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ABSTRACT

Objective: Documenting multimorbidity profiles and resource use across hospital sectors can help inform and improve healthcare
delivery. The purpose of this cohort study (2013-2017) was to describe profiles of multimorbidity among patients at an acute care
hospital in Ontario, Canada.
Methods: This was a retrospective cohort study over five fiscal years. Data from patients who were admitted as inpatients, visited
the emergency department (ED), or received day surgeries at an acute care hospital in Ottawa, Canada between 2013 and 2017 were
obtained from two individual-level administrative databases. Diagnoses for 13 chronic diseases and clusters of multimorbidity
were identified using validated methods. The analysis sample was comprised of 22,932 patients with multimorbidity aged 18
years or over. Demographic (e.g., age) and clinical (e.g., ED visit count) characteristics of chronic disease clusters were examined
across inpatient, ED, and day surgery services, and between language groups.
Results: The most common disease profiles encompassed hypertension, diabetes, and arthritis. Mental health and mood
conditions were highly concomitant among ED patients. Degree of multimorbidity was significantly associated with length of
stay (LOS) and frequency of ED visits. Compared to Anglophone inpatients, hospitalized Francophone patients had significantly
more comorbid conditions.
Conclusions: Treatment plans should be tailored for different types of hospital services and will need to be patient-centered to
account for variability in disease clusters, sociodemographic factors, and acuity levels. More studies are needed to understand the
impacts of multimorbidity on healthcare systems.
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1. INTRODUCTION

1.1 The burden of multimorbidity

With the global increase in average life expectancy, the preva-
lence rate of living with one or more chronic disease(s)
throughout the lifespan has increased dramatically.[1] There
is growing indication that multimorbidity, defined as the

presence of two or more concurrent chronic disease, is a
considerable challenge to healthcare systems and an impor-
tant threat to public health.[2–4] Multimorbidity has been
linked to a multitude of far-reaching implications and is asso-
ciated with considerable economic strain and worse clinical
outcomes.[5, 6] The burden of multimorbidity is expected to
grow exponentially with time.[7, 8]
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In Canada, the prevalence of multimorbidity varies between
studies. Data from the 2011/12 Canadian Community Health
Survey revealed that 12.9% of Canadians report two or more
chronic diseases and 3.9% report three or more.[9] From
administrative health data for five specific conditions (i.e.,
cardiovascular disease, respiratory disease, mental illness,
hypertension, diabetes), including data from the validated
Canadian Chronic Disease Surveillance System (CCDSS),
the prevalence of two or more- and three or more-chronic dis-
eases among those aged 40 years and over was estimated at
26.5% and 10.2%, respectively.[10] In a study in the province
of Ontario, the prevalence of multimorbidity rose by % be-
tween 2003 and 2009 to 24.3%.[3]

1.2 Multimorbidity in the hospital setting
Discrepancies in terms of prevalence and patterns of multi-
morbidity arise based on methodological aspects, including
the type of population and documentation methods (e.g., gen-
eral population self-reporting vs. health administrative data
from patients seeking care).[11] In addition, there is signifi-
cant heterogeneity in terms of how multimorbidity is defined
and how chronic conditions themselves are classified (and
divided), as well as in how the chronicity of specific diseases
is determined.[12] Diseases that are routinely examined in
studies reporting the prevalence of multimorbidity include
diabetes, hypertension and chronic obstructive pulmonary
disease (COPD),[13] while others such as mental illness, de-
pression, asthma, and various inflammatory diseases are not
consistently documented.[11, 12, 14]

Most studies to date in Canada, and in other developed
countries, have been conducted using health administrative
records in primary care, namely health practitioner records
and billing information, or using population health surveys
and self-reported data.[9, 15–18] However, studies pertaining to
the prevalence and management of multimorbidity in hospital
settings remain scarce.[17, 19] Schneider et al.[17] showed that
administrative discharge data is a suitable source of data to
describe multimorbidity in the hospital setting, where many
patients are likely to have multiple chronic diseases that may
or may not be directly related to the reason for their admis-
sion.[19, 20] Similarly, records and diagnostics stemming from
emergency department (ED) visits can offer useful insights
regarding multimorbidity and healthcare utilization in the
acute care context.[21, 22] For acute care facilities, adequately
documenting multimorbidity patterns among patients and
their service use across sectors (i.e., ambulatory vs. hospital-
ization) can help inform and improve models of healthcare
delivery.[22] Better approaches to managing patients with
chronic diseases in inpatient facilities can improve health-
care efficiency, help to achieve more coordinated outpatient

care, and lead to improvements in health outcomes and qual-
ity of life.[19] Few hospital studies have been conducted to
describe the clinical profile of patients with multimorbid-
ity across inpatient, emergency, and ambulatory (i.e., day
surgery) services.

