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Purpose: Disease multimorbidity and pain is a complex, yet common, problem for the aging
population, and a significant burden on the health-care systems around the world. Despite
this, disease comorbidity and the association with pain in a complex chronic care population
is not well understood. This study examined the most prevalent disease combinations and
their association with pain.

Patients and Methods: The study initially included 139,920 residents, aged 18—101 years,
admitted to publicly funded hospital facilities for complex chronic care in Canada between
the years 2006 and 2016. Data were acquired through the Canadian Institute for Health
Information (CIHI) Facility-Based Continuing Care Reporting System (CCRS). Descriptive
and chi-square statistics were used to summarize and compare the sample characteristics.
Binary logistic regression analyses were used to examine the association between multi-
morbid disease categories and pain outcomes.

Results: The sample consisted of 139,573 residents (57% female), mostly older (mean age =
77.32 years), married (40%), or widowed (36%). Residents took an average of 11.9 medica-
tions and 77% were using analgesic medications. On average, residents had diagnoses from
3.06 disease categories (SD = 1.43). Heart/circulation diseases were the most prevalent
among the sample (73%), with neurological second (46%) and musculoskeletal third
(44%). Overall, 73% of residents reported pain, with 43% reporting moderate pain severity.
Residents with multiple disease categories were more likely to report the presence of pain
(OR = 1.08, 95% CI: 1.07-1.08, p < 0.001), with each additional disease category associated
with an 8% increase in the odds of reporting pain.

Conclusion: The findings from this study help identify common comorbid disease patterns
related to pain in an institutionalized, complex chronic care population. This information
contributes to both the pain and multimorbidity literature, and is invaluable for creating care
plans to meet the demands of a challenging population.
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Introduction

As life expectancy increases with every passing decade, more and more individuals
are developing multiple chronic health problems." A growing number of Canadians
live with chronic health conditions that can be classified as complex chronic disease
(CCD). A CCD is a condition involving multiple morbidities (MM) and

1,2,3

a combination of functiona social,¥ vocational’® and/or mental health

challenges.® Although the disease combinations that comprise multimorbidity are
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diverse, the most common diagnoses are diabetes, stroke,
hypertension, cancer, arthritis, asthma, fractures, the pre-
sence of an artificial knee or hip, fatigue, multiple sclero-
sis, demyelinating diseases of the central nervous system,
gonarthrosis, ataxia, COPD, renal failure, malignant neo-
plasm of breast/prostate, depressive episodes and anxiety,
and hypercholesterolemia.”®

Managing the demands of the CCD population and their
multiple health needs can be difficult and problematic for
primary health-care providers and the residents themselves.’
Primary, acute health-care services and facilities are gener-
ally unequipped to handle the health demands of the CCD
population.'® In fact that the CCD population utilizes con-
siderable province- and country-wide health-care resources,
and represents one of the heaviest users of the Canadian
health-care system as a whole."' '*

Complicating this complex health profile further, many
individuals experience chronic pain in association with
multiple other medical and health problems.'>'® Chronic
pain alone is a prevalent and often debilitating condition
that has significant negative effects on the individual and
the health-care system, as it has been associated with
declines in activities of daily living, loss of employment,
mental health problems, large medical system expenditures
and poor self-rated health and health-related quality of life
(HRQoL).""'® Alarmingly, suicidality also doubles among
chronic pain residents due to the associated emotional toll."

Despite the complexities associated with pain and multi-
morbidity, very little is known about this population, parti-
cularly as it relates to trends in disease comorbidity,
progression, and pain, disability, and treatment
management.” In light of this overlapping information and
the lack of understanding of pain and disease complexity
within an elderly, health-complicated population, the current
study seeks investigate relevant combinations of multimor-
bidity, specifically the most prevalent combinations asso-

ciated with pain outcomes within a CCD population.

Objectives
This study investigates relevant combinations of multi-
morbidity associated with pain. Pain prevalence, intensity
and frequency are examined in relation medical disease
categories, as well as, combinations of two to five of the
most prevalent multimorbid disease categories among this
adult, CCD population. The study has several specific
aims:

1) Examine and compare demographic, medication
usage and pain variables of the CCD population, and

identify the top five most frequent single disease category
and most frequent multimorbid two, three, four and five
disease categories;

2) Examine the association of specific disease cate-
gories with pain prevalence;

3) Examine the association of the number of disease
categories with pain prevalence;

4) Identify and compare the most prevalent disease
categories and the most prevalent multimorbid combina-
tions of two, three, four and five disease categories and the
association with pain prevalence.

Patients and Methods

Data Source

This study used data from the Canadian Institute for Health
Information (CIHI) Facility-Based Continuing Care Reporting
System (CCRS), which captures information on individuals
admitted to publicly funded hospital facilities for complex
chronic care in Canada (Continuing Care Reporting System,
2013-2014) between the years 2006 and 2016. Access to this
dataset was obtained through the CIHI Graduate Student Data
Access Program (GSDAP). CIHI data is freely available
to qualifying graduate students through the GSDAP (https://
www.cihi.ca/en/graduate-student-data-access-program). Upon

entry to a complex chronic care (CCC) facility, residents are
administered a standardized assessment protocol, the Resident
Assessment Instrument — Minimum Data Set/Full Assessment
(RAI-RAI/MDS/FA 2.0 Canadian Version), within 14 days of
admission. If the resident remains in the facility for longer than
92 days, quarterly assessments are conducted. These assess-
ments are typically completed by the treating nurse or physi-
cian and include resident self-reports and information from
medical files. All residents between the ages of 18 and 101
years, assessed between 2006 and 2016, from Ontario facil-
ities, were included in the study.

