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Abstract

Objectives: Limited cohort studies have assessed the association between uncontrolled pain and
risk for behavioral and psychological symptoms of dementia (BPSD). We conducted a longitudinal
cohort study to examine whether associations exist between uncontrolled pain and risk for two
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common BPSD—depression and behavioral symptoms—among long-term care (LTC) residents
with Alzheimer disease and related dementia (ADRD).

Design: This retrospective cohort study analyzed quarterly data from the 5% Medicare sample
linked to Minimum Data Set (MDS) 3.0 between January 1, 2011, and December 31, 2015.

Setting and Participants: LTC residents aged 50 years or older with ADRD who had chronic
pain and at least two quarterly MDS 3.0 assessments.

Methods: LTC residents were followed up quarterly from first observed quarterly MDS 3.0

until first outcome event or last observed quarterly MDS 3.0. Uncontrolled pain was defined

as numerical rating scale >4, verbal descriptor scale of moderate or severe pain, or =1 pain
indicators on the Checklist of Nonverbal Pain Indicators. Depression was defined as =10 on the
Patient Health Questionnaire 9; behavioral symptoms were defined as the presence of psychotic
(delusions or hallucinations) or disruptive behaviors (rejection of care, or physical, verbal, or
other aggressive behaviors). Generalized linear models (GLMs) with marginal structural modeling
(MSM) stabilized weights were used to examine uncontrolled pain and outcome risk.

Results: The incidence rate of depression and behavioral symptoms during follow-up was 9.4
and 23.1 per 100 resident-years, respectively. Results from the MSM-GLMs showed that LTC
residents with uncontrolled pain had a higher risk than those with controlled pain for developing
depression (hazard ratio=1.67, 95% Cl=1.54-1.81) and behavioral symptoms (hazard ratio=1.28,
95 CI=1.19-1.37).

Conclusions and Implications: Uncontrolled pain was associated with elevated risk for
depressive and behavioral symptoms in dementia, underscoring the importance of pain assessment
and control among LTC residents with ADRD.

Brief Summary:

This cohort study demonstrated that uncontrolled pain is associated with increased risk for
depressive and behavioral symptoms, underscoring the importance of pain control in residents
with dementia.

Keywords
Uncontrolled Pain; Behavioral symptoms; Depression; ADRD; Nursing Home

Introduction

Behavioral and psychological symptoms of dementia (BPSD) affect 97% of people with
Alzheimer disease and related dementia (ADRD)? at some point in time during the disease
course and is one of the main reasons for nursing home admission.2 Common behavioral
symptoms of dementia include agitation and aggression, while psychological symptoms
include depression and anxiety.34 BPSD adversely affects individuals’ quality of life and
physical and cognitive functioning and increases caregiver distress.# Treatment of BPSD
remains challenging, largely owing to the lack of effective targeted therapies and concerns
about the safety of psychopharmacological medications.# Current clinical guidelines highly
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recommend identifying risk factors that precipitate BPSD before initiation of any suggested
pharmacological treatment.5:6

Although pain has been implicated as an important risk factor for BPSD,>8 the magnitude
of risk conferred by uncontrolled pain remains unclear. Available effect estimates have been
inferred from cross-sectional studies that show a higher prevalence of depression, agitated
and aggressive behaviors, and rejection of care among individuals with ADRD with versus
without pain.”~10 To date, limited cohort studies have assessed the association between
uncontrolled pain and risk for BPSD,1-14 and findings regarding pain control and risk for
aggression and agitation are inconsistent.11-13 These inconsistencies may be due to small
sample sizes, outdated data, and most importantly, failure to account for the time-varying
feature of pain and confounders (e.g., use of pain medications), which can result in biased
estimations of pain control on BPSD outcomes.1®

Owing to serious adverse consequences of BPSD in persons with ADRD,* the association
between pain and BPSD deserves further investigation through a longitudinal cohort study
design that addresses the aforementioned study limitations. Using a marginal structural
modeling (MSM) approach® to account for time-varying pain control exposure and time-
varying confounders, the present study examined the associations between uncontrolled
pain and risk of two common BPSD—depression and behavioral symptoms—among LTC
residents with ADRD. We hypothesized that residents with (versus without) uncontrolled
pain had a higher risk of developing depressive and behavioral symptoms in dementia.

