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Abstract

Background: Non-Hispanic black (NHB) individuals have increased risk of Alzheimer’s disease 

(AD) relative to non-Hispanic whites (NHW). Ethnicity/race can serve as a proxy 

sociodemographic variable for a complex representation of sociocultural and environmental 

factors. Chronic pain is a form of stress with high prevalence and sociodemographic disparities. 

Chronic pain is linked to lower cognition and accelerated biological aging.

Objective: The purpose of this study is to seek understanding of potential cognitive and temporal 

lobe structural brain AD vulnerabilities based on chronic pain stage and ethnicity/race.

Methods: Participants included 147 community dwelling NHB and NHW adults without 

dementia between 45–85 years old who had or were at risk of knee osteoarthritis. All participants 

received MRI (3T Philips), the Montreal Cognitive Assessment (MoCA), and assessment of 

clinical knee pain stage.

Results: There were ethnic/race group differences in MoCA scores but no relationships with 

chronic knee pain stage. Ethnicity/race moderated the relationship between AD-related temporal 
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lobe thickness and chronic pain stage with quadratic patterns suggesting thinner cortex in high 

chronic pain stage NHB adults.

Conclusion: There appear to be complex relationships between chronic knee pain stage, 

temporal lobe cortex, and sociodemographic variables. Specifically, NHB participants without 

dementia but with high chronic knee pain stage appeared to have thinner temporal cortex in areas 

associated with Alzheimer’s disease. Understanding the effects of sociocultural and 

socioeconomic factors on health outcomes is the first step to challenging the disparities in 

healthcare that now appear to link disease conditions to neurodegenerative processes.
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INTRODUCTION

Non-Hispanic black (NHB) individuals in the United States of America have heightened risk 

of Alzheimer’s disease (AD) relative to non-Hispanic whites (NHW) [1–4]. Differences 

between sociodemographic groups extend to brain structure as well; NHB adults who are 

amyloid-positive appear to have thinner cortex in AD regions than amyloid-positive NHW 

adults [5]. Interestingly, biomarkers of dementia predict dementia diagnoses in NHW 

populations; however, weaker relationships are indicated between the same biomarkers and a 

dementia diagnoses in NHB populations [6–9]. Such findings of disparities implicate other 

potential risk factors in dementia onset among NHBs, including exposure to, prevalence of, 

and severity of a range of stressors across the lifespan [10]. Lower cognitive reserve 

secondary to adverse socioeconomic and environmental conditions could partially account 

for ethnic/race differences [4, 11]. Ethnicity/race therefore serves as a proxy variable for a 

complex representation of cultural, socioeconomic, and environmental factors including 

stress.

Chronic pain is a form of stress with high prevalence [12, 13]. Osteoarthritis (OA) is a 

condition associated with chronic pain that affects approximately 19% of adults ages 45+ in 

the United States and is a leading cause of disability worldwide [12]. Due to an aging 

population and a range of health factors, the impacts of OA on individuals, communities, 

and healthcare systems are increasing [14]. Among individuals with knee OA, pain is one of 

the primary factors contributing to functional limitations and physical disability [15–17]. 

Chronic pain has been associated with cognitive impairment and accelerated biological 

aging [18–22]. Chronic pain, likely through an elevated neurobiological stress response, has 

also been associated with changes in brain structure and function, including within temporal 

lobe regions [23–25], and overall brain aging [26]. Pain-related changes in the brain are not 

always linear, with greater gray matter volume and increased connectivity in early stages of 

chronic pain followed by gray matter decreases with high persistence, longer duration, and 

greater intensity of chronic pain [25, 27–29]. These brain imaging findings align with a 

developing body of evidence demonstrating that greater stage of chronic pain (based on 

measures of frequency, characteristic intensity, time/duration, and total pain sites) is 
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associated with indications of dysregulation or accelerated attrition in stress-related 

biological measures [21, 30].

Considerable evidence demonstrates health disparities in the impact of OA [31]. 

Specifically, NHBs experience greater clinical pain severity, disability and functional 

limitations, and decreased quality of life compared to NHWs with knee osteoarthritis [32]. 

Ethnic/race group differences in knee OA health outcomes are driven by interactions among 

biological and environmental factors [33]. NHBs with chronic pain experience worse OA 

health outcomes and a greater burden of exposure to environmental and social stress across 

the lifespan compared to NHWs [34, 35]. Hence, NHB adults with chronic pain due to OA 

might be at greater risk of adverse pain-related changes in brain structure.

