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Abstract
Influences of Pain, Insomnia, and Depression on Health Care Utilization in

Older Adults with Osteoarthritis

Minhui Liu

Chair of the Supervisory Committee:
Professor Basia Belza

Department of Biobehavioral Nursing and Health Informatics

Background: Osteoarthritis (OA), the most common type of arthritis, is prevalent and costly.
Pain is the principle reason patients with OA seek treatment. Older adults with OA often report
co-existing insomnia and depression. OA pain, insomnia, and depression are prevalent and
greatly increase health care utilization (HCU) in this population.

Purpose: a) Describe the prevalence of pain, insomnia, and depression in older adults with OA,
and b) Examine individual and combined effects of pain, insomnia, and depression on HCU.
Methods: A total of 8,057 participants aged 60+ with an electronic medical record diagnosis of
OA were mailed a screening survey that asked about their pain, insomnia, and depressive
symptoms. Pain was assessed by the Graded Chronic Pain Scale (GCPS); Grades 2 - 4 were
moderate to severe pain. Insomnia severity was measured by the Insomnia Severity Index (ISI); a
score of 7 or greater indicates at least sub-threshold insomnia. Depression was measured by the
Patient Health Questionnaire depression scale (PHQ-8), with a score greater than 5 representing

at least sub-clinical depression. All participants were members of Group Health Cooperative



(GHC), a Seattle-based health maintenance organization. HCU variables from 1 year before and
3 years after the index date were extracted from GHC medical records. Variables included
medication use (opioids, sedatives, tricyclic antidepressants (TCAs), and selective serotonin
reuptake inhibitors (SSRIs)), total number of office visits, length of stay (LOS) (days), inpatient
and outpatient costs, and hip/knee replacement. Patient demographics (age, sex, race, marital
status, employment status, and educational levels), days of enrollment in GHC, and Charlson
Comorbidity Index scores were also recorded. Negative binominal, generalized linear, and
logistical models were used for the data analysis.

Results: A total of 2,976 participants were included in the data analysis. About half the
participants reported moderate to severe level pain (47.1%), at least sub-threshold insomnia
(55.05%), or at least sub-clinical depression (45.2%). About one third of participants presented
moderate to severe pain and at least sub-threshold insomnia (33.9%), or moderate to severe pain
and at least sub-clinical depression (28.8%). Pain individually contributed to opioids and TCAs
use. Depression individually contributed to use of sedatives, TCAs, and SSRIs. Insomnia
individually contributed to opioid, sedative, and SSRI use. Generally, combined effects of these
symptoms on opioid, sedative, and TCA use increased with symptom severity. Combined effects
on SSRI use did not change significantly regardless of insomnia and depression severity.
Individual effects of pain were statistically significant across all types of the examined HCU.
Insomnia and depression individually contributed only to office visits and outpatient costs.
Combined effects of pain/insomnia, and pain/depression were significant across all types of
HCU except for hip/knee replacement and increased with insomnia/depression severity.
Conclusions: OA pain, insomnia, and depression are prevalent in older adults. Individual and

combined effects of pain, insomnia, and depression on medication use are significant. Effects of



pain on health care utilization in OA are significant and cost-effective strategies are needed for
better pain management to reduce OA-related health care burden. Significant combined effects
of pain/insomnia and pain/depression suggest the importance of inquiring about insomnia and
depression as part of the routine assessment for OA and working collaboratively across
specialists for improved symptom management in clinical practice in order to reduce OA-

associated health care burden.
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Chapter 1. Introduction



SIGNIFICANCE OF THE PROBLEM

Osteoarthritis (OA) is a clinical syndrome of joint pain accompanied by various degrees
of physical function limitation and reduced quality of life. It is by far the most common form of
arthritis and one of the leading causes of pain and disability worldwide.! Overall, in the United
States, OA affected 13.9% of adults age 25 years and older and 33.6% (12.4 million) of those
over 65 years old in 2005.2 The prevalence of symptomatic knee OA is approximately 10% in
men and 13% in women among adults of 60 years age or older.! The most prevalent locations
affected by OA include the knee (23%), hand (43.3%), and hip (10.9%).2 Pain, as the dominant
clinical symptom of OA, is accompanied by functional impairment that includes joint stiffness
and dysfunction and a vastly reduced quality of life.* Currently, there is no cure for OA and it is
associated with increased mortality.® Deaths from all causes, cardiovascular deaths, and dementia
deaths among adults with OA were 1.6, 1.7, and 2.0 times higher, respectively, compared to the
general population.® OA is also associated with a high health care burden. The direct health care
costs of OA patients were over two times higher than those of similar patients without OA. The
primary drivers of cost differences were comorbidities and inpatient costs.” Given the high
prevalence and huge health care burden on patients with OA, it is important to understand how
health care utilization is influenced by this condition and its comorbidities.

Patients with OA are more likely to have comorbidities, including musculoskeletal and
neuropathic pain conditions, depression, and sleep disorders compared to patients without OA.®
Depression and insomnia are the two most common comorbidities in OA.® The prevalence of
insomnia symptoms and sleep problems in persons with arthritis has been reported to be 24.8%
and 11.9%, respectively.’® Symptomatic OA in the hip or knee was reported to be associated

with increased odds of any sleep problem (OR = 1.25), insomnia (OR = 1.29), and insufficient



sleep (OR = 1.35) in a large community-based sample.! High rates of clinical depressive
disorders are often seen in patients seeking treatment for chronic pain associated with OA.1? The
link between depression and insomnia is also suggested in other epidemiological studies and the
relationship is bidirectional. For example, about 20% of patients with insomnia manifest some
depressive symptoms, while depression has been demonstrated to be the largest and most
consistent risk factor for insomnia.'®* However, the associations among pain, insomnia, and
depression in persons with OA are not clear. Parmelee and colleagues!* found that depression
appeared to mediate the relationship between sleep and pain, particularly when pain was severe.
They also stated that sleep was independently associated with pain and depression. In contrast,
another study showed that pain in OA is a predictor of sleep disturbance and mediates a large
amount of the relationship between arthritis and sleep problems.™® Varied results have been
reported in previous studies, because the studies varied in study design, population observed, and
variables examined. Therefore, studies using both cross-sectional and longitudinal data on all
three symptoms are needed to better understand the complex linkages and interactions in this
population.

The health care burden is substantial for patients with OA, who have significantly greater
use of pain-related and adjunctive medications and higher direct medical costs. For instance,
patients with OA are more likely than those without OA to receive pain-related medications,
including opioids (40.7% vs. 17.1%), nonsteroidal anti-inflammatory drugs (37.1% vs. 11.5%),
tramadol (9.8% vs. 1.8%), and adjunctive medications for treating depression, anxiety, and
insomnia.® Patients with OA tend to experience a mean total direct medical cost that is more than
two times higher than patients without OA ($12,905 vs. $5,099).1® Some evidence suggests that

various long-acting opioid analgesics simultaneously improve sleep and pain symptoms;



however, the complex interaction between sleep and reduced pain is not clear and needs further
study. In addition to greater use of psychoactive medication and high health care costs, OA
results in a high frequency of general practitioner visits, which in turn is related to depressive
and pain symptoms.!” Compared to patients with other chronic conditions, patients with sleep
problems such as insomnia also have more health professional contacts (81% vs. 60%) and
prescription medication usage (57% vs. 31%, respectively).!® Similarly, patients with OA and
comorbid depression had 38.8% higher health care utilization compared to those without
depression.® Given these associations, it is important to understand how pain, insomnia, and
depression influence health care utilization (HCU) in this population.
CONCEPTUAL FRAMEWORK

The importance of understanding the effects of comorbid symptoms on HCU can be
illustrated using Andersen’s conceptual model for individual determinants of HCU.?° This model
proposes a sequence of conditions contributing to the amount of health services a person uses.
The model has been adapted for this study (see Figure 1). The individual use depends on three
factors: (a) characteristics of the individual that may predispose him/her to use services, such as
age, sex, race, ethnicity, education level, and employment status; (b) ability to secure services,
which is influenced by enabling factors such as income level and access to the health insurance;
and (c) illness level, including OA pain, insomnia, depression, and other chronic illness
conditions or symptoms. Among these three factors, illness level represents the most immediate
factor determining likelihood of HCU. In addition, the illness level is “high” in relative
importance for all three factors, and is the greater determinant of HCU, compared to the
predisposing and enabling factors, which are of “medium” importance. Considering the strong

association between pain, insomnia, and depression in OA, it is important to explore their



individual and combined effects on HCU, while controlling for predisposing characteristics and

enabling factors.
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Figure 1. Individual determinants of health care utilization for patients with osteoarthritis (adapted

from Andersen’s conceptual model for individual determinants of health care utilization)

STUDY PURPOSE

Different clinical trials have been developed for patients with pain or sleep problems, but

few of them have addressed the OA population or examined several comorbidities

simultaneously. In the Lifestyles randomized controlled trial for older adults with severe OA

pain and insomnia symptoms, Vitiello and colleagues ?* showed sustained improvements in

multiple measures of sleep, chronic pain, and fatigue among persons whose insomnia symptoms

had been successfully reduced in the trial. No improvements were observed in depressive

symptoms, but the study sample had been relatively non-depressed at baseline. The current study

will build upon these results by using electronic medical records available for participants who

have been screened and were invited to participate in the Lifestyles study to examine how each

comorbidity individually and jointly influences HCU (health care visits, length of hospital stay,



medication usage, surgical procedures, and health care costs), controlling for other characteristics
among older adults with OA.
CONTENT OF THE DISSERTATION

The dissertation consists of two papers. The purpose of the first paper is to examine the
individual and combined effects of pain, insomnia, and depression on medication use (opioids,
sedatives, tricyclic antidepressants, and selective serotonin reuptake inhibitors) in older adults
with OA. The purpose of the second paper is to investigate the individual and combined effects
of pain, insomnia, and depression on HCU (office visits, hospital length of stay, health care

costs, and hip/knee replacement) in older adults with OA.
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Chapter 2. Influences of Osteoarthritis Pain, Insomnia, and Depression on Medication Use in

Older Adults with Osteoarthritis
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ABSTRACT

Background Medication use represents a major health care expenditure, but the influence of
osteoarthritis (OA) pain, insomnia, and depression on its use has not been well investigated.
Objective To examine individual and combined effects of pain, insomnia, and depression on
medication use in older adults with OA.

Research Design Secondary data analysis using cross-sectional screening data and medical
records to examine effects of symptoms on medication use in four categories (opioids, sedatives,
tricyclic antidepressants (TCAs), and selective serotonin reuptake inhibitors (SSRISs)) in a 4-year
period.

Subjects Group Health Cooperative patients with a primary diagnosis of OA (N = 2,976)
Measures We used survey data on pain (Graded Chronic Pain Scale), insomnia (Insomnia
Severity Index), depression (Patient Health Questionnaire-8), and medication use extracted from
medical records. Negative binomial models were performed for data analysis.

Results About half the participants reported moderate to severe level pain (47.07%), at least sub-
threshold insomnia (54.95%), or sub-clinical depression (45.23%). Pain individually contributed
to opioid and TCA use. Depression individually contributed to use of sedatives, TCAs, and
SSRIs. Insomnia individually contributed to opioid, sedatives, and SSRIs use. Generally,
combined effects of these symptoms on opioids, sedatives, and TCA use increased with
symptom severity. Combined effects on SSRI use did not change regardless of insomnia and
depression severity.

Conclusion OA pain, insomnia, and depression should be viewed jointly and adequately

evaluated when prescribing medications in clinical practice. Prescription of opioids and TCAs
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should be monitored due to either insufficient evidence on long-term efficacy or substantial side

effects.
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INTRODUCTION

Osteoarthritis (OA) is the most common type of arthritis and a debilitating disease. It is
among the leading causes of disability for adults in the United States, affecting 52.5 million
adults and 49.7% of adults aged > 65 years.® The combined economic burden of all forms of
arthritis is significant. The cost attributable to arthritis and other rheumatic conditions in the
United States was estimated at $128 billion in 2003 ($169 in 2017 dollars).? Diagnosis of
symptomatic OA most often occurs early to mid-life (median age 55 years), meaning that OA
will impact health care utilization and costs for a given patient over many years.>* Multiple
studies have evaluated the economic burden of OA, which is substantial and significant.>” Mean
total costs of health care were more than two times higher in patients with OA compared to those
without the condition ($12,905 vs. $5,099).8 A recent review estimated that the weighted average
annual costs per patient with knee and hip OA were $11,802 in total costs, $10,101 in direct
costs, and $4,678 in indirect costs.’

With this increasing health care burden, it is important to understand medication use, as it
represents a major health care expenditure for people with OA in the United States.'? Significant
increases in polypharmacy have been observed, especially in older adults with comorbid
conditions.! Pain is the principal reason for OA patients to seek medication, but OA patients
often report living with other comorbidities, most notably insomnia and depression.!>!3 A few
studies have examined patterns of medication use in OA and non-cancer pain conditions. Patients
with OA or non-cancer pain were significantly more likely to use opioids and adjunctive
medications for treating depression and insomnia.*1® Wright and colleagues’ reported an
increase in likelihood of getting an opioid prescription by patients with OA and a history of

depression, and similar findings were reported in patients with non-cancer pain and depression.'®
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However, existing studies have neither presented an overview of depression, pain, and insomnia
in OA nor examined the medication use specific to the level of symptom severity. In addition,
given that the complicated associations between OA pain and insomnia have been well-
established,®22 it is important to understand how each of these three symptoms may predict use
of commonly prescribed medications in this population.

Therefore, the purpose of this study was to (a) describe pain, insomnia, and depressive
symptom severity in older adults with OA, and (b) examine the individual and combined effects
of pain, insomnia, and depression on utilization of four types of commonly prescribed
medications (opioids, sedatives, tricyclic antidepressants (TCAs), and selective serotonin

reuptake inhibitors (SSRIs)) for treating the three conditions.

METHODS
Participants

The dataset used in this study was from part of a National Institutes of Health (NIH)-
funded clinical trial that compared the efficacy of three group interventions for people with
comorbid OA and insomnia to help them manage their pain and insomnia symptoms. The study
was carried out collaboratively between the University of Washington (UW) and Group Health
Cooperative (GHC) (recently changed to Kaiser Permanente Washington), a Seattle-area
integrated health care plan with over 600,000 enrollees. Prior to the clinical trial, from 2008 to
2010, a screening survey questionnaire was mailed to 8,057 GHC members age 60+ who had an
electronic medical record OA diagnosis associated with a health care visit in the prior 3 years.
The questionnaire asked respondents about the frequency and interference level of their OA pain

over the previous 3 months, and the frequency and nature of their sleep problems. A total of

14



3,041 participants completed the screening questionnaire and gave permission to access their
medical records. This study used data from the screening survey and participants’ GHC
electronic medical records. The clinical trial was approved by the UW Human Subjects Division
and the GHC Institutional Review Board. This secondary data analysis was reviewed by the UW
Human Subjects Division and qualified for an exemption.

