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Abstract

Objectives. Chronic pain results in significant impairment in older adults, yet some individuals maintain adaptive
functioning. Limited research has considered the role of positive resources in promoting resilience among older
adults. Likewise, these factors have largely been examined independently. We aimed to identify resilience domains
based on biopsychosocial factors and explore whether resilience phenotypes vary across sleep disturbance, fatigue,
and cognitive function. Methods. Sixty adults (ages >60 years) with chronic low back pain completed measures of
psychological, health, and social functioning. On the basis of previously published analyses, principal-components
analysis was conducted to create composite domains for these measures, followed by cluster analysis to identify
phenotypes. Results. Four profiles emerged: Cluster 1, with high levels of psychosocial and health-related function-
ing; Cluster 2, with high health-related functioning and low psychosocial functioning; Cluster 3, with high psychoso-
cial functioning and poorer health; and Cluster 4, with low levels of functioning across all domains. Significant differ-
ences across cluster membership emerged for sleep disturbance (;1,,2:0.29), fatigue (11,,2:0.29), and cognitive
abilities (11,,2:0.47). Individuals with the highest levels of resilience demonstrated more optimal outcomes in sleep
and fatigue (P values <0.001) than did individuals with a less resilient phenotype. Furthermore, the High-Resilience
group (Cluster 1) and the High Psychosocial / Low Health group (Cluster 3) had lower cognitive impairment than did
the High Health / Low Psychosocial group (Cluster 2) and the Low-Resilience group (Cluster 4) (P values <0.009).
Conclusions. A higher array of protective resources could buffer against the negative sequelae associated with
chronic low back pain. These exploratory findings support the multidimensional nature of resilience and suggest
that targeting resilience from a multisystem perspective might help to optimize interventions for older adults with
chronic pain.
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Introduction rarely occurs alone and is often accompanied by other

Chronic low back pain (cLBP) is one of the most common, interrelated clinical symptoms that have an impact on gen-
poorly understood, and disabling pain conditions, affecting  eral health and psychological well-being [2]. For instance,
36.1% of individuals 60 years of age or older [1]. cLBP  fatigue is a common concern among older adults with
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pain, and more than 50% of patients with cLBP report
concomitant sleep disturbances, with pain and fatigue
associated with decrements in quality of life [3]. Likewise,
cognitive deficits, including impairments in attentional
capacity and memory, have been observed [4], and pain
predicts greater cognitive decline over time [5].

Although research has focused predominantly on vul-
nerability factors (e.g., pain catastrophizing, fear-
avoidance) related to the maintenance and exacerbation
of pain [6, 7], a growing body of literature supports the
protective effects of positive, resilience factors in the pain
experience. Resilience is broadly conceptualized as adap-
tive functioning in the face of adversity or systemic chal-
lenges [8], with several factors contributing to resilience.
Several studies have found that psychosocial factors,
such as positive affect [9], hope [10], and perceived social
support [11-13], are associated with better pain-
associated outcomes, including lower pain severity,
depression, and pain-related disability. In addition,
numerous lifestyle and health-related factors (e.g., physi-
cal activity) have emerged as important contributors to
health and improved pain outcomes [14, 15].

Although existing studies have supported the adap-
tive benefits of psychological, social, and lifestyle fac-
tors in the experience of pain, historically these factors
have been examined independently, with a predominant
focus on psychological facets. However, such
approaches might overlook potential additive contribu-
tions among protective factors, thereby failing to
account for the multidimensional nature of resilience.
Few studies have attempted to examine resilience from a
broader framework in the context of aging and chronic
pain and to take into consideration the multiple sources
that promote adaptive function. Among older adults
with knee pain, Johnson et al. [16] found that a resil-
ience index comprised of psychological and biobehavio-
ral resilience factors was more predictive of longer
telomere length than were psychological factors alone.
Furthermore, our previous work identified phenotypic
patterns of resilience based on psychological, social, and
health-related functioning in older adults with cLBP,
with greater psychological and physical functioning
observed among those with a more resilient phenotype
[17]. Thus, combining multiple protective factors to
conceptualize resilience could improve our understand-
ing of adaptive function, and subsequently examining
relationships among these multidimensional phenotypic
profiles and modifiable pain-related outcomes might
have greater clinical relevance than examining resilience
factors in isolation.