1.3 The context of multimorbidity
The administration of healthcare to patient with multimor-
bidity is affected by the social, educational, cultural, and
environmental circumstances within which the burden of
multimorbidity develops for each patient.[23] In the US, for
example, the prevalence of multiple chronic medical con-
ditions is associated with race and ethnicity (e.g., higher
in African Americans).[24] The individual context and cul-
tural needs of patients should be considered to better under-
stand the intersection of diseases and how to deliver care
appropriately. To broaden our understanding of vulnerable
populations when it comes to patients with multimorbidity,
more research is needed to address population characteristics
across social, cultural, and economic dimensions.[24, 25]

Canada has a unique sociopolitical context in that it has two
Official Languages: English and French. The province of On-
tario has the second highest proportion of Francophones, af-
ter Quebec.[26] The majority of Francophones in Ontario live
in a linguistic-minority situation and they have a tendency
to be older and of lower socioeconomic status.[27, 28] Studies
have identified a greater health risk in the Francophone popu-
lation in Ontario compared to Anglophones and Allophones,
including higher rates of obesity and a significantly higher
prevalence of chronic diseases, such as cardiovascular dis-
eases, pulmonary diseases, arthritis, and rheumatism.[29, 30]

Roberts et al.[9] found that Canadians who report three or
more chronic diseases are more likely to be female, older,
and of lower educational status and income, although they
did not examine language as a risk factor. To our knowledge,
no study has examined multimorbidity profiles by language
groups in Canada.

1.4 Purpose of the study
The overall purpose of this study was to identify and describe
profiles of multimorbidity for patients visiting a bilingual
acute care hospital in Ottawa, Ontario, Canada. Specifically,
the goal was to examine demographic and clinical character-
istics, as well as clusters of chronic diseases, for patients with
multimorbidity (i.e., two or more chronic diseases) across
three services of care: inpatient, ED, and day surgery.

A secondary objective was to examine the influence of lan-
guage group, namely French, English and other (Allophones),
on clinical characteristics and clusters of multimorbidity,
including degree of multimorbidity (i.e., number of condi-
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tions).

2. METHODS

2.1 Study design & setting
This was a retrospective cohort study over five fiscal years
(2013-2017). We used linked health administrative data
for patients aged 18 years or over who visited an academic
acute care hospital in Ottawa, Canada. With just under 300
beds, this hospital delivers short-term primary and secondary
healthcare to residents of Eastern Ontario in both official lan-
guages (English, French). The study protocol was approved
by the hospital’s research ethics board.

2.2 Data sources
Data were obtained from two encrypted, individual-level
administrative databases populated by the Canadian Insti-
tute for Health Information: the Hospital Discharge Abstract
Database (DAD) and the National Ambulatory Care Report-
ing System (NACRS). The DAD is comprised of adminis-
trative, clinical, and demographic data from all inpatient dis-
charges (including deaths, sign-outs and transfers); hospital
programs that are housed in separate databases (e.g., Ontario
Mental Health Reporting System [OMHRS]) are excluded
from DAD. The NACRS database contains patient ambula-
tory data collected at the time of service for day surgeries
and ED visits. Language was determined using routinely
collected data from all patients during registration at the hos-
pital [i.e., “What is your first language (mother tongue)?”)].
The data were linked using unique coded identifiers and
maintained on a secure hospital server where the data were
analyzed.

2.3 Definitions
The approach used to determine the presence of multiple
chronic diseases was consistent with established and vali-
dated methods used in other studies using health administra-
tive data in Canada.[3, 16, 31] We initially examined the type
of diagnostic code associated with each diagnosis, which
reflects the impact of the condition on patient care. For DAD
and NACRS, we considered all Main Diagnoses, all listed
comorbidity codes and secondary diagnoses, as well as any
service transfer diagnosis. Diagnostic codes associated with
morphology, newborn, and external cause of injury were
excluded.

The 13 chronic diseases considered in this study are listed
in Tables 1 and 2. Crohn’s disease, obesity, and sleep apnea
were uniquely considered in this study based on their esti-
mated burden for patients served by this hospital. Diagnoses
were identified using an established list of ICD-10-CA (In-
ternational Statistical Classification of Diseases and Related

Health Problems, 10th Revision, Canada) codes supported by
both the DAD and NACRS. The complete list of diagnostic
codes used in this study are available in Appendix A.

Patients were initially identified on the basis of at least one
documented chronic disease as of April 1, 2013. The final
analysis cohort was established on the basis of multimor-
bidity, defined as two or more coexisting chronic diseases.
Given heterogeneity in methods used to establish meaningful
clusters in the literature, particularly in the absence of an in-
dex disease, we used a basic count of the number of chronic
diseases.[16] Two approaches were used to describe the most
common clusters: 1) Final groupings (i.e., patient presents
with only the identified diseases; and 2) Minimal groupings
(i.e., patient present with at least the identified diseases, with
or without additional diagnoses).

Demographic characteristics such as age were extracted from
a patient’s first appearance in the linked dataset (baseline).
The total number of hospitalizations (i.e., inpatient admis-
sions) and visits (i.e., ED and day surgery), as well as the
average acute length of stay (LOS) for inpatients, were com-
puted over the full study period for the final cohort of patients
with multimorbidity. Computations were based on all avail-
able data, even if one of the identified chronic conditions was
not documented during a particular visit or admission.

