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Abstract
Objective This study aimed to provide population-level data regarding trends in multimorbidity over 13 years.
Methods We linked provincial health administrative data in Ontario, Canada, to create 3 cross-sectional panels of residents of
any age in 2003, 2009, and 2016 to describe: (i) 13-year trends in multimorbidity prevalence and constellations among residents
and across age, sex, and income; and (ii) chronic condition clusters. Multimorbidity was defined as having at least any 2 of 18
selected conditions, and further grouped into levels of 2, 3, 4, or 5 or more conditions. Age-sex standardized multimorbidity
prevalence was estimated using the 2009 population as the standard. Clustering was defined using the observed combinations of
conditions within levels of multimorbidity.
Results Standardized prevalence of multimorbidity increased over time (26.5%, 28.8%, and 30.0% across sequential panels),
across sex, age, and area-based income. Females, older adults and those living in lower income areas exhibited higher rates in all
years. However, multimorbidity increased relatively more among males, younger adults, and those with 4 or 5 or more condi-
tions. We observed numerous and increasing diversity in disease clusters, namely at higher levels of multimorbidity.
Conclusion Our study provides relevant and needed population-based information on the growing burden of multimorbidity, and
related socio-demographic risk factors. Multimorbidity is markedly increasing among younger age cohorts. Also, there is an
increasing complexity and lack of common clustering patterns at higher multimorbidity levels.

Résumé
Objectif Cette étude a pour but d’offrir des données populationnelles sur la multimorbidité et les tendances sur 13 années.
Méthodes Cette étude transversale utilise des données administratives provinciales, incluant trois panels d’individus de tous
âges, en 2003, 2009 et 2016, pour décrire : (i) les tendances de la multimorbidité en Ontario, et les différences entre âge, sexe et
niveaux de revenus; ainsi que (ii) les combinaisons de maladies chroniques. La multimorbidité a été définie comme ayant au
moins deux des 18 maladies chroniques sélectionnées, et ensuite groupée par niveau de 2, 3, 4 ou 5 maladies ou plus. Les taux de
prévalence standardisés ont été estimés à partir de la population de 2009. Les combinaisons fréquentes de maladies chroniques
observées par niveau de multimorbidité sont également arborées.
Résultats La prévalence standardisée de multimorbidité a augmenté au fil des années (26,5 %, 28,8 % et 30,0 %). Elle était plus
élevée chez les femmes, les personnes âgées, et celles vivant dans les endroits à faible revenus, peu importe l’année. Toutefois
l’augmentation dans le temps était plus importante chez les hommes, les jeunes adultes, et pour les niveaux élevés de
multimorbidité (4, 5 ou plus). Nous avons observé un nombre élevé de combinaisons de maladies, et une diversité grandissante
spécialement pour les niveaux de multimorbidité élevés.
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Conclusion Cette étude fournit des données épidémiologiques probantes sur le problème grandissant de la multimorbidité,
notamment au sein des jeunes cohortes, et les facteurs sociodémographiques associés. Il existe également une complexité
grandissante et pas de profils communs dans les combinaisons de maladies, aux niveaux élevés de multimorbidité.
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Introduction

The prevalence of multimorbidity (the co-occurrence of 2 or
more chronic conditions in an individual) continues to rise,
reflecting ongoing population aging and trends in select neg-
ative health behaviours (Feely et al. 2017; Fortin et al. 2014;
Koné Pefoyo et al. 2015; Lebenbaum et al. 2018; Mokraoui
et al. 2016). Multimorbidity increases with age and is more
common among women and those from lower socio-
economic status (SES) subgroups (Barnett et al. 2012;
Forslund et al. 2020), including within Canada (Canizares
et al. 2018; Feely et al. 2017; Koné Pefoyo et al. 2015;
Roberts et al. 2015). Increasing multimorbidity rates pose sig-
nificant challenges to healthcare systems and to the health and
well-being of affected individuals and their family caregivers
(Barnett et al. 2012; Boyd and Fortin 2010; Ploeg et al. 2017;
St. John et al. 2014). Early observations from the current
COVID-19 pandemic have shown that pre-existing chronic
health conditions, including diabetes mellitus, chronic lung
disease, and cardiovascular disease (CVD), predispose affect-
ed individuals to an increased risk of severe COVID-19 symp-
toms and death (CDC COVID-19 Response Team 2020;
Williamson et al. 2020). While these conditions are consid-
ered separately, co-occurrence of multiple conditions, i.e.,
multimorbidity, may lead to worse outcomes among individ-
uals affected by the virus.