As referenced earlier, chronic pain associates with changes in brain structure within 

temporal lobe regions [23–25]. Other research indicates a region of temporal lobe cortex 

(entorhinal and fusiform, inferior temporal, and middle temporal gyri) is sensitive to 

pathological and cognitive changes associated with AD [36]. This region of the temporal 

cortex is also predictive of progression to mild cognitive impairment in older adults [37]. It 

is important to consider the effects of sociodemographic variables in aging-related research 

because there are ethnicity/race-linked disparities in aging-related cognitive and neurological 

factors [8, 38–40]. Understanding how sociodemographic variables, such as ethnicity/race, 

moderate the relationships between chronic pain and cognitive and neuroanatomical risk of 

aging-related disorders, including dementia is an area needing additional research. The 

purpose of this study, therefore, is to seek understanding of cognitive and structural brain 

AD vulnerabilities based on chronic pain stage and ethnicity/race, which is used as a proxy 

variable for measured and unmeasured sociocultural and environmental factors.

We have two primary aims: 1) investigate if ethnicity/race moderates the relationships 

between chronic pain stage and general cognition in a sample of adults without dementia, 

and 2) investigate if ethnicity/race moderates the relationship between chronic pain stage 

and brain temporal lobe structure that were previously demonstrated to be vulnerable to 

cognitive decline and pathology associated with Alzheimer’s disease.

MATERIALS AND METHODS

Study Overview

Data used in the current cross-sectional study was obtained from an ongoing, prospective 

observational cohort study titled Understanding Pain and Limitations in Osteoarthritic 
Disease-2 (UPLOAD-2). The study aims to investigate the mechanisms underlying ethnic/

race group differences in knee pain among adults with/at risk for knee osteoarthritis (OA). 

The UPLOAD-2 study is a multi-site investigation conducted at the University of Florida 

(UF) and the University of Alabama at Birmingham (UAB). The participants described in 

the current analysis were recruited at both sites between August 2015 and May 2017. All 

procedures were reviewed and approved by the Institutional Review Boards at UF and UAB 

and participants provided verbal and written informed consent. Participants were recruited 

through the community via multiple advertisement methods (e.g., posted fliers) and clinic-

based methods.
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Participants

Participants included 147 community dwelling adults between 45–85 years of age who self-

identified as non-Hispanic and “Black/African American” (NHB) or non-Hispanic “White/

Caucasian/European” (NHW), who had or were at risk of knee osteoarthritis [41]. 

Participants were excluded for systemic rheumatologic conditions including rheumatoid 

arthritis and fibromyalgia, knee replacement surgery, neurological diseases (e.g., dementia, 

Parkinson’s disease, multiple sclerosis), chronic daily opioid use, uncontrolled hypertension, 

cardiovascular or peripheral arterial disease, psychiatric disorder requiring hospitalization 

within the past 12 months, and pregnant or nursing. Participants were also excluded from the 

current study if they were unable to undergo magnetic resonance imaging (MRI). The 

procedures described are limited to those relevant to the current investigation.

Descriptive Measures

Demographic information was collected by self-report including ethnicity/race, age, and 

education level. In addition, all participants completed the Montreal Cognitive Assessment 

(MoCA) as a measure of overall cognitive function [42].

Clinical Pain Measures

Participants were asked to indicate which knee they experienced the most severe pain; this 

knee was designated as the index knee. The Graded Chronic Pain Scale (GCPS) was also 

completed, which assessed global knee pain severity over the past 6 months [43]. 

Characteristic pain intensity is computed by averaging three measures: the intensity of 

current, average and worst clinical pain over the past 6 months from 0 (no pain) to 10 (pain 

as bad as it could be) and then multiplying by 10 (resulting in a range from 0 to 100).

The chronic pain stage index (FITT = Frequency, Intensity, Time, Total pain sites) was 

computed as previously reported [21, 30]. This measure of chronic pain stage was developed 

to improve pain phenotyping. It was previously shown to be sensitive to biomarkers of 

immune and metabolic functioning and a measure of cellular aging [21, 30]. Frequency of 

pain was determined based on the number of days per week pain is experienced. Intensity of 

pain was determined by the GCPS characteristic pain intensity. Time (i.e., pain duration) 

was computed as the duration of knee pain reported. The total pain sites variable was 

computed based on the number of body sites (28 maximum with 14 on each side) in which 

the participant reported experiencing pain more days than not over the past 3 months. For 

each dimension of chronic pain stage individuals were assigned a 0 or a 1 based on whether 

they were below or above the median score, respectively, and the total score was computed 

by summing the individual values for each dimension. Thus, total chronic pain stage scores 

range from 0 to 4 and are coded as a total FITT score of 0 = 1 (low pain) to a total FITT 

score of 4 = 5 (high/severe pain).