The RAI/MDS/FA 2.0 is an internationally validated
clinical assessment instrument.”*?* This standard tool
collects a wide array of information, including basic
demographic characteristics, diagnostic profiles, medica-
tion usage and treatment participation, and outcomes, as
well as categorizes diseases.

Disease Categories/Multimorbidity

The disease categories explored in this study were taken
from RAI/MDS/FA 2.0. Table 1
a description of the disease categories and specific diseases
found in the RAI/MDS/FA 2.0. Regarding the definition of

directly provides
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Table | Disease Categories and Medical Diagnoses Listed in the
CCRS RAI/MDS/FA 2.0

Disease Medical Diagnosis N=139,920

Categories

Endocrine/Metabolic/ | Diabetes mellitus 39,920

Nutritional Hyperthyroidism 1,542
Hypothyroidism 18,178

Heart/Circulation Arteriosclerotic heart disease 15,928
(ASHD)
Cardiac dysthymia 22,574
Congestive Heart Failure 18,153
Deep Vein Thrombosis 4,093
Hypertension 77,323
Hypotension 3,479
Peripheral Vascular Disease 9,721
Other Cardiovascular Disease | 33,658

Musculoskeletal Arthritis 36,950
Hip Fracture 17,003
Missing Limb 2,961
Osteoporosis 22,083
Pathological Bone Fracture 3,778

Neurological Amyotrophic Lateral Sclerosis | 441
Alzheimer’s Disease 6,817
Aphasia 6,891
Cerebral Palsy 424
Cerebrovascular accident 25,259
Dementia not Alzheimer’s 25,041
Disease
Hemiplegia Hemiparesis 10,696
Huntington’s Chorea 147
Multiple Sclerosis 1,165
Paraplegia 1,352
Parkinson’s Disease 5,572
Quadriplegia 863
Seizure Disorder 6,093
Transient Ischemic Attack 5,343
Traumatic Brain Injury 2,046
Psychiatric/Mood Anxiety Disorder 11,135
Depression 26,195
Manic Depressive 1,744
Schizophrenia 1,673
Pulmonary Asthma 6,022
Emphysema 22,826
Sensory Cataracts 8,748
Diabetic Retinopathy 1,249
Glaucoma 5,987
Macular Degeneration 4,366
Cancer Cancer (type unspecified) 40,850
Gastrointestinal Gastrointestinal Disease 26,219

multimorbidity, there is no internationally accepted list or
system for classifying disease states/diagnoses.®*’ The most
widely accepted approach for assessing multimorbidity within
epidemiological research is to use a numerical count (two or
more) of concurrent diseases in the same individual*®
Consistent with this literature, the current study utilized this
method of assessment to quantify disease counts among all
subjects and multimorbidity was defined as having 2 or more

diagnoses.

Pain Measures
The CCRS RAI/MDS/FA 2.0 measures pain using two
descriptive scales:

1. Frequency: no pain (0), pain less than daily (1),
pain daily (2); and,

2. Intensity: mild pain (1), moderate pain (2), times
when pain is horrible or excruciating (3).

For the present study, we created, three measures of
pain by combining various items from the above two
existing CCRS RAI/MDS/FA 2.0 scales:

1)P-Y/N: Pain prevalence dichotomous measure: no
pain (0); pain (1) (mild, moderate, severe);

2)PI-4: 4-point pain intensity scale (PI-4): no pain (0),
mild pain (1), moderate pain (2), severe pain (3);

3)PIPF-7: 7-point combined pain intensity and pain
frequency scale (PIPF-7): no pain (0); mild pain less than
daily (1); mild pain daily (2); moderate pain less than daily
(3); moderate pain daily (4); severe pain less than daily (5);
severe pain daily (6).

Data Analysis

All data used in this study is derived from the initial
assessment of all residents, aged 18-101 years, from
Ontario’s CCC facilities between the years 2006 and
2016, reported in the CIHI CCRS dataset.

Objective |

Descriptive statistics were used to summarize the character-
istics of the sample. Frequencies and proportions were used
for categorical variables, and mean, standard deviation, and
range for numerical variables. A Chi-square test was used to
compare demographic variables of sex, marital status and
analgesic use, and binary logistic regression for age and
other medication usage.

Journal of Pain Research 2020:13
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Objective 2

As noted above, the CCRS RAI/MDS/FA 2.0 resident’s
medical diagnoses are classified into nine disease categories
(refer to Table 1). With respect to evaluating the association
of pain prevalence (P-Y/N) with specific disease categories,
a binary logistic regression model was used. The regression
analyses were modelled two times: first, using predictive
demographic variables (sex, age, marital status) and medica-
tion use (use of analgesics, number of medications used in
the last 7 days); and second, controlling demographics,

medication use and disease categories.