Study design and data source

We conducted a retrospective cohort study of a 5% Medicare sample linked to the Minimum
Data Set, version 3.0 (MDS 3.0), from 2011 to 2015. The Medicare data contain enrollees’
medical billing records for Parts A (inpatient), B (outpatient), and D (prescription drugs) as
well as beneficiary-level sociodemographic characteristics and enrollment status. The MDS
3.0 is the latest version of a federal clinical assessment required for all residents of nursing
homes certified by the Centers For Medicare and Medicaid Services (CMS).16 We leveraged
the MDS 3.0 data to measure a key exposure (pain intensity) and two BPSD outcomes while
accounting for important medication-related confounders, including the use of prescription
pain medications, the use of psychotropic medications, and polypharmacy, all of which were
ascertained from the Medicare Part D data. An Institutional Review Board approved the
study and waived informed patient consent.

Study sample

The study sample included LTC residents aged 50 years or older who (1) entered a cohort
on the date of their first observed quarterly MDS 3.0 pain assessment (i.e., index date),
with at least 6 months of continuous Medicare enrollment prior to that date; (2) were
diagnosed with ADRD and not comatosel’ before the index date between January 1, 2011,
and December 31, 2015. To study a homogeneous population regarding pain conditions, we
further restricted the sample to those with a diagnosis of chronic pain but without cancer,
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palliative, or hospice care during the 6-month pre-index period (baseline). Supplementary
Table 1 lists the diagnoses of diseases and service care considered in sample selection.

We created two independent cohorts to detect the risk of depression and behavioral
symptoms outcomes. For each cohort, we included only residents who had no clinically
diagnosed or MDS-assessed outcome of interest during the 6-month baseline or on the index
date. Residents were followed up from the index date until the first outcome event or the

last observed quarterly MDS 3.0 prior to death, nursing home discharge, Medicare Part

D disenrollment, or study end, whichever came first. We excluded residents who had no
quarterly MDS 3.0 assessment during follow-up for outcome ascertainment. Figure 1 shows
the procedures of sample selection for each cohort.

Outcome measures

Outcomes included the presence of depression and the presence of behavioral symptoms
(including psychotic and disruptive behaviors) extracted from the MDS 3.0 data. In the MDS
3.0, depression was measured by residents’ self-assessment of mood status in the previous

2 weeks using the Patient Health Questionnaire (PHQ)-9, a validated tool to detect major
depressive disorder with high sensitivity and specificity (both >85%).18.19 The depression
status of residents who were nonverbal was measured by a staff-assessed PHQ-9. Each of
the PHQ-9 items scored symptoms from 0 (not at all) to 3 (nearly every day), resulting in a
total score ranging from 0 to 27. Residents whose PHQ-9 score was =10 were classified as
having moderate-to-severe depression; otherwise, they were classified as having no or mild
depression.18:19

In the MDS 3.0, nursing staff assessed the presence of two common behavioral symptoms
during the previous 7 days, including (1) psychotic behaviors (i.e., delusions and
hallucinations) and (2) disruptive behaviors, including physical or behavioral symptoms
directed toward others, verbal behavioral symptoms directed toward others, other behavioral
symptoms not directed toward others, and rejection of care.20-21 \Wandering was not included
because this behavior is not commonly displayed among residents with pain.1% Residents
were only considered to have a behavioral symptom if they exhibited any of the five
behaviors.