Persons with high multimorbidity often interact with multi-
ple care providers and settings (Boyd and Fortin 2010; Wallace
et al. 2015), leading to a heightened risk for fragmented and
poor quality of care, high (and potentially inappropriate) med-
ication use, and adverse health outcomes (Gruneir et al. 2016;
Nguyen et al. 2019; Petrosyan et al. 2017; Ploeg et al. 2017). It
is essential to inform current and future health promotion and
chronic disease management (Kernick et al. 2017; Salisbury
et al. 2018); thus, providing timely population-level data regard-
ing trends in multimorbidity across age, sex, and SES sub-
groups is key. These data should also speak to the potential
impact of changing multimorbidity patterns on patients’ clinical
complexity (Kadam 2012; Koné Pefoyo et al. 2015).

The objectives of this study were therefore (i) to describe
trends in multimorbidity prevalence among all Ontario resi-
dents and across age, sex, and area-based income, comparing

3 time points (2003, 2009, 2016), and (ii) to contrast chronic
condition clusters by multimorbidity levels in 2003 and 2016.
These findings may help identify vulnerable population sub-
groups needing enhanced and/or better-integrated preventive
health and therapeutic care strategies and policies.

Methods

Study design and data sources

We conducted a repeated cross-sectional study using linked
population-level health administrative databases in Ontario.
These data included the Registered Persons Database
(RPDB), Canadian Institute for Health Information’s
Discharge Abstract Database (DAD), Ontario Health
Insurance Plan (OHIP), Ontario Drug Benefits (ODB),
Census data, and Ontario Marginalization Index data (ON-
Marg). These data are linked using unique encoded identifiers
and analyzed at ICES.

The study population included all persons alive in
Ontario with a valid health card on April 1 in each study
year 2003, 2009, or 2016 (index dates), as identified in
the RPDB. We excluded persons having no contact with
the healthcare system in the five years preceding each
index date as many of these individuals may have migrat-
ed out of the province.

Measures

We identified the prevalence of 18 chronic conditions (at each
index date), using hospital discharge (DAD), physician bil-
lings (OHIP), and prescription dispensing (ODB) health ad-
ministrative databases. Included were: acute myocardial in-
farction (AMI), asthma, (any) cancer, cardiac arrhythmia,
chronic obstructive pulmonary disease (COPD), congestive
heart failure (CHF), chronic coronary syndrome, dementia,
diabetes, hypertension, non-psychotic mood and anxiety dis-
orders, other mental illnesses (including schizophrenia, delu-
sions, and other psychoses; personality disorders; and sub-
stance abuse), osteoarthritis, osteoporosis, renal failure,
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rheumatoid arthritis, stroke (excluding transient ischemic at-
tack), and inflammatory bowel disease (IBD). These condi-
tions were selected for their overall health system burden in
terms of population prevalence (Koné Pefoyo et al. 2015) and
economic costs (Public Health Agency of Canada 2014;
Thavorn et al. 2017), or inclusion in previous multimorbidity
research in Ontario (Koné Pefoyo et al. 2015; Mondor et al.
2018; Petrosyan et al. 2017; Rosella et al. 2018; Thavorn et al.
2017) and elsewhere (Goodman et al. 2013). Where applica-
ble, we used validated administrative data algorithms to ascer-
tain cases (specifically for AMI, asthma, CHF, COPD, de-
mentia, diabetes, hypertension, IBD, and rheumatoid arthritis;
see Table S1). All others were defined based on the presence
of any one inpatient hospital diagnostic code (DAD) or 2 or
more outpatient physician billing codes (OHIP) within a
2-year period using relevant ICD-9/ICD-10 codes
(Table S1), consistent with the definitions for validated co-
horts. Follow-up data were included up to March 2018, ac-
cording to these case definition algorithms. Each condition
was defined with all available health administrative data
(looking back to 1998), with the exceptions of AMI (1-year
lookback from index), cancers, non-psychotic mood and anx-
iety disorders, and other mental illnesses (2-year lookback
each) due to the nature of these diseases.

