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Multimorbidity and mortality in Ontario,
Canada: A population-based retrospective
cohort study

BL Ryan1,2 , B Allen3, M Zwarenstein1,2,4, M Stewart1,2,
RH Glazier4,5,6 , M Fortin7 , SJ Wetmore1 and SZ Shariff3,8,9

Abstract

Objective: To examine the relationship between multimorbidity and mortality, and whether relationship varied by
material deprivation/rural location and by age.

Methods: Retrospective population-based cohort study conducted using 2013–14 data from previously created cohort
of Ontario, Canada residents classified according to whether or not they had multimorbidity, defined as having 3þ of
17 chronic conditions. Adjusted rate ratios were calculated to compare mortality rates for those with and without
multimorbidity, comparing rates by material deprivation/rural location, and by age group.

Results: There were 13,581,191 people in the cohort ages 0 to 105 years; 15.2% had multimorbidity. Median length of
observation was 365 days. Adjusted mortality rate ratios did not vary by material deprivation/rural location; overall
adjusted mortality rate ratio was 2.41 (95% CI 2.37–2.45). Adjusted mortality rate ratios varied by age with ratios
decreasing as age increased. Overall rate ratio was 14.7 (95% CI 14.48–14.91). Children (0–17 years) had highest ratio,
40.06 (95% CI 26.21–61.22). Youngest adult age group (18–24 years) had rate ratio of 9.96 (95% CI 7.18–13.84); oldest age
group (80þ years) had rate ratio of 1.97 (95% CI 1.94–2.04).

Conclusion: Compared to people without multimorbidity, multimorbidity conferred higher risk of death in this study at
all age groups. Risk was greater in early and middle adulthood than in older ages. Results reinforce the fact multimorbidity
is not just a problem of aging, and multimorbidity leads not only to poorer health and higher health care utilization, but also
to a higher risk of death at a younger age.
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Introduction

The prevalence of multimorbidity is increasing in Canada,

and across the world. While multimorbidity is typically

considered a problem of old age, rates of multimorbidity

begin to increase in middle age, and the volume of multi-

morbidity is derived from people as young as 35 years old.1

People from materially deprived areas also experience

more multimorbidity.1 There is evidence that increased

prevalence of multimorbidity results in an increased burden

on persons, and increased utilization of and pressures on the

health system.2–5

What is less known concerning the burden of multimor-

bidity is its relationship with mortality, especially whether

the strength of this relationship varies with age and depri-

vation. Studies have found an overall positive relationship

between multimorbidity and mortality. Studies that

included adults across age groups6–12 generally found a

higher effect of multimorbidity on mortality than those

studies that included only older adults.13–19 A few of these

studies studied the relationship between multimorbidity

and mortality and levels of deprivation and found higher

deprivation was association with higher mortality, includ-

ing lower education6,20 and ethnicity.8

The goal of this study was to contribute to the body of

evidence on the relationship between multimorbidity and

mortality, thereby providing information that can be useful

for improving health care delivery and health policy for

people with multimorbidity. It adds to the literature by

conducting a population-based analysis that includes per-

sons of all ages in Ontario including children. The first

objective was to determine if the relationship between mul-

timorbidity and mortality varied across levels of urban

material deprivation/rural location, controlling for age, sex,

and Ontario geography. The second objective was to deter-

mine the age group-specific relationship between multi-

morbidity and mortality, controlling for the patient

characteristics of sex, urban material deprivation/rural

location and Ontario geography. Given that having multi-

morbidity is not simply synonymous with being old, it is

critical to understand how multimorbidity impacts mortal-

ity rates in people across age groups and across different

levels of deprivation.

Methods

This retrospective cohort, population-based study used a

previously created cohort of Ontario residents that were

classified according to whether or not they had multi-

morbidity (3þ chronic conditions; hereafter stated as

3þ) (Figure 1). The cohort was created using linked,

provincial, administrative health care databases.1 All

residents of Ontario (2013 population approximately

13 million) obtain their medical and hospital health care

services from a government-administered, single-payer

insurance system which maintains a comprehensive

electronic provider reimbursement claims data base.