2.4 Analyses
Descriptive statistics for demographic variables, chronic dis-
eases, and clinical indicators were described by service
type (i.e., inpatient, ED, day surgery) and by language
group (French, English, and Allophone). Count and binary
variables were reported using frequencies and proportions;
means and standard deviations (SD, ±) were computed for
continuous variables. Given overlap regarding the type of
care received by each patient (i.e., use of inpatient and ED
services), differences between services were not analyzed
statistically. Differences between language groups for count
and binary variables were examined using chi-square tests of
association with follow-up Mann-Whitney U tests to examine
pair-wise differences. Continuous variables were compared
using ANOVAs with post-hoc t-tests.

For patients with multimorbidity, we used generalized lin-
ear model (GLM) regressions with a log link function and
negative binomial distribution to estimate the association
of age, gender, and language with the number of chronic
diseases (i.e., degree of multimorbidity), independently for
inpatients (at least one admission) and ED patients (at least
one visit). We further examined the influence of language
group and degree of multimorbidity on a) LOS (inpatients)
and b) frequency of ED visits using multiple regression and
GLM (negative binomial distribution), respectively (adjust-
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ing for age and gender). Significance was set at p < .05 and a
Bonferroni correction was applied for post-hoc comparisons.
Analyses were conducted using SAS Enterprise Guide 7.1.

3. RESULTS
3.1 Characteristics of patients with multimorbidity by

type of service
Out of 59,288 patients with at least one documented chronic
disease between 2013 and 2017, 22,932 (38.7%) were classi-
fied as having multimorbidity and were included in the anal-
ysis cohort. Table 1 presents a breakdown of demographic
factors, service utilization, and chronic disease prevalence
by service. Across services, the average number of chronic
diseases per patient was just over three (median = 3; range: 2-
15). Patients with multimorbidity ranged in age from 63.83
(ED) to 68.43 (inpatient), and just over half were female.
Language groups were similarly distributed across ED and
inpatients, with 50% reporting French as their mother tongue
and approximately 8% reporting other languages. The most
common chronic diseases across all patients with multimor-
bidity were hypertension and diabetes, and the least common
were rheumatoid arthritis and Crohn’s disease.

Among inpatients, nearly three-quarters (73.0%) of patients
suffered from two or more chronic diseases. Consistent
with the level of care required, the proportion of inpatients
reporting six or more chronic diseases (8.1%) was more
than double that of ED patients (3.9%). The most prevalent
chronic disease was hypertension, affecting 62.6% of multi-
morbid inpatients, followed by diabetes (36.4%) and arthritis
(34.8%). Over the 5-year study period, there were a total of
27,664 hospitalizations for this group (5,533 per year), with
an average of two hospitalizations per patient and an average
LOS of 6.73 days (± 7.99). There were approximately 300
documented deaths per year among inpatients with multimor-
bidity, representing approximately 9% of patients.

Data from ED visits revealed that 41.2% of patients had two
or more chronic diseases. The prevalence of two diseases
per patient was 19.6%, dropping to less than 10% for three,
four, five, and six or more diseases. For multimorbid patients
visiting the ED, rates of hypertension and diabetes were
48.2% and 38.3% respectively. Mental illness (31.5%) was
also highly prevalent among ED patients, as were arthritis
(29.3%) and mood disorders (26.1%). The total number of
ED visits generated by patients with multimorbidity was 73
543, with an average of 3.81 ED visits per patient. Roughly
two-thirds of patients with multimorbidity (65.4%) had been
admitted in hospital from the ED at least once, although only
29.4% of all ED visits from patients in this cohort resulted
in an admission. The crude mortality rate for ED patients
with multimorbidity (7.7%) was similar to that of inpatients

(8.8%).

For patients who had received day surgeries, the prevalence
of multimorbidity was lower than other services at only
35.1%, and almost half (46.1%) of those patients had only
two chronic diseases. Only 2.6% of all day surgery patients
were classified as having five diseases, rising slightly to 3.1%
for six or more diseases (8.9% of those with multimorbidity).
More than half of day surgery patients suffered from hyper-
tension (58.6%), while diabetes and arthritis were equally
widespread (41.0%) and also higher compared to other ser-
vices. The prevalence of cancer was also higher at 20.1%.
Patients recorded a total of 13,937 day surgeries over the
study period, with an average of two surgical events per
patient. There was a higher proportion of Francophone pa-
tients with multimorbidity receiving day surgeries (56.6%)
compared to Anglophone (36.1%).

3.2 Clusters of multimorbidity
For all patients with multimorbidity, the most common con-
figuration of diseases encompassed hypertension, diabetes,
and arthritis (see Figure 1). Specifically, hypertension with
diabetes was the most common cluster (N = 4,763; 20.8%),
and only 15% of patients in this cluster presented no other
chronic disease. For patients with hypertension and arthritis
(Cluster 2; N = 4,088; 17.8%), 75% of patients were identi-
fied as having at least one other chronic disease, which was
slightly higher (i.e., 69%) than those affected by diabetes
and arthritis (Cluster 3; N = 2,624; 11.4%). For Cluster 4 (N
= 2,982; 13.0%), only 42% of patients with mental illness
and a mood disorder had another chronic disease.