Objective 3

The association of the number of disease categories and
multimorbid combinations on pain prevalence were
assessed using binary regression analysis. Again, the ana-
lyses were modelled two times, similar to objective two.

Objective 4
We explored the reported pain prevalence of the top five
single disease categories and the most prevalent multi-
morbid combinations of two to five disease categories.
The decision to not exceed five multimorbid combina-
tions was intentional, as to encapsulate the majority of
the population. The population of residents diagnosed
with more than five disease categories significantly
decreases as the number of categories increases. On
average, residents have diagnoses within three different
disease categories (M = 3.06; SD = 1.43); therefore, by
examining combinations of five, we were able to include
the majority of the sample. In order to compare pain
variables between disease categories, frequencies for
PI-4 and PIPF-7 ratings were obtained for each disease
category and subsequent Chi-Square analysis were per-
formed. Descriptive statistics were used to calculate the
proportion of pain ratings for each combination of dis-
ease categories and ranked according to the top five
categories with the highest proportion of pain reported.
All inferential statistical analyses were performed
using IBM SPSS software version 26 (Armonk, NY,
USA). P-values < 0.05 are reported as statistically signifi-
cant. Odds ratios and corresponding 95% confidence inter-
vals are reported for regression model outcomes. The
study was reviewed and approved by the York University
research ethics board (Human Participants Research
Committee) prior to receiving the data from the
Canadian Institutes of Health Information.

Results
Objective |: Examine and Compare

Demographic and Pain Variables of the
CCD Population

All medical diagnoses were classified into one of the nine
disease categories (Table 1). Demographic variables, number
of diseases, medical characteristics, and pain measures are
shown in Table 2. The sample consisted of 139,573 residents
(57% female), mostly older (mean age = 77.32 years), mar-
ried (40%), or widowed (36%). Residents took an average of
11.9 medications. More than 3/4 (77%) were using analgesic
medications. The vast majority of residents were classified as

Table 2 Descriptive Characteristics of the Sample, n = 139,573

Characteristics N (%) or Mean * SD

[Range]
Age 77.32 + 12,67 [18-101]
Sex
Female 79,416 (57%)
Male 60,137 (43%)

Marital status

Never married 13,266 (10%)

Married 56,264 (40%)
Widowed 49,769 (36%)
Separated 3084 (2%)
Divorced 7548 (5%)
Unknown 9642 (7%)

Number of different medications 11.85 £ 5.35 [0-99]

Used analgesic medications 107,433 (77%)

Disease category
Endocrine/metabolic/nutritional 53,701 (39%)
101,696 (73%)
61,963 (44%)
64,195 (46%)

33,799 (24%)

Heart/circulation
Musculoskeletal
Neurological
Psychiatric/mood

Pulmonary 26,884 (19%)
Sensory 18,095 (13%)
Cancer 40,850 (29%)

Gastrointestinal 26,219 (19%)

Total number of disease categories

0 2,820 (2%)
| 15,965 (11%)
2 31,585 (23%)
3 38,781 (28%)
4 29,072 (21%)
5+ 21,350 (15%)

Count of number of disease categories | 3.06 + 1.43 [0-9]

Count of number of diseases 4.17 £ 2.28 [0-33]
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having heart/circulation conditions (73%), followed by neu-
rological conditions (46%) and musculoskeletal disorders
(44%). On average, residents have diagnoses from 3.06 dis-
ease categories (SD = 1.43). Fifteen percent of residents have
medical diagnoses from five or more diagnostic categories.
Table 3 shows the five most prevalent multimorbid combina-
tions of one, two, three, four and five disease groups. Cancer
was identified as the most prevalent individual disease cate-
gory (3.64%).

Table 4 highlights the frequencies of reported pain levels
(P-Y/N; PI-4; PIPF-7), regardless of the resident’s medical
diagnosis or disease category. Overall, 73% of residents
report pain (P-Y/N), and more specifically, the majority of
residents report moderate intensity pain (43%; PI1-4), and 8%

Table 4 Frequencies of Residents Reporting Various Levels of
Pain on the Three Pain Measures Used in the Present Study

Pain Measure N (%)
*P-Y/N
0 No pain 38,254 (27%)

| Pain (mild, moderate, severe)

101,319 (73%)

report severe intensity pain (PI-4; 9% on PIFI-7).

Table 4 highlights the frequencies of reported pain levels
(P-Y/N; PI-4; PIPF-7), regardless of the resident’s medical
diagnosis or disease category. Overall, 73% of residents
report pain (P-Y/N), and more specifically, the majority of

P-4
0 No pain 38,254 (27%)
| Mild pain 31,109 (22%)
2 Moderate pain 58,537 (42%)
3 Severe pain 11,673 (9%)
*¥PIPF-7
0 No pain 38,254 (27%)
| Mild pain < daily 22,168 (16%)
2 Mild pain daily 8941 (6%)
3 Moderate pain < daily 18,931 (14%)

4 Moderate pain daily 39,606 (28%)

5 Severe pain < daily 10,735 (8%)

6 Severe pain daily 938 (1%)

Notes: *P-Y/N, dichotomous nolyes pain scale; **Pl-4, 4-point pain intensity scale;
*#*7_point combined pain intensity and pain frequency scale.