Both the MDS 3.0-assessed depression and behavioral items have been psychometrically
tested in residents who are verbal and nonverbal and have shown excellent nurse-to-nurse
interrater reliability (kappa >0.90).22 We relied on MDS 3.0 assessments rather than on
diagnostic codes for the ascertainment of depression and behavioral symptoms during
follow-up because these symptoms are often delayed or underdiagnosed in older adults.23

Pain control

Pain intensity was extracted from quarterly MDS 3.0 assessments.24 At each assessment,
residents were asked to rate their worst pain intensity in the previous 5 days using a numeric
rating scale (NRS; from 0 to 10) or verbal descriptor scale (VDS; no, mild, moderate, or
severe) for residents who were verbal. For nonverbal residents, nurses evaluated their pain
intensity using the Checklist of Nonverbal Pain Indicators (CNPI) to assess the presence (1)
or absence (0) of four pain behaviors (i.e., nonverbal sounds, vocal complaints of pain, facial
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expressions, and body postures) in the previous 5 days. Residents were classified as having
uncontrolled pain if they had an NRS of >4, a VDS indicating moderate or severe pain, or
>1 pain indicators in the CNPI; otherwise, they were considered to have controlled pain.
Missing pain value data during baseline or cohort entry were low (<1%; n=652 residents),
and these residents were excluded.

Statistical analysis

We measured pain control, outcomes of depression and behavioral symptoms, and
confounders (Supplementary Method 1) at baseline and updated at each quarterly MDS 3.0
assessment during follow-up. Thus, resident assessment was the unit of analysis. Because
we censored dichotomized depression and behavioral symptoms at quarterly intervals, to
model interval-censored outcomes, we used a generalized linear model (GLM) with a
complementary log-log link function to examine the association of prior uncontrolled pain
(exposure) with the subsequent risk of the outcome of interest.2

To account for time-varying pain control and confounders, we used an MSM approach.26
Unlike conventional covariate adjustments, MSMs adjust for time-varying confounders

by assigning weights to individuals, and thus create a pseudo sample in which all

observed potential confounders are equally distributed between the pain controlled and pain
uncontrolled groups, yielding results that approximate causal relationships.26-27 The use of
an MSM involves two steps: (1) calculating a stabilized weight by multiplying the inverse
probability of treatment (or exposure) weights (IPTWSs) and inverse probability of censoring
weights (IPCWSs) of each resident assessment; and (2) incorporating the calculated stabilized
weights into the GLMs to estimate the weighted associations between uncontrolled pain
with outcomes of interests.28 To estimate IPTWs and IPCWs, we fit two separate pooled
multivariable logistic regression models, with uncontrolled pain and censoring (due to death
or Medicare Part D disenrollment) as the dependent variable, respectively, and the time-fixed
and time-varying variables as the independent variables. Weights were truncated at the 15t
and 99™ percentiles to reduce the influence of outliers on estimates. In the second step,

we reported hazard ratios (HRs) and 95% confidence intervals (Cls) derived from the
MSM-weighted GLM for each outcome. Generalized estimating equations were included in
the final weighted models to account for within-resident correlations from quarterly repeated
measures of pain control.2

To evaluate the robustness of our findings, we conducted several subgroup and sensitivity
analyses. For sensitivity analyses, we compared estimates from MSM-GLMs with those
from conventional unweighted models that adjusted for baseline covariates as well as

with estimates from GLMs with IPTW. We also truncated weights at the 0.51" and 99.5t"
percentiles and at the 2"d and 98t percentiles as a sensitivity analysis.28 To test the positivity
assumption (i.e., any individual has a positive, nonzero probability of experiencing exposure
at any given combination of covariates), we examined the distribution of propensity scores
by baseline pain control. In subgroup analysis, we stratified the MSM-GLM analysis by
dementia severity, use of prescription pain medications, and use of pain management
including pharmacological and non-pharmacological approaches at baseline to explore

their potential effect modification. Non-pharmacological pain management approaches
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documented in MDS 3.0 included but not limited to comfort therapy (e.g., heat/cold
application), physical therapy (e.g., exercises), neurostimulation (e.g., electrical nerve
stimulation), and alternative therapy (massage, acupuncture, and chiropractic).3? We chose
these three effect modifiers because prior studies have reported that the association between
pain and BPSD differed according to use of pain interventions31:32 and severity of cognitive
impairment.”-14 All analyses were performed using SAS, version 9.4 (SAS Institute Inc.,
Cary, NC). Statistical significance was set at < 0.05, and all tests were 2-sided.