Inclusion criteria for receiving the screening survey were: age 60+, continuously enrolled
in GHC 1 year prior to screening, receiving primary care services at one of six regional
participating clinics, not in the “No Contact for Research File,” and at least one visit noted in
medical record for OA in the prior 3 years. Participants were excluded if the medical record
information indicated a diagnosis of: (a) rheumatoid arthritis, (b) obstructive sleep apnea, ()
periodic leg movement disorder, (d) restless leg syndrome, (e) sleep-wake cycle disturbance, (f)
rapid eye movement (REM) behavior disorder, (g) dementia or receiving cholinesterase
inhibitors, (h) Parkinson's disease or another neurodegenerative disease known to directly impact
sleep, (i) cancer in the past year and receiving chemotherapy or radiation therapy in the past year,
and/or (j) inpatient treatment for congestive heart failure within the previous 6 months.

Dataset Elements

Symptom measures

Pain. The Graded Chronic Pain Scale (GCPS) assesses two dimensions of overall
chronic pain severity: pain intensity and pain-related disability.?* Subscale scores for pain
intensity and disability are combined to calculate a chronic pain grade with five hierarchical
categories, with grade 0 meaning no pain and grade 1V meaning high disability-severely limiting
pain.? Internal consistency of the GCPS has been reported to be 0.74 (Cronbach’s alpha) for

patients with chronic back pain.?* The GCPS also has a high test-retest reliability and construct
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validity.?®2” For this study, pain was coded as a binary variable: no to mild pain (GCPS = 1) and
moderate to severe pain (2 to 4).

Insomnia. The Insomnia Severity Index (IS1) was designed to assess the nature, severity,
and impact of insomnia and monitor treatment response in adults.?® The ISl is a seven-item
measure with scores ranging from 0 to 28, with a higher score indicating more severe insomnia
and a score > 15 indicating moderate to severe clinical insomnia. I1SI internal consistency is
excellent for both the community and clinical samples (Cronbach’s alpha of 0.90 and 0.91,
respectively).?° Convergent validity is supported by significant correlations between total ISI
score and measures of fatigue, quality of life, anxiety, and depression.?® Research indicates that
the ISl is a reliable and valid instrument to detect cases of insomnia and is sensitive to treatment
response in clinical patients.® For this study, the insomnia variable was coded according to
validated cut-points for this scale which were: no insomnia (< 7), sub-threshold insomnia (8 to
14) and clinical insomnia (15 to 28).3!

Depression. The eight-item Patient Health Questionnaire depression scale (PHQ-8) has
been shown to be a valid diagnostic and severity measure for depressive disorders in large
clinical trials. PHQ-8 total scores range from 0 to 24, with higher scores representing more
severe depression. The PHQ-8 is a reliable measure for depression in population-based studies,
and a cut point > 10 can be used for determining current depression.®? The depression variable
was coded according to validated cut-points for this scale as follows: no depression (< 4), sub-
clinical depression (5 to 9) and current depression (10 to 24).%

Medication use

A programmer at GHC used the First Databank licensed by GHC, which uses the

American Hospital Formulary Service (AHFS) code to classify drugs from the electronic medical
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records.>* For the analysis of screening survey data, the index date was defined as the date when
the screening questionnaire was mailed to the participant. Medical records of one year before
(YYear 1) and three years after (Year 2 — 4) were used. Medication use was measured as days of
supply for the following medication categories: a) opioids; b) sedatives; and c) anti-depressants,
including tricyclic antidepressants (TCAS) and selective serotonin reuptake inhibitors (SSRIs).

Participant characteristics

Demographics were collected from the screening survey, including age, sex, race, marital
status, employment status and educational levels. Variables of age and sex were verified from the
medical records and replaced if participants did not report their age or sex. Months of enrollment
in GHC for each of the four years and Charlson Comorbidity Index scores calculated from
participants’ medical records were also calculated.

Data Analysis

Participants with no enrollment in GHC after the index date were excluded (N = 6) which
left a sample of 3,035. Participants with missing data on more than two of the following
variables were excluded: pain (39 (1.3%)), insomnia (20 (0.7%)), depression (107 (3.5%)),
education (62 (2.0%)), marital status (67 (2.2%)), race (110 (3.6%)) and employment (122
(4.0%)) with a final sample of 2,976 participants included in the final analysis. Multiple
imputation technique was used with five imputations to accommodate the remaining missing
information in the statistical analyses.*> Demographics, symptoms of pain, insomnia and
depression, months of enrollment, Charlson Comorbidity Index, and medication use variables
were used in the imputation models.

Data analyses investigated the individual effects of pain, insomnia, and depression, and

combined effects of (a) pain and insomnia and (b) pain and depression. Combined effects
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focused on pairing the other two symptoms with pain, given that pain is the main complaint in
older adults with OA. The combined effects of insomnia and depression were not examined
because of the high correlation between the two symptoms in this sample (Pearson correlation
coefficient was 0.73). Two categorical patient variables were created based on the combination
of symptom severities, with one variable representing the severity of pain and insomnia, and the
other representing the severity of pain and depression. Although insomnia and depression are
highly correlated, few studies have examined pain, insomnia, and depression all together in OA
populations. A third categorical variable was created based on the combination of the severities
of the three symptoms. Categories with fewer than 20 participants were combined with other
categories based on clinical justification. For example, the category “No to mild pain & clinical
insomnia & no depression” (N = 6) was combined with the category “No to mild pain & sub-
threshold to clinical insomnia & no depression” (N = 240).

All data analyses were performed using Stata version 14.0.% Due to the skewed
distribution of the outcome variables, analyses using negative binomial models were conducted
to examine the individual and combined effects of pain, insomnia, and depression on days of
supply for medications after the index date. The negative binomial model was appropriate,
because the count data were over-dispersed, with the conditional variance exceeding the
condition mean. Months of enrollment in GHC was included as an exposure variable because the
length of enrollment varied in participants. All models were adjusted for demographics and the
Charlson Comorbidity Index. The magnitude of individual and combined effects was compared
before and after adjusting the medication use before the index date.

Three models were examined for each medication category (a pain/insomnia model, a

pain/depression model, and a pain/insomnia/depression model). In the pain/insomnia models, the
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no to mild pain/no insomnia category was treated as reference. Individual effects of pain were
determined by comparing the category with pain but not insomnia symptoms (moderate to severe
pain & no insomnia) to the reference category, and individual effects of insomnia were
determined by comparing the categories with insomnia but no pain (no to mild pain & sub-
threshold to clinical insomnia) to the reference category. In the pain/depression models, the no to
mild pain/no depression category was treated as reference. Individual effects of pain were
determined by comparing the category with pain but no depression (moderate to severe pain &
no depression) to the reference category, and individual effects of depression were determined by
comparing the categories with depression but no pain (no to mild pain & sub-clinical to current
depression) to the reference category.

In the combination pain/insomnia/depression models, the no to mild pain/no insomnia/no
depression category was treated as reference. Individual effects of pain were determined by
comparing the category with “pain but no insomnia and depression symptoms” (moderate to
severe pain & no insomnia & no depression) to the reference category; individual effects of
insomnia were determined by comparing the category with insomnia but no pain and no
depression (no to mild pain & sub-threshold to clinical insomnia & no depression) to the
reference category, and individual effects of depression were determined by comparing the
category with depression but no pain and no insomnia (no to mild pain & no insomnia & sub-
clinical to current depression). In this paper, results for the pain/insomnia and pain/depression
models are reported in detail, and results for the pain/insomnia/depression are shown in
Appendix A. Incidence rate ratios (IRRs) and 95% confidence intervals were reported; a p value

less than .05 was considered statistically significant.
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RESULTS

Tables 2.1 and 2.2 show participant demographic characteristics and symptom severity,
respectively. Participants were, on average, 72 years old (range 60 — 90, SD = 8.93) and largely
Caucasian (90.86%), female (66.23%), married (60.67%), and highly educated (57.39%
community college or higher). Participants reported moderate to severe pain (47.07%), at least
sub-threshold insomnia (54.95%), and sub-clinical to current depression (45.23%). About 34%
and 29% of participants presented at least sub-threshold insomnia and at least sub-clinical
depression, respectively, in addition to concurrent moderate to severe pain. Table 2.3 describes
days of supply for opioids, sedatives, TCAs, and SSRIs from Year 1 to Year 4. Participants had
the highest days of supply for SSRIs among the four types of medication during the 4 years
(Mean =51.52, SD = 106.74). Days of supply for opioids and SSRIs increased steadily during
the 4 years, whereas TCAs decreased and sedatives remained almost the same.

Table 2.4 and Figure 2.1 show the individual and combined effects of pain/insomnia and
pain/depression severity on four types of medication use after adjusting for demographics,
Charlson Comorbidity Index, months of enrollment in GHC, and corresponding medication use
prior to the index date. Table 2.A1 and Figure 2.Al in the Appendix A present similar models,
but without adjusting corresponding medication use before the index date. In the results section,
the analyses of the pain/insomnia models are reported first, followed by the results in the
pain/depression models.

Opioids. In the pain/insomnia models, individual effects of pain (IRR: 1.90, 95% CI: 1.42
—2.55) and insomnia (IRR: 1.44, 95% CI: 1.10 — 1.89) on opioid use were significant. Combined

effects of pain and insomnia were significant and increased with insomnia severity. Participants
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with moderate to severe pain and clinical insomnia were three times more likely to use opioids
compared to the reference group (IRR: 2.96, 95% CI: 2.20 — 3.97).

In the pain/depression models, individual effects of pain showed a significant effect on
opioid use (IRR: 1.91, 95% CI: 1.45 — 2.53), but depression did not individually show significant
effects. Combined effects of pain and depression increased with symptom severity of depression,
and participants with moderate to severe pain and current depression were most likely to use
opioids (IRR: 2.89, 95% CI: 2.17 — 3.85). Individual effects of depression were significant when
the prior opioid use was not adjusted (see Table 2.A1 in the Appendix).

Sedatives. In the pain/insomnia models, individual effects on sedative use were not
significant for pain (IRR: 1.09, 95% ClI: 0.68 — 1.76) but they were significant for insomnia
(IRR: 2.08, 95% CI: 1.35 — 3.22). Combined effects of pain and insomnia were significant and
increased with insomnia severity. Participants with moderate to severe pain and clinical insomnia
were most likely to use sedatives (IRR: 2.61, 95% CI: 1.60 — 4.25).

In pain/depression models, pain did not individually contribute to sedative use (IRR:
1.08, 95% CI: 0.72 — 1.63) but depression did (IRR: 2.34, 95% CI: 1.49 — 3.65). Combined
effects of pain and depression were significant only when participants presented moderate to
severe pain and current depression, and these participants were most likely to use sedatives (IRR:
3.32,95% CI: 2.06 — 5.37). Individual effects of pain were significant when the prior sedative
use was not adjusted.

TCAs. In the pain/insomnia models, neither pain (IRR: 2.05, 95% CI: 0.90 — 4.68) nor
insomnia (IRR: 2.07, 95% CI: 0.99 — 4.33) individually contributed to TCA use. However,
combined effects of pain and insomnia were significant and greatly increased with severity of

insomnia. Participants with moderate to severe pain and clinical insomnia were most likely to
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take TCAs (IRR: 7.49, 95% CI: 3.88 — 14.42). Individual effects of pain and insomnia were
significant, and their combined effects decreased without adjustment for the prior TCA use.

In the pain/depression models, individual effects were significant on TCA use for both
pain (IRR: 2.75, 95% CI: 1.25 — 6.09) and depression (IRR: 2.34, 95% CI: 1.11 — 4.95).
Combined effects of pain and depression were significant on TCA use and greatly increased with
depression severity. Participants with moderate to severe pain and current depression were most
likely to consume TCAs (IRR: 7.03, 95% ClI: 3.65 — 13.51). Individual effects of pain and
insomnia were non-significant on TCA use, and their combined effects greatly decreased before
adjusting the prior TCA use.

SSRIs. In the pain/insomnia models, pain did not individually contribute to SSRI use
(IRR: 1.55, 95% CI: 0.96 — 2.49) but insomnia did (IRR: 2.30, 95% CI: 1.56 — 3.40). Combined
effects of pain and insomnia were smaller than the individual effect of insomnia, but still
significant, and they increased with insomnia severity. Participants with moderate to severe pain
and clinical insomnia were most likely to take SSRIs (IRR: 2.87, IRR: 1.92 — 4.28). Neither pain
nor insomnia individually contributed to SSRI use and their combined effects decreased when
the prior SSRI use was not adjusted.

In the pain/depression models, individual effects on SSRI use were significant only for
depression (IRR: 3.20, 95% ClI: 2.21 — 4.63). Combined effects of pain and depression were
smaller than individual effects of depression, but still significant, and increased with insomnia
severity. Participants with current depression only were most likely to use SSRIs (IRR: 3.20,
95% CI: 2.21 — 4.63). Individual effects of depression and combined effects of pain and
depression on SSRIs use were significant but combined effects slightly increased with depression

severity.
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DISCUSSION

This study used survey data and medical records to describe symptom severity of OA
pain, insomnia, and depression and also to examine individual and combined effects of these
symptoms on medication use in a large sample of older adults with OA. To our knowledge, this
is the first attempt to examine effects of comorbid insomnia and depression jointly with pain on
medication use in OA condition. About half of the participants presented with at least one of the
three symptoms, and around 34% and 29% suffered from insomnia or depression, respectively,
in addition to moderate to severe pain. Given the complicated and unclear associations among
OA pain, insomnia, and depression, this study provides valuable information on how these
variables individually and jointly contribute to medication use in an older adult population.