Brain Imaging

MRI data were acquired MRI data using a 3 Tesla Philips Achieva (32-channel head coil at 

UF and an 8-channel at UAB). T1 MP-RAGE images were acquired and used for analyses. 

UAB and UF: T1-weighted imaging TE: 3.2 ms, TR: 7.0 ms, flip angle: 8, 1mm iso voxels, 

FOV: 240×240×176.
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MRI Processing—MP-RAGE files were processed (by trained professional [JJT]) using 

FreeSurfer 6.0 [44]. FreeSurfer is a set of software tools for the study of cortical and 

subcortical anatomy [45–47] The cerebral cortex was parcellated into units with respect to 

gyral and sulcal structure [48–50]. FreeSurfer morphometric procedures have been 

demonstrated to show good test-retest reliability across scanner manufacturers and across 

field strengths [51, 52].

Cortical thickness (mm) within the left and right temporal lobes that is associated with 

Alzheimer’s disease or AD-risk was averaged across the following regions: entorhinal 

cortex, fusiform gyrus, and inferior and middle temporal gyri [53]. These temporal lobe 

regions include areas that have been previously linked to chronic pain [23, 24]. This region 

of the temporal lobe is sensitive to AD pathology and related cognitive decline [36] as well 

as progression to mild cognitive impairment [37].

As an additional region of interest, based on our previous work, we included cortex where 

we expected relationships with pain but no moderation by ethnicity/race. To create this 

region of interest, we averaged thickness across superior and middle frontal gyri. The 

dorsolateral prefrontal cortex (DLPFC) is commonly localized to portions of the middle and 

superior frontal gyri [54]. The middle frontal gyrus is a highly-connected and large region 

involved in cognition [54] and pain processing [55]. The superior frontal gyrus includes 

areas associated with cognitive processing, motor function, and pain response [56, 57]. 

These regions of the brain, which include the DLPFC and other functionally-defined 

regions, while affected by both pain and Alzheimer’s disease, do not show the same 

specificity to AD as do temporal and parietal cortices [58, 59].

Statistical Analyses

The analytic plan was designed to address the following hypotheses: Aim 1: a) greater knee 

chronic pain stage will associate with lower general cognition and b) ethnicity/race will 

interact with knee chronic pain stage and general cognition; Aim 2: a) reduced cortical 

thickness in temporal lobe regions associated with Alzheimer’s disease [53] will be 

indicated in individuals with greater knee chronic pain stage and b) there will be ethnicity/

race interactions with chronic pain stage and cortical thickness. As a sub-aim, it is 

hypothesized there will be associations between frontal cortical thickness and pain stage but 

no significant ethnicity/race interactions.

Predictors of interest—Included ethnicity/race, chronic pain stage (treated as a 

continuous variable in regression analyses), and chronic pain stage × ethnicity/race 

interactions. To account for potential curvilinear relationships, quadratic terms of the chronic 

pain stage and chronic pain stage × ethnicity/race were also included in regression models. 

Variables were centered around zero before calculating new interaction variables to 

potentially reduce multicollinearity effects [60].

Dependent variables of interest—MoCA total score without education adjustment 

(Aim 1), AD-related bilateral temporal cortex thickness (Aim 2a) [53], and mean thickness 

of middle and superior frontal gyri (Aim 2b).
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Covariates of non-interest—We included study site (to adjust for potential MRI scanner 

differences but also to adjust for possible environmental differences between sites), age, 

BMI (relationships with the brain and also socioeconomic status [61]), mean z score of 

education level and income level (adjust for socioeconomic factors), and MoCA without 

adjustment for education (except where MoCA is the dependent variable). Education levels: 

1 = Less than high school, 2 = high school, 3 = some college/university, 4 = college/

university, 5 = master’s, 6 = doctorate or equivalent. Income Levels: 1 = $0 – $9,999, 2 = 

$10,000 – $19,999, 3 = $20,000 – $29,999, 4 = $30,000 – $39,999, 5 = $40,000 – $49,999, 6 

= $50,000 – $59,999, 7 = $60,000 – $79,999, 8 = $80,000 – $99,999, 9 = $100,000 – 

$149,999, 10 = $150,000 or higher.