Multimorbidity was defined as the co-occurrence of
any 2 or more of these 18 conditions, prevalent at index,
consistent with past research (Diederichs et al. 2011;
Fortin et al. 2012; Koné Pefoyo et al. 2015; Mondor
et al. 2018). We also further grouped multimorbidity by
levels of 2, 3, 4, or 5 or more conditions. Clustering was
defined using the observed combinations of conditions
within individuals with 2, with 3, with 4, or with 5 or
more conditions.

The RPDB was used to provide basic demographic infor-
mation, including age and sex, for each index cohort. Age
groups were defined as < 18, 18–44, 45–64, and 65+ years.
Area-level income quintiles were derived from linked census
data.

Analyses

We estimated the unadjusted prevalence of multimorbidity
for each index year and by age and sex. The proportion
with multimorbidity among those with each of the 18
chronic conditions was also estimated by index year.
Age-sex standardized multimorbidity prevalence estimates
(using the 2009 population as the standard) were derived
for each index year, overall and by income quintiles. The
distribution of the most common clusters of conditions (up
to 10) within each multimorbidity level (i.e., among those
with 2, 3, 4, or 5+ conditions) was examined for 2016
relative to 2003 and by sex and age group.

Results

Trends in prevalence, level of multimorbidity, and
associated factors

The crude prevalence of multimorbidity (2+ conditions) in-
creased in Ontario, from 24.9% in 2003 to 28.8% in 2009 and
32.2% in 2016 (Fig. 1, Table 1). The respective age-sex stan-
dardized estimates using the 2009 population were 26.5%,
28.8%, and 30.0%. This increase in multimorbidity was evi-
dent for females and males of all ages. Across all 3 index
years, multimorbidity was higher with increasing age and
higher among females than among males (with the exception
of the youngest age group, 0–17). However, younger males
aged 18–44 and 45–64 showed a larger increase in
multimorbidity from 2003 (10.8% and 34%) to 2016 (14.8%
and 41.5%) than females of the same age (respectively 16.2%
and 41.8% in 2003 vs. 17.9% and 46% in 2016). In 2016,
81.1% of females and 78.3% of males aged ≥ 65 years exhib-
ited multimorbidity.

Unadjusted prevalence estimates increased for all
multimorbidity levels within the total population (Table 1).
However, the direction or magnitude of relative trends varied
within multimorbidity levels by age and sex (Fig. 2). The largest
relative increase in multimorbidity from 2003 to 2016 was
among those with 5 or more conditions. For the oldest age group
(65+), there was a decrease in the proportion of those having 2
conditions. The prevalence of each of the 18 chronic conditions
and the prevalence of multimorbidity among individuals with
each condition, by index year, are presented in Fig. S1.

As shown in Fig. 3, across all index years, the age-sex stan-
dardized prevalence of multimorbidity was highest for those from
the lowest area-based income quintile and was less prevalent as
area income levels increased (e.g., 31.6% for the lowest vs. 28.5%
for the highest income quintile in 2016). The relative difference in
multimorbidity prevalence for those in the lowest vs. highest in-
come quintile was generally consistent across index years.

