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Abstract

BACKGROUND—Maintenance of optimal cognitive functioning during aging is essential for
almost every aspect of independent living. Chronic pain is a frequently observed problem in older
adults that may interfere with cognitive functioning, especially in the domain of attentional
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capacity in the elderly. The purpose of this study was to examine the cross-sectional relationship
between chronic pain and complex attention in a population of community-living older adults.

DESIGN—Prospective cohort study, cross-sectional.

SETTING—Population based Maintenance of Balance, Independent Living, Intellect, and Zest in
the Elderly of Boston Study 11 (MOBILIZE Boston Study).

PARTICIPANTS—354 participants aged 71 to 101 years old.

MEASUREMENTS—Chronic pain was measured using the pain severity and interference
subscales of the Brief Pain Inventory. Four subscales of the Test of Everyday Attention (TEA)
were used to measure domains of attention switching, selective, sustained and divided attention.

RESULTS—Before and after multivariable adjustment, pain severity was associated with poorer
scores in measures of selective and sustained attention. Pain interference scores also were
significantly inversely associated with selective attention.

CONCLUSION—The results of this study show that chronic pain is associated with poorer
performance in the domains of selective and sustained attention in community-dwelling older
adults. Further research is needed to determine whether effective pain management could lead to
improved attentional performance in older adults. Older adults who live with chronic pain, often
undertreated, are potentially at increased risk for cognitive difficulties and related functional
consequences.
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Cognitive function; epidemiology; neuropsychology; pain interference; pain severity

Introduction

Maintenance of intact cognitive functioning is essential, especially in advancing age, to
maintain mobility and independent functioning of daily activities 1-3. Impaired cognitive
functioning is a risk factor for physical disability, hospitalization and death 4°. Decline of
cognitive functioning also makes older adults more susceptible to other problems threatening
functional independence such as falls and frailty 67

Rates of cognitive decline in aging vary with cognitive abilities and among different people
8, Several factors can influence the relationship between cognition and aging, including
chronic pain. Our previous research showing a modest cross-sectional relationship between
pain and cognitive function suggests that chronic pain may compete with the performance of
cognitive tasks 9. Eccleston and colleagues proposed that pain demands attention and that
pain will emerge over other demands for attention 19, It has also been suggested in healthy
young and middle aged adults that attention-demanding cognitive tasks can also be used to
self-manage the pain, leading to reduced pain intensity 1.

Attention is defined as a person’s information processing capacity 1213, Beyond the hearing
and vision changes that impact perceptual abilities, basic auditory and visual attention
typically remain intact with age. In contrast, when greater demands are placed on attention,
age-related decrements are commonly observed. These complex attentional abilities include:
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shifting attention between stimuli, sustaining attention over periods of time and selective

attention in which specific stimuli are identified for processing and other stimuli ignored
14,15

The high prevalence of chronic pain, coupled with heightened vulnerability to cognitive
problems in this older population, points to an urgent need for research to understand the
chronic pain-attention relationship. Therefore, we investigated whether chronic pain is
associated with poorer performance on tests of complex attention in older adults. We
hypothesized that older adults experiencing the most pain in terms of severity and pain
interference with activities will have poorer cognitive performance on the attentional domain
compared to those without pain.

The population-based cohort for the Maintenance of Balance, Independent Living, Intellect,
and Zest in the Elderly of Boston Study (MOBILIZE Boston Study, MBS) was recruited
from 2005 to 2008 in the Boston area. Details of the study were published previously 16.
Briefly, 765 adults aged 70 years and older, and eligible spouses aged 65 and older were
enrolled. Eligibity required communication in English and ability to walk across a small
room without personal assistance. Persons were excluded for diagnosis of a terminal illness
or evidence of moderate to severe cognitive impairment assessed as Mini Mental State Exam
(MMSE) score of 17 or lower 17:18. The current wave of the study, referred to as the MBSII,
consented 354 participants who were continuing to live in the community and agreed to
participate in this new phase of the study from 2012 to 2014, approximately 6 to 8 years
following original recruitment (MOBILIZE ). Study protocols were approved by the
institutional review boards of Hebrew SeniorLife and the University of Massachusetts
Boston.

Measurements

The MBSII assessment consisted of a 45-minute health interview by telephone followed by a
3 hour study clinic visit for a health assessment and physical and cognitive performance .
For 43 participants (12.1%) who were unable to come to the study clinic, in-home
assessments were conducted.