Datasets were linked using unique, encoded identifiers

and analyzed at ICES. ICES is a prescribed entity under

section 45 of Ontario’s Personal Health Information Pro-

tection Act. Section 45 authorizes ICES to collect per-

sonal health information, without consent, for the

purpose of analysis or compiling statistical information

with respect to the management of, evaluation or mon-

itoring of, the allocation of resources to or planning for

all or part of the health system. Projects conducted

under section 45, by definition, do not require review

by a Research Ethics Board. This project was conducted

under section 45, and approved by ICES’ Privacy and

Compliance Office. This report follows the RECORD

(REporting of studies Conducted using Observational

Routinely-collected health Data) reporting guideline.21

Data sources and study population

This study included people eligible for Ontario health

insurance as of July 1, 2013 index date according to the

Ontario Registered Persons Database (RPDB), Ontario’s

health care registry. People without a valid health insurance

number, those missing sex or age information and over the

age of 105 were excluded. As well, people must have had

contact with the Ontario health care system within the past

7 years.22,23 The RPDB was used to obtain demographic

data and participant characteristics.

Outcome—Mortality

Mortality was collected from the RPDB and defined as all-

cause death within 12 months following the index date.

Independent variables

The main independent variable was multimorbidity,

defined as the presence of three or more of 17 chronic

conditions.4,24 These conditions were chosen based on

their availability in the Ontario administrative health

care databases. Details concerning the choice and iden-

tification of these chronic conditions were reported in

Ryan et al.1 The 17 conditions were: arthritis, asthma,

cancer, congestive heart failure (CHF), chronic obstruc-

tive pulmonary disease (COPD), cardiovascular disease

(CVD), dementia, diabetes, HIV, hypertension, inflam-

matory bowel disease (IBD), chronic kidney disease

(CKD), chronic liver disease, mood disorder, osteoporo-

sis, stroke/transient ischemic attack (TIA), and urinary

incontinence.

The RPDB was used to obtain sex, date of birth and

postal code. Age was calculated on the index date, July 1,

2013. Age was categorized into age groups for analysis

with childhood being 0–17 years, young adulthood being

18–24 years, then eleven 5-year age groups for adulthood,

and 80þ years for the oldest age group. Postal code was
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used to determine to which regional health authorities

(Local Health Integration Network (LHIN)) people

belonged. At the time of the study, there were 14 LHINs

in Ontario. The LHINs were funded by the Ontario Minis-

try of Health and Long-Term Care (MOHLTC) to “plan,

coordinate and fund local health care services to improve

access to health services and patient experience.”25 They

provide a measure of geographic and health system varia-

tion appropriate for the data used in this study.

People were assigned to either an urban material

deprivation quintile or to a rural location as described

in Ryan et al.1 Material deprivation is one of four indi-

cators of the Ontario Marginalization Index.26 The mate-

rial deprivation index was only applied to urban

locations because it is considered reliable in urban set-

tings where Census Dissemination Areas (CDAs) are

small enough to allow for discrimination.27 People were

classified as living in an urban or rural location using

Canada’s Post Postal Code Conversion File Plus

(PCCFþ).28 Based on this material deprivation index,

people in urban areas were classified into material depri-

vation quintiles with 1 representing the least deprived

and 5 representing the most deprived.

Analysis

All analyses were conducted using SAS version 9.4.29

Characteristics of the population were described and com-

pared between those with and those without multimorbidity

(3þ) including the mean age, and the frequencies by sex

and urban material deprivation quintile/rural location. The

percentage of people with multimorbidity (3þ) was deter-

mined, overall and by age group, for each of the 17 chronic

conditions used in the definition of multimorbidity.

Crude (unadjusted) 1-year mortality rates were calcu-

lated per 100 people overall (percentages) and by multi-

morbidity (3þ) status. These 1-year mortality rates were

calculated overall and by urban material deprivation quin-

tiles/rural location and by age groups.

Rate ratios were calculated to compare 1-year mortality

rates for those with and without multimorbidity (3þ) Unad-

justed and adjusted rate ratios were calculated and are

reported with 95% confidence intervals; however, because

of possible confounding, adjusted rate ratios are inter-

preted. Within urban deprivation/rural location groups,

adjusted rate ratios were estimated using a Poisson regres-

sion model and controlled for age, sex, and LHIN. For

Total population from Registered 

persons database YEAR=2013

N=16,314,634

Eligible person YEAR=2013

N=13,614,810

Not eligible for healthcare or no 

contact in past 7 years

N=2,699,824

Eligible persons YEAR=2013

13,581,294

Missing unique id, sex or age 

N= 0

Non-Ontario resident 

N=32,536

Death date prior to July 1, 2013

N=980

Age < 0 years or age > 105 years

N=103

Eligible person alive and between 1 

and 105 years of age at 

YEAR=2013

N=13,581,191

Figure 1. Study flowchart.
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1-year mortality rates stratified by age groups, adjusted rate

ratios were estimated using a Poisson regression model and

controlled for sex, LHIN, and urban material deprivation

quintile/rural location. For each of the regressions, an inter-

action term between multimorbidity (3þ) and sex was

included. If the interaction was significant, a stratified anal-

ysis by sex was conducted.