We identified a cohort of 27,131 eligible LTC residents with ADRD who had no depression
outcome (contributing 221,237 resident MDS assessments) and a cohort of 15,657 LTC
residents with ADRD who had no behavioral symptoms outcome (contributing 113,534
resident MDS assessments), 6 months before or at cohort entry. (Figure 1). Baseline
summary statistics for the cohort of depression and behavioral sample are presented in
Supplementary Table 2. The mean (SD) length of follow-up was 1.6 (1.3) years (median, 1.2
years; interquartile range [IQR], 0.5-2.4 years) for the depression cohort and 1.4 (1.2) years
(median, 1.2 years; IQR, 0.5-2.1 years) for the behavioral cohort. During the follow-up
period, 8.9% of residents in the depression cohort and 6.5% in the behavioral cohort died
and were censored at the time of death.

Table 1 gives the characteristics of LTC residents with or without pain control before or at
cohort entry in the depression and behavioral cohorts. At baseline, 15.1% (4087 of 27,131)
of residents with ADRD in the depression cohort and 20.4% (3192 of 15,657) of residents in
the behavioral cohort experienced uncontrolled pain. In both cohorts, residents whose pain
was uncontrolled (vs controlled) were more likely to be younger (50-64 years old), female,
White, and have five or more comorbidities, but were less likely to have moderate or severe
dementia. The residents with uncontrolled pain were also more likely to receive prescription
pain medications, use pharmacological or non-pharmacological pain interventions, and
experience any hospitalization and emergency department visit at baseline.

Table 2 gives the unadjusted incidence estimate of depression and behavioral symptoms
among eligible LTC residents with ADRD. The overall incidence rate of depression
symptoms and of behavioral symptoms during follow-up was 9.4 and 23.1 per 100
resident-years, respectively. The rates were higher among residents with rather than without
uncontrolled pain (12.2 vs. 8.9 per 100 resident-years for risk of depression; 25.9 vs. 22.4
per 100 resident-years for risk of behavioral symptoms).

Table 3 gives the associations between uncontrolled pain and risk for depression and
behavioral symptoms. The crude estimate without confounding adjustment (conventional
model) indicated that uncontrolled pain was associated with 35% increased risk for
depression (95% ClI, 1.25-1.46) and 22% increased risk for behavioral symptoms (95% Cl,
1.14-1.30). Compared with the crude estimates, both conventional baseline adjustment and
IPTW models yielded lower effect estimates for depression (HR, 1.30; 95% CI, 1.18-1.42
and HR, 1.25; 95% Cl, 1.17-1.43) and for behavioral symptoms (HR, 1.17; 95% CI, 1.09-
1.27 and HR, 1.20; 95% ClI, 1.14-1.27). The weighted MSM that accounted for time-varying
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confounders yielded the largest estimate, with a 67% increased risk for depression (95% Cl,
1.54-1.81) and 28% for behavioral symptoms (95% CI, 1.19-1.37).

Subgroup and sensitivity analyses

Uncontrolled pain had statistically significant and large effects on depression or behavioral
symptom outcomes for LTC residents with ADRD who had no baseline use of any
prescription pain medications (vs. use; P-value for interaction=0.03 for depression only)
and who had no baseline use of any pain management (vs. use; P=0.02 for depression and
P<.001 for behavioral symptoms) (Table 3). We did not observe a statistically significant
modification effect of dementia severity on the association between pain control and risk for
depression (P=0.40) and behavioral symptoms (P=0.21). Sensitivity analyses that truncated
weights at different percentiles did not alter our findings (Supplementary Table 3). We did
not find evidence of violation of the positivity assumption (Supplementary Figure 1).

Discussion

The present study using MDS 3.0 assessments linked to Medicare claims data is among the
first to provide population-based data on pain control and risk for depression and behavioral
symptoms among LTC residents with ADRD. Using an MSM approach to account for
time-varying confounders, we found that uncontrolled pain increased the risk of developing
depression by 1.67-fold and of developing behavioral symptoms by 1.28-fold. The direction
of association was generally consistent across different models, with smaller magnitudes
found in conventional adjusted and IPTW models compared with weighted MSMs. Findings
were also consistent across sensitivity and subgroup analyses.

