and Exclusion Criteria

At the time of this analysis, between the 4,686 participants who completed the baseline set of Phase I questionnaires (sociodemographic, psychological aspects, psychosocial factors, pain-related questionnaires, etc.), we selected 477 subjects who also participated and completed Phase II (neuropsychological and medical in-person assessment). Thus, our sample underwent completely both the online (surveys) and the in-person assessments (neuropsychological testing).

The main exclusion criteria, as explained above, was to have a diagnosis of neurological disease, traumatic brain injury associated with post-traumatic sequelae, or current or recent diagnosis (<2 years) of psychiatric conditions, e.g., major depression, post-traumatic stress disorders, substance abuse/dependence. Moreover, participants currently consuming opioids or anti-epileptics drugs, which can affect cognitive performance, and participants with incomplete or neuropsychological assessment biases, e.g., interruption during the assessment, previous knowledge about tests, or cultural background, were excluded from the analyses.




Assessments
 
Online Surveys
 
Pain

Participants were screened online for CP, which was considered the pain that persists or recurs for >3 months according to the International Association for the Study of Pain (IASP) criteria (Treede et al., 2015). Only those participants who answered to have recurring or persisting pain underwent the posterior pain assessment explained below.

The Brief Pain Inventory-Short form (BPI-SF) (Keller et al., 2004) was used to assess the intensity and severity of pain and pain onset. Validation studies among CP patients, and the published Spanish translation demonstrated good psychometric properties (Badia et al., 2003).

Individuals referring presence of CP were asked to indicate the location of pain on the body map that was modified to adapt to online administration. To answer pain-related questionnaires, participants were asked to identify the most prevalent/disturbing pain, i.e., participants with more than one pain site selected the main pain location. In addition, they were told to answer how many sites or kind of pain/location they had (one or more than one site). The pain location categories included: headache, facial pain, neck, low back, visceral or pelvic pain, joint pain, e.g., knees, shoulders, and chronic widespread pain.



Depression and Anxiety (MH)

We employed the ultra-brief self-reported Patient Health Questionnaire-4 (PHQ-4). It is a screener for anxiety and depression, which combines the Patient Health Questionnaire-2 (PHQ-2) and the Generalized Anxiety Disorder-2 (GAD-2). The PHQ-4 had four items asking mood disorder symptoms (two items for depression and the other two items for anxiety) in the past 2 weeks. All items were rated on a 4-point scale ranging from 0 (not at all) to 3 (nearly every day). Given that the depressive and anxiety symptoms were highly correlated (r = 0.71), a sum score of all four items was used to represent psychological distress. In addition, we divided responses into four psychological distress levels, i.e., normal (0–2), mild (3–5), moderate (6–8), and severe (9–12) according to the diagnosis guideline suggested by Kroenke et al. (2009). The published Spanish translation also demonstrated good psychometric properties in a validation study (Kocalevent et al., 2014).



Cognitive Reserve

Cognitive reserve was assessed using a short questionnaire (Cognitive Reserve Questionnaire; Rami et al., 2011) evaluating classical proxies of CR like the attained level of education, occupation, musical formation, language skills, reading activity, and intellectual games. Two last questions explored if these activities were being carried at present. The total score (from 0 to 34) was obtained by directly adding the single response scores (Bartrés-Faz et al., 2018). This questionnaire has been previously validated in the Spanish population (Rami et al., 2011). The complete questionnaire can be seen in Supplementary Material.



Psychosocial Factors

Sleep quality was assessed with The Jenkins Sleep Evaluation Questionnaire (JSEQ) (Jenkins et al., 1988). Each item was rated on a 6-point Likert scale, where 1 indicated no sleep problems and 6 indicated frequent sleep problems. This questionnaire scored from 4 to 24, where higher scores reflect low sleep quality. The published Spanish translation has also shown good psychometric properties in a validation study (Pallarés-Sanmartín et al., 2019).

To assess the quality of life, we used WHO-QoL-AGE, a 13-item questionnaire scored on a 5-point Likert scale. This questionnaire attempts to assess satisfaction with one's life, living place, general health, i.e., hearing, vision, daily activities, personal relationships, goal achievements, or economic status (The Whoqol Group, 1998). The published Spanish translation has good psychometric data in a validation study (Lucas-Carrasco, 2012).