Given these considerations, the aim of the present
study was to examine whether phenotypic profiles of
resilience (as defined from our previous work) among
older adults with cLBP [17] differ across measures of
sleep disturbance, fatigue, and cognitive abilities. These
outcomes were selected because they are modifiable (and
thus can be improved through therapeutic interventions)

[18-20] and are often comorbid with chronic pain. We
hypothesized that individuals with a more resilient phe-
notype (i.e., higher psychological, social, and health-
related function) would demonstrate lower levels of sleep
disturbance and fatigue and higher cognitive function rel-
ative to individuals lower in resilience.

Methods

Participants

Sixty-nine older adults (60years of age or more) with
cLBP were recruited from the community via posted fli-
ers, radio and print media announcements, and word-of-
mouth referral. All participants provided verbal and writ-
ten informed consent. Participants were included if they
reported at minimum mild low back pain (>2/10 on the
Numerical Pain Rating Scale) occurring on at least half
of the days during the preceding 3 months. Given the
prevalence of pain comorbidities among older adults and
to generalize results more broadly, the presence of other
musculoskeletal pain conditions did not preclude enroll-
ment in the study, as long as low back pain was reported
as an individual’s primary pain condition. Participants
were excluded for recent vertebral fracture, back surgery
within the preceding 6 months, diagnosis of cauda equina
syndrome, uncontrolled hypertension (>150/90 mm Hg),
current cardiovascular disease, neurological disease asso-
ciated with somatosensory abnormalities (e.g., neuropa-
thy, seizures, Parkinson’s disease), current major medical
illness (e.g., metastatic or visceral disease), chronic opioid
use, or systemic inflammatory disease (e.g., spondyloar-
thropathies including ankylosing spondylitis, systemic
lupus erythematosus, etc.). Participants were provided
with an honorarium (up to $100) upon completion of the
study.

Procedure

The University of Florida Institutional Review Board
approved all study procedures. An initial phone screen
was conducted to determine study inclusion. Eligible par-
ticipants attended two 2- to 3.5-hour laboratory sessions
scheduled approximately 1 week apart. During the first
visit, a thorough demographic and medical history was
obtained via self-report, anthropometric tests were con-
ducted (i.e., calculation of body mass index [BMI]), and
psychosocial questionnaires and functional performance
measures were completed. Participants also completed
questionnaires from home during the time between visits
1 and 2. Additional psychosocial questionnaires were
completed at visit 2.

Measures

Predictors of Multisystem Resilience

Positive and Negative Affect Schedule (PANAS). Positive
affect and negative affect were assessed with the Positive
and Negative Affect Schedule (PANAS) [21].
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Respondents were presented with a 20-item scale consist-
ing of 10 positively valenced and 10 negatively valenced
terms. Each term is rated on a five-point scale ranging
from 1 (very slightly or not at all) to 5 (extremely), result-
ing in scale scores for positive affect and negative affect.
Higher scale scores correspond to increased positive and
negative affect (only positive affect scores were included
in the present analysis). Reliability tests indicated high
internal consistency of items on the positive affect scale
(o= 0.90).

Adult Dispositional Hope Scale (ADHS). The 12-item
Adult Dispositional Hope Scale (ADHS) includes eight
statements measuring two aspects of hope: pathways
(e.g., “There are lots of ways around a problem”) and
agency (e.g., “I energetically pursue my goals”), as well
as four “filler” items that are not included in scoring
[22]. Participants indicated the degree to which each
statement best described them by rating each item on a
scale from 1 (definitely false) to 8 (definitely true).
Higher scores indicate greater trait levels of hope.
Reliability analyses from the present investigation
revealed a Cronbach’s o of 0.92 for the ADHS, indicating
high internal consistency.