Test of Everyday Attention

We measured complex attention using the Test for Everyday Attention (TEA) 19, designed to
measure attentional abilities during tasks resembling everyday activities. The TEA has been
validated in persons aged 18-80 years old 20 and an evaluation of utility and missingness of
the TEA in persons aged 80 years and older in the MBSII was published previously 2. This
study included 4 subscales measuring attentional switching, visual selective attention,
sustained attention, and divided attention. Following the standardized TEA testing
guidelines, participants completed a practice session in advance of each test. For people with
vision problems, magnifying glasses were provided; for those with hearing problems, use of
an audio amplifier with headphones was offered though none of the participants used it.
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Attention switching was measured using the Visual Elevator test, which also measures
mental flexibility 20. The Visual Elevator test is a self-paced task where participants are
asked to imagine that they are in an elevator and need to count up and down using a series of
cards depicting up and down arrows, representing floors on an elevator. The timing score is
calculated to determine the time taken for each correctly performed switch (where the
elevator switches a number of times going up or down on each card shown to the
participant).

Selective attention was measured using the Map Search test, where participants are shown a
map of Philadelphia that includes common symbols representing restaurants, gas stations,
and other services. Participants are given 2 minutes to circle as many gas station symbols as
they can find on a large paper copy of the map. The total score is calculated according to the
total number of gas pump symbols circled within two minutes with the higher score
reflecting better performance (in contrast to the scores of the other domains).

The Telephone Search Test, another sefective attention measure, uses pages from a telephone
book that are modified to include simple geometric symbols besides the names of various
businesses. Participants are asked to identify as many correctly matching symbols as they
can find as they proceed through the columns on the pages. If they have not completed the
task within 4 minutes, the test is ended. The score (time-per-target score) is based on the
total time divided by the number of correctly detected symbols.

The Telephone Search While Counting Test measures sustained attention and resembles the
previous test. Participants additionally are asked to count audio tones from a recording while
performing the Telephone Search. The score is based on the average time per correctly
identified symbols.

Divided attention was measured using the Dual Task Decrement score. The score was
calculated by subtracting the time-per-target score from the prior Telephone Search task
from the time per target score weighted for accuracy of tone counting.

Chronic pain

The Brief Pain Inventory (BPI) subscales measured global pain severity and pain
interference 2223, The BPI has been validated as a measure of chronic non-malignant pain in
older adults and shows good reliability (coefficient alphas > 0.70) 2425, For the BPI severity
subscale, participants are asked to rate their pain, described as pain “you have today that you
have experienced for more than just a week or two”. For the 4-item severity scale,
participants rate their pain in the previous week on a numeric rating scale from 0-10, where
0 reflects ‘no pain’ and 10 reflects ‘severe or excruciating pain, as bad as you can imagine’,
in terms of pain at its worst, least, on average in the previous week, and at present. The BPI
severity score is the average of the 4 ratings.

Using the BPI pain interference subscale, interference in daily activities was rated for
general activity, mood, walking ability, normal work, relations with other people, sleep and
enjoyment of life. Rating for each item was on a 0-10 numeric rating scale, with 0 indicating
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no pain interference and 10 indicating complete interference; the score was the average of
the 7 item ratings.

Sociodemographic and Health Characteristics

We selected sociodemographic and health characteristics that were possible confounders and
could potentially interfere with test performance. Sociodemographic characteristics assessed
at baseline included age, gender, race and educational level. Education level was assessed as
number of years of formal education. Health characteristics assessed in the telephone
interview and clinic exam included body mass index (BMI), heart disease (self-reported) and
diabetes and depression, assessed by disease algorithms, described previously 16. Obesity
was determined based on body mass index (BMI) of 30 or greater. Following a
musculoskeletal assessment using clinical criteria for osteoarthritis of the hand and knee,
arthritis was categorized into 4 groups: no arthritis, hand only, knee only and both (hand and
knee) 2627 Vision was assessed using the Good-Lite Chart light box, where participants
were asked to read text at a 10-foot distance 28, The lowest performing quartile was
classified as poor vision. Self-reported hearing difficulties were assessed during the health
interview on a binary scale (yes/no). Medications used in the previous 2 weeks were
assessed using the brown bag method. Psychiatric medications included anxiolytics,
sedatives and hypnotics, antidepressants, and antipsychotics. Analgesic medications include
opioid and non-opioid classes as well as medications for neuropathic pain (i.e. gabapentin
and pregabalin).

Statistical analysis

Participant characteristics were examined according to BPI pain severity tertiles (none or
least pain: BPI severity score <1, mild pain: score 1 to 3.9, and moderate to severe pain:
BP1=4). Similarly, BPI interference scores were grouped into tertiles. Between-group
differences according to baseline characteristics were tested using Chi-square tests for
categorical measures and ANOVA for ordinal and continuous measures.