Complexity of multimorbidity burden

As shown in Table 2, numerous disease clusters were observed
among individuals with multimorbidity, and the total number of
unique clusters for those with 4 conditions (2123 clusters in
2016) and particularly those with 5 or more conditions (24,708
clusters in 2016) increased substantially from 2003 to 2016. The
top 5 disease clusters, among those with 2 conditions, accounted
for a large and similar proportion across years (50% in 2003 vs.
51% in 2016). At higher levels of multimorbidity, concordant
with the increasing total number of clusters, none of the top 5
clusters accounted for very much of the population; also, top 10
clusters composition slightly varied over time. Examination of
age- and sex-specific clusters exposed additional insights. Across
all age groups, there was considerable concordance between the
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Table 1 Unadjusted prevalence of overall (2+) and level of multimorbidity by age, sex, and index year (2003, 2009, and 2016)

Age group Sex Population Prevalence of MMB (%)

2 conditions 3 4 5+ conditions Overall 2 or more conditions

2003

All All 12,143,428 12.6 6.3 3.1 2.9 24.9

0–17 Males 1,431,701 4.0 0.5 0.04 <0.1 4.6

Females 1,359,631 2.6 0.3 0.03 <0.1 3.0

18–44 Males 2,421,250 8.1 2.1 0.5 0.1 10.8

Females 2,417,777 11.6 3.5 0.9 0.3 16.2

45–64 Males 1,466,970 18.7 9.1 3.8 2.4 34.0

Females 1,500,558 22.2 11.7 5.0 2.9 41.8

65+ Males 667,648 22.1 19.4 13.5 16.5 71.6

Females 877,893 23.3 20.8 14.3 16.9 75.2

2009

All All 12,907,659 13.7 7.4 3.9 3.8 28.8

0–17 Males 1,419,031 4.3 0.5 <0.1 <0.1 4.9

Females 1,347,052 2.8 0.4 <0.1 <0.1 3.2

18–44 Males 2,376,897 9.4 2.4 0.6 0.2 12.4

Females 2,421,432 12.0 3.6 0.9 0.3 16.9

45–64 Males 1,766,086 20.4 10.5 4.6 2.9 38.5

Females 1,809,702 23.2 12.9 5.7 3.4 45.3

65+ Males 780,257 21.1 20.4 15.4 20.2 77.2

Females 987,202 21.9 22.1 16.4 20.6 81.0

2016

All All 13,738,113 14.7 8.3 4.5 4.6 32.2

0–17 Males 1,392,632 4.4 0.6 <0.1 <0.1 5.0

Females 1,322,687 3.2 0.5 <0.1 <0.1 3.8

18–44 Males 2,400,908 11.0 2.9 0.7 0.2 14.8

Females 2,466,206 12.7 3.9 1.0 0.3 17.9

45–64 Males 1,913,804 21.4 11.5 5.2 3.4 41.5

Females 1,985,374 23.2 13.1 6.0 3.8 46.0

65+ Males 1,021,885 20.8 20.6 15.6 21.4 78.3

Females 1,234,617 21.2 21.8 16.4 21.7 81.1
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Fig. 1 Ontario population (gray) and distribution of multimorbidity level by age and index year (2003, 2009, and 2016)
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most common clusters for men and women except in the top 5
clusters which varied considerably between sexes across all age
groups. Cancer for example appeared inmore clusters forwomen
at the highest level of multimorbidity. There were also differ-
ences in the prevalence of conditions across ages within the same
degree of multimorbidity. For example, at 3 conditions, other
mental health (including psychoses) was most common in ages
18–44 and 45–64 but did not appear in the top 5 clusters in the
oldest age group where coronary syndromes had greater repre-
sentation (Table S2).

Discussion

Multimorbidity is increasing, and leading to higher
complexity in all ages, sexes, and socio-economic
strata

Our study found that multimorbidity is highly prevalent and
continues to increase over time in all ages, sexes, and income
quintiles. Individuals with multimorbidity may not always
receive appropriate quality of care due to their increasing clin-
ical complexity, care fragmentation, and inappropriate care
interventions. Thus, it is crucial to provide ongoing evidence
on this important issue, considering that multimorbidity is

highly associated with negative health outcomes, including
mortality (Gruneir et al. 2016; Lane et al. 2015; Rosella
et al. 2018), and healthcare costs (Thavorn et al. 2017).