Associations between pain and depression and behavioral symptoms are well documented
among older adults with intact cognition,33 but less well documented among those with
cognitive impairment. Limited longitudinal cohort studies have assessed the association
between uncontrolled pain and risk for BPSD.11-14 Prior findings have been consistent
regarding pain and risk of depression,11-13 put inconsistent regarding pain and risk of
aggression and agitation, with two studies showing a positive association1:12 whereas
another study indicating no association.:® Our study utilizing the most recent version of
MDS data in a large sample of LTC residents found positive associations between poor pain
control and depression or behavioral symptoms for residents with ADRD after accounting
for time-varying pain control and time-varying variables that could act as confounders and
intermediate variables simultaneously.

The present study also explored the effect modification of the association between
uncontrolled pain and depression or behavioral symptoms by dementia severity and by

use of pain treatment and management at baseline. We observed statistically significant and
stronger associations for subgroups of LTC residents with ADRD who had no prescription
pain treatment or no pain management at baseline, compared with their counterparts who
had intervention(s). Our finding is analogous to results from published randomized clinical
trials showing that pain treatment (vs. no treatment) is associated with decreased pain and
subsequent risk for agitation in patients with moderate-to-severe dementia.31:32 We did not
find evidence of an effect modification by dementia severity. Our null finding is consistent
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with the result of a prior study of residents with demential# but inconsistent with that of a
study of community-dwelling persons with dementia whose pain was primarily assessed by
their caregivers.’

Our findings re-emphasized the importance of pain assessment in LTC residents with ADRD
for early detection and intervention of BPSD given the lack of effective treatment and
potential harms of psychotropic medications for BPSD. For individuals with ADRD who
reside in LTC facilities, the MDS 3.0 could serve as a useful data source because it regularly
assesses and documents the pain status of residents, most of whom are diagnosed as having
ADRD. Our incidence estimate of depression ascertained from the MDS 3.0 is consistent
with prior data.3# Overall, our findings may assist healthcare professionals in distinguishing
LTC residents with ADRD who have a higher predisposition to depression or behavioral
symptoms. It is particularly important to focus on residents with ADRD who are younger,
female, white, and have multiple comorbidities, all of which are important risk factors
associated with uncontrolled pain demonstrated in the present study.

A strength of our study is that we adjusted for time-varying pain control and time-

varying confounders using an MSM approach. Causality may be inferred when the

MSM assumptions of positivity, consistency, exchangeability, and correctness of model
specifications are fulfilled.28:3% In our study, the positivity assumption was satisfied, as the
probability of any resident experiencing the exposure was positive within each stratum of
covariate combination. The consistency assumption was also satisfied, as our results remain
unchanged after truncation of weights at various percentiles. However, it is challenging to
test the other MSM assumptions; thus, the interpretation of our study findings in light of
causality remains limited.

There are several additional limitations to this study. First, the validity of pain intensity,
PHQ-9 depression, and behavioral symptom assessment in the MDS 3.0 is uncertain,
particularly for residents with ADRD. Our previous pilot study found a moderate-to-high
agreement for these three MDS 3.0 measures against medical records of a local Medicare-
and Medicaid-certified LTC facilities.36:37 Studies using a nationally representative sample
of LTC residents are warranted to better understand the validity of MDS 3.0-based measures.
Second, while studies of cognitively intact populations show sex and racial differences in
pain perception and report,38 limited evidence exists, with only one pilot examining sex
differences in pain response among patients with ADRD.3° More studies that understand
biopsychosocial mechanisms underlying sex and racial differences among ADRD may
help explain our finding on being female and white as risk factors of uncontrolled pain.
Third, although we accounted for many potential confounders measured from the MDS
3.0 data and Medicare claims, unmeasured confounders are possible and could influence
our estimates. Finally, our results could only be generalized to Medicare older adults with
ADRD who resided in LTC facilities.