PROMIS Positive Affect and Well-Being Scale. The
Patient-Reported Outcomes Measurement Information
System (PROMIS) Positive Affect and Well-Being Scale is
a 23-item measure that assesses positive affect and over-
all sense of satisfaction with life [23]. Each item is rated
on a scale ranging from 1 (never) to 5 (always) to indicate
how often respondents experienced positive emotion
and/or purpose and meaning in life (e.g., “[Lately], I had
a sense of balance in my life”). Higher scores indicate
greater positive affect and well-being (Cronbach’s
a=0.97).

Life-Orientation Test—Revised (LOT-R). Dispositional
optimism was evaluated with the Life-Orientation Test—
Revised (LOT-R), which consists of 10 items (including
four unscored items and three reverse-scored items).
Participants were asked to use a five-point scale ranging
from 0 (strongly disagree) to 4 (strongly agree) and rate
the degree to which they agreed with the presented state-
ments (e.g., “In uncertain times, I usually expect the
best”) [24]. Higher LOT-R scores reflect greater opti-
mism. This measure demonstrated adequate reliability in
the sample (0= 0.73).

PROMIS Support (Emotional, Instrumental,
Informational). The PROMIS Support scales were used
to measure social functioning. Specifically, the short
forms of the emotional scale (eight items; e.g., “I have
someone who makes me feel appreciated”), instrumental
scale (four items; e.g., “Do you have someone to take
you to the doctor if you need it?”), and informational

scale (four items; e.g., “I have someone to turn to for sug-
gestions about how to deal with a problem”) were
administered [25]. Items are rated on a scale ranging
from 1 (never) to 5 (always) for all three domains, with
higher scores indicating greater social support. High
internal consistency was found for all three scales, and
they also demonstrated high reliability with each other:
emotional, o=0.97; instrumental, oo=0.96; informa-
tional, 0=0.96; and all support measures combined,
a=0.97.

Anthropometric Tests: Body Composition. During visit
1, each participant’s waist circumference (5 cm above the
navel) and hip circumference (widest part of the hips)
were calculated (in centimeters) with a measuring tape,
with waist-to-hip ratio determined by dividing the waist
circumference by the hip circumference. Body weight
was measured to the nearest 0.1kg on a digital scale
(Healthometer), and height was assessed to the nearest
centimeter on a wall stadiometer. Calculation of BMI
was determined by weight in kilograms divided by height
in meters squared.

Health Comorbidities. A health status questionnaire was
used to determine the presence of physical health comor-
bidities. Participants reported current medical conditions
by placing an “X” next to applicable items (e.g., high
blood pressure, heart disease, diabetes, asthma or breath-
ing problems, kidney/renal disease, thyroid problem, neu-
rological disorder, or other self-reported health
conditions). Medical diagnoses were placed into
International Classification of Diseases, 10" Edition
(ICD-10) diagnostic categories for reporting purposes.

Smoking Status. Current cigarette smoking status was
assessed with the following question: “How would you
describe your cigarette smoking?” Possible responses
included: “never smoked,” “used to smoke but have now
quit,” and “current smoker,” and individuals were cate-
gorized as either current smokers (yes) or nonsmokers
(no).

Outcome Questionnaires

PROMIS Sleep Disturbance. The short form of the
PROMIS Sleep Disturbance measure includes eight ques-
tions (e.g., “I had a problem with my sleep”) examining
insomnia-like items and assesses a person’s perceived
sleep quality and restoration associated with sleep, per-
ceived sleep difficulties and concerns with falling and
staying asleep, and perceptions of adequate and satisfac-
tory sleep over the previous 7 days [26]. Higher scores
indicate greater sleep disturbance. The Sleep Disturbance
scale had excellent internal consistency in the present
sample (o= 0.93).
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PROMIS Fatigue (8a). The eight-item PROMIS Fatigue—
Short Form (8a) was used to evaluate fatigue (e.g., “How
run down did you feel on average?”) and fatigue-related
interference in functioning (e.g., “How often did you
have trouble finishing things because of your fatigue?”)
over the previous 7 days [27]. Ratings are made on a
five-point scale ranging from 1 (not at all / never) to 5
(very much / always). Higher scores suggest greater
fatigue. This measure demonstrated high reliability in the
sample (o= 0.96).