Statistical models—All analyses were performed in SPSS version 26. All data were 

checked for normality by visual inspection of distributions and using the Shapiro-Wilk test 

[62]. To assess basic demographic group differences in included variables, differences in 

continuous (scale) variables were calculated using two-sided t-tests. Sociodemographic 

group differences in categorical or ordinal variables were calculated using chi-square or 

Mann Whitney U tests. Multiple comparisons were adjusted using a false discovery (FDR) 

technique with FDR set at 0.05 [63].

To assess our hypotheses, we ran hierarchical regressions first accounting for covariates of 

non-interest (model 1) and then adding the following predictors of interest: 2) ethnicity/race, 

3) chronic pain stage, 4) chronic pain stage × ethnicity/race, 5) chronic pain stage quadratic 

term, 6) chronic pain stage × ethnicity/race quadratic term. Quadratic terms were included 

because relationships between pain and the brain are not always linear; increases in greater 

gray matter volume can occur in early stages of chronic pain followed by gray matter 

decreases with longer duration or greater frequency or intensity of chronic pain [25, 27–29]. 

These analyses were run for Aims 1 and 2a-b.

As a post hoc analysis for Aim 2a to clarify patterns from the regression analyses, we used 

chronic pain stage to classify participants into low pain (1 and 2; n = 52) and moderate to 

high pain (4 and 5; n = 48). The middle chronic pain stage group (n = 47) was excluded to 

compare the phenotypic extreme groups. Then using a mixed model ANCOVA with chronic 

pain stage classification and ethnicity/race as independent variables, we assessed differences 

in mean bilateral cortical thickness across the AD-related temporal regions.

RESULTS

See Table 1 for sample characteristics (n = 147). Ethnic/race groups were evenly balanced in 

numbers (NHB = 72 [UF = 43, UAB = 29], NHW = 75 [UF = 50, UAB = 25]). AD-related 

temporal cortex thickness and frontal cortex thickness were normally distributed (Shapiro-

Wilk p values ≥ 0.572). The other variables failed to fit the assumption of normality 

(Shapiro-Wilk p values < 0.01). However, given the sample size, we used parametric 

statistical approaches for the main analyses as described in the methods. Ethnic/race groups 

differed (NHB < NHW) in age, MoCA total score, and AD-related temporal cortex 

thickness. There were also group differences in the proportion of the sample with less than a 

high school education (p < 0.05), overall income (p = 0.01; specific differences in income 

Tanner et al. Page 6

J Alzheimers Dis. Author manuscript; available in PMC 2021 June 02.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



levels 1 and 9), the combined income/education variable (p < 0.001), and chronic pain stage 

(p = 0.01; specific difference in chronic pain stage = 4, p < 0.05; range 1 – 5).

Aim 1: Chronic Pain Stage and General Cognition

In our sample, only the education/income composite and ethnicity/race were significant 

predictors of MoCA total score (see Tables 2A and 2B, Figure 1, and Supplemental Figure 

3). Contrary to our hypothesis, there was no evidence that chronic pain stage (FITT) or 

chronic pain stage × ethnicity/race interactions predicted MoCA total score (p values ≤ 

0.466).

Aim 2a: Chronic Pain Stage and AD-related Temporal Cortex

See Tables 3A and 3B, Figure 2, and Supplemental Figure 1. Our results indicated there 

were significant quadratic chronic pain stage and quadratic chronic pain stage × ethnicity/

race effects (p = 0.009). In the full predictor model (Table 3B), education level, MoCA total 

score, ethnicity/race, and chronic pain stage × ethnicity/race were non-significant predictors 

of cortical thickness in temporal lobe regions.

The post hoc analysis with phenotypic extreme high and low chronic pain stage groups 

indicated significant ethnicity/race (F = 9.843, p = 0.002) and chronic pain stage × ethnicity/

race interaction effects (F = 4.937, p = 0.029). Specifically, NHB adults with high chronic 

pain stage (n = 31) had thinner temporal lobe cortex than the other three groups (NHB low 

[n = 20], NHW high [n = 17], NHW low [n = 32]; p values < 0.025; see Supplemental 

Figure 2), which did not differ from each other (p values > 0.192).