Age and sex constitute important risk factors, with
multimorbidity highest in older adults and more prevalent in
females than males. Age differences in multimorbidity preva-
lence have narrowed over time, due in large part to larger
increases in prevalence over time among young adults.
Multimorbidity is also concentrated among those living in
lower income areas. Complexity is also an increasing issue,
as we observed numerous and increasing diversity of disease
clusters, as well as more individuals exhibiting higher level of
multimorbidity (5 or more conditions) over time.

In relative terms, multimorbidity increased by 29% (from
24.9% to 32.2%) over 13 years for the whole population; in
other words, there were 1.4 million more individuals with
multimorbidity in Ontario in 2016 than there were in 2003.
Similar increases have been reported in the literature
(Canizares et al. 2018; Feely et al. 2017; Katikireddi et al.
2017; Mokraoui et al. 2016). Feely et al. (2017) reported a
Canada-wide increase of 29% among adults over age 40, from
2001–2002 to 2011–2012. Our previous research, using 16
conditions and focusing solely on age differences, found a
40% increase in multimorbidity in the general population of
all ages in Ontario, from 17.4% in 2003 to 24.3% in 2009
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Fig. 2 Relative differences from 2003 to 2016 in multimorbidity prevalence, by age, sex, and multimorbidity level
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(Koné Pefoyo et al. 2015). The smaller increase observed in the
current study can be explained by differences in the methodol-
ogy, including the fact that this study examined 18 conditions
rather than 16 (in a prior study which did not include other
mental health or inflammatory bowel disease) and different
lookback periods for case identification were used. The baseline
prevalence in the first study was likely underestimated, leading
to a higher estimation of the increase. Nevertheless, if the lower
increase found in the current study remains constant, we may
reach 50% of the population with multimorbidity in less than
20 years (i.e., around year 2035).

Previous studies have reported clusters either within
specific age groups or by sex (Sinnige et al. 2013;
Valenzuela et al. 2017); the current study, however, com-
pares clusters across both sex and age groups. Though
multimorbidity increases with age and has often been con-
sidered an issue for older adults, posing considerable clin-
ical and self-care challenges for them, this study shows
that it is becoming a greater concern among younger
adults in Ontario. Canizares et al. reported that members
of younger cohorts (e.g., born 1965–1974) were more
likely to report multimorbidity than their predecessors

(e.g., born 1925–1934), based on the Canadian National
Population Health Survey cycles from 1994 to 2011
(Canizares et al. 2018). Furthermore, in their 20-year
cohort study in west Scotland, Katikireddi et al. showed
a cohort effect, with higher rates in younger cohorts and
greater sex differences over time (Katikireddi et al. 2017).

We found that sex differences in multimorbidity became
smaller over time, because adult males appear to be catching
up to females. In particular, males aged 18–64 years had larger
increases than females in the same age bracket. Also, females
age < 18 years initially had a lower rate thanmales of the same
age, but over time, this rate is growing closer to that for males.
Regarding socio-economic factors, we found a clear gradient
in the impact of income on multimorbidity. Many studies
using different populations have found comparable results,
with the highest multimorbidity prevalence or number of con-
ditions among lower income levels (Canizares et al. 2018;
Katikireddi et al. 2017; Lane et al. 2015; Mondor et al.
2018; Roberts et al. 2015). We observed that differences be-
tween the lowest and highest quintiles remain similar over
time, indicating a comparable increase within each area-
based income level between 2003 and 2016. These findings

24 25 26 27 28 29 30 31 32

2003

2009

2016

Year

% with mul�morbidity

Q5 highest income Q4 Q3 Q2 Q1 lowest income

Fig. 3 Age-sex standardized
prevalence of multimorbidity by
area-level income quintiles and
index year (2003, 2009, and
2016)
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Table 2 Top ten clusters of conditions in 2003 and 2016, by multimorbidity level

Co-existing chronic conditions within level of multimorbidity
(MMB)