PROMIS Applied Cognitive Abilities (4a). Participants
completed the four-item PROMIS Applied Cognitive
Abilities questionnaire as a measure of self-reported cog-
nitive functioning (e.g., “My mind has been as sharp as
usual”) [28]. Items are rated from 1 (not at all) to 5 (very
much), with higher scores reflecting better subjective
experience of cognitive abilities. This psychometrically
sound measure had an internal consistency reliability of
0.93.

All PROMIS measures were transformed into T-
scores, with norms based on a U.S. general population
mean of 50 (standard deviation of 10). Although the min-
imal clinically important difference has not been estab-
lished for all PROMIS measures, a range between 2 and
6 T-score points has been recommended [29]. Thus, we
used a conservative T-score change of >6 points to desig-
nate clinically meaningful differences across cluster
groups.

Statistical Analysis

All analyses were conducted in SPSS (IBM SPSS Statistics
for Windows, Version 27.0, Armonk, NY), and the sig-
nificance level was set at P <0.05 (two tailed). Means,
standard deviations, and frequencies for demographic
characteristics were calculated with descriptive statistics.
Zero-order correlations were conducted between socio-
demographic characteristics and outcome variables (i.e.,
sleep disturbance, fatigue, cognitive abilities). A
principal-components analysis with oblique rotation was
conducted with the following variables to characterize
the dimensionality of each resilience measure: positive
affect, dispositional hope, positive well-being, optimism,
waist-to-hip ratio, BMI, number of physical health
comorbidities, smoking status, emotional support, instru-
mental support, and informational support. Per guide-
lines, three items were required to load on a factor, with
a difference of >0.20 observed between cross-loadings
[30]. Components with eigenvalues greater than 1 were
selected for further analysis, and the scree plot was
inspected to confirm the number of factors to be retained.
To identify subgroups of individuals that differed across
resilience domains, hierarchical cluster analysis using
Ward’s clustering method with squared Euclidean distan-
ces as the similarity measures was conducted.
Agglomeration coefficients were examined to identify the

Bartley et al.

Table 1. Demographic and clinical characteristics
Characteristic Value
Age, years, mean*SD 68.1+7.0
Sex, n (%)

Male 26 (43.3)

Female 34 (56.7)
Race, n (%)

‘White/Caucasian 42 (70.0)

Black / African American 12 (20.0)

Other 6(10.0)
Education, n (%)

<HS diploma 13 (21.7)

Some college / technical degree 17 (28.3)

Associate’s/Bachelor’s degree 18 (30.0)

Graduate/professional degree 12 (20.0)
Marital status, n (%)

Married/partnered 31(51.7)

Not married/partnered 29 (48.3
Employment, n (%)

Employed 9 (15.0)

Not employed 51(85.0)
Income, n (%)*

<$20,000 21(35.0)

$20,000-$39,999 10 (16.7)

$40,000-$59,999 11 (18.3)

$60,000-$99,999 8 (13.3)

>$99,999 7 (11.7)
Back pain duration, years, mean*=SD 16.4+14.2
BMI, kg/m?, mean+SD 29.3+5.8

*Note: Some data not reported. HS= high school; SD= standard deviation.

cluster solution that best represented the data, with the
optimal number being chosen on the basis of the point at
which the percentage change was the largest between the
clusters [31]. As a measurement of internal validity, a
cross-validation was conducted by creating a subsample
of the data through a random splitting method (removing
30% of the cases) and then comparing this cluster solu-
tion with the original sample. No differences were
observed in the cluster solution across both samples.
Multivariate analysis of variance was then conducted to
examine cluster group differences in sleep disturbance,
fatigue, and cognitive abilities. To obtain effect size esti-
mates associated with F tests, partial eta-squared (npz)
was calculated (small=0.01, medium=0.06, large-
=0.14). Cohen’s d was reported as the effect size for
mean comparisons (small=0.20, medium =0.50,

large =0.80).