Our study shows that pain and insomnia individually contribute to significantly greater
opioid use. Individual effects of depression on opioid use was not significant; however,
depressive symptoms did increase the likelihood of taking opioids (IRR 1.91 vs. 2.89 for sub-
clinical depression and current depression, respectively) when patients presented a moderate to
severe level pain. Insomnia and depression showed individual effects on sedative use but pain
did not. However, effects of insomnia and depression on sedative use increased when moderate
to severe pain was present. These findings on combined effects of pain and depression on opioid
use corroborate what was found by Edlund and colleages,®” namely, that prescription of opioids
for non-cancer pain was higher and growing faster in patients with mental health disorders than
for those without the disorders. The effect magnitude of insomnia on opioids was almost
equivalent to depression when patients had a moderate to severe level of pain. These findings

call clinicians’ attention to OA patients with comorbid insomnia and depression, as they are
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more likely to use opioids, for which there is insufficient evidence on long-term efficacy and
safety.38-40

We further observed that insomnia individually contributed to a concurrent use of opioids
and sedatives. This finding is supported by research that opioids have been reported to have non-
analgesic effects that could be used for treating minor sleep problems.*° It is worth mentioning
that participants with pain symptom only were two times more likely to use opioids compared to
those without symptoms. According to the OA treatment guideline published in 2012, opioids
are conditionally recommended in patients who had an inadequate response to initial therapy,
such as acetaminophen and oral or topical nonsteroidal anti-inflammatory drugs.*® Our study
revealed the significant numbers of older adults using opioids and suggested that physicians
should be sure to follow treatment guidelines due to the risk of adverse events, tolerance and
addition associated with opioids.***°

Substantial influences of depression on TCA and SSRI use were found in this study.
Although individual effects were found only on TCA use for pain and SSRI use for insomnia, the
effects of insomnia and depression on TCA use greatly increased when moderate to severe pain
was present. The increased combined effects indicate that pain may interact with insomnia and
depressive symptoms multiplicatively, contributing to more TCA use since combined effects
were much greater than the addition of individual effects. This interactive effect seemed not to
apply to SSRI use, because the combined effects of pain and insomnia or pain and depression did
not change much, regardless of insomnia or depression severity, but the slight decrease of
combined effects should be noted when moderate to severe pain is present with sub-threshold
insomnia or sub-clinical depression. In addition, comparing the use of TCAs and SSRIs across

the same symptom categories, we observed that SSRIs were preferred in participants with no to

24



mild pain and current depression or insomnia, but the preference seemed to switch to TCAs
when moderate to severe pain was present and depression or insomnia severity increased. These
findings are consistent with current literature to the effect that TCAs and SSRIs are being used to
treat some chronic pain conditions, because the analgesic effects of these agents appear to be
independent of their antidepressant effects and since TCAs are more efficacious in treating
severe depression.*6-*8 However, both TCAs and SSRIs should be used with caution as there are
no data supporting the use of antidepressants for pain management in OA, especially given our
findings that the likelihood of using TCAs increased greatly when pain symptoms were present.*°
It should be noted that participants with moderate to severe pain and clinical insomnia or current
depression are about seven times more likely to use TCAs compared to those with no or mild
pain symptoms, which could be due to the fact that TCAs are also prescribed for treating
insomnia in addition to pain and depression symptoms.> The high likelihood of using TCAs
suggests a need of monitoring their use as TCAs are associated with significant side effects in
older people compared to SSRIs.*®

This study had several limitations. First, although an experienced and trained
programmer helped extract the medical records, errors in coding and recording of the medical
records may still exist. Second, overall medication use was underestimated, because the medical
records included only prescription medications and not over-the-counter medications or
medications filled outside the GHC pharmacy system. Future studies may add a survey section
asking their over-the-counter medication use. Third, we were not able to explore the influence of
symptoms on use of a specific medication since our dataset did not include this information.
Fourth, the dataset did not include information about patient adherence with prescription

medications. In future studies we would recommend an inquiry as to adherence to medications.
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In summary, our study revealed that the OA pain, comorbid insomnia, and depression are
highly prevalent in older adults with OA and reinforced the complexities of medication
management for these symptoms. Pain individually contributed to opioids and TCA use.
Depression individually contributed to use of sedatives, TCAs, and SSRIs. Insomnia individually
contributed to opioid, sedative, and SSRI use. Combined effects of these symptoms on opioid,
sedative, and TCA use increased with symptom severity. Combined effects on SSRI use did not
change much regardless of insomnia and depression severity. Given the significant individual
and combined effects of pain, insomnia, and depression on medication use, these symptoms
should be viewed jointly and adequately evaluated when prescribing medications for OA patients
in clinical practice. In addition, clinicians should follow current guidelines for opioid
prescriptions with OA patients, and monitor the use of opioids and TCAs in light of insufficient

evidence on long-term efficacy and substantial side effect risks.

ACKNOWLEDGEMENTS

This project was supported by PHS grant RO1 AG031126 (MVV, SMM, and MVK), a de
Tornyay Healthy Aging Doctoral Scholarship, a Hester McLaws Nursing Scholarship and the
China Scholarship Council (CSC) Fellowship. The authors wish to thank Katie Saunders for

providing the dataset and Ruth Etzioni, PhD for her feedback on the data analysis.

26



REFERENCES
CDC. Prevalence of Doctor-Diagnosed Arthritis and Arthritis-Attributable Activity
Limitation—United States, 2003-2005. Jama [Internet]. 2006 [cited 2014 Dec
14];296(22):2671. Available from:
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.296.22.2671
Centers for Disease Control and Prevention (CDC). National and state medical
expenditures and lost earnings attributable to arthritis and other rheumatic conditions--
United States, 2003. MMWR Morb Mortal Wkly Rep [Internet]. 2007 Jan 12 [cited 2017
Mar 3];56(1):4—7. Available from: http://www.ncbi.nIm.nih.gov/pubmed/17218935
Losina E, Weinstein AM, Reichmann WM, Burbine SA, Solomon DH, Daigle ME, et al.
Lifetime risk and age at diagnosis of symptomatic knee osteoarthritis in the US. Arthritis
Care Res. 2013;65(5):703-11.
Deshpande BR, Katz JN, Solomon DH, Yelin EH, Hunter DJ, Messier SP, et al. Number
of Persons With Symptomatic Knee Osteoarthritis in the US: Impact of Race and
Ethnicity, Age, Sex, and Obesity. Arthritis Care Res. 2016;68(12):1743-50.
Gupta S, Hawker GA, Laporte A, Croxford R, Coyte PC. The economic burden of
disabling hip and knee osteoarthritis (OA) from the perspective of individuals living with
this condition. Rheumatology [Internet]. 2005 Nov 1 [cited 2017 Feb 10];44(12):1531-7.
Available from: https://academic.oup.com/rheumatology/article-
lookup/doi/10.1093/rheumatology/kei049
Gabriel SE, Crowson CS, Campion ME, O’Fallon WM. Indirect and nonmedical costs
among people with rheumatoid arthritis and osteoarthritis compared with nonarthritic

controls. J Rheumatol [Internet]. 1997 Jan [cited 2017 Feb 10];24(1):43-8. Available

27



10.

11.

from: http://www.ncbi.nlm.nih.gov/pubmed/9002009

McDaid C, Maund E, Rice S, Wright K, Jenkins B, Woolacott N. Paracetamol and
selective and non-selective non-steroidal anti-inflammatory drugs (nsaids) for the
reduction of morphine-related side effects after major surgery: A systematic review.
Health Technol Assess (Rockv) [Internet]. 2010;14(17):1-196. Available from:
http://www.scopus.com/inward/record.url?eid=2-s2.0-
77951451674&partnerlD=40&md5=480fb97fb0954909cd6a66d3e0aca7f0

Gore M, Tai K-S, Sadosky A, Leslie D, Stacey BR. Clinical comorbidities, treatment
patterns, and direct medical costs of patients with osteoarthritis in usual care: a
retrospective claims database analysis. J Med Econ [Internet]. 2011 Jan 20 [cited 2017
Feb 10];14(4):497-507. Available from:
http://www.tandfonline.com/doi/full/10.3111/13696998.2011.594347

Salmon JH, Rat AC, Sellam J, Michel M, Eschard JP, Guillemin F, et al. Economic impact
of lower-limb osteoarthritis worldwide: a systematic review of cost-of-illness studies.
Osteoarthr Cartil. 2016;24(9):1500-8.

ASHP Expert Panel on Medication Cost Management, Shah N, Vermeulen L, Knoer S,
Stubbings J, Matusiak LM, et al. ASHP guidelines on medication cost management
strategies for hospitals and health systems. Am J Health Syst Pharm [Internet]. 2008 Jul
15 [cited 2017 Mar 4];65(14):1368-84. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/18593684

Kantor ED, Rehm CD, Haas JS, Chan AT, Giovannucci EL, HM K. Trends in Prescription
Drug Use Among Adults in the United States From 1999-2012. JAMA [Internet]. 2015

Nov 3 [cited 2017 Mar 4];314(17):1818. Available from:

28



12.

13.

14.

15.

16.

http://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2015.13766

McCurry SM, Von Korff M, Vitiello M V., Saunders K, Balderson BH, Moore AL, et al.
Frequency of comorbid insomnia, pain, and depression in older adults with osteoarthritis:
Predictors of enrollment in a randomized treatment trial. J Psychosom Res [Internet]. 2011
Nov [cited 2015 Jan 21];71(5):296-9. Available from:
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3201756&tool=pmcentrez&re
ndertype=abstract

Wright EA, Katz JN, Abrams S, Solomon DH, Losina E. Trends in prescription of opioids
from 2003-2009 in persons with knee osteoarthritis. Arthritis Care Res [Internet].
2014;66(10):1489-95. Available from: http://www.scopus.com/inward/record.url?eid=2-
52.0-84908521045&partnerD=40&md5=1665dea0ed57d3aba873h4e8f2c874de

Gore M, Tai K-S, Sadosky A, Leslie D, Stacey BR. Clinical comorbidities, treatment
patterns, and direct medical costs of patients with osteoarthritis in usual care: a
retrospective claims database analysis. J Med Econ [Internet]. 2011;14(4):497-507.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/21682606

Gore M, Sadosky A, Stacey BR, Tai K-S, Leslie D. The Burden of Chronic Low Back
Pain. Spine (Phila Pa 1976) [Internet]. 2012 May [cited 2017 Feb 24];37(11):E668—77.
Available from:
http://content.wkhealth.com/linkback/openurl?sid=WKPTLP:landingpage&an=00007632-
201205150-00022

Campbell CI, Weisner C, Leresche L, Ray GT, Saunders K, Sullivan MD, et al. Age and
gender trends in long-term opioid analgesic use for noncancer pain. Am J Public Health

[Internet]. 2010 Dec [cited 2017 Mar 4];100(12):2541—7. Available from:

29



17.

18.

19.

20.

21.

22.

http://www.ncbi.nlm.nih.gov/pubmed/20724688

Wright EA, Katz JN, Abrams S, Solomon DH, Losina E. Trends in prescription of opioids
from 2003-2009 in persons with knee osteoarthritis. Arthritis Care Res [Internet]. 2014
Oct [cited 2016 Dec 14];66(10):1489-95. Available from:
http://doi.wiley.com/10.1002/acr.22360

Braden JB, Sullivan MD, Ray GT, Saunders K, Merrill J, Silverberg MJ, et al. Trends in
long-term opioid therapy for noncancer pain among persons with a history of depression.
Gen Hosp Psychiatry. 2009;31(6):564—70.

Baker S, McBeth J, Chew-Graham CA, Wilkie R. Musculoskeletal pain and co-morbid
insomnia in adults; a population study of the prevalence and impact on restricted social
participation. BMC Fam Pract [Internet]. 2017 Dec 7 [cited 2017 Feb 24];18(1):17.
Available from: http://bmcfampract.biomedcentral.com/articles/10.1186/s12875-017-
0593-5

Tang NKY, McBeth J, Jordan KP, Blagojevic-Bucknall M, Croft P, Wilkie R. Impact of
musculoskeletal pain on insomnia onset: A prospective cohort study. Rheumatol (United
Kingdom) [Internet]. 2015;54(2):248-56. Available from:
http://www.rheumatology.oxfordjournals.org/cgi/doi/10.1093/rheumatology/keu283
Ryu E, Chamberlain AM, Pendegraft RS, Petterson TM, Bobo W V, Pathak J.
Quantifying the impact of chronic conditions on a diagnosis of major depressive disorder
in adults: A cohort study using linked electronic medical records. BMC Psychiatry
[Internet]. 2016 Apr 26 [cited 2016 Dec 14];16(1):114. Available from:
http://bmcpsychiatry.biomedcentral.com/articles/10.1186/512888-016-0821-x

Generaal E, Vogelzangs N, Penninx BWJH, Dekker J. Insomnia, sleep duration,

30



23.

24,

25.

26.

27.

28.

29.

depressive symptoms and the onset of chronic multi-site musculoskeletal pain. Sleep.
2016 Sep;

Von Korff M, Vitiello M V., McCurry SM, Balderson BH, Moore AL, Baker LD, et al.
Group interventions for co-morbid insomnia and osteoarthritis pain in primary care: The
lifestyles cluster randomized trial design. Contemp Clin Trials. 2012;33(4):759-68.

Von Korff M, Ormel J, Keefe FJ, Dworkin SF. Grading the severity of chronic pain. Pain
[Internet]. 1992 Aug [cited 2014 Dec 23];50(2):133-49. Available from:
http://www.sciencedirect.com/science/article/pii/0304395992901544

Dixon D Johnston M. PB. What does the chronicc pain grade questionnaire measure? Pain
[Internet]. 2007;doi: 10. 1(3):249-53. Available from:
http://www.elsevier.com/wps/find/journaldescription.cws_home/506083/description#desc
ription

Dunn KM, Jordan K, Croft PR. Does questionnaire structure influence response in postal
surveys? J Clin Epidemiol [Internet]. 2003 Jan [cited 2016 Jan 28];56(1):10-6. Available
from: http://www.ncbi.nlm.nih.gov/pubmed/12589865

Smith BH, Penny KI, Purves AM, Munro C, Wilson B, Grimshaw WJ, et al. The chronic
pain grade questionnaire: Validation and reliability in postal research. Pain [Internet].
1997 Jun [cited 2016 Jan 28];71(2):141-7. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/9211475

Monk, Reynolds, Kupfer, Buysse, Coble, Hayes, et al. The Pittsburgh Sleep Diary. J Sleep
Res [Internet]. 1994 Jun [cited 2017 Mar 28];3(2):111-20. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/10607115

Yu DSF. Insomnia Severity Index: Psychometric properties with Chinese community-

31



30.

31.

32.

33.

34.

35.

dwelling older people. J Adv Nurs [Internet]. 2010 May [cited 2016 Jan 28];66(10):2350—
9. Available from:
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3079939&tool=pmcentrez&re
ndertype=abstract

Morin CM, Belleville G, Bélanger L, Ivers H. The Insomnia Severity Index: psychometric
indicators to detect insomnia cases and evaluate treatment response. Sleep [Internet]. 2011
May 1 [cited 2017 Mar 28];34(5):601-8. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/21532953

Smith MT, Wegener ST. Measures of sleep: The Insomnia Severity Index, Medical
Outcomes Study (MOS) Sleep Scale, Pittsburgh Sleep Diary (PSD), and Pittsburgh Sleep
Quality Index (PSQI). Arthritis Rheum [Internet]. 2003 Oct 15 [cited 2017 Mar
28];49(S5):5184-96. Available from: http://doi.wiley.com/10.1002/art.11409

Kroenke K, Strine TW, Spitzer RL, Williams JBW, Berry JT, Mokdad AH. The PHQ-8 as
a measure of current depression in the general population. J Affect Disord [Internet]. 2009
Apr [cited 2015 Apr 27];114(1-3):163-73. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/18752852

Manea L, Gilbody S, McMillan D. Optimal cut-off score for diagnosing depression with
the Patient Health Questionnaire (PHQ-9): a meta-analysis. CMAJ [Internet]. 2012 Feb 21
[cited 2017 Mar 17];184(3):E191-6. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/22184363

American Hospital Formulary Service. AHFS Pharmacologic-Therapeutic Classification.
White IR, Royston P, Wood AM. Multiple imputation using chained equations: Issues and

guidance for practice. Stat Med [Internet]. 2011 Feb 20 [cited 2017 Apr 19];30(4):377-99.