Aim 2b: Frontal Cortex

While the overall model with covariates was significant (F = 2.428, p = 0.022), there was a 

trend but non-significant relationship between cortical thickness in middle and superior 

frontal gyri and chronic pain stage (p = 0.061). Only age was a significant predictor (p = 

0.001). Further, there was insufficient evidence of ethnicity/race or ethnicity/race 

interactions (chronic pain stage × ethnicity/race) predicting cortical thickness of the middle 

and superior frontal gyri (p values > 0.181). See Figure 3.

DISCUSSION

Our two primary aims were 1) to investigate if ethnicity/race moderates the relationships 

between chronic pain stage and general cognition in a sample of adults without dementia, 2) 

to investigate if ethnicity/race moderates the relationship between chronic pain stage and 

brain temporal lobe structure as a potential vulnerability to Alzheimer’s disease. 

Performance on the MoCA showed sociodemographic group differences but did not 

associate with chronic pain stage. In contrast, our findings show NHB participants with 

higher chronic pain stage display thinner temporal lobe cortices in areas associated with 

Alzheimer’s disease compared to high pain stage NHW participants and low pain stage 

NHBs and NHWs. An important consideration is that our groups differed on clinical pain, 

general cognition, and sociodemographic variables including age, income, and education. 

Understanding the effects of sociocultural and socioeconomic factors on health outcomes is 
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the first step to challenging the disparities in healthcare that now appear to link disease 

conditions to neurodegenerative processes.

Cognitive Findings

Contrary to expectations, there was not an association between our measure of chronic pain 

stage and MoCA score. There was, however, evidence of an ethnic/race difference in MoCA 

scores. While previous research demonstrated associations between chronic pain and 

cognition [64–67], we did not find a relationship between our measure of chronic knee pain 

stage and the MoCA total score. Our sample comprised adults with mild to moderate knee 

pain with or at risk for knee osteoarthritis. The MoCA is a neurocognitive screening 

instrument with that combines multiple cognitive domains into an overall score; however, 

not all domains of cognitive functioning are expected to be influenced by chronic pain and 

each domain has a limited score range. Indeed, previous findings suggest that chronic pain is 

associated with cognitive function in attention and speed of information processing [68] and 

memory [69], although results are varied from study to study (for a review see [70]). As a 

screening instrument, the MoCA is also unlikely to be sensitive to subtle cognitive deficits in 

late middle age (mean sample age was about 58). Relationships between chronic pain stage 

and cognitive function might become more pronounced with advanced age or with more 

comprehensive measure of cognition. This remains a future direction of investigation.

Even with the young age representation of participants and with all participants 

demonstrating independence in activities of daily living, we observed MoCA scores in the 

13 – 20 range that might indicate possible major neurocognitive disorder (dementia). 

However, our mean scores by demographic group match results from population-based 

samples [71, 72]. Other groups have reported on sociodemographic-based disparities in 

cognition, including the MoCA [40, 73–75]. The contributors toward ethnic/race group 

disparities are complex and involve not only sociodemographic and socioeconomic factors 

but also biobehavioral, psychosocial, and environmental factors [1, 4, 10].

Cortical Findings

Temporal Cortex Associated with AD—The relationship between AD-linked temporal 

cortex and chronic pain stage appears to follow an inverted ‘U’ shape for the NHB group 

(see Figure 2 and Supplemental Figures S1 – S2). A similar pattern between chronic pain 

and the brain has been demonstrated previously [25, 28, 29]. Several factors need to be 

considered in order to capture the biological interface of chronic pain [21, 30, 76]. 

Physiological systems are adaptive in nature. Consistent with the allostatic load 

conceptualization, stress with adequate recovery serves as a stimulus that promotes growth 

and change [77–79]. ‘Wear and tear’ and physiological dysregulation occur as a result of 

frequent, intense, and prolonged experiences of stress [80]. Thus, short-term and intermittent 

experiences of pain may serve as a stimulus that promotes adaptive plasticity, thereby 

contributing to increases in connectivity and structure [28]. Life experiences including 

chronic pain might result in different neurobiological aging trajectories for the 

sociodemographic groups. Higher levels of sociodemographic stress plus chronic pain could 

contribute to an overload (e.g., NHB with high pain stage) while lower levels of 
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sociodemographic stress and chronic pain could indicate a different pattern (e.g., NHW) 

[79].