Conclusions and Implications

In this study of Medicare LTC residents with ADRD, uncontrolled pain is associated with
increased risk for two common BPSD— depressive and behavioral symptoms. Our findings
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re-emphasized the importance of pain assessment in LTC residents with ADRD, particularly
those with identified risk factors associated with uncontrolled pain. Given that there is

no cure for ADRD and the potential harms of psychotropic medication administered for
treatment of BPSD, it is important to regularly assess, prevent, and manage pain in LTC
residents with ADRD to prevent BPSD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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5% Medicare sample of older beneficiaries (aged >50 y)
diagnosed as having ADRD and residing in long-term
care (LTC) facilities with >1 quarterly MDS 3.0
assessment between January 1, 2011, and December 31,
2015 (n=108,583)

Excluded 28,735 residents with <6 mo of
Medicare Part A, B, and D continuous enrollment
before any quarterly MDS 3.0 pain assessment.
The first observed eligible MDS 3.0 was

7| designated as cohort entry

Excluded 8,762 residents with no chronic pain
diagnosis, 11,146 residents with cancer diagnosis,
and 3,918 residents with hospice or palliative care
within 6 mo before or at cohort entry

Excluded 482 residents with missing quarterly
MDS 3.0 pain assessment within 6 mo before or at
cohort entry

\ 4

55,540 LTC residents with chronic non-cancer pain who reported pain before or at cohort entry

Excluded 27,113 residents with a Excluded 39,231 residents with a
diagnosed or MDS 3.0-assessed diagnosed or MDS 3.0-assessed
depression before or at cohort entry behavioral symptom before or at
¢ —> | cohort entry
Excluded 1,296 residents without
quarterly MDS 3.0 for outcome Excluded 652 residents without
ascertainment during follow-up quarterly MDS 3.0 for outcome
v v ascertainment during follow-up
Cohort of 27,131 residents with Cohort of 15,657 residents with
ADRD who had no depression ADRD who had no behavioral
before or at cohort entry (n=221,237 symptoms before or at cohort entry
quarterly MDS 3.0 assessments) (n=113,534 quarterly MDS 3.0
assessments)

Fig. 1. Flow chart of the retrospective cohort study samples for depression and for behavioral
symptom outcomes.

ADRD represents Alzheimer disease and related dementia; and MDS, Minimum Data Set.
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Adjusted Associations between Uncontrolled Pain and Risk of Depression and Behavioral Symptoms among
Long-term Care Residents with ADRD

Analysis Risk for depression Risk for behavioral symptoms
Hazard ratio (95% ClI) P-value Hazard ratio (95% CI) P-value
Main analysis P-value
Conventional models
Without adjustment 1.35 (1.25-1.46) <.001 1.22 (1.14-1.30) <.001
Adjusted for baseline variables 1.30 (1.18-1.42) <.001 1.17 (1.09-1.27) <.001
Weighted models
IPTW 1.25 (1.17-1.43) <.001 1.20 (1.14-1.27) <.001
MSM estimates 1.67 (1.54-1.81) <.001 1.28 (1.19-1.37) <.001

Subgroup analysis
Dementia severity
Mild
Moderate
Severe
Use of prescription pain medication
Yes
No
Use of pain management
Yes
No

1.71 (1.53-1.90)
1.91 (1.67-2.21)
1.42 (1.03-1.95)

1.56 (1.41-1.72)
1.90 (1.64-2.12)

1.54 (1.40-1.69)
1.98 (1.65-2.37)

P-value for interaction

0.40

1.31 (1.21-143)
1.36 (1.16-1.60)
1.53 (0.97-2.40)

1.26 (1.16-1.37)
1.38 (1.18-1.62)

1.20 (1.11-1.30)
1.76 (1.48-2.10)

P-value for interaction

0.21

0.30

<.001

Abbreviations: ADRD, Alzheimer disease and related dementia; Cl, confidence interval; IPTW, inverse probability of treatment (or exposure)

weight; MSM, marginal structural modeling.
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