2003 2016

Rank Prevalence of combination
within MMB level

Rank Prevalence of combination
within MMB level

2 conditions n=1,529,784; 152 clusters n=2,025,120; 151 clusters

Hypertension/osteoarthritis 1 17.3 1 18.6

Mood disorder/osteoarthritis 2 13.6 3 8.7

Asthma/osteoarthritis 3 9.4 2 11.8

Cancer/osteoarthritis 4 5.1 4 6.1

Asthma/mood disorder 5 4.5 7 4.7

Diabetes/hypertension 6 4.2 5 5.8

Other mental health problem/mood disorder 7 4.1 8 3.2

Hypertension/mood disorder 8 3.4 - -

Diabetes/osteoarthritis 9 3.3 6 5.0

Coronary syndrome/hypertension 10 3.0 - -

Cancer/hypertension - - 9 2.5

Asthma/other mental health problem - - 10 2.4

3 conditions n=768,526; 726 clusters n=1,138,626; 726 clusters

Diabetes/hypertension/osteoarthritis 1 7.7 1 13.2

Hypertension/mood disorder/osteoarthritis 2 7.3 5 4.7

Coronary syndrome/hypertension/osteoarthritis 3 7.1 3 5.2

Asthma/mood disorder/osteoarthritis 4 5.4 6 4.4

Cancer/hypertension/osteoarthritis 5 5.1 2 6.3

Other mental health problem/mood disorder/osteoarthritis 6 4.0 8 2.4

Asthma/hypertension/osteoarthritis 7 3.9 4 5.0

Cancer/mood disorder/osteoarthritis 8 3.1 9 2.2

Hypertension/osteoarthritis/osteoporosis 9 2.4 7 3.1

Coronary syndrome/diabetes/hypertension 10 2.1 - -

Arrhythmia/hypertension/osteoarthritis - - 10 2.1

4 conditions n=379,508; 2012 clusters n=622,092; 2123 clusters

Coronary syndrome/diabetes/hypertension/osteoarthritis 1 5.4 1 6.9

Coronary syndrome/hypertension/mood disorder/osteoarthritis 2 3.1 - -

Diabetes/hypertension/mood disorder/osteoarthritis 3 3.0 4 3.0

Cancer/coronary syndrome/hypertension/osteoarthritis 4 2.9 5 2.5

Asthma/hypertension/mood disorder/osteoarthritis 5 2.8 6 2.1

Cancer/hypertension/mood disorder/osteoarthritis 6 2.7 8 1.9

Arrhythmia/coronary syndrome/hypertension/osteoarthritis 7 2.7 7 2.1

Cancer/diabetes/hypertension/osteoarthritis 8 2.2 2 4.3

Asthma/other mental health problem/mood disorder/osteoarthritis 9 2.1 - -

Asthma/diabetes/hypertension/osteoarthritis 10 2.0 3 4.2

Diabetes/hypertension/osteoarthritis/renal disease - - 9 1.8

Asthma/cancer/hypertension/osteoarthritis - - 10 1.7

5+ conditions n=346,826; 19,419 clusters n=638,853; 24,708 clusters

Arrhythmia/chronic heart failure/coronary syndrome/-
hypertension/osteoarthritis

1 1.3 8 0.7

Coronary syndrome/diabetes/hypertension/mood
disorder/osteoarthritis

2 1.2 6 0.8

Chronic heart failure/coronary syndrome/diabetes/hypertension/-
osteoarthritis

3 1.1 4 1.0

Cancer/coronary syndrome/diabetes/hypertension/osteoarthritis 4 1.0 1 1.5

Arrhythmia/coronary
syndrome/diabetes/hypertension/osteoarthritis

5 0.9 2 1.2
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and previous research confirm the robustness of the associa-
tions with income across populations, despite limitations of
the area-level measure.