Patterns and degree of comorbidity varied by service type
(see Figure 2). Clusters 1 and 2 were more common among
inpatient and day surgery patients, although inpatients were
slightly more likely to present with additional chronic dis-
eases. Among inpatients, arthritis and diabetes (Cluster 3)
rarely occurred without another disease. A fifth cluster of hy-
pertension and renal failure was observed among inpatients
(N = 2,495; 14.7%) and ED patients (N = 2,448; 12.7%).
This cluster often occurred with other chronic diseases, par-
ticularly diabetes (50% for ED and inpatient) and congestive
heart failure (CHF; 39% of inpatients).

Unique to ED patients was the high prevalence of Cluster
4 (mental health/mood conditions) compared to inpatients
and day surgery patients, with only a third of ED patients in
Cluster 4 presenting with additional diseases. Overall, the
proportion of day surgery patients presenting with only the
defining diseases in a cluster was slightly higher compared
to inpatients and generally lower than ED patients. Finally, a
unique but smaller cluster of hypertension and cancer (Clus-
ter 6, N = 829; 12.0%) emerged among day surgery patients.
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Table 1. Descriptive statistics for patients with multimorbidity by hospital service (N = 59,288 unique patients)
 

 

Variables 
ED  Inpatient (hospitalisations)  Day surgery 

N (mean) % (SD)  N (mean) % (SD)  N (mean) % (SD) 

Chronic conditions-count         

11 27,503 58.8%  6,270 27.0%  12,834 64.9% 

2 9,160 19.6%  6,160 26.5%  3,197 16.2% 

3 4,326 9.4%  4,479 19.3%  1,661 8.4% 

4 2,545 5.4%  2,827 12.2%  938 4.7% 

5 1,456 3.1%  1,623 7.0%  513 2.6% 

6+ 1,819 3.9%  1,875 8.1%  619 3.1% 

Multimorbidity (2+) 19,306 41.2%  16,964 73.0%  6,928 35.1% 

Total per patient 3.18 1.59  3.43 1.63  3.18 1.56 

Age (baseline) 63.83 19.04  68.43 15.75  65.03 13.74 

Gender         

Female 10,111 52.4%  9,065 53.4%  3,398 49.0% 

Language         

Francophone 9,529 49.6%  8,273 48.9%  3,916 56.6% 

Anglophone 8,091 42.1%  7,345 43.5%  2,497 36.1% 

Allophone (other) 1,607 8.4%  1,284 7.6%  502 7.2% 

ED visits (5 years)         

N 19,306 100%  13,579 80.1%  5,557 80.2% 

Count total  73,543 -  51,881 -  23,481 - 

Count per patient  3.81 4.69  3.82 4.72  4.23 5.10 

Day surgery (5 years)         

N 5,557 28.8%  5,463 32.2%  6,928 100% 

Count total  11,135 -  11,156 -  13,937 - 

Count per patient  2.00 1.90  2.04 1.95  2.01 1.91 

Admitted ≥ 1 time2 12,626  65.4%  11,707 69.0%  3,569 51.5% 

Hospitalizations (5 years)         

N 13,579 70.3%  16,964 100%  5,463 78.9% 

Count total  23,560 -  27,664 -  9,539 - 

Count per patient 1.74 1.35  1.63 1.25  1.75 1.31 

Average acute LOS per admission (days) 7.49 7.65  6.73 7.99  5.49 5.96 

Death (5 years) 1,483 7.7%  1,492 8.8%  295 4.3% 

Chronic conditions- type         

AMI 1,104 5.7%  1,079 6.4%  289 4.2% 

Arthritis  5,664 29.3%  5,900 34.8%  2,834 40.9% 

Asthma 791 4.1%  691 4.1%  324 4.7% 

Cancer 2,266 11.7%  2,415 14.2%  1,393 20.1% 

Cardiac arrhythmia 3,611 18.7%  3,474 20.5%  1,118 16.1% 

CHF 2,781 14.4%  2,718 16.0%  694 10.0% 

COPD 3,126 16.2%  2,975 17.5%  1,008 14.5% 

Coronary syndrome 2,861 14.8%  2,763 16.3%  911 13.1% 

Crohn’s disease 209 1.1%  170 1.0%  160 2.3% 

Dementia 2,370 12.3%  2,315 13.6%  401 5.8% 

Diabetes 7,398 38.3%  6,180 36.4%  2,848 41.1% 

Hypertension 9,302 48.2%  10,612 62.6%  4,058 58.6% 

Mental illness 6,079 31.5%  3,791 22.3%  1,148 16.6% 

Mood disorder 5,029 26.0%  2,494 14.7%  1,193 17.2% 

Obesity 1,812 9.4%  2,801 16.5%  1,026 14.8% 

Osteoporosis 438 2.3%  496 2.9%  131 1.9% 

Renal failure 3,842 19.9%  3,769 22.2%  1,088 15.7% 

Rheumatoid arthritis 163 0.8%  179 1.1%  72 1.0% 

Sleep apnea 1,477 7.7%  2,382 14.0%  1,051 15.2% 

Stroke 1,160 6.0%  1,056 6.2%  283 4.1% 

Note. N = Number of patients (cases); Count = Number of events; LOS = Length of stay; ED = Emergency department; Avg = Average; AMI = Acute myocardial infarction; CHF = Congestive heart 

failure; COPD = Chronic obstructive pulmonary disease. The denominator for the proportions in each column, with the exception of chronic condition count, is the total number of patients with 

multimorbidity in each sector (bold font). Databases were cross referenced to capture data for each patient across services. 1Patients with a single chronic condition were excluded from all other variable 

statistics and analyses in this table, with the exception of disease count proportions. 2Admitted ≥ 1 times as inpatient from ED or day surgery; this value was taken from the NACRS database and is distinct 

from the number of hospitalizations extracted from DAD 
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3.3 Clinical characteristics by language groups