The interpretation of the observed inverted ‘U’ pattern should be tempered due to the 

relatively few NHB participants in our sample who are in the low chronic pain stage. A more 

reliable interpretation of our results is that NHB participants with high chronic pain stage 

appear to have particularly thin AD-related temporal lobe cortex. NHB adults with high 

chronic pain stage had thinner temporal lobe cortex than the other three groups, which did 

not differ from each other. Previous research suggests the aging cortex thins about 0.5% per 

year in later adulthood, although with local and inter-personal variation [81]. With 

extrapolation, NHB adults with high chronic pain stage had temporal cortices that appeared 

six to nine years ‘older’ than expected, which matches ethnic-related patterns reported in 

different samples [5]. While we cannot establish causality with our cross-sectional data, this 

is compelling evidence that complex sociocultural factors experienced over a lifetime in 

combination with a high stage of chronic pain might affect brain areas sensitive to 

neurodegenerative processes. Prior research indicates chronic pain changes brain structure 

(e.g., [82–84]) but it is also feasible NHB adults with particularly thin cortex in inferior 

temporal regions are at increased risk of more severe chronic pain. Either case is concerning 

for potential dementia risk.

Additional factors might also explain the observed relationships. The temporal lobe appears 

to be vulnerable to sociodemographic factors outside chronic pain. One measure of 

sociodemographic factors is the neighborhood-level disadvantage, including poverty, 

education, income level, and infrastructure within geographic regions. High neighborhood-

level disadvantage has been linked to significantly lower hippocampus and total brain 

volumes, which might increase risk for dementia and cognitive decline later in life [85]. 

Furthermore, cardiovascular risk significantly mediated this relationship, which implies that 

this was due to high neighborhood-level disadvantaged regions having less access to “health-

promoting resources” such as healthier food options and safe and effective recreational areas 

[85]. This is notable because access to health-promoting resources directly or indirectly 

provide neuroprotection against Alzheimer’s pattern temporal lobe neurodegeneration [86].

Abnormal temporal lobe morphometry in historically disadvantaged communities has also 

been reported to mediate poor cognitive performance across the lifespan. High financial 

burden correlates with poorer cognitive performance in children. This association is 

hypothesized to be due to higher levels of life stress, family instability, and the higher 

potential exposure to violence burdened to this socioeconomic stratum [87]. Additionally, 

low socioeconomic status in childhood associates with significantly decreased gray matter 

volume in the temporal lobe, which in turn associates with poorer academic achievement 

[87]. Delayed or atypical temporal lobe development has been related to lower 

socioeconomic status in other studies investigating family income and brain structure in 

children [88]. Socioeconomic disadvantages early in life can have long-lasting effects on 

neurobiology, cognition, and chronic pain [89–91]. Given the association of 

sociodemographic factors with brain structure, chronic pain, and cognitive functioning and 

the ethnic/race group differences in key sociodemographic variables, we speculate similar 

sociodemographic variables play a major role in our findings. We included income, 
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education, and general cognition as covariates in our models but recognize they cannot fully 

capture the complexities of environmental and personal variables that might contribute to the 

AD-related temporal lobe cortex findings.

Mechanisms for temporal lobe links to environmental stressors are not fully clear but stress 

affects temporal lobe regions [92], although not exclusively (e.g., [93]). Further, chronic pain 

associates with increased levels of systemic inflammation [94, 95]. There is also evidence of 

ethnic/race differences in markers of systemic inflammation [96]. In aging, inflammation is 

also a risk factor for dementia and is associated with increased AD pathology [97, 98]. 

Considerations of inflammatory factors is an important next step in understanding the 

potential mechanismscontributing to the sociodemographic findings.

Frontal Cortex—Our frontal cortex findings suggest a small but nonsignificant inverse 

linear relationship between chronic pain stage and cortical thickness. The region of interest 

included dorsolateral prefrontal cortex, which has previously been related to chronic pain 

[55, 99, 100]. Specifically, longer pain duration in osteoarthritis has been associated with 

thinner prefrontal cortex, including the superior frontal gyrus [99]. Our measure of chronic 

pain stage includes pain duration as well as other factors (e.g., frequency). Therefore, our 

findings partially replicate previous work and extend it by demonstrating that relationships 

between pain stage and middle and superior frontal cortex do not appear to be moderated by 

ethnicity/race. Sociodemographic variables therefore do not moderate all relationships 

between the brain and chronic pain. The mechanisms for moderating effects of 

sociodemographics in some regions but not others should be investigated further.

Limitations and Future Directions

There are several strengths to our investigation including a large sample size with equal 

ethnic/race group representation, data collected from two study sites, and a comprehensive 

array of biopsychosocial and brain imaging data. There are also some important limitations 

to consider that highlight opportunities for future studies. In the current study, the chronic 

pain stage measure is specific to knee pain (frequency, intensity, and duration) and does not 

capture pain at other body sites. The current sample of participants reported a median of five 

body sites of pain. Thus, the chronic pain experienced may not be fully captured in the 

chronic pain stage measure used in the current study.