Attention scores of the TEA subscales were investigated according to BPI pain severity and
interference scales. TEA subscale scores were highly skewed and subsequently winsorized
at the 99th percentile to control for outliers. We used unadjusted general linear models
(GLM) to test potential linear relationships between BPI pain score groupings and TEA
scores (dependent variables).

Multiple linear regression modeling was used to investigate relationships between pain
measures and TEA subscales. We performed two models, initially adjusting for
sociodemographic measures (age, sex, race, education), then extending the model by adding
variables that could potentially interfere with the TEA test performance (hand arthritis and
vision), heart disease, diabetes, BMI and adding psychiatric medication use. The magnitude
of the effect of chronic pain on attention is expressed in unstandardized regression
coefficients.

All analyses were performed with SAS v 9.4 (SAS Institute, Cary, NC).

JAm Geriatr Soc. Author manuscript; available in PMC 2019 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

van der Leeuw et al. Page 6

Results

Study Sample Characteristics

Study participants (n=354) had an average age of 84.5 years (SD=4.7) including
approximately two-thirds women (65.8%), similar to the older population of the Boston
area. Participants had an average of 14.8 years (SD=2.8) of education and 79.9% were white
and 14.4%, African-American. Participants with moderate to severe pain were more likely to
have fewer years of education, be female, African-American, have obesity and arthritis, and
use analgesics and psychiatric drugs, compared to people with none or mild pain (Table 1).

TEA subscales

Participants with moderate to severe pain severity or interference had poorer performance
than those with none or less pain in the domain of selective attention (Telephone Search and
Map Search tests; Table 2). After adjustment for age, gender, race and education, pain
severity was associated with lower scores on one domain of complex attention; selective
attention (Telephone Search: p-value 0.04, Map Search: p-value 0.03; Table 3). In addition,
after adjustement for health factors and psychiatric medication use, pain severity was
associated with sustained attention (Telephone search while counting, p-value 0.04). Pain
interference was inversely associated with the Telephone Search score (p-value 0.03).

Discussion

This is among the first studies of an older population to examine the possible impact of
chronic pain on selected domains of attentional capacity in older adults. The results
demonstrate that chronic pain is associated with attentional challenges in community-living
older adults. Before and after multivariable adjustment, pain severity was associated with
poorer selective and sustained attention, and pain interference also was significantly
associated with poorer selective attention.

Our results are in line with earlier clinical studies of adults with chronic pain, where chronic
pain was associated with selected cognitive impairments 2°-32, In a previous MBS report, we
observed modest associations between pain and other cognitive domains among the original
cohort of 765 participants °. In that analysis, MBS partcipants experiencing more severe pain
or pain interference performed worse on executive functioning and memory tests, compared
to participants with less or no pain. Additionally, pain interference was associated with
impaired attentional capacity, measured using the Trailmaking test Part A. However, many
of the observed associations attenuated after other factors including chronic conditions,
behaviors and psychiatric medication were taken into account. In addition, adjusting for
performance in tests of attention diminished the association between pain and general
cognitive functioning, supporting the idea that attention may explain previously reported
associations between pain and general cognitive decline °. The current study findings are not
only consistent with previous MBSI results, but suggest that chronic pain in older adults
may be particularly detrimental to domains of selective and sustained attention. It is possible
that impaired selective attention contributes to previous findings of reduced executive
functioning and memory. A previous study also suggested that the influence of pain on

JAm Geriatr Soc. Author manuscript; available in PMC 2019 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

van der Leeuw et al.

Page 7

memory processes is secondary to the influence of pain on attention rather than primarily on
memory 32 . Others have suggested that selective attention plays a role in the executive
control aspect of the working memory system 33, Therefore our findings may not only
present new information about the relation between pain and attention, but also may have
broader implications for the existing evidence describing associations between pain and
other cognitive domains.

No relation was found between pain severity or interference and attentional switching. The
absence may be explained in part by the difficulty of the Visual Elevator test for older adults.
Our previous work showed that this test was probably the most difficult test for those aged
80 and older, resulting in more incomplete tests (19% of participants had incomplete tests of
attentional switching versus 8% on the selective attention tests). We reported previously that
69% of participants with incomplete Visual Elevator tests had low MMSE scores 21,
Nonetheless, additional analysis addressing the problem of missingness using multiple
imputation for the Visual Elevator test did not change our findings (data not shown).

A review evaluating the effect of chronic pain on neuropsychological performance identified
cognitive impairment among patients with chronic pain irrespective of age, particularly in
the domains of attention, processing speed and psychomotor speed 30. However, the authors
suggest that multiple factors, yet to be identified, may mediate or explain the relation
between chronic pain and cognitive functioning 3. lezzi and colleagues identified that
factors such as education, can influence this relationship. They initially observed
associations between chronic pain and attention in clinical adult patients 2°. However, after
controlling for the effect of education, the assocation was diminished. In our study of very
old adults living in the community, the relationship of pain and attention was independent of
education.