Complexity in disease combinations remains a
challenge in all population groups

As previously reported (Koné Pefoyo et al. 2015), patients
with multimorbidity in Ontario present a multiplicity of dis-
ease clusters. Even though the top clusters have remained
similar over time, with a few exceptions, patterns in clustering
were different by age groups and sex. Using a population
study in the Stockholm region and 40 chronic health condi-
tions, Forslund et al. reported that the largest non-random
cluster predominantly included individuals with anxiety, de-
pression, alcohol problems and irritable bowel syndrome
(IBS) (Forslund et al. 2020). In their cluster analysis, Islam
et al. found that hypertension and arthritis were the most dom-
inant conditions in disease dyads or triads among Australians
(Islam et al. 2014). Arthritis and hypertension are often report-
ed to co-occur with depression/mood disorder, asthma, diabe-
tes, or cancer (Lebenbaum et al. 2018; Radner 2016; Roberts
et al. 2015). In the present study, arthritis, hypertension, or
mood disorders are also present in almost all top 10 clusters
within multimorbidity levels due in a large part to the absolute
prevalence of these conditions. However, clusters identified
would expectedly differ across studies according to the list of
conditions used.

The growing burden of multimorbidity has substantial im-
pacts on the health system, as it leads to high health services
use and mortality (Gruneir et al. 2016; Gruneir et al. 2020;
Lane et al. 2015; Petrosyan et al. 2017; Rosella et al. 2018).
For example, the COVID-19 pandemic has demonstrated how
individuals with multiple conditions are vulnerable and re-
quire special attention. While studies have linked specific
pre-existing chronic diseases to COVID-19 infection and

outcomes (CDC COVID-19 Response Team 2020;
Williamson et al. 2020), multimorbidity may further weaken
the immune system and lead to greater susceptibility to infec-
tions like COVID-19. Our research highlights the increasing
burden and complexity of multimorbidity, suggesting that it is
crucial to monitor its trends and impacts on care management.
Especially, healthcare professionals need to take special pre-
cautions to protect multimorbid high-risk groups during this
ongoing pandemic and for future potential health challenges.
The situation regarding multimorbidity needs to be continu-
ously monitored and adequately managed, as the prevalence
might increase even more and grow faster.

Strengths and limitations

This study provides both a needed update on the burden and
trends of multimorbidity in Ontario, and more data on the
differences between males and females and socio-economic
strata, using population-based data. Study strengths include
use of health administrative data, which enabled both robust
and population-based evaluation of multimorbidity. Our find-
ings are comparable to other jurisdictions that have health
administrative data with population coverage. The health ad-
ministrative databases (HAD) used have been shown to ade-
quately and rigorously measure chronic disease prevalence
and multimorbidity in the population (Muggah et al. 2013),
in contrast to self-reported data which is subject to recall bias
but is commonly used in multimorbidity research (Mokraoui
et al. 2016; Quiñones et al. 2019). Gruneir et al. compared
health administrative and survey data, and found that agree-
ment in count and type of conditions was low and decreased
with increasing number of conditions; namely, HAD identi-
fied more conditions on average and higher prevalence of
multimorbidity (Gruneir et al. 2020).

Table 2 (continued)

Co-existing chronic conditions within level of multimorbidity
(MMB)

2003 2016

Rank Prevalence of combination
within MMB level

Rank Prevalence of combination
within MMB level

Cancer/coronary syndrome/hypertension/mood
disorder/osteoarthritis

6 0.8 - -

Arrhythmia/cancer/coronary syndrome/hypertension/osteoarthritis 7 0.8 9 0.7

Asthma/coronary syndrome/diabetes/hypertension/osteoarthritis 8 0.8 3 1.2

Asthma/diabetes/hypertension/mood disorder/osteoarthritis 9 0.7 5 0.9

Arrhythmia/coronary syndrome/hypertension/mood
disorder/osteoarthritis

10 0.7 - -

Coronary syndrome/diabetes/hypertension/osteoarthritis/renal
disease

- - 7 0.8

Asthma/cancer/diabetes/hypertension/osteoarthritis - - 10 0.7
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However, this study has limitations requiring comment.
Conditions selected for this study are mostly relevant to the
general population; thus, a selection of conditions specific to
persons aged < 18 years might reveal different and/or more
pronounced complexity in this age group. Not all but most
chronic conditions were based on validated algorithms for
administrative data. This may result in an over- or under-
estimate of disease prevalence, but should have minimal im-
pact on multimorbidity, as defined by having two or more
conditions (with the exceptions of those exclusively having
conditions not identified with validated algorithms). Also, be-
cause we are counting conditions and looking at changes over
time with a cross-sectional perspective instead of a longitudi-
nal cohort, changes over time may be influenced by changes
in the characteristics of the study population, rather than the
occurrence of disease itself. However, we are using the whole
provincial population, and the design and measurement are
consistent across all 3 years; thus, besides the standardization
of the estimates, demographic characteristics in the population
are comparable between the repeated cross-sectional panels,
to allow for a robust estimation of the changes over time.