32



36.

37.

38.

39.

40.

41.

Available from: http://doi.wiley.com/10.1002/sim.4067

StataCorp. Stata Statistical Software: Release 14. College Station, TX: StataCorp LP;
2015.

Edlund MJ, Martin BC, Devries A, Fan M-Y, Braden JB, Sullivan MD. Trends in use of
opioids for chronic noncancer pain among individuals with mental health and substance
use disorders: the TROUP study. Clin J Pain [Internet]. 2010 Jan [cited 2017 Mar
4];26(1):1-8. Available from: http://www.ncbi.nlm.nih.gov/pubmed/20026946

Ivers N, Dhalla 1A, Allan GM. Opioids for osteoarthritis pain: benefits and risks. Can Fam
Physician [Internet]. 2012 Dec [cited 2017 Mar 3];58(12):e708. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/23242901

Avouac J, Gossec L, Dougados M. Efficacy and safety of opioids for osteoarthritis: a
meta-analysis of randomized controlled trials. Osteoarthr Cartil [Internet]. 2007 Aug
[cited 2017 Mar 3];15(8):957—-65. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/17398122

Wright E a, Katz JN, Cisternas MG, Kessler CL, Wagenseller A, Losina E. Impact of knee
osteoarthritis on health care resource utilization in a US population-based national sample.
Med Care [Internet]. 2010;48(9):785-91. Available from:
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3258446&tool=pmcentrez&re
ndertype=abstract

Vitiello M V., McCurry SM, Shortreed SM, Baker LD, Rybarczyk BD, Keefe FJ, et al.
Short-term improvement in insomnia symptoms predicts long-term improvements in
sleep, pain, and fatigue in older adults with comorbid osteoarthritis and insomnia. Pain

[Internet]. 2014;155(8):1547-54. Available from:

33



42.

43.

44,

45.

46.

47.

http://www.scopus.com/inward/record.url?eid=2-s2.0-
84904637376&partnerlD=40&md5=0779507b4dce21a21b610eda2d3bcd98

Panagiotou I, Mystakidou K. Non-Analgesic Effects of Opioids: Opioids’ Effects on Sleep
(Including Sleep Apnea). Curr Pharm Des [Internet]. 2012 Oct 18 [cited 2017 Mar
5];18(37):6025-33. Available from:
http://www.eurekaselect.com/openurl/content.php?genre=article&issn=1381-
6128&volume=18&issue=37&spage=6025

Wilson K, Mottram P. A comparison of side effects of selective serotonin reuptake
inhibitors and tricyclic antidepressants in older depressed patients: a meta-analysis. Int J
Geriatr Psychiatry. 2004 Aug;19(8):754-62.

Solomon DH, Rassen JA, Glynn RJ, Lee J, Levin R, Schneeweiss S. The Comparative
Safety of Analgesics in Older Adults With Arthritis. Arch Intern Med. 2010
Dec;170(22):1968.

Wu SM, Compton P, Bolus R, Schieffer B, Pham Q, Baria A, et al. The Addiction
Behaviors Checklist: Validation of a new clinician-based measure of inappropriate opioid
use in chronic pain. J Pain Sympt Manag. 2006;32(2):342-51.

Citrome L, Weiss-Citrome A. Antidepressants and the relief of osteoarthritic pain -
Findings from a study examining adjunctive duloxetine. Int J Clin Pract [Internet]. 2012
May [cited 2017 Mar 6];66(5):431-3. Available from:
http://doi.wiley.com/10.1111/j.1742-1241.2012.02899.x

Sullivan MD, Bentley S, Fan M-Y, Gardner G, Skljarevski V, Belenkov Y. A single-blind,
placebo run-in study of duloxetine for activity-limiting osteoarthritis pain. J Pain

[Internet]. 2009 Feb [cited 2017 Mar 6];10(2):208-13. Available from:

34



48.

49,

50.

http://www.ncbi.nlm.nih.gov/pubmed/18976962

Boyce P, Judd F. The place for the tricyclic antidepressants in the treatment of depression.
Aust N Z J Psychiatry [Internet]. 1999 Jan [cited 2017 Mar 28];33(3):323—7. Available
from: http://www.ncbi.nim.nih.gov/pubmed/10442787

Dharmshaktu P, Tayal V, Kalra BS. Efficacy of Antidepressants as Analgesics: A Review.
J Clin Pharmacol [Internet]. 2012 Jan [cited 2017 Mar 6];52(1):6-17. Available from:
http://doi.wiley.com/10.1177/0091270010394852

Liu Y, Xu X, Dong M, Jia S, Wei Y. Treatment of insomnia with tricyclic antidepressants:
a meta-analysis of polysomnographic randomized controlled trials. Sleep Med.

2017:;34:126-33.

35



Table 2.1 Participant demographics (N = 2,911 — 2,976)

Variable N Mean SD
Age 2,976 72.16 8.81
Months of enrollment
Y1 2,976 12 0.08
Y2-Y4 2,976 34.45 5.66
N Number Percentage
Gender 2,976
Female 1,971 66.23%
Male 1,005 33.77%
Education 2,971
Lower than college 1,266 42.61%
College 721 24.27%
Graduate or professional 984 33.12%
Marital status 2,965
Married/living as married 1,799 60.67%
Single/never married 120 4.05%
Separated/divorced 477 16.09%
Widowed 569 19.19%
Employment 2,911
Employed 678 23.29%
Unemployed 436 14.98%
Retired 1,797 61.73%
Race 2,922
White 2,655 90.86%
Asian 119 4.07%
African American 97 3.32%
Others 51 1.75%
Charlson Comorbidity Index 2,976
=0 1,917 64.42%
>1 1,059 35.58%
Months of enrollment
Y1 2,976 12 0.08
Y2-Y4 2,976 34.45 5.66

Notes: SD = Standard deviation; Y = year
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Table 2.2 Distribution of symptoms and participant categories (N = 2,891 — 2,959)

Symptom/patient categories N Number Percentage
Pain 2,940
No to mild pain 1,556 52.93%
Moderate to severe pain 1,384 47.07%
Insomnia 2,959
No insomnia 1,333 45.05%
Sub-threshold insomnia 1,119 37.82%
Clinical insomnia 507 17.13%
Depression 2,927
No depression 1,603 54.77%
Sub-clinical depression 711 24.29%
Current depression 613 20.94%
Pain & Insomnia 2,923
No to mild pain & no insomnia 931 31.85%
No to mild pain & sub-threshold insomnia 509 17.41%
No to mild pain & clinical insomnia 109 3.73%
Moderate to severe pain & no insomnia 383 13.10%
Moderate to severe pain & sub-threshold insomnia 598 20.46%
Moderate to severe pain & clinical insomnia 393 13.45%
Pain & Depression 2,891
No to mild pain & no depression 1,055 36.49%
No to mild pain & sub-clinical depression 368 12.73%
No to mild pain & current depression 110 3.80%
Moderate to severe pain & no depression 526 18.19%
Moderate to severe pain & sub-clinical depression 442 15.29%
Moderate to severe pain & current depression 390 13.49%
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Table 2.3 Descriptive analysis for medication use (N = 2,976)

Medications Year % Mean Standard Deviation
Opioid supply (days) 1 37.23% 60.03 110.29
2 371.31% 63.86 109.42
3 35.8% 69.30 112.61
4 3511% 73.30 121.81
Sedative supply (days) 1 20.56% 78.00 108.60
2 21.88% 74.57 106.85
3 2110% 75.81 105.79
4  18.92% 78.88 107.00
Tricyclic antidepressants supply (days) 1 7.56%  188.58 128.47
2 71.29%  193.15 124.68
3 6.89%  200.14 128.67
4 6.72%  196.54 131.48
Selective serotonin reuptake inhibitors 1 2050%  242.72 119.91
(SSRIs) supply (days) 2 21.67%  237.48 121.00
3  21.64% 23957 119.05
4  21.98%  241.22 119.51
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Table 2.4 Individual and combined effects of pain/insomnia and pain/depression on medication use (days of supply) adjusted for the use

prior to the index date

Opioids Sedatives Tricyclic antidepressants SSRIs
Category IRR (95% CI) IRR (95% CI) IRR (95% CI) IRR (95% CI)
Pain & Insomnia?
No to mild pain & sub-threshold to clinical insomnia® 1.44 (1.10 - 1.89) 2.08 (1.35-3.22) 2.07 (0.99 — 4.33) 2.30 (1.56 — 3.40)
Moderate to severe pain & no insomnia‘ 1.90 (1.42 — 2.55) 1.09 (0.68 — 1.76) 2.05 (0.90 — 4.68) 1.55 (0.96 — 2.49)
Moderate to severe pain & sub-threshold insomnia 2.28 (1.73 —2.99) 1.89 (1.21 -2.94) 3.29(1.76 — 6.14) 1.61(1.11-2.34)
Moderate to severe pain & clinical insomnia 2.96 (2.20 -3.97) 2.61 (1.60 — 4.25) 7.49 (3.88 — 14.42) 2.87 (1.92 — 4.28)
Pain & Depression ¢
No to mild pain & sub-clinical to current depression © 1.31(1.00 - 1.73) 2.34 (1.49 - 3.65) 2.75(1.25-6.09) 3.20 (2.21 - 4.63)
Moderate to severe pain & no depression f 1.91 (1.45-2.53) 1.08 (0.72 — 1.63) 2.34 (1.11 - 4.95) 1.28 (0.86 — 1.90)
Moderate to severe pain & sub-clinical depression 1.98 (1.49 — 2.64) 1.49 (0.98 — 2.27) 5.66 (2.96 — 10.82) 2.70 (1.82 - 4.00)
Moderate to severe pain & current depression 2.89 (2.17 - 3.85) 3.32 (2.06 —5.37) 7.03 (3.65 - 13.51) 3.05 (2.07 — 4.49)
a. Reference group is “No pain & no insomnia”.
b. Individual effects of insomnia;

c. individual effects of pain in pain/insomnia model.

d. Reference group is “No pain & no depression”.

e. Individual effects of depression;

f. individual effects of pain in pain/depression model.

IRR: incidence rate ratio; Cl: confidence interval; SSRIs: selective serotonin reuptake inhibitors.
Incidence rate ratios and confidence intervals that are significant are in bold.

Models adjusted for demographics, Charlson Comorbidity Index, and months of enrollment in Group Health.
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Figure 2.1 Individual and combined effects of pain/insomnia and pain/depression on medication use (days of supply) adjusted for the

use prior to the index date*
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APPENDIX A
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Table 2.A1 Individual and combined effects of pain/insomnia and pain/depression on medication use (days of supply) without

adjustment for the use prior to the index date

Category

Opioids
IRR (95% CI)

Sedatives
IRR (95% CI)

Tricyclic antidepressants

IRR (95% CI)

SSRIs
IRR (95% CI)

Pain & Insomnia?

No to mild pain & sub-threshold to clinical insomnia®
Moderate to severe pain & no insomnia‘
Moderate to severe pain & sub-threshold insomnia
Moderate to severe pain & clinical insomnia

Pain & Depression ¢
No to mild pain & sub-clinical to current depression ©
Moderate to severe pain & no depression '
Moderate to severe pain & sub-clinical depression

Moderate to severe pain & current depression

1.96 (1.43 - 2.71)
3.47 (2.46 — 4.88)
5.02 (3.70 — 6.83)
6.62 (4.86 — 9.03)

1.55 (1.10 — 2.18)
2.81 (2.05 - 3.84)
3.45 (2.47 - 4.82)

7.52 (5.58 — 10.13)

3.18 (2.14 - 4.72)
1.70 (1.00 - 2.91)
2.95 (1.94 — 4.50)
4.23 (2.75 - 6.52)

3.05 (2.09 — 4.43)
1.68 (1.10 — 2.59)
2.24 (1.49 — 3.37)
4.16 (2.83 — 6.12)

2.05 (1.16 — 3.61)
2.05 (1.11 - 3.81)
2.48 (1.48 — 4.17)
4.69 (2.71 - 8.12)

1.08 (0.62 — 1.90)
1.43 (0.80 — 2.57)
1.82 (1.01 - 3.26)
3.88 (2.43 - 6.21)

1.08 (0.83 - 1.41)
1.08 (0.81 - 1.45)
1.37 (1.07 - 1.75)
1.80 (1.39 - 2.32)

2.18 (1.68 — 2.82)
0.99 (0.73 — 1.34)
2.29 (1.78 — 2.95)
2.72 (2.12 - 3.49)

a. Reference group is “No pain & no insomnia”.

b. Individual effects of insomnia; c. individual effects of pain in pain/insomnia model.

d. Reference group is “No pain & no depression”.

e. Individual effects of depression; f. individual effects of pain in pain/depression model.

IRR: incidence rate ratio; Cl: confidence interval; SSRIs: selective serotonin reuptake inhibitors.

Incidence rate ratios and confidence intervals that are significant are in bold.