The ethnicity/race variable in the study served as a proxy for lifetime exposures of 

sociocultural priviledge or disadvantages and discrimination. This is a limitation compared 

to fully measuring the underlying variables, especially given that ethnic/racial classification 

does not reveal educational, socioeconomic, and cultural experiences [101]. While we 

accounted for education attainment, income level, and general cognition, we were unable to 

account for all variables that might influence the relationships between sociodemographic 

factors and brain structure. Further, our measure of educational attainment does not indicate 

quality, capacity, or informal education. Income level also does not capture financial-related 

security or insecurity across the lifespan. We also used a cognitive screeening measure, and 

more comprehensive measures of cognition will be important moving forward. An 
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additional limitation is the cross-sectional nature of the data, which does not allow for 

inpretation of causation of relationships.

Conclusions

There appear to be complex relationships between chronic pain stage, temporal lobe cortex, 

and sociodemographic variables. By specifically evaluating sociodemographic groups 

(ethnicity/race) as a moderating variable, we found relationships between chronic knee pain 

stage and temporal cortex thickness that otherwise would have been masked. Specifically, 

NHW participants had relatively flat associations between chronic knee pain stage and 

cortical thickness. In contrast, NHB participants with high chronic knee pain stage appeared 

to have thinner temporal cortex in areas associated with Alzheimer’s disease. Our findings 

suggest the interplay between sociodemographic variables and chronic pain might enhance 

vulnerabilities to neurodegenerative processes.
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Figure 1. 
Associations between Chronic Pain Stage and MoCA Total Score by Ethnic/Race Group

Note: Chronic Pain Stage unstandardized residual score is adjusted for study site, age, BMI, 

and mean z score of education level and income level. There were sociodemographic group 

differences (NHB < NHW, p = 0.002) but no group interactions.
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Figure 2. 
Associations between Chronic Pain Stage and Alzheimer’s-related Cortical Thickness in 

Temporal Lobe Regions by Ethnic/Race Group

Note: Chronic Pain Stage unstandardized residual score is adjusted for study site, age, BMI, 

mean z score of education level and income level, and MoCA. The quadratic Chronic Pain 

Stage × Ethnicity/Race interaction term was significant (p = 0.009).
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Figure 3. 
Associations between Chronic Pain Stage and Frontal Cortex by Ethnic/Race Group

Note: Chronic Pain Stage unstandardized residual score is adjusted for study site, age, BMI, 

mean z score of education level and income level, and MoCA. There was a trend significant 

effect of Chronic Pain Stage (p = 0.061) and insufficient evidence of ethnicity/race 

interactions or differences (p values > 0.181) or quadratic effects.
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Table 1.

Variables of Interest by Ethnic/Race Group

Ethnicity/Race

NHB (n = 72) NHW (n = 75)

Mean/Median Max Min SD/IQR Mean/Median Max Min SD/IQR

Age** 56.38 73 45 6.46 59.59 78 45 8.47

BMI 31.91 45.27 20.09 5.85 30.74 51.29 19.15 6.85

MoCA** 22.29 30 13 3.83 26 30 20 2.99

AD Cort Thick* 2.75 3.08 2.42 0.13 2.80 3.03 2.58 0.11

Front Cort Thick 2.39 2.67 2.17 0.11 2.39 2.62 2.08 0.10

Edu/Inc Comp** −0.29 1.90 −1.37 0.84 0.29 2.08 −1.37 0.84

Edu Level^** 2.00 6 1 2.00 3 6 1 2

Income Level^** 2.50 1 1 4.00 6 10 1 4

Chronic Pain Stage^* 3.00 5 1 2.00 3 5 1 1

Notes: Group differences in continuous (scale) variables were calculated using two-sided t-tests. Group differences in categorical or ordinal 
variables were calculated using chi square and Mann Whitney U.