Finally, income quintiles were measured at the area level
and should be interpreted as such to minimize ecological bias.
In fact, in their analysis, Buajitti and colleagues found low to
moderate agreement between area-based and individual mea-
sures of income, leading to larger disparities with individual
measures than area-based income (Buajitti et al. 2020). Thus,
differences in multimorbidity observed in this study may be
more pronounced if we used individual-level income (Rosella
et al. 2018). Thus, in addition to using the most adequate
measures of income, it will also be important to analyze trends
in specific diseases and disease clusters by income level in
future work. There was a very small proportion of missing
data related to income quintiles (0.4%), which was treated as
a separate group, and also showed increasing prevalence of
multimorbidity over time. Finally, due to the repeated cross-
sectional design, we are unable to infer causality.
Nevertheless, the study still provides a basic assessment of
differences at the population level, across key characteristics
and income, and evaluates changes within these risk factors.

Implications

Multimorbidity is often associated with older age; howev-
er, the increase in multimorbidity prevalence and burden
among individuals aged 18–64 years constitutes a signifi-
cant challenge for the health system. The trends observed
in those < 18 are also worrying. These age groups represent
a large percentage of the population, making the impact
even bigger and much longer as complexity starts earlier.
Thus, health promotion and chronic disease prevention in-
terventions should start early in the lifespan. Multiple

behavioural risk factors, including physical inactivity,
smoking, alcohol consumption, and high BMI, are com-
mon among children and adolescents and need to be ad-
dressed in order to mitigate their impact on the incidence of
chronic conditions in older ages (Alamian and Paradis
2009). Also, because multimorbidity is associated with in-
come and other socio-economic factors, efforts must aim to
reduce inequities in the whole health system spectrum,
from the prevention of preventable diseases to care man-
agement in various population groups (Rosella and Kornas
2018).

Though multimorbidity is more common among females
overall, our data highlight larger increases among males in
recent years. The study illustrates the need to target males with
interventions to improve health in order to slow the progres-
sion of multimorbidity, while continuing to support interven-
tions for females’ health.

Additionally, the research highlights the increasing com-
plexity of multimorbid patients, particularly in older age
groups. Despite the diversity (thousands of observed clusters),
conditions are mostly treated in silos, leading to disconnected
and often uncoordinated care. This may further complicate
care management (Wallace et al. 2015) and create challenges
to patients’ self-management and poor compliance with the
recommendations of multiple providers (Duguay et al. 2014;
Radner 2016). In fact, co-occurring conditions add to patient
complexity and can limit the success of clinical management
including treatments, thereby increasing the likelihood of neg-
ative outcomes (Petrosyan et al. 2017; Radner 2016). While it
is challenging to design individual care management ap-
proaches for all of the possible clusters of diseases, our results
show that it is important for the health system and care pro-
viders to recognize that diseases occur most often in combi-
nation rather than in isolation, and certain conditions tend to
cluster with each other. As reported by Déruaz-Luyet et al.
(2017), the way chronic conditions tend to cluster (e.g., car-
diovascular disease risk factors and cardiovascular conditions
vs. general pain, musculoskeletal and psychological condi-
tions) could provide indications for care management and pre-
vention. We also found that a few chronic conditions com-
monly occur in most disease clusters. Such common condi-
tions may differ by age and sex groups. With the growing
awareness about the importance of disease clustering, it re-
mains key to consider individuals’ characteristics and specific
needs when assessing or treating patients.
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