Models adjusted for demographics, Charlson Comorbidity Index, and months of enrollment in Group Health.
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Figure 2.A1 Individual and combined effects of pain/insomnia and pain/depression on medication use (days of supply) without

adjustment for the use prior to the index date*
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*Adjusted for demographics, Charlson Comorbidity Index, and months of enroliment in Group Health. SSRIs: selective serotonin

reuptake inhibitors.
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Table 2.A2 Distribution of participant categories by three symptoms (N = 2,883)

Participant category Number Percentage
No to mild pain & no insomnia & no depression 805 27.92%
No to mild pain & sub-threshold to clinical insomnia & no depression 246 8.53%
No to mild pain & no insomnia & sub-clinical to current depression 113 3.92%
Moderate to severe pain & no insomnia & no depression 297 10.30%
No to mild pain & sub-threshold insomnia & sub-clinical depression 211 7.32%
No to mild pain & clinical insomnia & sub-clinical depression 53 1.84%
No to mild pain & sub-threshold insomnia & current depression 53 1.84%
No to mild pain & clinical insomnia & current depression 47 1.63%
Moderate to severe pain & sub-threshold to clinical insomnia & no depression 227 7.87%
Moderate to severe pain & no insomnia & sub-clinical depression 70 2.43%
Moderate to severe pain & sub-threshold insomnia & sub-clinical depression 250 8.67%
Moderate to severe pain & clinical insomnia & sub-clinical depression 122 4.23%
Moderate to severe pain & no insomnia to sub-threshold insomnia & current depression 147 5.10%
Moderate to severe pain & clinical insomnia & current depression 242 8.39%
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Table 2.A3 Individual and combined effects of pain, insomnia and depression on medication use (days of supply) adjusted for the use prior

to the index date

Category 2

Opioids
IRR (95% CI)

Sedatives
IRR (95% CI)

Tricyclic
antidepressants
IRR (95% CI)

SSRIs
IRR (95% CI)

No to mild pain & sub-threshold to clinical insomnia & no depression
No to mild pain & no insomnia & sub-clinical to current depression
Moderate to severe pain & no insomnia & no depression

No to mild pain & sub-threshold insomnia & sub-clinical depression
No to mild pain & clinical insomnia & sub-clinical depression

No to mild pain & sub-threshold insomnia & current depression

No to mild pain & clinical insomnia & current depression

Moderate to severe pain & sub-threshold to clinical insomnia & no

depression

Moderate to severe pain & no insomnia & sub-clinical depression

Moderate to severe pain & sub-threshold insomnia & sub-clinical

depression

Moderate to severe pain & clinical insomnia & sub-clinical depression

Moderate to severe pain & no insomnia to sub-threshold insomnia &

current depression

Moderate to severe pain & clinical insomnia & current depression

1.24(0.82 - 1.87)
0.84 (0.54 — 1.32)
1.84 (1.32 - 2.57)
1.61(1.12 - 2.32)
1.26 (0.57 — 2.76)
1.78 (0.96 — 3.31)
1.43 (0.58 — 3.57)

2.18 (1.46 — 3.25)
1.95 (1.18 - 3.20)
2.10 (1.45 — 3.05)
2.14 (1.27 - 3.60)
2.61 (1.77 - 3.84)

3.07 (2.17 - 4.35)

1.75 (1.00 — 3.07)
2.41(0.93 - 6.28)
1.20 (0.58 — 2.49)
2.26 (1.17 — 4.36)
3.85 (1.45 - 10.18)
2.03 (0.80 — 5.20)
3.10 (1.38 - 6.98)

1.38(0.74 — 2.58)
0.90 (0.30 — 2.70)
1.73 (1.01 - 2.95)
2.02 (1.00 - 4.07)
4.41 (2.15 - 9.06)

3.74 (1.96 — 7.13)

1.22 (0.50 — 2.95)
2.30 (0.77 - 6.88)
1.51 (0.60 — 3.82)
4.36 (1.46 — 13.02)
0.71 (0.16 — 3.07)
4.46 (0.83 — 23.99)
0.35 (0.09 — 1.44)

3.14 (1.14 - 8.67)

0.72 (0.18 — 2.94)

4.84 (2.10 - 11.17)
12.59 (4.70 — 33.70)
6.55 (2.23 — 19.24)

7.96 (3.51 - 18.07)

1.95 (1.02 — 3.75)
3.77 (1.96 — 7.23)
1.33(0.74 - 2.37)
2.81 (1.59 — 4.96)
2.95 (1.36 — 6.37)
5.16 (2.11 — 12.64)
6.60 (3.05 — 14.26)

1.41 (0.84 - 2.37)
3.62 (1.54 - 8.51)
2.52 (1.49 — 4.25)
3.95 (2.11 - 7.37)
2.72 (1.45 - 5.09)

3.76 (2.33 - 6.05)

a. Reference group is “No pain & no insomnia & no depression”.

IRR: incidence rate ratio; Cl: confidence interval; SSRIs: selective serotonin reuptake inhibitors.

Incidence rate ratios and confidence intervals that are significant are in bold.

Models adjusted for demographics, Charlson Comorbidity Index, and months of enrollment in Group Health.
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Figure 2.A2 Individual and combined effects of pain, insomnia and depression on medication use (days of supply) adjusted for the use

prior to the index date*
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*1) Adjusted for demographics, Charlson Comorbidity Index, and months of enroliment in Group Health; 2) SSRIs: selective
serotonin reuptake inhibitors; and 3) Reference group is "No pain & no insomnia & no depression”.
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Table 2.A4 Individual and combined effects of pain, insomnia and depression on medication use (days of supply) without adjustment for

the use prior to the index date

Category 2

Opioids
IRR (95% CI)

Sedatives
IRR (95% CI)

Tricyclic
antidepressants
IRR (95% CI)

SSRIs
IRR (95% CI)

No to mild pain & sub-threshold to clinical insomnia & no depression
No to mild pain & no insomnia & sub-clinical to current depression
Moderate to severe pain & no insomnia & no depression

No to mild pain & sub-threshold insomnia & sub-clinical depression
No to mild pain & clinical insomnia & sub-clinical depression

No to mild pain & sub-threshold insomnia & current depression

No to mild pain & clinical insomnia & current depression

Moderate to severe pain & sub-threshold to clinical insomnia & no
depression

Moderate to severe pain & no insomnia & sub-clinical depression
Moderate to severe pain & sub-threshold insomnia & sub-clinical
depression

Moderate to severe pain & clinical insomnia & sub-clinical depression
Moderate to severe pain & no insomnia to sub-threshold insomnia &
current depression

Moderate to severe pain & clinical insomnia & current depression

1.76 (1.11 - 2.79)
1.00 (0.56 — 1.77)
2.98 (2.04 — 4.36)
2.39 (1.54 — 3.72)
1.15 (0.54 — 2.43)
1.83 (0.85 - 3.97)
1.98 (0.77 - 5.07)

3.53(2.36 - 5.28)
4.38 (2.37 - 8.06)
4.19 (2.75 - 6.39)
3.31(2.04 -5.37)
8.11 (5.16 — 12.75)

9.17 (6.54 — 12.86)

2.41 (1.40 — 4.15)
2.29 (0.97 - 5.41)
1.56 (0.84 — 2.90)
4.12 (2.44 — 6.95)
5.84 (2.73 — 12.49)
2.25 (0.96 — 5.25)
6.22 (3.07 — 12.59)

3.16 (1.75 - 5.69)
0.87 (0.31 - 2.41)
2.51 (1.46 — 4.33)
4.63 (2.58 — 8.30)
6.24 (3.68 — 10.58)

5.10 (3.12 — 8.36)

2.33 (1.12 - 4.83)
0.77 (0.28 — 2.13)
1.41 (0.64 - 3.10)
1.23 (0.56 — 2.71)
1.42 (0.30 - 6.60)
4.20 (1.23 — 14.31)
0.98 (0.20 — 4.77)

1.80 (0.85 — 3.82)
2.71 (0.66 — 11.12)
2.36 (1.20 — 4.63)
2.00 (0.65 — 6.13)
4.28 (2.06 — 8.90)

5.89 (3.21 — 10.79)

0.95 (0.60 — 1.49)
3.41 (2.29 — 5.06)
0.88 (0.57 — 1.36)
1.46 (0.99 - 2.15)
1.14 (0.52 — 2.53)
2.72 (1.75 — 4.24)
2.27 (1.38 — 3.74)

1.08 (0.70 — 1.67)
3.22 (2.16 — 4.81)
2.06 (1.49 — 2.84)
2.10 (1.41 - 3.13)
2.48 (1.78 — 3.46)

2.76 (2.02 - 3.77)

a. Reference group is “No pain & no insomnia & no depression”.

IRR: incidence rate ratio; Cl: confidence interval; SSRIs: selective serotonin reuptake inhibitors.

Incidence rate ratios and confidence intervals that are significant are in bold.

Models adjusted for demographics, Charlson Comorbidity Index, and months of enrollment in Group Health.
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Figure 2.A3 Individual and combined effects of pain, insomnia and depression on medication use (days of supply) without adjustment

for the use prior to the index date*

Opioids Sedatives
No to mild pain & sub-threshold to clinical insomnia - e —h—
Moderate to severe pain & no insomnia - =—— —
Moderate to severe pain & sub-threshold insomnia
Moderate to severe pain & clinical insomnia -
No to mild pain & sub-clinical to current depression - -0— —
Moderate to severe pain & no depression - —o— ——
Moderate to severe pain & sub-clinical depression —C— —0—
Moderate to severe pain & current depression | | [ : = : | - : ;
0 2 4 6 8 10 O 2 4 6 8 10
Incidence Rate Ratio Incidence Rate Ratio
Tricyclic antidepressants SSRIs
No to mild pain & sub-threshold to clinical insomnia - ; i
Moderate to severe pain & no insomnia - - :
Moderate to severe pain & sub-threshold insomnia - R e
Moderate to severe pain & clinical insomnia = -
No to mild pain & sub-clinical to current depression-| —@— —0—
Moderate to severe pain & no depression o O
Moderate to severe pain & sub-clinical depression —— —0—
Moderate to severe pain & current depression | : e : : : —— : : :
0 2 4 6 8 10 0 2 4 6 8 10
Incidence Rate Ratio Incidence Rate Ratio
A Reference Group: No to mild pain & no insomnia @ Reference Group: No to mild pain & no depression

*1) Adjusted for demographics, Charlson Comorbidity Index, and months of enrollment in Group Health; 2) SSRIs: selective
serotonin reuptake inhibitors; and 3) Reference group is "No pain & no insomnia & no depression”.
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Chapter 3. Influences of Osteoarthritis Pain, Insomnia, and Depression on Health Care

Utilization in Older Adults with Osteoarthritis
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ABSTRACT
Objective

a) To describe the prevalence of pain and comorbid insomnia and depression in older
adults with osteoarthritis (OA), and b) To examine individual and combined effects of pain,
insomnia, and depression on health care utilization (HCU).
Methods

Participants were Group Health Cooperative (GHC) patients with a primary diagnosis of
OA (N =2,976). We used survey data on pain (Graded Chronic Pain Scale), insomnia (Insomnia
Severity Index), depression (Patient Health Questionnaire-8), and HCU extracted from GHC
medical records (office visits, length of stay [LOS], inpatient and outpatient costs, and hip/knee
replacement). Negative binomial, logistic, and generalized linear models were performed for data
analysis.
Results

About 34% and 29% of participants presented at least sub-threshold insomnia and at least
sub-clinical depression, respectively, in addition to concurrent moderate to severe pain.
Individual effects of pain were statistically significant on all types of the examined HCU.
Insomnia and depression individually only contributed to number of office visits and outpatient
costs. Combined effects of pain/insomnia, and pain/depression were significant on all types of
HCU, and effect on all types of HCU except for hip/knee replacement increased with
insomnia/depression severity.
Conclusion

Effects of pain on health care utilization in OA are significant and cost-effective

strategies are needed for better pain management to reduce OA-related health care burden.
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Significant combined effects of pain/insomnia, and pain/depression suggest the importance of
addressing insomnia and depression as part of the routine assessment for OA and working

collaboratively between specialists for improved symptom management in clinical practice.
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SIGNIFICANCE AND INNOVATIONS
1. Our findings reveal high prevalence of comorbid insomnia and depression in addition to
OA pain and underscore a great impact of pain on health care utilization in OA.
2. Our study is the first attempt to examine the combined effects of pain with comorbid
insomnia and depression in persons with OA. Study results suggest that insomnia and
depression cannot be neglected in OA and clinicians should work collaboratively to better

manage these symptoms in order to reduce OA-related healthcare burden.
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INTRODUCTION

OA is a debilitating disease characterized by chronic pain, joint inflammation and
stiffness, and accounts for a large percentage of physical disability with a high prevalence
worldwide.! The number of OA patients is expected to increase in the coming years in many
countries, as life expectancy is also increasing and OA differentially affects older adults.?
Nevertheless, the burden of OA not only relates to its major impact on lowering quality of life
but also to the heavy economic costs of the disease to individuals and health care systems.* 1
Mean total costs were more than two times higher in patients with OA compared to those without
the condition ($12,905 vs. $5,099).1t OA patients incur significantly higher annual inpatient
costs ($6,668 vs. $1,756) and outpatient costs ($7,840 vs. $3,675) compared with controls.® In
addition, patients with knee OA were found to have, on average, 6 more annual physician office
visits and 3.8 more non-physician visits than OA-free controls.!? Total hip or knee replacements
are costly and the use rates have increased steadily over the years, which is associated with the
increasing costs of a hospitalization.!34

Chronic pain is the main complaint of patients with OA and the primary reason to seek
help from health care providers.'® Besides pain, patients with OA often live with comorbidities,
most notably insomnia and depression.'® An increasing body of research has documented
reciprocal relationships among chronic pain, sleep disturbance, and depression in OA, and yet
causal relationships are still not clear.}!8 Regardless of causality, the increased presence of
comorbid conditions among patients not only adds to the cost of treatment but also increases the
complexity of managing these patients. Given the substantial OA-associated health care burden
and the complex associations among OA pain, insomnia and depression, it is important to

understand the prevalence of these symptoms and understand how pain, insomnia, and
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depression individually and jointly drive health care utilization (HCU) and cost burden to the
health care system in the OA population.

Therefore, this study aims to a) describe the prevalence of pain and comorbid insomnia
and depression in older adults with OA, and b) examine individual and combined effects of pain,

insomnia, and depression on HCU.

PARTICIPANTS AND METHODS
Participants

The dataset used in this study was from part of a National Institutes of Health (NIH)-
funded clinical trial that compared the efficacy of three group interventions for people with
comorbid OA and insomnia to help them manage their pain and insomnia symptoms.® The study
was carried out collaboratively between the University of Washington (UW) and Group Health
Cooperative (GHC) (recently changed to Kaiser Permanente Washington), a Seattle-area
integrated health care plan with over 600,000 enrollees. Prior to the clinical trial, from 2008 to
2010, a screening survey questionnaire was mailed to 8,057 GHC members age 60+ who had an
electronic medical record OA diagnosis associated with a health care visit in the prior 3 years.
The questionnaire asked respondents about the frequency and interference level of their OA pain
over the previous 3 months, and the frequency and nature of their sleep problems. A total of
3,041 participants completed the screening questionnaire and gave permission to access their
medical records. This study used data from the screening survey and participants’ GHC medical
records. The clinical trial was approved by the UW Human Subjects Division and the GHC
Institutional Review Board. This secondary data analysis was reviewed by the UW Human

Subjects Division and qualified for an exemption.
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Inclusion criteria for receiving the screening survey were: age 60+, continuously enrolled
in GHC 1 year prior to the screening, receiving primary care services at one of six regional
participating clinics, not in the “No Contact for Research File,” and at least one visit noted in
medical record for OA in the prior 3 years. Participants were excluded if the medical record
information indicated a diagnosis of: (a) rheumatoid arthritis, (b) obstructive sleep apnea, (c)
periodic leg movement disorder, (d) restless leg syndrome, (e) sleep-wake cycle disturbance, (f)
rapid eye movement (REM) behavior disorder, (g) dementia or receiving cholinesterase
inhibitors, (h) Parkinson's disease or another neurodegenerative disease known to directly impact
sleep, (i) cancer in the past year and receiving chemotherapy or radiation therapy in the past year,
and/or (j) inpatient treatment for congestive heart failure within the previous 6 months.