Differences in the healthcare profiles of patients with mul-
timorbidity across language groups are shown in Table 2.
Francophones presented with a significantly greater degree
of multimorbidity compared to Anglophones and Allophones.
Anglophones had the lowest proportion of visits to the ED
(81.1%), though the number of ED visits per patient was not
significantly different. Francophone patients had a higher
rate of day surgeries (35.6%) than Allophone (27.0%) and
Anglophone (25.0%) patients. The proportion of hospital-
ized inpatients with multimorbidity was significantly differ-
ent between language groups, with Francophones having
the highest rate of hospitalizations per patient. There were
no significant unadjusted differences in the average acute
LOS in days (per admission). The prevalence rate of spe-
cific diseases varied by language group, with the exception
of infrequent diseases (i.e., AMI, Asthma, Crohn’s disease,
osteoporosis, and rheumatoid arthritis). Specifically, Fran-
cophones exhibited higher rates of most diseases; however,
mental illness was more common among Anglophones and

the rate of diabetes was highest among Allophones.

Figure 1. Common cluster profiles of chronic conditions for
all services (inpatient, ED, day surgery) via Method 1 and 2
(proportion of patients [%] in each cluster who did not have
any additional chronic conditions are indicated in bold font)

Figure 2. Proportion of patients with identified clusters (C) of chronic conditions by hospital service
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Table 2. Descriptive statistics and comparison of patients with multimorbidity by language group
 

 

Variables 
Francophone  Anglophone  Allophone (other) 

p-values 
N (mean) % (SD)  N (mean) % (SD)  N (mean) % (SD) 

Chronic conditions (count)         < .001 

11 15,865 59.1%a  16,766 62.7%b  3,527 65.5%c  

2 5,024 18.7%  5,049 18.9%  967 17.9%  

3 2,549 9.5%a  2,315 8.7%b  445 8.3%b  

4 1,504 5.6%a  1,261 4.7%b  216 4.0%b  

5 867 3.2%a  656 2.5%b  112 2.1%b  

6+ 1,055 3.9%a  701 2.6%b  122 2.3%b  

Multimorbidity (2+) 10,999 40.9%  9,982 37.3%  1,862 34.6%  

Total per patient 3.23a 1.61  3.02b 1.43  2.97b 1.41 < .001 

Age (year 1) 65.72a 17.22  61.96b 19.22  64.52c 17.15 < .001 

Gender          

Female 5,916 53.8%a  5,145 51.5%b  1,012 54.4%ab < .001 

Language          

Francophone 10,999 48.0%3  -      

Anglophone - -  9,982 43.5%3  - -  

Other language - -  - -  1,862 8.1%3  

ED visits (5 years)          

N 9,529 86.6%a  8,091 81.1%b  1,607 86.3%a < .001 

Count total  36,600 49.8%3  30,788 41.9%3  5,937 8.1%3 - 

Per patient  3.84 4.33  3.81 5.25  3.69 3.73 NS 

Day surgery (5 years)          

N 3,916 35.6%a  2,497 25.0%b  502 27.0%b < .001 

Count total 8,178 58.8%3  4,671 33.6%3  1,062 7.6%3  

Per patient  2.09a 2.00a  1.87b 1.68b  2.11a 2.22a < .001 

Admitted ≥ 1 time2 6,310 66.2%a  5,431 67.1%a  929 57.8%b < .001 

Hospitalizations (5 years)          