We used PROMIS® Cognitive Abilities and Cognitive Concerns (Fieo et al., 2016) scales to assess self-perceived cognitive impairment. This scale consisted of 12-item, extracted from the PROMIS® item bank, measuring self-reported cognitive deficits in memory (e.g., my memory is as good as usual), working memory (WM, e.g., I had trouble remembering what I was doing if I was interrupted), attention (e.g., I have had to work hard to pay attention and not make mistakes), processing speed (e.g., my thinking has been slower), or cognitive flexibility. Each item asked participants to answer “within the last 7 days” using five response options: never, rarely (once), sometimes (two or three times), often (about once a day), very often (several times a day).




In-person Neuropsychological Assessment

Neuropsychological in-person testing was administered in a single session. Cognitive tests were administered to all subjects in the following fixed order: direct and inverse digit span (Peña-Casanova et al., 2012), Trail Making Test part A and B (TMT-A and TMT-B, respectively; Peña-Casanova et al., 2012), Reasoning Matrix subtest from Wechsler Adult Intelligence Scale- Fourth Edition (WAIS-IV; Wechsler, 2012), Rey Auditory-Verbal Learning Test (RAVLT; Bowler, 2013); Block Design subtest from WAIS-IV (Wechsler, 2012). Letter-Number Sequencing (Peña-Casanova et al., 2012), Digit-Symbol Substitution Test and Cancellation subtests from WAIS-IV, and Corsi block-tapping test (Peña-Casanova et al., 2012). The cognitive assessment session was conducted by two expert neuropsychologists (CPG and VAS) and lasted ~90 min (for details refer to Cattaneo et al., 2018).



Data and Statistical Analysis

Differences in sociodemographic status, drug use, and pain-related comorbidities characteristics between participants affected by CP and pain-free participants were explored using one-way ANOVAs and chi-square statistics.

Within people affected by CP we used descriptive statistics to characterize pain location, the number of pain sites, and average intensity over the last week, and pain onset.

Then, we explored group differences between people affected by CP and healthy controls in psychosocial factors, which were sleep and quality of life (The Jenkins Sleep Evaluation Questionnaire and the WHO-QoL-AGE), self-perceived cognitive impairment (PROMIS Cognitive abilities and cognitive concerns scale), CR (CR questionnaire), MH (PHQ-4), and cognitive performance (measured by in-person neuropsychological assessment) running one-way ANOVAs, correcting for age, educational level, and BMI. In these analyses, the variable “Group” (CP, no pain) was used as between the factor of subjects, while psychosocial aspects, such as self-perceived cognitive impairment, CR, MH, and cognitive performance, were used as dependent variables.

In the analyses, to compare CP with healthy controls in cognitive performance, we used scores normalized for age and educational level were possible (Peña-Casanova et al., 2012; Wechsler, 2012), and raw scores when normative data were not available. Statistical tests were performed separately for each test and, to explore the possible influence of MH affliction in group differences in cognition we re-ran significant tests using MH as a covariate.

Within the CP group, the relationship between MH and pain was assessed with multiple regression models. We used MH as a dependent variable, demographic data (age and gender), and CP characteristics (pain intensity in the last week, duration, and the number of pain sites).

In a second step, we added CR to explore its contribution to CP and MH relationship, correcting for possible confounders like sleep quality and BMI.

Finally, to study the role of CR in modulating the relation between pain and MH, we divided CP participants into two pain intensity (higher pain intensity/lower pain intensity) and two CR groups (higher CR/lower CR), based on a percentile 50 of the distribution. Finally, we ran an ANOVA using the variable MH as the dependent variable, and the created groups as between-subject factors, correcting for possible sociodemographic confounders (age, gender, and BMI) and sleep quality.

Statistical analyses were performed using SPSS version 20 (Statistical Package for Social Sciences, Chicago, IL, USA).





RESULTS


Differences Between CP and No Pain Groups
 
Sociodemographic Characteristics of the Participants

Sociodemographic data of participants are reported in Table 1.


Table 1. Sociodemographic data of participants.
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Among the 477 individuals included in this study (47.60% women; mean age 53.5 ± 6.7 years), 217 individuals referred pain for more than 3 months (51.6% women, mean age 53.7 ± 6.7 years) and 260 individuals reported no pain (44.2% women, mean age 52.5 ± 6.8 years). There was a significant difference in age between groups. Professional category, professional status and marital status, monthly incomes, and educational level were not different between groups.