Results

Participant Characteristics

Table 1 presents sociodemographic characteristics
(means and standard deviations) of the sample.
Participants predominantly were female (57%), were
White/Caucasian (70%), had a college degree (50%),
were married or partnered (52%), and were not
employed (85%). Their average age was 68 years (range:
60-93 years), the duration of their back pain was
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Table 2. Zero-order correlations across demographic characteristics and study outcomes
1 2 3 4 S 6 7 8 9 10 11 12
1. Age —
2. Sex 0.18 —
3. Race -0.29* 0.16 —
4. Education 0.04 -0.19 -0.45%* —
5. Marital status -0.29% -0.11 0.31* -0.14
6. Employment 0.26* 0.18 0.17 -0.11 -0.06 —
7. Income 0.36%* -0.09 -0.34** 0.28% —0.41%* -0.23 —
8. Pain duration 0.06 0.01 -0.16 0.06 -0.14 -0.02 0.09 —
9. BMI -0.12 0.02 0.29* -0.21 0.13 -0.02 -0.26 -0.07 —
10. PROMIS Sleep -0.25 0.06 0.18 -0.19 0.36%* 0.09 -0.23 -0.06 0.24 —
11. PROMIS Fatigue -0.27* -0.13 0.03 -0.04 0.36%* 0.04 -0.28* -0.21 0.26* 0.59%* —
12. PROMIS Cognitive 0.18 -0.15 -0.26* 0.11 -0.37%* -0.23 0.35%* 0.11 -0.14  -0.72%* -0.57%* —

Note: *P < 0.05, **P <0.01.

Sex coded: 0 =male, 1 =female; race coded: 0 =White, 1 =Black/Other; education coded: 0 = <high school degree, 1 = >high school degree; marital status

coded: 0=married/partnered, 1=not married/partnered; employment coded: 0=employed, 1 =not employed; income coded: 0=<$20,000, 1=>$20,000;

PROMIS = Patient-Reported Outcomes Measurement Information System.

16.4 years (range: 1-56 years), and their mean BMI was
29.3 kg/m?. Back pain was rated as being of moderate
intensity (mean [M]=35.5, range =2-10). Two of the 69
participants discontinued after the first session because
of time constraints, and seven participants who were ini-
tially eligible were excluded during their first appoint-
ment (n=1 for the use of exclusion medications, n=3
for an exclusionary medical condition, n=3 for not
meeting pain duration criteria), thereby leaving 60
participants.

Zero-Order Correlations

Zero-order correlations were analyzed across sociodemo-
graphic variables and study outcomes (Table 2). Greater
levels of sleep disturbance, fatigue, and cognitive dys-
function were reported among individuals who were
unmarried/unpartnered (P values <0.004). A higher level
of fatigue was associated with younger age, lower
income, and greater BMI (P values <0.04). Furthermore,
greater cognitive function was reported among those
who were White/Caucasian and individuals with higher
income (P values <0.04). Sleep disturbance, fatigue, and
cognitive abilities were all significantly correlated (P val-
ues <0.001).

Principal-Components Analysis and Cluster
Analysis

Results for the principal-components analysis and cluster
analysis are reported in a previous article; however, we
briefly detail them here. We refer readers to Bartley et al.
(2019) [17] for a full description of the results. First, a
principal-components analysis was conducted with 11
items (i.e., positive affect, dispositional hope, positive
well-being, optimism, waist-to-hip ratio, BMI, number of
physical health comorbidities, smoking status, emotional
support, instrumental support, informational support)
through the use of oblique rotation (direct oblimin). A

three-factor solution with eigenvalues greater than
Kaiser’s criterion of 1 was derived, accounting for 72.4%
of the variance in scores (Component 1: positive, psycho-
logical factors; Component 2: health-related functioning;
Component 3: social support). These three domains were
then used in cluster analysis to identify empirically
derived classifications based on profiles of psychological,
health, and social support. Four clusters emerged from
the analysis: 1) Cluster 1 (n =235, 41.7%), with high lev-
els of psychological, health, and social support function-
ing (High-Resilience group); 2) Cluster 2 (n=13,
21.7%), with high health-related functioning and low
levels of psychosocial function (High Health / Low
Psychosocial group); 3) Cluster 3 (n=15, 25.0%), with
poor health-related functioning, high psychological func-
tioning, and moderate-to-high social support (High
Psychosocial / Low Health group); and 4) Cluster 4
(n=7,11.7%), with low levels of functioning across psy-
chological, social, and health-related factors (Low-
Resilience group).