Table 3 The Five Most Prevalent Combinations of One, Two, Three, Four and Five Disease Categories, Respectively

Rank | One Disease | Two Disease Three Disease Four Disease Categories Five Disease Categories
Category Categories Categories

| Cancer Heart/circulation | Endocrine/metabolic/ Endocrine/metabolic/nutritional | Endocrine/metabolic/nutritional +
5074 (3.64%) + Neurological nutritional + Heart/ + Heart/circulation + Heart/circulation + Musculoskeletal

5981 (4.29%) circulation + Musculoskeletal + Neurological | + Neurological + Psychiatric/mood
Neurological 2910 (2.08%) 1024 (0.73%)
4498 (3.22%)

2 Neurological Heart/circulation | Heart/circulation + Heart/circulation + Endocrine/metabolic/nutritional +

3458 (2.48%) + Musculoskeletal + Musculoskeletal + Neurological | Heart/circulation + Musculoskeletal
Musculoskeletal Neurological + Psychiatric/mood + Neurological + Gastrointestinal
4533 (3.25%) 4211 (3.02%) 1422 (1.02%) 673 (0.48%)

3 Heart/ Endocrine/ Endocrine/metabolic/ Endocrine/metabolic/nutritional | Endocrine/metabolic/nutritional +
circulation metabolic/ nutritional + Heart/ + Heart/circulation + Heart/circulation + Musculoskeletal
3404 (2.44%) nutritional + circulation + Neurological + Psychiatric/ + Neurological + Sensory

Heart/circulation | Musculoskeletal mood 655 (0.47%)
3241 (2.32%) 3661 (2.62%) 1302 (0.93%)

4 Musculoskeletal | Heart/circulation | Endocrine/metabolic/ Endocrine/metabolic/nutritional | Endocrine/metabolic/nutritional +

1858 (1.33%) + Cancer nutritional + Heart/ + Heart/circulation + Heart/circulation + Musculoskeletal
2780 (1.99%) circulation + Cancer Neurological + Cancer + Neurological + Pulmonary
1903 (1.36%) 1023 (0.73%) 580 (0.42%)

5 Endocrine/ Musculoskeletal+ | Heart/circulation + Endocrine/metabolic/nutritional | Endocrine/metabolic/nutritional +
metabolic/ Neurological Neurological + + Heart/circulation + Heart/circulation + Musculoskeletal
nutritional 1501 (1.08%) Psychiatric/mood Musculoskeletal + Psychiatric/ + Neurological + Cancer
761 (0.55%) 1645 (1.18%) mood 486 (0.35%)

1004 (0.72%)
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residents report moderate intensity pain (43%; PI-4), and 8%
report severe intensity pain (PI-4; 9% on PIFI-7).

All variables (sex, marital status, age, number of different
medications used in the last 7 days, and use of analgesic
medication) show statistically significant association with the
dichotomous pain outcome (P-Y/N) (Table 5). The propor-
tion of female residents reporting pain (76%) was signifi-
cantly greater than males (68%). The proportion of separated
(75%) and divorced (74%) residents was significantly higher
than never married residents (71%). Older residents were less
likely to have mild/moderate/severe pain (about 0.8% less
likely to report pain for each year of age) than younger
residents. Residents using more medications had higher
odds of reporting pain (about 8.5% for each additional med-
ication). The use of analgesic medications is the single most
significant predictor of pain. Of residents who used analgesic
medications, 86% reported pain compared to only 28%
among residents who did not use analgesic medications.

Objective 2: Examine the Association
Between Specific Disease Categories

(1-9 Categories) and Pain Prevalence

Binary logistic regression models showed a significant
association between most disease categories and the
dichotomous P-Y/N pain variable, when controlling for
demographic variables (sex, age, marital status) and med-
ications (number of medications used in the last 7 days and

use of analgesics). Pain was reported more often among
residents with cancer (OR = 1.48; 95% CI: 1.43-1.53;
p <0.001), musculoskeletal (OR = 1.32, 95% CI: 1.28—
1.37; p <0.001), gastrointestinal diseases (OR = 1.11; 95%
CI: 1.07-1.16; p <0.001) and psychiatric/mood (OR =
1.07; 95% CI: 1.03-1.11; p <0.001), compared to residents
without those conditions. In contrast, residents with neu-
rological or sensory conditions had significantly lower
pain prevalence (OR = 0.67; 95% CI: 0.65-0.69;
p <0.001; OR = 0.85; 95% CI: 0.81-0.88; p <0.001,
respectively). Given the strong ORs for medication
usage, we completed a third, post hoc model, in order to
explore the association between specific disease categories
and pain (P-Y/N) when excluding the use of medication
(Table 6).