Dataset Elements

Symptom measures:

Pain. The Graded Chronic Pain Scale (GCPS) assesses two dimensions of overall
chronic pain severity: pain intensity and pain-related disability.?° Subscale scores for pain
intensity and disability are combined to calculate a chronic pain grade with five hierarchical
categories, with grade 0 meaning no pain and grade 1V meaning high disability-severely limiting
pain.?! Internal consistency of the GCPS has been reported to be 0.74 (Cronbach’s alpha) for
patients with chronic back pain.?’ The GCPS also has a high test-retest reliability and construct
validity.?>?3 For this study, pain was coded as a binary variable: no to mild pain (GCPS = 1) and
moderate to severe pain (2 to 4).

Insomnia. The Insomnia Severity Index (ISI) was designed to assess the nature, severity,
and impact of insomnia and monitor treatment response in adults.?* The ISI is a seven-item

measure with scores ranging from 0 to 28, with a higher score indicating more severe insomnia
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and a score > 15 indicating moderate to severe clinical insomnia. ISI internal consistency is
excellent for both the community and clinical samples (Cronbach’s alpha of 0.90 and 0.91,
respectively).?> Convergent validity is supported by significant correlations between total ISI
score and measures of fatigue, quality of life, anxiety and depression.?® Research indicates that
the IS is a reliable and valid instrument to detect cases of insomnia and is sensitive to treatment
response in clinical patients.?® For this study, the insomnia variable was coded according to
validated cut-points for this scale which were: no insomnia (< 7), sub-threshold insomnia (8 to
14) and clinical insomnia (15 to 28).%

Depression. The eight-item Patient Health Questionnaire depression scale (PHQ-8) has
been shown to be a valid diagnostic and severity measure for depressive disorders in large
clinical trials. PHQ-8 total scores range from 0 to 24, with higher scores representing more
severe depression. The PHQ-8 is a reliable measure for depression in population-based studies,
and a cut point > 10 can be used for determining current depression.?® The depression variable
was coded according to validated cut-points for this scale as follows: no depression (< 4), sub-
clinical depression (5 to 9) and current depression (10 to 24).%°

Health Care Utilization

A programmer at GHC used CPT codes to identity relevant HCU variables from
participants’ electronic medical records. An index date was defined as the date when the
screening questionnaire was mailed to the participant. Medical records of one year before (Year
1) and three years after (Year 2 — 4) were used. HCU variables include: 1) Health care visits:
total numbers of health care visits overall; 2) Total length of stay (LOS) (days); 3) Surgical
procedures: a) knee replacement (CPT codes: 27445-27447; ICD-9 procedure codes 2010: 81.54

—81.56) and b) hip replacement (CPT codes: 27125, 27130, 27132; ICD-9 procedure codes
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2010: 81.51 — 81.53); and 4) Health care costs: overall costs in US dollars for inpatient and
outpatient utilization, separately.

Participant characteristics

Demographics were collected from the screening survey, including age, sex, race, marital
status, employment status and educational levels. Variables of age and sex were verified from the
medical records and replaced if participants did not report their age or sex. Months of enrollment
in GHC for each of the four years and Charlson Comorbidity Index scores were calculated from
participants’ medical records by the programmer at the GHC.

Data Analysis

Participants with no enrollment in GHC after the index date were excluded (N = 6) which
left a sample of 3,035. Participants with missing data on more than two of the following
variables were excluded: pain (39 (1.3%)), insomnia (20 (0.7%)), depression (107 (3.5%)),
education (62 (2.0%)), marital status (67 (2.2%)), race (110 (3.6%)) and employment (122
(4.0%)) with a final sample of 2,976 participants included in the final analysis. Multiple
imputation technique was used with five imputations to accommodate the remaining missing
information in the statistical analyses.*® Demographics, symptoms of pain, insomnia and
depression, months of enrollment, Charlson Comorbidity Index, and corresponding HCU
variables were used in the imputation models.

Data analyses investigated the individual effects of pain, insomnia and depression, and
combined effects of (a) pain and insomnia and (b) pain and depression on HCU. Combined
effects focused on pairing the other two symptoms with pain, given that pain is the main
complaint in older adults with OA. The combined effects of insomnia and depression were not

examined because of the high correlation between the two symptoms in this sample (Pearson
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correlation coefficient was 0.73). Two categorical patient variables were created based on the
combination of symptom severities, with one variable representing the severity of pain and
insomnia, and the other representing the severity of pain and depression. Although insomnia and
depression are highly correlated, few studies have examined pain, insomnia and depression all
together in OA populations. A third categorical variable was created based on the combination of
the severities of the three symptoms. Categories with fewer than 20 participants were combined
with other categories based on clinical justification. For example, the category “No to mild pain
& clinical insomnia & no depression” (N = 6) was combined with the category “No to mild pain
& sub-threshold to clinical insomnia & no depression” (N = 240).

All data analyses were performed using Stata version 14.0.3! Due to the skewed
distribution of the outcome variables, analyses using negative binomial models were conducted
to examine the individual and combined effects of pain, insomnia, and depression on office visits
and hospital LOS after the index date. The negative binomial model was appropriate because the
count data was over-dispersed with the conditional variance exceeding the condition mean.
Logistic regression was conducted to investigate the individual and combined effects of the three
symptoms on whether participants had a hip/knee replacement or not. Generalized linear models
with a gamma family and log-link function were used to assess the individual and combined
effects of the three symptoms on outpatient and inpatient costs. Months of enroliment in GHC
were included as an exposure variable because the length of enrollment was different in
participants. All models were adjusted for demographics and Charlson Comorbidity Index. The
magnitude of individual and combined effects was compared before and after adjusting the use

before the index date.
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Three models were examined for each HCU category (a pain/insomnia model, a
pain/depression model and pain/insomnia/depression model). In the pain/insomnia models, the
no to mild pain/no insomnia category was treated as reference. Individual effects of pain were
determined by comparing the category with pain but not insomnia symptoms (moderate to severe
pain & no insomnia) to the reference category, and individual effects of insomnia were
determined by comparing the categories with insomnia but no pain (no to mild pain & sub-
threshold to clinical insomnia) to the reference category. In the pain/depression models, the no to
mild pain/no depression category was treated as reference. Individual effects of pain were
determined by comparing the category with pain but no depression (moderate to severe pain &
no depression) to the reference category, and individual effects of depression were determined by
comparing the categories with depression but no pain (no to mild pain & sub-clinical to current
depression) to the reference category.

In the combination pain/insomnia/depression models, the no to mild pain/no insomnia/no
depression category was treated as reference. Individual effects of pain were determined by
comparing the category with “pain but no insomnia and depression symptoms” (moderate to
severe pain & no insomnia & no depression) to the reference category; individual effects of
insomnia were determined by comparing the category with insomnia but no pain and no
depression (no to mild pain & sub-threshold to clinical insomnia & no depression) to the
reference category, and individual effects of depression were determined by comparing the
category with depression but no pain and no insomnia (no to mild pain & no insomnia & sub-
clinical to current depression). In this paper, results for the pain/insomnia and pain/depression

models are reported in detail, and results for the pain/insomnia/depression are shown in
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Appendix A. Incidence rate ratio (IRR), odds ratio (OR), and coefficient plus 95% confidence

interval (CI) are reported; a p value less than .05 was considered statistically significant.

RESULTS

Table 3.1 and Table 3.2 present participant demographical characteristics and symptom
severity, respectively. Participants were, on average, 72 years old (range 60 — 90, SD = 8.93),
largely Caucasian (90.86%), female (66.23%), married (60.67%) and highly educated (57.39%
community college or higher). Participants reported moderate to severe pain (47.07%), at least
sub-threshold insomnia (54.95%), and sub-clinical to current depression (45.23%). About 34%
of participants had concurrent moderate to severe pain and at least sub-threshold insomnia, and
29% of participants presented concurrent moderate to severe pain and at least sub-clinical
depression. Table 3.3 shows that the percentage of participants with no and more than 24 office
visits per year steadily increased over the 4 years. Similar to office visits, the percentage of
participants with no outpatient costs or costs between $20,000 and $30,000 per year went up
steadily after the index date. About 90% did not have a hospital stay, but this percentage
decreased over the years and the inpatient costs had a similar trend with the hospital stay. About
4% of the participants had a hip/knee replacement and the percentage decreased after the index
date.

Table 3.4, Figure 3.1 and Figure 3.2 show the individual and combined effects of pain,
insomnia, and depression severity on office visits, hospital LOS, outpatient and inpatient costs,
and hip/knee replacement after adjusting for demographics, Charlson Comorbidity Index, months

of enrollment in GHC, and corresponding use prior to the index date. In the results section, the
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analyses of the pain/insomnia models are reported first, followed by the results of the
pain/depression models.

Office visits. In the pain/insomnia models, individual effects of pain (IRR: 1.11, 95% CI:
1.04 — 1.18) and insomnia (IRR: 1.15, 95% CI: 1.06 — 1.25) were significant. Combined effects
of pain and insomnia were significant and slightly higher than the individual effects but
combined effects did not increase with insomnia severity. In the pain/depression models,
individual effects of pain (IRR: 1.10, 95% CI: 1.03 — 1.18) and depression (IRR: 1.16, 95% ClI:
1.09 — 1.24) were significant. Combined effects of pain and depression were significant and
slightly higher than the individual effects, and combined effects were similar between different
depression severities.

LOS. Neither individual effects of insomnia nor depression were significant on LOS.
Individual effects of pain were significant and similar in either the pain/insomnia (IRR: 1.89,
95% CI: 1.38 — 2.58) or the pain/depression models (IRR: 1.77, 95% CI: 1.32 — 2.37). Combined
effects of pain and insomnia were significant and effects increased slightly with insomnia
severity. Combined effects of pain and depression were significant and LOS was two times
longer in participants with current depression (IRR: 2.61, 95% CI: 1.91 — 3.58) compared to
those with no depression (IRR: 1.77, 95% ClI: 1.32 — 2.37) when moderate to severe pain was
present.

Outpatient costs. Individual effects of insomnia (IRR: 1.13, 95% CI: 1.03 — 1.24) and
depression (IRR: 1.18, 95% CI: 1.07 — 1.30) were significant. Individual effects of pain were
significant in either the pain/insomnia and pain/depression models. Combined effects of pain and
insomnia, and combined effects of pain and depression were significant and effects increased

with insomnia or depression severity.
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Inpatient costs. Neither insomnia nor depression individually increased inpatient costs.
Individual effects of pain almost doubled inpatient costs in the pain/insomnia (IRR: 2.06, 95%
Cl: 1.49 — 2.84) and the pain/depression models (IRR: 1.74, 95% CI: 1.32 — 2.30) compared to
reference groups. Combined effects of pain and insomnia, and combined effects of pain and
depression were significant but did not change much with insomnia or depression severity.

Hip/knee replacement. Insomnia and depression did not individually predict hip or knee
replacement. Compared to reference groups, participants with the pain symptom only were about
two times more likely to receive a hip or knee replacement in either the pain/insomnia models
(OR: 2.33, 95% CI: 1.60 — 3.38) and the pain/depression models (OR: 2.05, 95% CI: 1.47 — 2.87)
compared to reference groups. Combined effects of pain and insomnia and combined effects of
pain and depression did not change with insomnia or depression severity.

Table 3.Al, Figure 3.Al and Figure 3.A2 show results from similar models for the
individual and combined effects of pain, insomnia, and depression severity but without
adjustment of corresponding use prior to the index date. Regardless the significance level or the

magnitude of the individual and combined effects, they were similar to those with adjustment.

DISCUSSION

Our study used data from surveys and electronic medical records to examine how pain,
insomnia, and depression individually and jointly influence HCU, specifically total office visits,
hospital LOS, health care costs, and hip/knee replacement. About half the participants presented
with at least one of the three symptoms (depression, insomnia, pain) and around 34% and 29%

suffered from insomnia or depression, respectively, in addition to moderate to severe pain. To
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our knowledge, it is the first attempt to evaluate the effects of pain considering comorbid
conditions including insomnia and depression on HCU in older adults with OA.

This study revealed that pain is the major condition that individually drives HCU in older
adult with OA. Participants with pain only were about two times more likely to have inpatient-
related health care services, including hospital LOS (IRR: 1.91, 95% CI: 1.39 — 2.61), inpatient
costs (coefficient: 2.06, 95% CI: 1.51 — 2.82) and hip/knee replacement (OR: 2.31, 95% CI: 1.59
— 3.35) compared to those without pain or insomnia. Total hip/knee replacement is the most
effective intervention for pain relief and functional improvement when pain cannot be well
managed in the later stage of OA.32 Total hip/knee replacement has increased in the past two
decades and makes up the largest hospital expenditure category for Medicare.®*3* Pain was
positively associated with number of hip/knee replacements, which also explains the likelihood
of having longer LOS and higher inpatient costs. However, individual effects of pain were
smaller on outpatient-related health care (office visits and outpatient costs). For example,
participants with pain symptom only were 1.23 to 1.25 times more likely to have office visits
compared to those without any of the three symptoms. Despite this finding, the significant effect
of pain on health care services as a whole suggests an urgent need to manage OA pain symptoms
in order to reduce OA-associated health care burden.

Insomnia and depression as comorbid conditions individually contributed to total office
visits and outpatient costs but not inpatient-related health care services. The finding of higher
office visits and outpatient costs associated with insomnia and depression is consistent with
previous studies showing that insomnia and depression contribute to increased health care
consultations and related costs.® In terms of individual effects of insomnia and depression on

LOS and inpatient costs, previous studies have shown inconsistent results, which could be due to
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different symptom measure/cut-off points and the fact that depression was often viewed as
comorbid with other disease conditions.®®-3 Qur study provides reliable insights into the
condition of persons with OA and uses measures and cut-off points that are widely applied in
literature to enhance comparability with future research.