Physical and Cognitive Function Profiles Across
Cluster Groups

Significant differences across cluster membership
emerged for sleep disturbance [F(3,56) =7.67,
P<0.001, 5,2=029], fatigue [F(3,56) =7.70,
P <0.001, 11p2:0.29], and cognitive abilities [F(3,56)
=16.49, P<0.001, n,”>=0.47] (Figure 1, Table 3).
Specifically, sleep disturbance was lowest for the High-
Resilience (Cluster 1) group when compared with the
High Health / Low Psychosocial (Cluster 2) and Low-
Resilience (Cluster 4) groups (P=0.003, d=1.01 and
P <0.001, d=1.79, respectively). Furthermore, individu-
als in the Low-Resilience (Cluster 4) group reported a sig-
nificantly higher degree of sleep disturbance than did
those in the High Psychosocial / Low Health (Cluster 3)
group (P=0.004, d=1.24), as well as the highest level
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of fatigue compared with Cluster 1 (P <0.001, d=1.67)
and Cluster 3 (P=0.02, d=0.87). When compared with
individuals with higher health-related function (Cluster
2), the effect for higher fatigue in the Low-Resilience
group (Cluster 4) approached significance (P=0.05,
d=0.73). Higher levels of fatigue were also observed
among the High Health / Low Psychosocial (Cluster 2)
and High Psychosocial / Low Health (Cluster 3) groups
(P=0.006, d=1.04 and P=0.016, d=0.87, respec-
tively) relative to individuals in the High-Resilience
(Cluster 1) group. With regard to cognitive abilities, par-
ticipants in the High-Resilience (Cluster 1) group had
higher cognitive function relative to all groups (all P val-
ues <0.01, all d values=0.84 to 3.09). Cognitive func-
tion was also higher among participants with greater
psychosocial functioning (Cluster 3) than among those in
the High Health / Low Psychosocial (Cluster 2) and Low-
Resilience (Cluster 4) groups (P=0.009, d=0.88 and
P <0.001, d=1.98, respectively).

2.0
1.5
1.0 4

0.0 .
0.5 4
-1.0 A
-1.5 4

Standardized Scores

High High Health High PsySoc Low
Resilience  Low PsySoc  Low Health Resilience

OSleep Disturbance OFatigue @ Cognitive Abilities

Figure 1. Physical and cognitive functioning outcomes across
multisystem resilience profiles. Relative to the Low-Resilience
(Cluster 4) group, individuals with the highest levels of resil-
ience demonstrated more optimal outcomes in sleep and
fatigue. Furthermore, the High-Resilience (Cluster 1) and High
Psychosocial / Low Health (Cluster 3) groups had lower cogni-
tive impairment than did the High Health / Low Psychosocial
(Cluster 2) and Low-Resilience (Cluster 4) groups. *Error bars
represent standard error of the mean.

Discussion

Resilience is increasingly recognized as a significant pre-
dictor of pain-related outcomes, but there remains a poor
understanding of the heterogeneity of resilience. To
address this, our study sought to analyze subgroups of
older adults characterized by distinct profiles of psycho-
social, sociological, and health-related resilience factors
and to identify whether these phenotypic profiles differed
across symptoms of sleep disturbance, fatigue, and cogni-
tive abilities.