Objective 3: Examine the Association of
the Number of Disease Categories with

Pain Prevalence

We also examined the association between the number of
disease categories (continuous, see Table 7, and categori-
cal, see Table 8) and pain variables. Both the continuous
and categorical disease category variables were assessed
using binary regression, modelled in three blocks. Model 1
controlled for all demographics and medication usage,
finding that female residents with multiple disease cate-
gories reported pain (P-Y/N) significantly more often than

Table 5 Examining and Comparing Demographic and Medical Covariates, n = 139,573 (All Residents)

Covariates N (%) with | N (%) with Mild/ Odds Ratio Chi-Square Test Results or p-value
No Pain Moderate/Severe (95% CI) from Binary Logistic Regression
Pain
Gender X2(1) = 1174, p < 0.001
Female 18,938 (24%) | 60,478 (76%)
Male 19,309 (32%) | 40,828 (68%)

Marital status

Never married 3829 (29%) 9437 (71%)

X2(4) = 80.60, p < 0.001

used in the last 7 days

Married 16,002 (28%) | 40,262 (72%)

Widowed 13,285 (27%) | 36,484 (73%)

Separated 758 (25%) 2326 (75%)

Divorced 1930 (26%) 5618 (74%)
Age, years 0.992 (0.991-0.993) | p < 0.00I
Number of different medications 1.085 (1.082—-1.088) | p < 0.001

Use of analgesic medications

X2(1) = 41,750, p < 0.001

No 23,144 (72%) | 8996 (28%)
Yes 15,110 (14%) | 92,323 (86%)
3050 submit your manuscript Journal of Pain Research 2020:13
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Table 6 Binary Logistic Regression with Pain (Yes/No) Being the Dependent Variable for Individual Disease Categories

Predictor Model 1? p Model 2° p Model 3¢ P
Odds Ratio Odds Ratio Odds Ratio
(95% CI) (95% CI) (95% CI)
Sex
Male (reference)
Female 1.38 (1.33-1.42) <0.001 | 1.32 (1.27-1.46) <0.001 | 1.42 (1.38-1.46) <0.001
Marital status
Never married (reference) 1.06 (1.00-1.11) <0.001 | 1.07 (1.01-1.12) 0.17 1.18 (1.13-1.23) <0.001
Married 1.07 (1.01-1.13) <0.001 | 1.07 (1.01-1.13) 0.28 1.18 (1.12—1.24) <0.001
Widowed 1.19 (1.07-1.32) <0.001 | I.18 (1.06-1.32) 0.003 1.24 (1.13-1.36) <0.001
Separated 1.07 (0.99-1.15) 0.013 1.05 (0.97—-1.13) 0.267 1.13 (1.06—1.21) <0.001
Divorced 0.99 (0.99-0.99) <0.001 | 0.99 (0.99-0.99) <0.001 | 0.99 (0.99-0.99) <0.001
Age
Number of different medications used in the | 1.04 (1.04—1.04) <0.001 | 1.04 (1.04-1.04) <0.001
last 7 days
Use of analgesic medications 14.24 (13.80-14.70) | <0.001 | 13.00 (12.60-13.42) | <0.001
Endocrine/metabolic/nutritional 0.92 (0.90-0.95) <0.001 | 1.00 (0.97-1.02) 0.714
Heart/circulation 0.91 (0.87-0.94) <0.001 | 1.02 (0.99-1.05) 0.295
Musculoskeletal 1.32 (1.28-1.37) <0.001 | 1.69 (1.65-1.74) <0.001
Neurological 0.67 (0.65-0.69) <0.001 | 0.59 (0.57-0.60) <0.001
Psychiatric/mood 1.07 (1.03—1.11) <0.001 | .17 (I.14=1.21) <0.001
Pulmonary 0.93 (0.89-0.96) <0.001 | 1.03 (1.00-1.06) 0.090
Sensory 0.85 (0.81-0.88) <0.001 | 0.92 (0.88-0.95) <0.001
Cancer 1.48 (1.43-1.53) <0.001 | 1.77 (1.72-1.83) <0.001
Gastrointestinal .11 (1.07-1.16) <0.001 | I.16 (I.12-1.20) <0.001

Notes: *Model |: demographic and medical variables ®Model 2: demographic, medical variables, and number of disease categories (continuous) “Model 3: Post hoc analysis,

using demographic and individual of disease categories (continuous).

males (OR = 1.38, 95% CI: 1.33-1.42, p <0.001). Age was
also significant. The use of analgesic medication was
found to be significant, indicating that residents who report
pain are 14 times more likely to be taking analgesics (OR
= 14.24; 95% CI: 13.80-14.70, p <0.001).

In model 2, we additionally included the number of
disease categories (for both continuous and categorical)
and found a significant association between the number
of disease categories and the P-Y/N variable (OR = 0.99,
95% CI: 0.98-1.00, p = 0.049). Sex, age and medication
usage all remained significant. Given the finding that the
use of medication and analgesics were found to have
strong ORs, we ran a third model post hoc analysis and
excluded the use of medications and analgesics.

The post hoc model 3 included demographic variables
and number of disease categories only. Findings indicate
that residents with multiple disease categories (continuous)
were more likely to report the presence of pain (P-Y/N;
OR = 1.08, 95% CI: 1.07-1.08, p < 0.001), with each
additional disease category associated with an 8% increase

in the odds of reporting pain, further suggesting the role of
medication in managing pain. Categorically, the likelihood
of reporting pain increased with multimorbidity, with five
or more disease categories being the most highly asso-
ciated with pain (OR = 1.71, 95% CIL 1.56-1.87,
p <0.001). See Tables 7 and 9.