Participants with CP had significantly higher BMI compared with people without pain. Moreover, there was a high use of drugs not related to pain in participants with CP. No differences were found between groups on alcohol, nicotine, cannabis use, or other comorbidities.



Online Questionnaires: Mental Health, Cognitive Reserve, and Psychosocial Factors

People affected by CP presented a higher number of emotional complaints (PHQ-4) (M = 2.3, SD = 2.2; p < 0.001) compared with the no pain group (M = 1.4, SD = 1.7). Using the psychological distress level diagnosis guideline suggested by Kroenke et al. (2009), 65.9% of CP participants experienced a normal level of distress, 26.3% reported mild distress, 6.9% had moderate distress, and severe distress was present in 0.9% of our pain sample (Table 2; Figure 2).


Table 2. Mental health, cognitive reserve and psychosocial factors in no pain and chronic pain group.
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FIGURE 2. Descriptive distribution of participants with and without CP according to their distress level: low (0–2), mild (3–5), moderate (6–8), and severe (9–12).


The cognitive reserve score was not significantly different between pain groups (p = 0.121). However, an increased level of subjective cognitive impairment in the PROMIS® Cognitive Abilities and Cognitive Concerns survey was observed in the CP group (p < 0.001).

People affected by CP reported poorer sleep quality than the no pain group (p < 0.001) and lower quality of life (p < 0.001).



In-person Assessment: Cognitive Performance

Results of cognitive tests are summarized in Table 3. All tests were interpreted as mean values in normalized scores, except for the results of the Rey Auditory Verbal Learning Test and Trail Making Test B-A that did not have Spanish normative values. There were no statistical differences between groups, except for the digit span backward (p = 0.032), a WM test, which was worst performed by participants with CP.


Table 3. Mean normalized and raw scores in neuropsychological assessment.
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To explore the possible influence of MH in cognitive functioning differences between groups, we ran a one-way ANOVA using the result of the digit span backward as the dependent variable and the variable “group” (pain, no pain) as between-subject factors. The difference between groups was still significant, and the marginal significant effect of MH on cognition (F = 3.085, p = 0.080), suggests an independent role of pain in WM (F = 6.142, p = 0.014).




Differences Within CP Group

Chronic pain was more frequently located at the back (36.9%), followed by the lower limbs (29.5%) and upper limbs (19.8%), head/face (6.5%), widespread (4.6%), and visceral/pelvic (2.8%) (Figure 2).

The average pain intensity was 3.75 (SD = 1.8) on a scale from 0 to 10. From all the subjects who reported having CP pain, only one person rated 0/10 of pain intensity during the last week.

From our sample, 37.8% had a single site pain, while 62.2% reported two or more pain sites. A relatively small proportion of participants experienced pain for the last 3–6 (12.9%) and 6–12 months (18.4%), while most participants suffered from CP for more than 12 months (68.7%) (Figure 3).


[image: Figure 3]
FIGURE 3. (A) Number of participants (in %) in each pain location; (B) Percentage of participants according to their last week pain intensity perception in an NRS (Numerical Rating Scale). Ratings have been classified into three main groups: from 0 to 2; 3–5; 6–10; (C) Population (in %) with one pain site (or one kind of pain) and more than one site; (D) Participants' pain onset, classified in 3–6 months; 6–12 months; 1–3 years; 3–6 years; 6–9 years, and more than 10 years.



Pain Intensity, Cognitive Reserve Interaction, and Mental Health in CP

Multiple regression in CP sample analysis revealed that age (β = −0.212; p = 0.001) and pain intensity (β = 0.167, p = 0.016) were significantly associated with MH. No significant associations were found for gender (β = 0.008; p = 907), pain duration (β = 0.079, p = 0.238), or the number of pain sites (β = 0.102, p = 0.138).

When we included into the regression model CR and psychosocial variables, we found that MH was still significantly associated with age (β = −0.173, p = 0.005) and pain intensity (β = 0.131, p = 0.048), but in addition, it resulted related to sleep quality (β = 0.332, p < 0.001) and CR (β = − 0.260, p < 0.001) (as shown in Table 4).


Table 4. Multiple regressions: the influence of chronic pain and psychosocial factors on mental health.

[image: Table 4]

The evaluation of the interaction between CR and pain intensity using pain intensity groups (higher, lower) and CR groups (higher, lower) as between-subject factors, revealed an intensity main effect (F = 8.639; p = 0.004), indicating worse MH in people with higher pain intensity. The CR main effect (F = 5.767; p = 0.017) indicated that people with high CR showed lower MH affliction. Crucially, we found a significant pain intensity and reserve interaction (F = 6.956; p = 0.009; Figure 4).