On the basis of previous findings [17], we observed
four different profiles of resilience factors, with approxi-
mately 42% of the sample characterized as highly resil-
ient (High-Resilience cluster group). As hypothesized,
individuals with a higher phenotypic profile of resilience
(i.e., greater psychological, social, and health-related
function) exhibited lower self-reported sleep disturbance,
fatigue, and cognitive dysfunction, thereby supporting
previous research suggesting that a unique combination
of resources might better characterize resilience and
account for adaptive outcomes, relative to examining fac-
tors in isolation [16, 17]. Notably, we found that partici-
pants with lower levels of psychological and social
functioning (Clusters 2 and 4) reported greater impair-
ments in sleep, energy, and cognition than did partici-
pants with a higher degree of psychosocial functioning
(Clusters 1 and 3). Although speculative, these findings
suggest that a greater degree of supportive resources and
positive psychological attributes (e.g., hope, optimism)
might facilitate greater self-efficacy in managing back
pain, including increased agency to engage in health-
promoting strategies (e.g., physical activity, dietary mod-
ification, stress management, sleep hygiene) [9, 13].
Positive psychosocial resources could also exert their
effects on health via biological pathways. Indeed, there is
growing evidence that positive emotions could have dis-
tinct physiological correlates that mediate protective
effects on health [32]. For instance, Costello et al. (2002)
found that less optimistic individuals experienced greater
pain sensitivity and had higher levels of norepinephrine
and interleukin-6 than did those with higher optimism
[33]. Future research examining the behavioral,

Table 3. Descriptive statistics for physical and cognitive measures across cluster groups

Cluster 1 Cluster 2 Cluster 3 Cluster 4

High High Health High Psychosocial Low

Resilience Low Psychosocial Low Health Resilience

(n=25) (n=13) (n=15) (n=7)

M SD 95% CI M SD 95% CI M SD 95% CI M SD 95% CI
Sleep disturbance 45.1 6.9 41.7-48.6 54.1 10.6 49.3-58.9 49.3 8.5 44.8-53.7 61.3 10.7 54.7-67.8
Fatigue 44.5 6.7 41.0-47.9 52.9 9.3 48.2-57.8 S1.5 9.2 47.1-55.9 60.8 12.1 54.3-67.4
Cognitive abilities 56.6 6.6 53.6-59.6 43.1 9.7 38.9-47.3 50.7 7.4 46.8-54.6 37.7 5.6 32.1-43.4

Note: Means are presented as T-scores (mean of 50, SD of 10). M= mean; SD = standard deviation; CI= confidence interval.
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psychosocial, and biological pathways that underpin
resilient functioning is an important directive and could
be a step toward advancing the development of individu-
ally tailored mechanism-based therapies for chronic pain.

Together, our data are in line with prior research sup-
porting the heterogeneity of chronic pain; however, pre-
vious attempts to identify clinical phenotypes in cLBP
have targeted primarily somatosensory function and
prognostic risk factors [34-39]. Of the few studies that
integrated resilience-based mechanisms in their pheno-
typing, these focused on a narrow range of psychological
factors [34, 38, 39]. Similarly, much of the broader litera-
ture has accounted for only a small number of factors to
characterize resilience, many of which have been exam-
ined in isolation from a single aspect of functioning (e.g.,
psychological function). Though still informative, indi-
vidual approaches overlook potential synergistic contri-
butions among protective factors, which might not fully
represent resilient capacity. Given the growing burden of
cLBP among older adults, a more comprehensive, sys-
temic understanding of the factors that promote resil-
ience could be key to buffering the impact of pain among
this cohort.

Clinical Implications and Future Directions

Results from the present study have potential clinical
implications for the assessment and management of
chronic pain. In particular, our findings support the con-
sideration of resilience from a multidimensional perspec-
tive—a deeper understanding of which could allow for
directed therapeutic interventions to improve patients’
ability to cope with and more effectively manage cLBP.
For instance, methods that promote optimal social
engagement and positive psychological health, such as
cognitive-behavior therapy, couples-focused interven-
tions, and social intelligence training [40], might be
advantageous for mitigating physical and cognitive
impairments for individuals in Cluster Group 2. Given
the negative impact of stigma in populations with chronic
pain and in aging populations, acceptance-based
approaches and structural interventions that target nega-
tive stereotypes and discrimination at the individual (self-
stigma) and socio-political (societal) levels might be par-
ticularly warranted [41]. For individuals with a Lower-
Resilience profile (Cluster 4), broadening the therapeutic
regimen to incorporate both psychotherapy (e.g.,
cognitive-behavior therapy) and lifestyle modification
strategies for weight and disease management could be
justified. Likewise, positive psychological interventions
that focus on bolstering positive emotions, cognitions,
and behaviors (e.g., gratitude expression, pleasant activ-
ity engagement, using personal strengths) might be an
avenue toward enhancing treatment outcomes, with pre-
liminary findings supporting their efficacy in chronic
pain [42-47], including a recent meta-analysis demon-
strating the beneficial effects of positive psychological

interventions on pain intensity and emotional functioning
[48]. Thus, capitalizing on positive psychological resour-
ces through positive psychological interventions could be
a promising target for pain management among aging
adults.