Objective 4: Identify and Compare the
Most Common Five Combinations of
One, Two, Three, Four and Five
Multimorbid Disease Categories and the
Association with Pain Prevalence

The top five combinations of one, two, three, four and five
disease categories with the highest proportion of patients
reporting pain P-Y/N shown in Table 8. Of all the top
combinations of diagnoses, the data shows clearly that the
residents with a cancer diagnosis were found to have the
highest pain prevalence (86%) followed by residents within
the musculoskeletal diagnosis category (82%). The most
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Table 7 Binary Logistic Regression with Pain (Yes/No) Being the Dependent Variable for Multimorbid Disease Categories (0-5+)

Predictor Model 1* p Model 2° p Model 3¢ P
Odds Ratio Odds Ratio Odds Ratio
(95% CI) (95% ClI) (95% CI)

Sex

Male (reference)

Female 1.38 (1.33-1.42) <0.001 | 1.38 (1.33-1.42) <0.001 | 1.53 (1.49-1.58) <0.001
Age, years 0.99 (0.99-0.99) <0.001 | 0.99 (0.99-0.99) <0.001 | 0.99 (0.99-0.99) <0.001
Marital status

Never married (reference)

Married 1.06 (1.00-1.11) 0.040 1.06 (1.01-1.12) 0.032 I.16 (1.11-1.21) <0.001

Widowed 1.07 (1.01-1.13) 0.030 1.07 (1.01-1.13) 0.024 1.18 (1.13-1.24) <0.001

Separated 1.19 (1.07-1.32) 0.002 1.19 (1.07-1.33) 0.002 1.26 (1.15-1.38) <0.001

Divorced 1.07 (0.99-1.15) 0.098 1.07 (0.99-1.16) 0.084 1.17 (1.10-1.25) <0.001
Number of different medications used in the 1.04 (1.04-1.04) <0.001 | 1.04 (1.04-1.04) <0.001
last 7 days
Use of analgesic medications 14.24 (13.80-14.70) | <0.001 | 14.23 (13.79-14.68) | <0.001
Number of disease categories

0 (reference)

| 1.19 (1.06-1.33) 0.002 1.32 (1.21-1.45) <0.001

2 1.05 (0.95-1.17) 0.336 1.25 (1.15-1.37) <0.001

3 1.05 (0.94-1.17) 0.374 1.37 (1.25-1.49) <0.001

4 1.02 (0.92—-1.14) 0.699 1.45 (1.33-1.59) <0.001

5+ 1.07 (0.96-1.20) 0.234 1.71 (1.56-1.87) <0.001

Notes: *Model |: demographic and medical variables ®Model 2: demographic, medical variables, and number of disease categories (categorical) “Model 3: post hoc analysis,

using demographic and number of disease categories (categorical).

common combination of two disease categories with
reported pain was psychiatric/mood and cancer (Figure 1).
The remaining three, four and five disease categories with
residents reporting pain were as follows: musculoskeletal +
pulmonary + cancer; musculoskeletal + psychiatric/mood +
sensory + cancer; endocrine/metabolic/nutrition + muscu-
loskeletal + psychiatric/mood + pulmonary + sensory. Chi-
square tests to compare the proportion of residents endor-
sing the various levels of PI-4 pain for various disease
categories, show statistically significant differences between
9 disease groups in terms of their distribution of 4-point
pain levels, X2(24) = 1992, p < 0.001. The cancer group has
the highest proportion of patients with severe (18%) and
moderate (51%) pain levels. Musculoskeletal and gastroin-
testinal disease groups have the second largest proportion of
moderate and severe pain (48% + 9% and 45% + 13%,
respectively). The neurological group has the lowest pro-
portion of severe (4%) and moderate (26%) pain patients
(Figure 1).

When evaluating pain using the more detailed PIPF-7
scale, the Chi-square test shows statistically significant

differences between 9 disease groups in terms of distribu-
tion of 7-point pain levels, X2(48) = 2150, p < 0.001.
Again, the cancer group still has the highest proportion
of patients with pain level 4 (moderate pain daily; 37%)
and level 5 (severe pain less than daily; 17%) (Figure 2).

Discussion

We examined the prevalence of different multimorbidity
the
a province-wide retrospective study of Ontario-based
residents with complex chronic disease (CCD)
(n=139,573). CCD involves multimorbidities (MM), in
this study defined as 2 or more diseases in a single per-

combinations and associated pain levels in

son. The prevalence of MM has been found to vary from
3.5% to 98.5%,%%*° depending on age, sex and setting,
with higher prevalence among older populations and
higher rates in women. Our findings indicated an average
of 3.06 diseases per resident. With respect to overall pain
findings, the presence of pain (ie, non-zero pain preva-
lence) was reported by 73% of the entire sample, and was
significantly higher for females than males with a similar
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Table 8 The Top Five Combinations of One, Two, Three, Four and Five Disease Categories with Highest Proportion of Residents