Our study also examined combined effects of pain/insomnia and pain/depression, which
has been rarely reported previously, relative to OA. It can be observed that combined effects are
equivalent to the addition of individual effects where individual effects of pain/insomnia and
pain/depression are already significant in HCU (e.g. office visits and outpatient costs). Although
individual effects of insomnia and depression were insignificant on LOS and inpatient costs,
combined effects of pain/insomnia and pain/depression were significant and increased with
insomnia/depression severity. For example, participants with current depression were more likely
to have longer LOS (IRR: 2.61, 95% CI: 1.91 — 3.58) compared to those had the pain symptom
only (IRR: 1.77, 95% CI: 1.32 — 2.37). This association can be partially supported by previous
studies that have shown that psychological factors like depression prolonged LOS in conditions
like heart failure. 340

However, it should be noted that combined effects of pain/insomnia and pain/depression
on hip/knee replacement decreased with insomnia/depression severity while pain symptoms are
present. Multiple studies reveal high prevalence of preoperative depression and postoperative
sleep disturbance in patients undergoing total hip or knee replacement and negative effects of
preoperative depression on poor health outcomes after the surgery, but these studies do not
contribute to our understanding of how the symptoms jointly influence the likelihood of

receiving hip or knee replacement.**** Since we examined only a 3-year period after the index
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date, our study indicates depression or insomnia may postpone the surgical procedure, and
therefore, further studies are needed to understand the reasons behind this trend.

Several limitations should be noted in this study. First, although an experienced and
trained programmer helped extract the medical records, errors in coding and recording of the
medical records may still exist. Second, recall bias may exist since we used survey data that
relied on participant self-reported information. Third, health care costs were not adjusted for
inflation because participants returned the survey in different years, which made it difficult for
adjustment. But this should not be a big concern as we examined the effects of symptoms on
health care cost not the incremental costs. Fourth, study results that were derived from consumer-
governed health plans may not be generalizable to patients with Medicaid coverage,
commercially insured persons, or the uninsured.

Our study reveals a high prevalence of comorbid insomnia and depression in addition to
OA pain and it has important implications. The study underscores the substantial impact of pain
on HCU in OA. Total hip or knee replacement is the only long-term effective treatment for OA,
but it is also the most costly, so it is important to develop cost-effective strategies to improve
pain management. This is the first study to report combined effects of pain with comorbid
insomnia and depression on HCU in older adults with OA. The increased combined effects
suggest that clinicians should take insomnia and depression into consideration as part of the
routine assessment for patients with OA and that they should work collaboratively with
specialists to better manage comorbid insomnia or depression in order to reduce OA-associated

health care burden.
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Table 3.1 Participant demographics

Variable N Mean SD
Age 2,976 72.16 8.81
Months of enrollment
Y1 2,976 12 0.08
Y2-Y4 2,976 34.45 5.66
N Number Percentage
Gender 2,976
Female 1,971 66.23%
Male 1,005 33.77%
Education 2,971
Lower than college 1,266 42.61%
College 721 24.27%
Graduate or professional 984 33.12%
Marital status 2,965
Married/living as married 1,799 60.67%
Single/never married 120 4.05%
Separated/divorced 477 16.09%
Widowed 569 19.19%
Employment 2,911
Employed 678 23.29%
Unemployed 436 14.98%
Retired 1,797 61.73%
Race 2,922
White 2,655 90.86%
Asian 119 4.07%
African American 97 3.32%
Others 51 1.75%
Charlson Comorbidity Index 2,976
=0 1,917 64.42%
>1 1,059 35.58%
Months of enrollment
Y1 2,976 12 0.08
Y2-Y4 2,976 34.45 5.66

Notes: SD = Standard deviation; Y = year
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Table 3.2 Distribution of symptom and participant categories

Symptom/patient categories N Number Percentage
Pain 2,940
No to mild pain 1,556 52.93%
Moderate to severe pain 1,384 47.07%
Insomnia 2,959
No insomnia 1,333 45.05%
Sub-threshold insomnia 1,119 37.82%
Clinical insomnia 507 17.13%
Depression 2,927
No depression 1,603 54.77%
Sub-clinical depression 711 24.29%
Current depression 613 20.94%
Pain & Insomnia 2,923
No to mild pain & no insomnia 931 31.85%
No to mild pain & sub-threshold insomnia 509 17.41%
No to mild pain & clinical insomnia 109 3.73%
Moderate to severe pain & no insomnia 383 13.10%
Moderate to severe pain & sub-threshold insomnia 598 20.46%
Moderate to severe pain & clinical insomnia 393 13.45%
Pain & Depression 2,891
No to mild pain & no depression 1,055 36.49%
No to mild pain & sub-clinical depression 368 12.73%
No to mild pain & current depression 110 3.80%
Moderate to severe pain & no depression 526 18.19%
Moderate to severe pain & sub-clinical depression 442 15.29%
Moderate to severe pain & current depression 390 13.49%
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Table 3.3 Descriptive analysis for total office visits, length of stay, total inpatient and outpatient
costs, and hip/knee replacement

Variable

Year 1 (n/%)

Year 2 (n/%)

Year 3 (n/%)

Year4 (n/%)

Total office visits
0
1-6
6-12
12-24
> 24
Length of stay (days)
0
1-3
>3
Total inpatient costs
0
0 — $5,000
$5000 - $10,000
$10,000 — $15,000
> $15,000
Total outpatient costs
0
0 - $10,000
$10,000 — $20,000
$20,000 — $30,000
> $30,000
Hip/knee

replacement

55 (1.85%)
1,162 (39.05%)
904 (30.38%)
668 (22.45%)
187 (6.28%)

2,665 (89.55%)
221 (7.43%)
90 (3.02%)

2,661 (89.42%)
61 (2.05%)
79 (2.65%)
86 (2.89%)
89 (2.99%)

4 (0.13%)
2,379 (79.94%)
391 (13.14%)
127 (4.27%)
75 (2.52%)

109 (3.66%)

86 (2.89%)
1,091 (36.66%)
921 (30.95%)
653 (21.94%)
225 (7.56%)

2,618 (87.97%)
126 (4.23%)
232 (7.80%)

2,615 (87.87%)
73 (2.45%)

58 (1.95%)

95 (3.19%)
135 (4.54%)

13 (0.44%)
2,250 (75.60%)
456 (15.32%)
138 (4.64%)
119 (4.00%)

130 (4.37%)

165 (5.54%)
1,109 (37.26%)
775 (26.04%)
691 (23.22%)
236 (7393%)

2,580 (86.69%)
256 (8.6%)
140 (4.70%)

2,580 (86.69%)
60 (2.02%)

98 (3.29%)

79 (2.65%)
159 (5.34%)

85 (2.86%)
2,076 (69.76%)
494 (16.60%)
167 (5.61%)
154 (5.17%)

120 (4.03%)

236 (7.93%)
1,070 (35.95%)
787 (26.4%)
635 (21.34%)
248 (8.33%)

2,567 (86.26%)
236 (7.93%)
173 (5.81%)

2,566 (86.22%)
60 (2.02%)

88 (2.96%)

82 (2.76%)
180 (6.05%)

160 (5.38%)
1,982 (66.60%)
494 (16.60%)
175 (5.88%)
165 (5.54%)

113 (3.80%)
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Table 3.4 Individual and combined effects of pain/insomnia and pain/depression on office visits, length of stay, outpatient and inpatient

costs, and hip/knee replacement adjusted for the use prior to the index date

Category

Office visits
IRR (95% CI)

Length of stay
IRR (95% CI)

Outpatient costs

Coefficient
(95% CI)

Inpatient costs
Coefficient
(95% CI)

Hip/knee
replacement
OR (95% CI)

Pain & Insomnia?

No to mild pain & sub-threshold to clinical insomnia®
Moderate to severe pain & no insomnia‘
Moderate to severe pain & sub-threshold insomnia
Moderate to severe pain & clinical insomnia

Pain & Depression ¢
No to mild pain & sub-clinical to current depression ©
Moderate to severe pain & no depression '
Moderate to severe pain & sub-clinical depression

Moderate to severe pain & current depression

1.11 (1.04 - 1.18)
1.15 (1.06 — 1.25)
1.25 (1.16 — 1.34)
1.24 (1.16 - 1.33)

1.10 (1.03 - 1.18)
1.16 (1.09 — 1.24)
1.26 (1.16 — 1.37)
1.21 (1.13 -1.29)

0.84 (0.63 - 1.13)
1.89 (1.38 — 2.58)
1.93 (1.45 — 2.58)
2.09 (1.53 - 2.85)

1.03 (0.76 — 1.39)
1.77 (1.32 - 2.37)
2.11 (1.60 — 2.77)
2.61 (1.91 - 3.58)

1.13 (1.03 - 1.24)
1.33(1.19 - 1.47)
1.41 (1.28 — 1.55)
1.56 (1.39 — 1.76)

1.18 (1.07 - 1.30)
1.27 (1.16 — 1.39)
1.49 (1.34 - 1.66)
1.60 (1.42 — 1.79)

0.93 (0.69 — 1.25)
2.06 (1.49 — 2.84)
1.60 (1.23 - 2.08)
1.84 (1.36 — 2.50)

1.13 (0.83 - 1.52)
1.74 (1.32 — 2.30)
1.96 (1.50 — 2.57)
2.19 (1.64 - 2.92)

1.15 (0.80 — 1.67)
2.33 (1.60 — 3.38)
1.91 (1.35 - 2.69)
1.81 (1.22 - 2.69)

1.18 (0.81 - 1.72)
2.05 (1.47 - 2.87)
2.14 (1.50 - 3.04)
1.69 (1.13 — 2.54)

a. Reference group is “No pain & no insomnia”.

b. Individual effects of insomnia; c. individual effects of pain in pain/insomnia model.

d. Reference group is “No pain & no depression”.

e. Individual effects of depression; f. individual effects of pain in pain/depression model.

IRR: incidence rate ratio; OR: odds ratio; Cl: confidence interval.

Incidence rate ratios, odds ratios and confidence intervals that are significant are in bold.

Models adjusted for demographics, Charlson Comorbidity Index, and months of enrollment in Group Health.
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Figure 3.1 Individual and combined effects of pain/insomnia and pain/depression on office visits, length of stay and hip/knee

replacement adjusted for the use prior to the index date*

Total office visits Length of stay
No to mild pain & sub-threshold to clinical insomnia - i
Moderate to severe pain & no insomnia -
Moderate to severe pain & sub-threshold insomnia | s
Moderate to severe pain & clinical insomnia -
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Hip or knee replacement
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Moderate to severe pain & clinical insomnia

A

No to mild pain & sub-clinical to current depression | ——@——
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A Reference Group: No to mild pain & no insomnia @ Reference Group: No to mild pain & no depression

*Adjusted for demographics, Charlson Comorbidity Index, and months of enroliment in Group Health.
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Figure 3.2 Individual and combined effects of pain/insomnia and pain/depression on outpatient and inpatient costs adjusted for the use

prior to the index date*

Outpatient costs Inpatient costs
No to mild pain & sub-threshold to clinical insomnia

: < ; —A— A
Moderate to severe pain & no insomnia -
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Coefficient Coefficient

A Reference Group: No to mild pain & no insomnia ® Reference Group: No to mild pain & no depression

*Adjusted for demographics, Charlson Comorbidity Index, and months of enrollment in Group Health.
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Table 3.Al Individual and combined effects of pain/insomnia and pain/depression on office visits, length of stay, outpatient and inpatient

costs, and hip/knee replacement without adjustment for the use prior to the index date

Category

Office visits
IRR (95% CI)

Length of stay
IRR (95% CI)

Outpatient costs

Coefficient
(95% CI)

Inpatient costs
Coefficient
(95% CI)

Hip/knee
replacement
OR (95% CI)

Pain & Insomnia?

No to mild pain & sub-threshold to clinical insomnia®
Moderate to severe pain & no insomnia‘
Moderate to severe pain & sub-threshold insomnia
Moderate to severe pain & clinical insomnia

Pain & Depression ¢
No to mild pain & sub-clinical to current depression ©
Moderate to severe pain & no depression '
Moderate to severe pain & sub-clinical depression

Moderate to severe pain & current depression

1.15 (1.06 — 1.24)
1.25(1.13 - 1.37)
1.32 (1.22 - 1.42)
1.35 (1.25 - 1.47)

1.14 (1.05 - 1.23)
1.23(1.13-1.33)
1.32 (1.21 - 1.44)
1.34 (1.24 — 1.45)

0.83 (0.62 - 1.12)
1.91 (1.39 - 2.61)
1.92 (1.44 — 2.56)
2.10 (1.54 - 2.87)

1.01 (0.75 - 1.37)
1.77 (1.32 - 2.37)
2.11 (1.61 - 2.78)
2.62 (1.92 — 3.58)

1.12 (1.01 - 1.23)
1.37 (1.22 - 1.53)
1.45 (1.30 - 1.61)
157 (1.39 - 1.79)

1.19 (1.07 - 1.32)
1.33 (1.20 - 1.47)
1.51 (1.35 - 1.69)
1.66 (1.48 — 1.88)

0.91 (0.68 — 1.21)
2.06 (1.51 - 2.82)
1.65 (1.28 - 2.14)
1.88 (1.39 — 2.54)

1.10 (0.81 — 1.48)
1.74 (1.32 - 2.30)
1.98 (1.51 - 2.60)
2.22 (1.67 - 2.96)

1.13(0.78 - 1.64)
2.31 (1.59 - 3.35)
1.89 (1.34 - 2.67)
1.79 (1.21 - 2.67)

1.15 (0.79 - 1.68)
2.04 (1.46 — 2.85)
2.12 (1.49 - 3.02)
1.67 (1.11 - 2.51)

a. Reference group is “No pain & no insomnia”.

b. Individual effects of insomnia; c. individual effects of pain in pain/insomnia model.

d. Reference group is “No pain & no depression”.

e. Individual effects of depression; f. individual effects of pain in pain/depression model.

IRR: incidence rate ratio; OR: odds ratio; Cl: confidence interval.

Incidence rate ratios, odds ratios and confidence intervals that are significant are in bold.

Models adjusted for demographics, Charlson Comorbidity Index, and months of enrollment in Group Health.