^
Median and interquartile range values presented;

*
Group difference, FDR corrected p < 0.05,

**
Group difference, FDR corrected p < 0.01;

Front Cort Thick = Mean Bilateral Superior/Middle Frontal Cortex thickness in mm; AD Cort Thick = Mean Bilateral AD-related Temporal Cortex 
[53] thickness in mm; Edu/Inc Comp = Education and Income levels were group z transformed and then mean averaged; Education (Edu) levels: 1 
= Less than high school, 2 = high school, 3 = some college/university, 4 = college/university, 5 = master’s, 6 = doctorate or equivalent. Income 
Levels: 1 = $0 – $9,999, 2 = $10,000 – $19,999, 3 = $20,000 – $29,999, 4 = $30,000 – $39,999, 5 = $40,000 – $49,999, 6 = $50,000 – $59,999, 7 = 
$60,000 – $79,999, 8 = $80,000 – $99,999, 9 = $100,000 – $149,999, 10 = $150,000 or higher. Chronic Pain Stage was used as a continuous 
variable in regression analyses.
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Table 2A.

Predictor Models of Montreal Cognitive Assessment Total Score

Model R2 ΔR2 ΔF ΔF p value Model F

1 Study Site

 Age

 BMI .213 .213 9.602 <.001 9.602

 Education/Income Composite

2 Ethnicity/Race .310 .097 19.839 <.001 12.668

3 Chronic pain Stage .310 .000 .004 .948 10.483

4 Chronic Pain Stage × Ethnicity/Race .311 .001 .222 .638 8.967

5 Chronic Pain Stage
2 .314 .003 .534 .466 7.887

6 (Chronic Pain Stage × Ethnicity/Race)
2 .314 .000 .055 .815 6.969

Notes. All models p < 0.001; Δ = change in; Education/Income Level is the mean of the group-based z scores for education and income levels; 
Chronic Pain Stage = Frequency, Intensity, Time (duration), Total pain sites;

2
Squared terms are quadratic models.
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Table 2B.

Model 2 Predictors of Montreal Cognitive Assessment Total Score

Predictor B SE 95% CI p

LL UL

Study Site −.214 .517 −1.227 .799 .677

Age .002 .033 −.064 .067 .959

BMI −.054 .040 −.133 .026 .185

Education/Income Composite 1.232 .294 .651 1.813 <.001

Ethnicity/Race 2.316 .520 1.288 3.344 <.001

Note. Regression weights for model 2 (Table 2A). The other models did not add significant predictors and are not included. Bold indicates p < 0.05. 
B = unstandardized coefficient; CI = confidence interval; LL = lower limit; UL = upper limit; FITT = Frequency, Intensity, Time (duration), Total 
pain sites;

2
Squared terms are quadratic models.
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Table 3A.

Predictor Models of Alzheimer’s Disease-related Cortical Thickness

Model R2 ΔR2 ΔF ΔF p value Model F

1 Study Site

 Age

 Education/Income Level .211 .211 7.548 <.001 7.548

 BMI

 MoCA Total Score

2 Ethnicity/Race .246 .035 6.456 .012 7.609

3 Chronic Pain Stage .248 .002 .362 .548 6.544

4 Chronic Pain Stage × Ethnicity/Race .263 .015 2.891 .091 6.165

5 Chronic Pain Stage
2 .265 .002 .301 .584 5.486

6 (Chronic Pain Stage × Ethnicity/Race)
2 .302 .037 7.124 .009 5.870

Notes. All models p < 0.001; Δ = change in. BMI = Body Mass Index; MoCA = Montreal Cognitive Assessment; Chronic Pain Stage = Frequency, 
Intensity, Time (duration), Total pain sites;

2
Squared terms are quadratic models
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Table 3B.

Full Model Predictors of Alzheimer’s Disease-related Cortical Thickness

Predictor B SE 95% CI p

LL UL

Study Site .067 .019 .029 .105 .001

Age −.004 .001 −.007 −.002 .001

BMI −.006 .002 −.009 −.003 <.001

Education/Income Level .010 .012 −.014 .033 .404

MoCA Total Score .000 .003 −.006 .007 .914

Ethnicity/Race .006 .027 −.047 .059 .811

Chronic Pain Stage −.002 .008 −.018 .015 .817

Chronic Pain Stage × Ethnicity/Race .026 .016 −.006 .058 .115

Chronic Pain Stage
2 .403 .153 .102 .705 .009

(Chronic Pain Stage × Ethnicity/Race)
2 −1.635 .612 −2.846 −.423 .009

Note. Regression weights for model 6 (Table 3A). Bold indicates p < .05. B = unstandardized coefficient; CI = confidence interval; LL = lower 
limit; UL = upper limit. BMI = Body Mass Index; MoCA = Montreal Cognitive Assessment; FITT = Frequency, Intensity, Time (duration), Total 
pain sites;

2
Squared terms are quadratic models
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