Within Each Disease Category or Combination Reporting Pain, Respectively

Rank | One Disease Two Disease Three Disease Four Disease Categories Five Disease Categories
Category Categories Categories % with Pain % with Pain
% with Pain % with Pain % with Pain

| Cancer Psychiatric/ Musculoskeletal + Musculoskeletal + Psychiatric/ Endocrine/metabolic/nutritional +
87% mood + Cancer | Pulmonary + Cancer mood + Sensory + Cancer Musculoskeletal + Psychiatric/mood +

89% 90% 96% Pulmonary + Sensory
100%

2 Musculoskeletal | Cancer + Musculoskeletal + Endocrine/metabolic/nutritional | Endocrine/metabolic/nutritional +

82% Gastrointestinal | Psychiatric/mood + + Psychiatric/mood + Cancer + | Musculoskeletal + Psychiatric/mood +
87% Gastrointestinal Gastrointestinal Sensory + Gastrointestinal
89% 95% 100%

3 Gastrointestinal | Musculoskeletal | Pulmonary + Cancer + | Endocrine/metabolic/nutritional | Endocrine/metabolic/nutritional +

76% + Cancer Gastrointestinal + Musculoskeletal + Pulmonary | Psychiatric/mood + Sensory + Cancer
87% 89% + Gastrointestinal + Gastrointestinal
95% 100%

4 Psychiatric/ Pulmonary + Musculoskeletal + Musculoskeletal + Psychiatric/ Musculoskeletal + Pulmonary +
mood Cancer Psychiatric/mood + mood + Pulmonary + Cancer Sensory + Cancer + Gastrointestinal
72% 85% Cancer 95% 100%

89%

5 Endocrine/ Musculoskeletal | Endocrine/metabolic/ Endocrine/metabolic/nutritional | Neurological + Pulmonary + Sensory
metabolic/ + Psychiatric/ nutritional + + Psychiatric/mood + + Cancer + Gastrointestinal
nutritional mood Psychiatric/mood + Pulmonary + Gastrointestinal 100%

70% 85% Cancer 94%
88%

Table 9 Binary Logistic Regression Using P-Y/N (Pain: Yes/No) as the Dependent Variable for the Number of Disease Categories

Predictor Model 1? p Model 2° p Model 3¢ P
Odds Ratio Odds Ratio Odds Ratio
(95% CI) (95% CI) (95% CI)

Sex

Male (reference)

Female 1.38 (1.33-1.42) <0.001 | 1.38 (1.33-1.42) <0.001 | 1.53 (1.50-1.58) <0.001
Age, years 0.99 (0.99-0.99) <0.001 | 0.99 (0.99-0.99) <0.001 | 0.99 (0.99-0.99) <0.001
Marital status

Never married (reference)

Married 1.06 (1.00-1.11) 0.040 1.06 (1.00-1.11) 0.035 112 (L.11=1.21) <0.001

Widowed 1.07 (1.00-1.13) 0.030 1.07 (1.01-1.13) 0.026 1.18 (1.13-1.24) <0.001

Separated 1.19 (1.06-1.32) 0.002 1.19 (1.07-1.32) 0.002 1.26 (1.15-1.38) <0.001

Divorced 1.07 (0.99-1.15) 0.098 1.07 (0.99-1.15) 0.089 1.17 (1.10-1.25) <0.001
Number of different medications used in the 1.04 (1.04-1.04) <0.001 | 1.04 (1.04-1.04) <0.001
last 7 days
Use of analgesic medications 14.24 (13.80-14.70) | <0.001 | 14.24 (13.80-14.70) | <0.001
Number of disease categories (continuous 0.99 (0.98-1.00) 0.049 1.08 (1.07-1.09) <0.001
variable)

Notes: *Model |: demographic and medical variables ®"Model 2: demographic, medical variables, and number of disease categories (continuous) “Model 3: post hoc analysis,
using demographic and number of disease categories (continuous).
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Figure | PI-4 pain severity ratings by individual single disease category.
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Figure 2 PI-4 pain severity ratings for the top five disease combinations with residents reporting pain.

disease profile. Population-based studies indicate higher
prevalence of general chronic pain among women, as well
These
results are consistent with widely-reported sex differ-

as several specific chronic pain conditions.*'

ences in the clinical pain literature®*>* and the CCD
literature.***® Age was also significantly associated with
pain.

In examining the prevalence of disease categories, we
found that heart/circulation diseases were the most preva-
lent among the sample (73%), with neurological second
(46%) and musculoskeletal third (44%). Consistent with

previous research on pain and MM (eg,'>3°*7?

our over-
all findings indicate that the greater the number of disease
categories, the more likely the resident is to report the
presence of pain). In fact, results showed that with each
additional disease category, there was an 8% increase in
the odds of residents reporting pain. Pain intensity also

increased with multimorbidity of disease categories.

Although pain is common among multimorbid resi-
dents, little is known about the implications or role of
pain and analgesic treatment on multimorbid residents.*’
Our study initially controlled for the use of analgesic
medication, as well as the number of other medications
a patient was taking. We found that the use of medication,
particularly analgesic medication, was the strongest factor
associated with pain, with residents taking analgesic med-
ication to be 14 times more likely to report pain. Given
these findings, we subsequently conducted a post hoc
analysis excluding the use of medication. When excluding
medication usage, the number of disease categories was
significantly associated with pain prevalence.