[image: Figure 4]
FIGURE 4. Distribution of CP participants (Higher pain intensity/Lower pain intensity; Higher CR/Lower CR) according to the percentile 50. Participants with higher CR showed less impact on mental health in the higher pain-intensity group. *p < 0.05.






DISCUSSION

The current study explored the impact of CP on psychosocial factors, MH, and cognition. Furthermore, we aimed to examine the role of CR in the relationship between MH and CP clinical characteristics in middle-aged adults.

Our main results suggested that: (1) CP participants showed worst levels of WM and MH, and (2) the presence of high/low CR modifies the interaction between pain intensity and MH.

We found a high prevalence of CP (45.5%, 217 participants) in our cohort, in line with previous reports of a peak prevalence in late middle-aged adults (50–65 years), affecting up to 20–80% of people (Gibson and Lussier, 2012). CP at multiple pain sites was the most prevalent pain condition (62.2%; Brady et al., 2015; Suvinen et al., 2016; Finney et al., 2017), CP in the back and joints in the lower limbs were the most prevalent pain sites (Ligthart et al., 2014; Maixner et al., 2016), and 40% of people affected by CP referred the presence of pain for more than 3 years.

Our CP group showed a higher presence of overweight compared with people without pain. There may be a bidirectional causality, wherein CP may result in weight gain by reducing physical activity (Verbunt et al., 2003), and individuals could have structural body changes causing pain (Lake et al., 2000). The fact that the CP group consumed significantly more medication, which is associated with higher BMI, suggested that this group has worse general health. Finally, overweight has been related previously with other domains referred to in our study, as well as sleep quality (Hargens et al., 2013) or cognitive impairment (Nilsson and Nilsson, 2009).

Our findings were consistent with previous research, reporting an association between CP with sleep, mood, and psychosocial alterations (Edwards et al., 2016). Pain and sleep have a reciprocal, interdependent relationship, wherein poor sleep can predict pain in certain conditions and compounds the pain experience (Turk et al., 2016). Furthermore, sleep deprivation can lower the pain threshold, affecting the cognitive ability to cope with pain, increasing ratings of pain intensity, which in turn exacerbates poor sleep (Okifuji and Hare, 2011).

A further finding of our study prolonged experience of pain was associated with significantly lower quality of life, cognitive and mood consequences, such as mild depressive symptoms (PHQ-4), and self-perceived cognitive impairment (PROMIS). Unquestionably, feeling pain may evolve from typical reactive emotional symptoms related to stress (Hammen, 2005) to clinically relevant depression (DeVeaugh-Geiss et al., 2010). This close relationship between emotions and pain is a complex experience that is perceived differently across people and varies even within individuals depending on context (Bushnell et al., 2013). As for other adaptive affective responses, such as fear and anxiety, the level of emotional facilitation of pain when it comes to some individuals can be maladaptive, leading to long-term suffering (Gandhi et al., 2020). Additionally, people with CP reported more subjective cognitive complaints. On one hand, pain acts through the consumption of attentional resources, and, on the other, through psychological and emotional aspects. This can give rise to feelings of discomfort, leading some individuals to overestimate their difficulties, including subjective emotional and cognitive impairment, which can be ultimately transferred in everyday behavior.

Concerning the cognitive performance in our sample, almost all domains were not affected when we compared CP with no pain group. This is coherent with the fact that we are describing a healthy and young sample, and exclusion criteria were specially chosen to avoid other variables that could affect cognition (use of psychiatric or neurologic disorders or opioids). In addition, we also analyzed possible cofounders as age, educational level, or BMI. Notwithstanding, our results indicated that people with CP showed lower WM performance, in the digit span backward test, and this was consistent with several previous studies ( Sjøgren et al.,2005; Veldhuijzen et al., 2006; Buhle and Wager, 2010). WM has been related to a better capacity to choose cognitive strategies when facing a situation or task (Hilbert et al., 2015), and it is considered as one of several functions within the executive control domain strongly related to attentional processes (McCabe et al., 2010). Indeed, evidence suggested that selective attention facilitates working memory processing, by preventing inference from unrelated distractions, while maintaining attention to the relevant targets (Legrain et al., 2011). Thus, painful stimuli or emotional discomfort could act as distractors in our pain participants, causing an abnormal allocation of attentional resources to pain stimuli and consequently impact WM capacity.