N 8,273 75.2%a  7,345 73.6%b  1,284 69.0%c < .001 

Count total  13,997 50.6%3  11,595 41.9%3  1,984 7.2%3 - 

Count per patient  1.69 1.31a  1.58 1.20b  1.54 1.11b < .001 

Avg acute LOS/visit (days) 6.77 7.22  6.65 8.68  6.93 8.51 .421 

Death (5 years) 772 7.0%  629 6.3%  117 6.3% .092 

Chronic disease          

AMI 570 5.2%  475 4.8%  87 4.7% .310 

Arthritis  3,889 35.4%a  3,337 33.4%b  687 36.9%a .001 

Asthma 469 4.3%  403 4.0%  67 3.6% .362 

Cancer 1,465 13.3%a  1,027 10.3%b  207 11.1%b < .001 

Cardiac arrhythmia 1,921 17.5%a  1,606 16.1%b  297 16.0%ab .018 

CHF 1,539 14.0%a  1,075 10.8%b  232 12.5%ab < .001 

COPD 1,876 17.1%a  1,331 13.3%b  147 7.9%c < .001 

Coronary syndrome 1,589 14.5%a  1,198 12.0%b  233 12.5%ab < .001 

Crohn’s disease 115 1.1%  107 1.1%  15 0.8% .578 

Dementia 1,253 11.4%a  1,035 10.4%ab  176 9.5%b .009 

Diabetes 4,294 39.0%a  3,351 33.6%b  848 45.5%c < .001 

Hypertension 5,856 53.2%a  4,778 47.9%b  1,019 54.7%a < .001 

Mental illness 2,639 24.0%a  3,181 31.9%b  381 20.5%c < .001 

Mood disorder 2,418 22.0%a  2,241 22.5%b  351 18.9%c < .001 

Obesity 1,435 13.1%a  1,283 12.89%a  193 10.4%b .005 

Osteoporosis 263 2.4%  203 2.0%  36 1.3% .152 

Renal failure 1,998 18.2%a  1,650 16.5%b  306 16.4%ab .004 

Rheumatoid arthritis 105 0.9%  93 0.9%  16 0.9% .923 

Sleep apnea 1,167 10.6%a  1,155 11.6%a  134 7.2%b < .001 

Stroke 617 5.6%a  462 4.6%b  103 5.5%ab .005 

Note. N = Number of patients (cases); Count = Number of events; LOS = Length of stay; ED = Emergency department; Avg = Average; AMI = Acute myocardial infarction; CHF = Congestive heart 

failure; COPD = Chronic obstructive pulmonary disease; With the exception of chronic condition counts and variables labeled “total count”, the denominator for the proportions in each column is the total 

number of patients with multimorbidity in each language group (bold font). a, b, c Each letter subscript denotes a subset of language group categories whose column proportions do not differ significantly 

from each other at the p < .05 level. 1Patients with a single chronic condition were excluded from all other variable statistics and analyses in this table, with the exception of disease count proportions. 
2Admitted ≥ 1 times as inpatient from ED or day surgery; this value was taken from the NACRS database and is distinct from the number of hospitalizations extracted from DAD.  3 Denominator for 

proportion represents total population (across all linguistic groups). 
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Table 3. Adjusted models for the number of chronic diseases by service type, acute LOS per admission for hospitalized
patients (inpatients), and total ED visits

 

 

Model/Variable Parameter 
Hospitalized patients 

 
ED patients 

Estimate SE  p-value Estimate SE  p-value 

Chronic condition count1        

Age NA 0.007 0.001 < .001  0.009 < 0.001 < .001 

Gender-Female Male 0.029 0.176 .100  0.030 0.017 .073 

Language-English French 0.051 0.018 .006  0.019 0.018 .276 

 Other -0.15 0.035 .657  -0.049 0.032 .121 

Acute LOS2         

Age NA 0.090 0.004 < .001  - - - 

Gender-Female Male -0.149 0.119 .210  - - - 

Condition count NA 0.833 0.037 < .001  - - - 

Language-English French -0.314 0.123 .011  - - - 

 Other 0.101 0.232 .662  - - - 

ED visits1         

Age NA - - -  -0.013 0.001 < .001 

Gender-Female Male - - -  -0.072 0.016 < .001 

Condition count NA - - -  0.199 0.005 < .001 

Language-English French - - -  0.033 0.017 .054 

 Other - - -  0.049 0.031 .115 

Note. ED = Emergency department; SE = Standard error (estimate), NA = Not applicable; LOS = Length of stay. 1Model uses a negative binomial distribution (parameter represents difference in the logs 

of expected counts). 2 Model is a multiple regression (presence of variable changes the LOS by the parameter estimate) 

 
3.4 Predicting multimorbidity and service use
In the adjusted regression models presented in Table 3, age
was a significant predictor of degree of multimorbidity (i.e.,
number of conditions), LOS, and number of ED visits. The
influence of gender on degree of multimorbidity was negligi-
ble, though males had fewer ED visits (p < .0001). Multimor-
bidity was significantly associated with LOS and frequency
of ED visits (p < .001). Adjusted models showed that com-
pared to Anglophone inpatients, Francophone inpatients had
significantly more comorbid diseases (p = .006). After ad-
justing for age, gender, and number of chronic conditions,
Francophone compared to Anglophone inpatients had a sig-
nificantly shorter acute LOS on average (p = .011).

4. DISCUSSION

4.1 Summary
The objective of this study was to examine clusters of multi-
morbidity at a bilingual academic hospital in Ontario, Canada
across three services, namely inpatient care, ED, and day
surgery, and across language groups. Documenting multi-
morbidity profiles for patients who receive different types of
services can inform treatment decisions and lead to more ac-
curate prognoses of acute conditions, and better overall man-
agement of concurrent and underlying chronic diseases.[20]

Such insights are particularly timely given that healthcare
systems tend to be oriented towards treating single condi-
tions.[23, 31]

The results of this study are novel and address a research gap,
particularly in Canada, in terms of describing profiles of mul-

timorbidity for different services in the hospital setting.[17, 19]

Expected findings included the widespread prevalence of
hypertension and arthritis, and the higher proportions of six
or more chronic diseases among inpatients. Certain chronic
diseases were more discernible by service type, such as the
higher prevalence of comorbid cancer in day surgery patients.
In addition, chronic diseases such as cancer, CHF, and di-
abetes were more prevalent in Francophone patients. The
most common combinations of chronic diseases across all
patient groups included hypertension, diabetes, and arthritis.
Certain clusters of multimorbidity were more or less likely
to be associated with additional diagnoses. For example,
mental illness and mood disorders jointly showed a lower
indication of additional morbidity.