Strengths and Limitations
The present study has some strengths that merit acknowl-
edgment. First, we present one of the first studies to
examine resilience from a multidimensional perspective
in older adults with chronic pain [16, 17], with large
effect sizes and clinically meaningful group differences
observed across study outcomes. Second, we used a
robust statistical approach to empirically derive resilience
indices and cluster subgroups. Third, several validated
and reliable measures were incorporated to examine psy-
chosocial and health-related functioning. Fourth, we
extend our previous findings [17] by highlighting the role
that resilience has on behavioral and cognitive processes.
Despite these strengths, some limitations should be
noted. Although our effect sizes were large and there
were clinically meaningful differences in outcomes across
groups (based on a T-score difference of 6 points), our
sample size was small, with low participant numbers
comprising clusters. This could have influenced the clas-
sification of study participants, thereby impacting exter-
nal validity and the generalizability of findings. Given the
nature of cluster analysis and our modest sample size,
replication in a larger sample is needed before definitive
conclusions about clinical and statistical significance can
be drawn. Thus, these findings should be considered
exploratory and interpreted cautiously. In addition, our
study was cross-sectional in nature. Given the recogni-
tion of resilience as a dynamic and fluid process [49], the
allocation of participants into subgroups might limit the
ability to address the dynamic nature of resilience.
Studies with multiple time points would support a richer
understanding of resilience, and in particular, phenotypic
variations that might be temporally related to changes in
physical and cognitive functioning. In addition, our study
population consisted of older adults who were predomi-
nantly White/Caucasian. Given the limited diversity in
the sample, future studies with more adequate represen-
tation of other demographic groups, including persons of
color, are recommended. Finally, although several psy-
chosocial and health constructs were used to form partic-
ipant subgroups, we acknowledge that this was not an
exhaustive list of resources that characterize resilience.
Although there are varying conceptual and methodologi-
cal approaches in the operationalization of resilience,
recent theoretical conceptualizations highlight the con-
sideration and inclusion of multilevel and integrated
processes that cut across biological, psychological, and
environmental systems [49, 50]. Supporting this, dietary
intake (i.e., increased consumption of plant-based foods)
and higher levels of physical activity are associated with
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diminished risk of pain [51, 52], whereas environmental
and sociological factors (e.g., socioeconomic status) are
known contributors to pain and interference [53], with a
higher degree of deprivation associated with poorer phys-
ical function [54]. Furthermore, the effect of positive psy-
chological resources on pain is differentially expressed
across race [55, 56], with recent evidence supporting
associations between ethnic identity and pain-specific
resilience [57]. This underscores the importance of con-
textual and cultural factors of resilience, including social
determinants of adaptive function. Thus, investigating a
broad range of promotive biopsychosocial factors might
provide important predictive insights into the unique
combination of resources that account for resilient
responses.

Conclusions

Together, the results of the present study highlight the
multicomponent nature of resilience and suggest that
individuals with a greater degree of protective psycholog-
ical, social, and health-related resources could be at
lower risk of impairments in sleep, fatigue, and cogni-
tion. Findings support the consideration of resilience
from a multisystem perspective, including the additive
benefit of modifiable protective factors across multiple
domains of functioning. In line with the tenants of preci-
sion medicine [58], the assessment and inclusion of resil-
ience factors in phenotyping might facilitate a greater
understanding of adaptive functioning among aging
adults and enhance future tailoring of therapies that
improve pain management. Given the exploratory nature
of these findings, future studies with a larger sample size
are warranted.
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