At a neurobiological level, two main regions in the frontal cortex, related with both WM and pain processing, could represent the substrate of this relation. The dorsolateral prefrontal cortex (DLPFC) and orbitofrontal cortex were evidently both involved in the ability to cope with pain and to inhibit pain, respectively (Bunk et al., 2019). Several studies not only have shown decreased gray matter in left DLPFC and orbitofrontal cortex in CP patient but also how these abnormalities can be reversed with CP resolution (Davis and Moayedi, 2013; Seminowicz and Moayedi, 2017; Ong et al., 2019). Furthermore, an association between these areas and attentional processing and WM has been demonstrated (Davis et al., 2008). For instance, patients with back pain, fibromyalgia, or CRPS have shown deficits in emotional decision-making when they were tested with the Iowa gambling task (Apkarian et al., 2004; Tamburin et al., 2014). Thus, the anatomical changes observed in patients with CP may well be an underlying factor in their altered performance in cognitive tasks. It is important to point out that when we explored if the cognitive function was primarily due to pain or to MH results showed that, although MH had a partial contribution, the pain has an independent effect in WM, as previously seen by Bunk et al. in their review (Bunk et al., 2019).

In this sense, it has been also demonstrated that persistent and CP is associated with alteration in the activity of the Default Mode Network (DMN) and the connectivity between its nodes (medial prefrontal cortex, lateral parietal cortex/angular gyrus, and posterior cingulate cortex/precuneus) (Baliki et al., 2008; Tessitore et al., 2013), consistently related with WM dysfunctions (Mazoyer et al., 2001; Sambataro et al., 2010), coping strategies (Santarnecchi et al., 2018) and several MH pathological conditions (refer to Broyd et al., 2009 for a review) (Broyd et al., 2009). Recent evidence from non-invasive brain stimulation (NIBS) indicates that stimulation of nodes of the DMN is associated with WM performance in healthy adults (Pupíková et al., 2021) or could be a promising therapeutic approach to reduce cognitive and mood disorders in different pathologies (Alexoudi et al., 2019, 2020; Chou et al., 2020). Finally, it has been recently shown that transcranial direct current stimulation (tDCS) modulates pain perception, but depending on the age, the brain target should be M1 (for older adults) or DLPFC (for younger adults), although both sides increased WM ability (Saldanha et al., 2020). These gains are related to different connections of these structures with pain processing, but it has also an impact on cognitive and emotional features related to pain perception.

What we considered as one of the most relevant findings was that the relationship between MH and pain intensity was modulated by CR, wherein only in the high pain intensity group, participants with higher CR showed less MH affliction, compared with lower CR participants. Under certain assumptions, this could be interpreted as individuals with higher levels of CR can handle and manage pain and attentional resources more efficiently (with lower suffering) than people with low CR.

In this line previous studies have seen a CR moderator effect between mood and cognition (Pertl et al., 2017; Opdebeeck et al., 2018; Huang et al., 2019), wherein higher CR may increase the ability to manage difficulties, employing the best strategy for performing a task and better allocating cognitive resources (Barulli et al., 2013). This then allows some individuals to be less prone to attend to pain or depressive symptoms and more capable to easily “tune out” it.

Cognitive reserve did not prevent the pre-determinate biological factors from spurring the pathology, as it acted as a complementary mechanism, which modified how the brain responds to that factors once they were present (Barulli and Stern, 2013, 2018). In this sense, it is important to note that the CR levels of our sample were similar in both groups. Once pathology was present, as said before, CR could be associated with the ability of an individual to resolve difficulties and use optimally cognitive resources and alternative processes and strategies (Barulli et al., 2013).

This role of CR in modulating the relation between CP and MH, via better allocation of cognitive and attentional resources, could potentially be extended to other consequences of CP. In this line, one can speculate a more general model of the moderator role of CR in CP, considering that CR could exert, through the same mechanisms, a similar protective effect also for the development of pain-related comorbidities or cognitive dysfunctions like the WM impairment we found in our sample.