Figure 3.Al Individual and combined effects of pain/insomnia and pain/depression on office visits, length of stay and hip/knee

replacement without adjustment for the use prior to the index date*
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Total office visits Length of stay
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*Adjusted for demographics, Charlson Comorbidity Index, and months of enrollment in Group Health.
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Figure 3.A2 Individual and combined effects of pain/insomnia and pain/depression on outpatient and inpatient costs without

adjustment for costs prior to the index date*

Outpatient costs Inpatient costs
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—A— A
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*Adjusted for demographics, Charlson Comorbidity Index, and months of enroliment in Group Health.
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Table 3.A2 Distribution of participant categories by three symptoms (N = 2,883)

Participant category Number Percentage
No to mild pain & no insomnia & no depression 805 27.92%
No to mild pain & sub-threshold to clinical insomnia & no depression 246 8.53%
No to mild pain & no insomnia & sub-clinical to current depression 113 3.92%
Moderate to severe pain & no insomnia & no depression 297 10.30%
No to mild pain & sub-threshold insomnia & sub-clinical depression 211 7.32%
No to mild pain & clinical insomnia & sub-clinical depression 53 1.84%
No to mild pain & sub-threshold insomnia & current depression 53 1.84%
No to mild pain & clinical insomnia & current depression 47 1.63%
Moderate to severe pain & sub-threshold to clinical insomnia & no depression 227 7.87%
Moderate to severe pain & no insomnia & sub-clinical depression 70 2.43%
Moderate to severe pain & sub-threshold insomnia & sub-clinical depression 250 8.67%
Moderate to severe pain & clinical insomnia & sub-clinical depression 122 4.23%
Moderate to severe pain & no insomnia to sub-threshold insomnia & current depression 147 5.10%
Moderate to severe pain & clinical insomnia & current depression 242 8.39%
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Table 3.A3 Individual and combined effects of pain, insomnia and depression on office visits, length of stay, outpatient and inpatient costs,

and hip/knee replacement adjusted for the use prior to the index date

Category 2

Office visits
IRR (95% CI)

Length of stay
IRR (95% CI)

Outpatient costs

Coefficient
(95% CI)

Inpatient costs
Coefficient
(95% CI)

Hip/knee
replacement
OR (95% CI)

No to mild pain & sub-threshold to clinical insomnia &
no depression

No to mild pain & no insomnia & sub-clinical to current
depression

Moderate to severe pain & no insomnia & no depression
No to mild pain & sub-threshold insomnia & sub-
clinical depression

No to mild pain & clinical insomnia & sub-clinical
depression

No to mild pain & sub-threshold insomnia & current
depression

No to mild pain & clinical insomnia & current
depression

Moderate to severe pain & sub-threshold to clinical
insomnia & no depression

Moderate to severe pain & no insomnia & sub-clinical
depression

Moderate to severe pain & sub-threshold insomnia &
sub-clinical depression

Moderate to severe pain & clinical insomnia & sub-

clinical depression

1.06 (0.97 — 1.16)

1.04 (0.92 - 1.17)
1.13 (1.03 - 1.23)

1.09 (0.99 — 1.20)

1.07 (0.89 - 1.29)

1.17 (1.01 - 1.36)

1.43 (1.21 - 1.69)

1.25 (1.14 - 1.36)

1.31 (1.11 - 1.55)

1.30 (1.16 — 1.45)

1.20 (1.07 - 1.33)
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0.59 (0.39 - 0.87)

0.76 (0.46 — 1.26)
1.67 (1.17 — 2.40)

0.92 (0.63 - 1.34)

1.60 (0.64 — 4.01)

0.94 (0.54 — 1.63)

0.80 (0.35 — 1.85)

1.52 (0.97 - 2.40)

2.33 (1.33 — 4.08)

1.86 (1.31 — 2.66)

1.71 (1.13 - 2.58)

1.06 (0.93 — 1.20)

1.12 (0.93 - 1.35)
1.28 (1.14 — 1.43)

1.13 (1.00 — 1.28)

1.19 (0.82 - 1.74)

1.21 (1.01 - 1.45)

1.64 (1.26 — 2.12)

1.31 (1.15 - 1.50)

1.55 (1.25 — 1.91)

1.49 (1.30 — 1.70)

1.50 (1.22 — 1.85)

0.61 (0.41 - 0.91)

0.79 (0.46 — 1.34)
1.77 (1.21 - 2.59)

1.02 (0.66 — 1.59)

1.79 (0.82 — 3.90)

1.17 (0.68 — 2.02)

0.73 (0.37 — 1.40)

1.26 (0.88 — 1.79)

2.88 (1.61 - 5.12)

1.64 (1.18 - 2.29)

1.31(0.87 - 1.96)

1.04 (0.61 - 1.76)

1.04 (0.51 - 2.11)
1.96 (1.28 — 3.00)

1.24 (0.73 - 2.12)

1.69 (0.72 - 3.95)

2.01 (0.89 — 4.51)

Omitted

2.15 (1.37 - 3.38)

4.25 (2.32 - 7.79)

1.89 (1.21 - 2.95)

1.58 (0.84 — 2.95)



Moderate to severe pain & no insomnia to sub-threshold

_ _ _ 1.16 (1.05-1.28) 2.37(1.48-3.80) 1.55(1.30-1.84)  1.79(1.19-2.69)  1.46 (0.79—2.70)
insomnia & current depressmn

Moderate to severe pain & clinical insomnia & current

] 1.28(1.17-1.39) 242(1.66-3.54) 1.67(1.45-1.93) 2.20 (1.54 - 3.13) 2.03 (1.27 - 3.25)
depression

a. Reference group is “No pain & no insomnia & no depression”.
IRR: incidence rate ratio; OR: odds ratio; CI: confidence interval.
Incidence rate ratios, odds ratios and confidence intervals that are significant are in bold.

Models adjusted for demographics, Charlson Comorbidity Index, and months of enrollment in Group Health.
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Figure 3.A3 Individual and combined effects of pain, insomnia and depression on office visits, length of stay and hip/knee

replacement adjusted for the use prior to the index date*

No to mild pain & sub-threshold to clinical insomnia & no depression

No to mild pain & no insomnia & sub-clinical to current depression

Moderate to severe pain & no insomnia & no depression |

No to mild pain & sub-threshold insomnia & sub-clinical depression

No to mild pain & clinical insomnia & sub-clinical depression

No to mild pain & sub-threshold insomnia & current depression

No to mild pain & clinical insomnia & current depression

Moderate to severe pain & sub-threshold to clinical insomnia & no depression
Moderate to severe pain & no insomnia & sub-clinical depression

Moderate to severe pain & sub-threshold insomnia & sub-clinical depression
Moderate to severe pain & clinical insomnia & sub-clinical depression
Moderate to severe pain & no insomnia to sub-threshold insomnia & current depression
Moderate to severe pain & clinical insomnia & current depression -

Total office visits
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Length of stay

T T T
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Incidence Rate Ratio

No to mild pain & sub-threshold to clinical insomnia & no depression ::—_

No to mild pain & no insomnia & sub-clinical to current depression -

Moderate to severe pain & no insomnia & no depression -

No to mild pain & sub-threshold insomnia & sub-clinical depression

No to mild pain & clinical insomnia & sub-clinical depression

No to mild pain & sub-threshold insomnia & current depression

No to mild pain & clinical insomnia & current depression -

Moderate to severe pain & sub-threshold to clinical insomnia & no depression
Moderate to severe pain & no insomnia & sub-clinical depression -

Moderate to severe pain & sub-threshold insomnia & sub-clinical depression
Moderate to severe pain & clinical insomnia & sub-clinical depression
Moderate to severe pain & no insomnia to sub-threshold insomnia & current depression
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*1) Adjusted for demographics, Charlson Comorbidity Index, and months of enroliment in Group Health; and 2) Reference group is

"No pain & no insomnia & no depression”.
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Figure 3.A4 Individual and combined effects of pain, insomnia and depression on outpatient and inpatient costs adjusted for costs

prior to the index date*

Outpatient costs Inpatient costs
No to mild pain & sub-threshold to clinical insomnia & no depression t -
No to mild pain & no insomnia & sub-clinical to current depression o
Moderate to severe pain & no insomnia & no depression ® ——
No to mild pain & sub-threshold insomnia & sub-clinical depression - L -—
No to mild pain & clinical insomnia & sub-clinical depression e
No to mild pain & sub-threshold insomnia & current depression - @ ——
No to mild pain & clinical insomnia & current depression | == =T
Moderate to severe pain & sub-threshold to clinical insomnia & no depression L4 19—
Moderate to severe pain & no insomnia & sub-clinical depression - . A—
Moderate to severe pain & sub-threshold insomnia & sub-clinical depression ' ——
Moderate to severe pain & clinical insomnia & sub-clinical depression - T—
Moderate to severe pain & no insomnia to sub-threshold insomnia & current depression *- ——
Moderate to severe pain & clinical insomnia & current depression *- ——
T T T T T T T T T T

Coefficient Coefficient

*1) Adjusted for demographics, Charlson Comorbidity Index, and months of enroliment in Group Health; and 2) Reference group is
"No pain & no insomnia & no depression”.
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Table 3.A4 Individual and combined effects of pain, insomnia and depression on office visits, length of stay, outpatient and inpatient costs,

and hip/knee replacement without adjustment for the use prior to the index date

Category 2

Office visits
IRR (95% CI)

Length of stay
IRR (95% CI)

Outpatient costs

Coefficient
(95% CI)

Inpatient costs
Coefficient
(95% CI)

Hip/knee
replacement
OR (95% CI)

No to mild pain & sub-threshold to clinical insomnia &
no depression

No to mild pain & no insomnia & sub-clinical to current
depression

Moderate to severe pain & no insomnia & no depression
No to mild pain & sub-threshold insomnia & sub-
clinical depression

No to mild pain & clinical insomnia & sub-clinical
depression

No to mild pain & sub-threshold insomnia & current
depression

No to mild pain & clinical insomnia & current
depression

Moderate to severe pain & sub-threshold to clinical
insomnia & no depression

Moderate to severe pain & no insomnia & sub-clinical
depression

Moderate to severe pain & sub-threshold insomnia &
sub-clinical depression

Moderate to severe pain & clinical insomnia & sub-

clinical depression

1.06 (0.96 — 1.18)

1.01 (0.88 — 1.16)
1.21 (1.09 — 1.34)

1.15 (1.02 - 1.28)

1.15 (0.93 - 1.42)

1.18 (1.01 - 1.38)

1.55 (1.22 — 1.98)

1.28 (1.15 - 1.43)

1.38 (1.15 - 1.67)

1.34(1.19 - 1.50)

1.30 (1.14 — 1.48)

88

0.59 (0.39 - 0.88)

0.76 (0.46 — 1.26)
1.69 (1.18 — 2.44)

0.91 (0.62 — 1.32)

1.59 (0.64 — 3.97)

0.91 (0.53 — 1.58)

0.78 (0.34 — 1.80)

1.49 (0.95 — 2.34)

2.31 (1.32 - 4.04)

1.87 (1.31 — 2.66)

1.72 (1.14 - 2.60)

1.05 (0.92 - 1.21)

1.21 (0.96 — 1.52)
1.35(1.18 — 1.53)

1.12 (0.99 — 1.27)

1.24 (0.87 - 1.78)

1.16 (0.99 - 1.37)

1.63 (1.25 - 2.14)

1.36 (1.18 — 1.56)

1.49 (1.21 - 1.84)

151 (1.31 - 1.74)

157 (1.27 - 1.95)

0.61 (0.41 - 0.90)

0.80 (0.48 — 1.34)
1.80 (1.24 — 2.59)

1.00 (0.66 — 1.52)

1.73 (0.79 - 3.79)

1.11 (0.64 — 1.93)

0.73 (0.37 — 1.41)

1.30 (0.93 - 1.83)

2.82 (1.59 — 4.98)

1.74 (1.25 — 2.43)

1.30 (0.88 — 1.93)

1.03 (0.61 - 1.76)

1.04 (0.51 - 2.10)
1.95 (1.28 — 2.98)

1.20 (0.71 - 2.05)

1.68 (0.73 - 3.91)

1.94 (0.86 — 4.35)

Omitted

2.14 (1.36 — 3.35)

4.21 (2.29 - 7.75)

1.89 (1.22 - 2.95)

1.54 (0.82 — 2.88)



Moderate to severe pain & no insomnia to sub-threshold

_ _ _ 1.32(1.17-150) 2.37(1.48-3.78) 1.70(1.42-2.03) 1.79(1.21-2.65)  1.41(0.76 - 2.61)
insomnia & current depressmn

Moderate to severe pain & clinical insomnia & current

. 140 (1.26-1.54) 2.46(1.69-3.57) 1.70(1.47-1.97) 2.23 (1.58 - 3.15) 2.03 (1.27 - 3.25)
depression

a. Reference group is “No pain & no insomnia & no depression”.
IRR: incidence rate ratio; OR: odds ratio; CI: confidence interval.
Incidence rate ratios, odds ratios and confidence intervals that are significant are in bold.

Models adjusted for demographics, Charlson Comorbidity Index, and months of enrollment in Group Health.
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Figure 3.A5 Individual and combined effects of pain, insomnia and depression on office visits, length of stay and hip/knee

replacement without adjustment for the use prior to the index date*

Total office visits Length of stay

No to mild pain & sub-threshold to clinical insomnia & no depression - -
No to mild pain & no insomnia & sub-clinical to current depression | -
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Moderate to severe pain & sub-threshold to clinical insomnia & no depression - L ——
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Moderate to severe pain & clinical insomnia & sub-clinical depression & ——
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Moderate to severe pain & clinical insomnia & current depression | ; ! [ & = . = : : = = T.I_ = . = .
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
Incidence Rate Ratio Incidence Rate Ratio

Hip or knee replacement

No to mild pain & sub-threshold to clinical insomnia & no depression - ::__
No to mild pain & no insomnia & sub-clinical to current depression -
Moderate to severe pain & no insomnia & no depression ——
No to mild pain & sub-threshold insomnia & sub-clinical depression | —1—
No to mild pain & clinical insomnia & sub-clinical depression - +——
No to mild pain & sub-threshold insomnia & current depression —
No to mild pain & clinical insomnia & current depression -
Moderate to severe pain & sub-threshold to clinical insomnia & no depression - —
Moderate to severe pain & no insomnia & sub-clinical depression | @
Moderate to severe pain & sub-threshold insomnia & sub-clinical depression ——
Moderate to severe pain & clinical insomnia & sub-clinical depression —| T——
Moderate to severe pain & no insomnia to sub-threshold insomnia & current depression -+ —
Moderate to severe pain & clinical insomnia & current depression ; —?—l : - - ;
0 1 2 3 4 5 6 7

QOdds Ratio

*1) Adjusted for demographics, Charlson Comorbidity Index, and months of enrollment in Group Health; and 2) Reference group is
"No pain & no insomnia & no depression”.
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Figure 3.A6 Individual and combined effects of pain, insomnia and depression on outpatient and inpatient costs without adjustment for

costs prior to the index date*

No to mild pain & sub-threshold to clinical insomnia & no depression

No to mild pain & no insomnia & sub-clinical to current depression
Moderate to severe pain & no insomnia & no depression

No to mild pain & sub-threshold insomnia & sub-clinical depression -

No to mild pain & clinical insomnia & sub-clinical depression

No to mild pain & sub-threshold insomnia & current depression
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Moderate to severe pain & sub-threshold to clinical insomnia & no depression
Moderate to severe pain & no insomnia & sub-clinical depression

Moderate to severe pain & sub-threshold insomnia & sub-clinical depression
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Moderate to severe pain & no insomnia to sub-threshold insomnia & current depression

Moderate to severe pain & clinical insomnia & current depression

Outpatient costs
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°

~Oh—
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*1) Adjusted for demographics, Charlson Comorbidity Index, and months of enroliment in Group Health; and 2) Reference group is

"No pain & no insomnia & no depression”.
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