4.2 Prevalence and population
The observed rates of chronic diseases and comorbidity pat-
terns were partly a function of how and where this study
was conducted, including the specific services offered at
this hospital. For instance, the high prevalence of cancer in
day surgery patients was expected given a high volume of
colonoscopies conducted in the context of cancer screening
at this hospital. Similarly, orthopedic surgeries account for
a large proportion (40%) of the surgical case load at this
hospital; hence, arthritic patients made up a large volume
of inpatient stays. Compared to other investigations,[16, 32]

hypertension was much more prevalent among inpatients and
the rate of mood disorders was significantly lower. Given
the unique sample and study design, caution is required in
drawing parallels to other studies, for instance studies that
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excluded surgical cases and conditions such as arthritis,[10, 17]

and epidemiological studies that used primary care consul-
tations and population-based administrative data or that did
not exclude single disease profiles.[16, 32]

Nonetheless, our findings are consistent with others regard-
ing the burden of hypertension among patients with multi-
morbidity.[17, 33] There is evidence that hypertension is the
most significant risk factors in developing cardiovascular
disease and that over three-quarters of patients with hyper-
tension have at least one other chronic disease, leading to
significant increases in medical costs.[2, 34, 35] In this study,
hypertension was particularly common among day surgery
patients. As one explanation, hypertension increases the risk
of common medical conditions such as cataract, which is
often treated as a same-day procedure.[36] Still, our study
did not examine disease trajectories over time, thus we can-
not make inferences about the risks of developing comorbid
conditions or the likelihood of requiring certain treatments.

On the other hand, we saw a low prevalence of diseases such
as asthma across patient groups, and in comparison to other
studies. Asthma tends to be more prevalent in studies that
include younger individuals (i.e., < 18 years).[3] Moreover,
asthma may be one of several conditions that are more readily
managed in primary care rather than acute care hospitals.[37]

Although asthma is a common condition among Canadians,
it also appears to be less frequently associated with other
conditions,[38] which may be particularly true among older
populations.

4.3 Demographic factors
It is important to consider the influence of demographic fac-
tors in documenting multimorbidity. Although studies have
found that individuals with ≤ 3 diseases are more likely to be
female,[9] we did not see a significant effect for gender. Gen-
der can, however, interact with multimorbidity to influence
hospitalization patterns, and should be considered in person-
centered approaches.[16] Consistent with other studies, the
prevalence of multimorbidity increased significantly with
age.[2, 3, 31, 39] This may help to explain, in part, the lower rate
of other chronic diseases found in the mental health/mood
disorder cluster (i.e., younger age group), although this was
not examined statistically. Still, focusing solely on the el-
derly can underestimate the total burden of multimorbidity on
the healthcare system.[31] This may circumvent prevention
efforts aimed at reducing the rate at which younger peo-
ple progress from one chronic disease to multiple diseases.
Moreover, in its relationship with multimorbidity, age can
interact with several social factors that perpetuate inequal-
ities in healthcare. Specifically, studies support a positive
association between multimorbidity, socioeconomic status

and material deprivation, and poorer health outcomes.[9, 31, 40]

The current study also examined the influence of language
groups. Francophones were overrepresented in day surgery
care, as expected given the hospital’s catchment area, loca-
tion, and patient tendencies to seek care in their first lan-
guage. While multimorbidity clusters for Anglophone and
Allophone patients were relatively similar, consistent with
past research we found higher rates of most chronic diseases
among Francophone patients, including cancer, CHF, COPD,
coronary syndrome and obesity.[30] Our results also indicated
that Francophone patients visiting this hospital had signifi-
cantly more comorbid conditions after adjusting for age and
gender, and thus the fact that Francophone patients were
older did not alone account for the greater burden of disease,
findings that are consistent with the health risk profile of
Francophones compared to Anglophones in Ontario.[29, 30] It
is possible that Francophones in Ontario face more barriers
to accessing healthcare services and in a timely fashion, and
they may be more likely to engage in behaviours that put
them at great risk of chronic health conditions (e.g., smok-
ing and sedentary lifestyle). However, we did not control
for sociodemographic and lifestyle factors nor the scope of
healthcare received, therefore we can only speculate regard-
ing the source of these patterns. Further dissection of unique
disease profiles across language and cultural groups, and
their resource needs, could help this institution improve the
way it organizes and delivers its services.