In this sense, since pain is also actively determined by expectations and learned experiences, more general-domain functional descending top-down modulatory effects orchestrated by prefrontal structures linked with CR may buff the ability to manage the bottom-up and involuntary capture of attention by pain (Legrain et al., 2009a,b; Wiech, 2016), affecting the processing of nociceptive stimuli at early levels by biasing somatosensory brain activity (Legrain et al., 2002). From a pathophysiological point of view, the study of Villemure and Schweinhardt (2010) suggested that supraspinal pain processing, and specifically, increased activity in the lateral orbitofrontal cortex [closely related to CR; refer to Gomez-Beldarrain et al. (2016)] induced by negative emotions, could lead to descending facilitatory pathways by increasing nociceptive signals transmitted from the spinal cord to the brain.

Regarding descending modulation networks in fMRI studies (also known as antinociceptive system) in fMRI studies, Kucyi et al. (2013) and Kucyi and Davis (2015) introduced the concept of a dynamic “pain connectome,” in which differences in mind wandering from pain and attention to pain stimuli are associated with cognitive performance and brain functioning. Increased activations of the above-mentioned DMN, were seen when the minds of people wander away from pain. Moreover, strong interactions between the DMN and periaqueductal gray, an opiate-rich region mediating pain suppression (Pessoa, 2008), resulting in weaker anatomical connections and the antinociceptive system were found in subjects with difficulty tuning out pain.

This tuning out pain difficulty is often explained in terms of the specific construct of a “hyper-vigilance” to pain, i.e., a tendency to increase attentional allocation to pain-related information, related to habits to attend to bodily sensations or the persistent search for pain relief in patients (Crombez et al., 2005). Individuals who expect somatosensory stimuli to be painful (fear and catastrophic thoughts) show more attentional interruption by non-painful somatosensory stimuli that are delivered at the same location (Crombez et al., 2005) and this is associated with greater activity in operculo-insular and mid-cingulate cortex (Seminowicz and Davis, 2006). Further, individuals with constitutively limited attentional resources or cognitive flexibility are at greater risk of more difficulties to cope with pain, partly due to a decision-making ability or may be linked to the mechanisms of pain chronicity (Attal et al., 2014).

From this perspective, the construct of CR could be used in the prevention or treatment of CP, as it has already been seen in Alzheimer's disease (Scarmeas and Stern, 2003; Arenaza-Urquijo et al., 2015). CP approaches based on cognition have been showing to be effective. As Kucyi et al. (2016) stated in their study, CP treatment should be addressed to change the cognitive context in which pain occurs, maladaptive neuroplastic changes occurring in response to spontaneous neuronal pain-related activity should be modified. In their study about cognitive-behavioral therapy, they found changes in fMRI, like increased intrinsic connectivity between the ventrolateral prefrontal cortex and DMN (Kucyi et al., 2016). Cognitive training has also been shown to be effective in improving cognitive skills and decrease pain intensity (Baker et al., 2018). In the absence of an effective pharmacological treatment for CP, we can consider that the potential role of lifestyles factors (for example, training cognitive skills in daily life), understanding the neural mechanisms underlying expectations, emotional state, or focus attention on pain, seems crucial.


Limitations

The main limitation of this study was that our sample was non-homogenous, with a high prevalence of individuals with high education, which may lead to results that may not be representative of the general population. Moreover, the sample of the study is relatively small, and most measures are self-reported. Another limitation was that our participants were healthy, that is, not patients in a pain unit, and they did not have high levels of pain in intensity or pain-related impairments (cognition, pain interference, or affective disorders). Future research should consider the potential effects of cognition and emotion in pain modulation more carefully, for example focusing on pain catastrophizing and coping strategies, their relationship with CR, and their influence on pain.

Finally, this study has some disadvantages derived from the cross-sectional design, where the principal flaw is that we cannot determine if the relationship explained above between pain and mental health is cause or effect.




CONCLUSIONS

In summary, CR may play a determinant protective role in CP, reducing its impact on psychological and MH well-being, and buff endogenous control mechanisms. Persistent pain can be detrimental to the brain, decreasing the ability of an individual to endogenously control it and lead to many comorbidities, concluding with the idea that “no pain, healthy brain.”

Understanding the dynamic relationship between CP, MH, and CR, and that higher CR in healthy adults was associated with better emotional decision-making and strategies selection to cope with pain and MH, resulting in relevant implications for developing new spots on CP and treatment approaches.

This provided a good starting point for further research. Longitudinal assessments with appropriate control conditions are needed to determine how CR and changes in pain connectome dynamics mediate the effects in middle-aged adults with CP.
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