Our results are consistent with Eccleston’s theory that pain demands attention and takes
precedence over other attention-demanding cognitive tasks 10. This effect might be greater
for older adults with chronic pain, in part because of distracting effects of pain but also
because, with aging, there is reduced ability to handle more than one task at a time 34. In our
study, nearly all participants with chronic pain reported they were experiencing pain on the
day of the cognitive testing (data not shown).

Additional evidence can be found by reviewing the brain regions involved in both pain and
complex attention. In older adults with chronic back pain, MRI studies reveal losses in brain
volumes in the cingulate cortex area, which is involved in the processing of pain and also in
attentional challenges 31. Other imaging studies showed activation of the prefrontal cortex
during pain experience as well as during complex attentional processing 3%:36. Therefore, the
effect of chronic pain may be related to chronic interruption of current attentional
engagement 19, It is possible that chronic pain may have a cumulative negative effect on
cognitive functioning, contributing to cortical reorganization due to brain plasticity. While
plasticity is typically viewed as advantageous, in the presence of chronic pain, plasticity may
lead to changes in brain morphology, with loss of gray matter volume, such as in the insular
cortex, anterior cingulate cortex, and dorsolateral prefrontal cortex 313738 In a review on
pain and cognition, Moriarty and colleagues proposed potential mechanisms involved in
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pain-related cognitive impairment: division of limited resources in the brain, adverse
neuroplastic changes that occur in the brain of chronic pain patients, and neurochemical
mediators released during chronic pain 38. One or more of these mechanisms may have
contributed to the associations we observed between chonic pain and attention in the older
population.

Older adults who have pain may be particularly vulnerable to impairment in selective
attention, which involves not only the selection of appropriate stimuli, but also, the
inhibition of distracting stimuli. Poor selective attention is typically associated with the poor
inhibition aspect of selective attention. Pain might impair inhibition, when it becomes
difficult to ignore it. Participants who had more severe pain generally performed worse than
those without pain on other TEA subscales, however the decrements in the other attentional
domains were not consistently significant.

This study has some notable strengths, including use of two different global pain measures.
Another strength is that the TEA assesses several domains of attention and may provide a
more ecologically valid assessment of complex attention compared to the commonly
employed clinical measures (e.g., Stroop; Trail Making). Previously we reported that TEA
scores correlated with other cognitive tests in the MBS 11, and that, in general, very elderly
participants were able to complete most of these challenging attentional tasks, except for the
visual elevator test 21. Lastly, our study is population-based, thus our findings are more
representative than other studies involving patient volunteer samples.

Our findings overall of the fully adjusted models are modest. This could be in part due to the
sample size or it could be that other factors not accounted for in our analysis could explain
the observed associations. Further research is needed to better understand the impact of
chronic pain on cognition in older adults. Another limitation of this study was its cross-
sectional design. Therefore, we cannot determine the temporality and directionality of the
relationship between pain and attention. Longitudinal research on this topic is needed. Also,
we were not able to describe the nature and source of the pain. Furthermore, we did not
adjust for analgesic use or specifically, opioid use, because use of these medications is
strongly associated with pain severity. Thus, we cannot be certain whether the observed
associations between pain and attentional deficits are completely independent of medications
used for pain management. Another possible limitation is that the TEA is a challenging test,
especially in older adults. Our previous report addressed the problem of missingness of the
TEA and suggestions for modifications in very old adults 21. Future studies need to
investigate the suggested modifications.

In conclusion, our findings support that chronic pain may compromise complex attention in
older adults. There is growing evidence that maintenance of cognitive functioning including
attention in older adults is essential to mobility and daily function -39, Also attentional
demands for postural control increase with aging as sensory information decreases 1240,
Thus, decreased attentional capacity in older adults could lead not only to decreased
cognitive functioning overall, but also to imbalance, mobility decline and falls. Research is
needed on the long term effects of pain on attentional processes and other cognitive
functions and mobility with aging. Perhaps most importanty, we need to determine whether
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improved pain management reduces the attentional burden of pain and its functional

co

nsequences in this vulnerable population.
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Impact statement

We certify that this work is confirmatory of recent novel clinical studies describing a
negative effect of chronic pain on cognition in older adults (references below).

However, it is novel that we look at two aspects of pain (severity and interference) and
several domains of complex attention (selective, sustained, divided and attentional
switching). Lastly, our study population consists of very old community-living adults,
who are most at risk for cognitive changes related to chronic pain.
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