Residents with musculoskeletal, psychiatric, cancer
and gastrointestinal diseases showed higher pain preva-
lence than those without these diseases. Residents with
cancer were found to have the highest pain prevalence
(87%), next (82%).

with musculoskeletal diseases
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Individually and combined, both these disease categories
are well documented in the published pain literature as
diseases highly associated with pain.**~*?

Multimorbidity of disease categories was also found to
increase the prevalence and intensity of reported pain. As
the number of MM conditions increase from one to five,
the proportion of residents reporting mild pain decreases to
zero among residents with 5 MM conditions. Several
factors are known to contribute to pain intensity and fre-
quency; most notably, depression and anxiety (see®
IsHak, Wen, Naghechi, Vanle, Dang, Knsop et al, 2018

40,44 and

for a recent review), musculoskeletal problems,
cardiovascular diseases;*> unfortunately, the interaction
between chronic pain and CCD is not well understood.
There is evidence, however, that management of CCD
patients can become increasingly more challenging when
patients also experience chronic pain, due to complications
associated with medication dosing and interactions among
multiple diseases. The interaction of various diseases and
pain can also become complicated and difficult to
decipher.*® The current study sought to further explore
these associations and provide further information for

research and patient care.

Limitations and Strengths

We examined multiple disease combinations by clustering
and analyzing disease categories, while controlling for
important demographic variables and medication usage.
Despite this, residual confounding factors cannot be ruled
out, particularly because we were unable to incorporate
specific information about the disease profiles, such as
disease progression, severity and treatment. Similarly, we
were also unable to include information specific to pain
factors, including pain site, cause and duration. Similar to
other studies in pain research, pain was obtained by self-
report. There also remains room for additional subjectivity
among patient responses or clinician interpretation when
completing surveys, such as the RAI/MDS/FA 2.0 utilized
in this study. Similarly, surveys may not truly capture the
level of morbidity in a population, as many symptoms,
conditions or diseases a patient may have are not brought
to the attention of the clinician completing the survey or
the clinical records. This is an inherent limitation of using
retrospective data, given our inability to determine
whether pain was present before or after disease onset.
Unfortunately, this restricts our ability to establish causal
inferences about the relationship between multimorbidity
and pain.

The benefits, however, of utilizing secondary, standar-
dized, electronic sources of longitudinal data arguably out-
weigh the limitations; particularly in epidemiological
research. Many of the challenges associated with primary
data collection are avoided, including time and resources
that are required to hire research personnel and recruit
sufficient number of participants.*” A strength of our
study is the large, province-wide sample of CCD residents
in Ontario between the ages of 18 and 101 years, further
contributing to the generalizability of the study. The large
sample size also makes it possible to not only explore the
impact of specific diseases, but also combinations of dis-
ease categories.

The data utilized is of high quality, given the use of
standardized electronic records through the CIHI Facility-
Based Continuing Care Reporting System, which captures
information on residents admitted to publicly funded hos-
pital facilities for complex chronic care in Canada. The
RAI/MDS/FA 2.0 utilized in this validated tool, further
contributing to the quality of the data.>’ The primary
argument for the use of binary logistic regression analyses
to assess the associations between multimorbid disease
categories and pain variables was to avoid confounding
effects with ORs that are more directly comparable across
the different diagnosis categories.

Implications

Individuals with CCD are both challenging and unique in that
they require attention and assistance from multiple health and
social service providers.” This typically involves management
of complex treatment regimens that include multiple appoint-
ments, numerous medications, regular monitoring and sur-
veillance, and adherence to treatment recommendations and
protocols.**** Pain is often associated with multiple medical
conditions'® and can further add to the complexity of this
population; yet, very little is known about multimorbid dis-
ease profiles and pain among this population.®”

The findings from this study are a step toward identi-
fying multimorbid disease categories that are related to
pain experience in a CCD population and have several
implications for research and health care. Within the
research realm, information pertaining to the relationship
between various multimorbid disease categories provides
beneficial information to consider when understanding
the patterns of multimorbidity and pain outcomes
among a complex care population. The number and
range of diseases experienced by CCD residents can
make the assessment and management of this population

Journal of Pain Research 2020:13

submit your manuscript

3055

Dove


http://www.dovepress.com
http://www.dovepress.com

Ferguson et al

Dove

rather complicated. A more detailed understanding of

prominent disease patterns may be instrumental in alle-

viating some of the difficulties associated with this pro-

cess. Given the complexity and continually changing

health status of this population, additional information

about disease patterns and outcomes is invaluable for

organizing health care and creating care plans to meet

the demands of an already challenging population. With

information about the association between pain and mul-

timorbidity, extra awareness can be given to the multi-

morbid diagnoses that may require further resources and

attention. This may further assist with more specific and

cost-effective treatment and intervention planning. Future

research would be useful for more closely examining

disease severity and progression as it related to the devel-

opment from acute to chronic pain within the CCD

population.
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