4.4 Resource utilization and planning
Among patients with established cardiovascular disease,
Glynn and colleagues[41] showed that level of comorbidity,
especially with diabetes or chronic kidney disease, was an
independent predictor of prognosis and mortality. In the
present study, rates of AMI, cardiac arrhythmia, and stroke
were relatively low and similar across services, which may be
unique compared to other acute care hospitals. As this hos-
pital’s cardiology program is relatively small, many cardiac
cases are referred to community care or more specialized
institutions. Still, knowledge of the incidence of cardiovas-
cular diseases and associated morbidity may be useful for
outpatient management and a better alignment of services.
There is evidence in Ontario that patients with serious comor-
bidities (e.g., stroke, renal failure) are less likely to obtain
follow-up care and that only half of patients with a new di-
agnosis of atrial fibrillation, heart failure, and hypertension
are seen within a week of ED discharge.[42] Unfortunately,
mismanagement of healthcare services combined with esca-
lating rates of chronic diseases can contribute to a cycle of
increased morbidity risk and intensifying healthcare needs.

The relationship between degree of comorbidity and resource
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utilization was an expected findings. Namely, the incidence
of six or more diseases was greater among inpatients and
the number of diseases was significantly associated with a
longer LOS and more ED visits. However, it is important to
consider factors beyond disease count as there is evidence
that a relatively large number of ED visits stem from a small
proportion of individuals.[32, 43] Studies of frequent ED users
have shown that they are more likely to experience poor phys-
ical and mental health as well as problems with substance
use.[44, 45]

4.5 The mental health factor
Our findings revealed that the prevalence of a mental health
condition was twice as high for patients visiting the ED com-
pared to day surgery patients, and 1.5 times higher compared
to inpatients. These findings are consistent with research
showing that even after controlling for variables such as sex,
age, poverty status, and alcohol use, adults with multimor-
bidity and psychological distress were more likely to use the
ED than those not experiencing distress.[46] Health admin-
istrators can use this type of information to coordinate staff
and resources to optimally evaluate and respond to patients
with diverse physical and mental health symptom profiles.
With evidence that up to half of high-cost patients have a
diagnosed mental health condition,[22] offering integrated
and coordinated physical-mental disease management across
hospital sectors and community services carries important fi-
nancial implications. More studies are needed to address how
community resources and appropriate post-ED follow-up in
primary care can be optimized in conjunction with acute care
for patients with comorbid mental health conditions.

Though less pronounced in this study, mood disorders have
been shown to be highly prevalent in patients with multimor-
bidity,[31] consistent with evidence regarding the relationship
between symptoms of depression, anxiety, and chronic phys-
ical diseases such as diabetes and COPD.[47, 48] Although up
to one in four people with diabetes are at risk of developing
clinically significant depression,[49] in this study Allophones
and Francophones had the highest rate of diabetes and other
chronic diseases, but they had lower rates of mood disor-
ders, suggesting that other cultural and linguistic factors may
be involved. Notwithstanding the influence of underlying
sociodemographic and clinical factors, it is possible that un-
derdiagnosing and underreporting could have led to lower
observed rates of mood and mental health diagnoses.

4.6 Limitations
Data were extracted and analyzed from only two administra-
tive databases for this hospital: inpatient and ambulatory care.
There may be limitations with respect to the breadth of data
collected in these databases, as comorbidities that are well

managed and medically stable, and not related to the patient
visit, could be missing from the documentation. In future
studies, the fidelity of hospital documentation procedures
for multimorbidity may require further scrutiny. As we did
not examine patient data for OMHRS that collects data for
mental health inpatient services, our findings likely underesti-
mate the burden of chronic mental health and mood disorders
and the prevalence of physical-mental combinations. In ad-
dition, we did not compare patients with multimorbidity to
those with a single disease to identify specific risk profiles.
Moreover, the design of this study was not suited to con-
ducting predictive analyses, and thus we did not examine
the development and evolution of multimorbidity over time.
Finally, given the unique nature of this bilingual hospital in
terms of clientele and areas of specialty, the results may not
generalize to other hospitals and services.

Future studies are needed to further understand the under-
lying pathophysiological and lifestyle (e.g., diet, smoking)
mechanisms of multimorbidity, especially multi-system and
mind-body interactions. More research is needed to better un-
derstand how to deliver comprehensive and patient-centered
care across hospital services to reduce the burden of care for
patients with multimorbidity.

5. CONCLUSIONS

The findings of this study revealed that the prevalence and
configuration of multimorbidity at an acute care hospital
differed between inpatients and those visiting the ED or
receiving day surgery. In addition, the prevalence of mul-
timorbidity was greater among Francophone compared to
Anglophone and Allophones patients. The results contribute
to a growing body of research to better understand clusters
of multimorbidity in order to improve the overall efficiency
and quality of healthcare services by providing more tai-
lored care. Overall, better detection of multimorbidity, and
an understanding of patients’ unique needs, are necessary
to deliver patient-centered services across the continuum
of care.[50] The methods used in this study may serve as
an example for researchers and administrators from other
hospitals seeking to address multimorbidity variability in dif-
ferent patient groups, and the findings may offer preliminary
insights regarding the most common chronic diseases that
tend to cluster together and require coordinated care. At this
particular hospital, the findings have spearheaded additional
studies and have been disseminated to clinicians and admin-
istrators to better target multimorbidity at the practice and
policy levels.
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