In order to further quantify the impact of multimorbidity

(3þ) on mortality, the 1-year multimorbidity (3þ)-attribu-

table mortality prevention number was calculated for the

entire Ontario population. Analogous to the number-

needed-to treat in clinical trials, this value indicates how

many “cases” of multimorbidity (3þ) would need to be

avoided in order to reduce the death for one person in

Ontario in a 1-year period.

When defining multimorbidity as a count of chronic

conditions, researchers have used both two conditions and

three conditions as the cut-off for having multimorbidity.4

Therefore, we have conducted a supplementary analysis

with multimorbidity defined as two or more chronic con-

ditions, referred to as multimorbidity (2þ).

Results

Figure 1 reports the flow of Ontario residents included and

excluded in the analysis. Table 1 reports characteristics of

the Ontario population by multimorbidity (3þ) status.

There were 13,581,191 people in the study cohort and

15.2% had multimorbidity (3þ). The mean age for those

with multimorbidity (3þ) was almost twice the mean age

for those without multimorbidity. The proportion of people

with multimorbidity (3þ) was higher for each successive

quintile of urban material deprivation and highest in the

rural location.

Table 2 reports the distribution of multimorbidity (3þ)

by each of the 17 chronic conditions. Multimorbidity

refers to three or more of the 17 chronic conditions

including the condition listed in each row; for example,

in the first row for arthritis, the multimorbidity status is

three or more of any of the 17 chronic conditions includ-

ing arthritis. Thirteen of the chronic conditions are more

prevalent among those with multimorbidity. This is most

pronounced in congestive heart failure where 94.5% of

those with congestive heart failure have multimorbidity.

Four chronic conditions (asthma, HIV, inflammatory

bowel disease, and mood disorder) are more common

among those without multimorbidity. This is most pro-

nounced in asthma where 72.2% of those with asthma

do not have multimorbidity. Supplementary Table S1 pro-

vides the distribution of multimorbidity (3þ) by chronic

condition for each age group.

The crude unadjusted 1-year rates of mortality for the

entire Ontario population were 0.22% for those without

multimorbidity (3þ) and 3.31% for those with multimor-

bidity. The median length of observation was 365 days.

After adjusting for age, sex, urban material deprivation/

rural location and geography, the risk difference was

0.0055 (95% CI: 0.004–0.007), which is equivalent to a

1-year multimorbidity-attributable mortality prevention

number of 183. This suggests that we would need to pre-

vent 183 people from acquiring multimorbidity (3þ) in

order to prevent one death within a 1-year period.

Table 3 reports on mortality by multimorbidity (3þ)

status and by urban material deprivation quintile/rural loca-

tion; results are reported for males and females separately

because there was a statistically significant interaction

between multimorbidity (3þ) and sex when adjusting the

rate ratios. The denominator is lower in this table (n ¼
13,403,043) than the total sample, due to missing values

on the urban material deprivation quintile/rural location

variable. The number of deaths and corresponding popula-

tion denominators are reported in the first two columns.

These were used to calculate the unadjusted 1-year mortal-

ity rates (columns 3 and 4) and unadjusted mortality rate

Table 1. Characteristics of Ontario population by multimorbidity status (3þ chronic conditions).

Multimorbidity (3þ chronic conditions)

AllNo Yes

Total N ¼ 11,514,013 N ¼ 2,067,178 N ¼ 13,581,191
84.8% 15.2% 100.0%

Age (mean (SD)) 34.88 (20.45) 66.14 (14.67) 39.64 (22.66)
Sex (N and % male) 5,766,465 (50.1%) 897,645 (43.4%) 6,664,110 (49.1%)
Material deprivationa/Rural (N and row %)

1—least deprived 2,686,447 (87.5%) 384,502 (12.5%) 3,070,949 (100%)
2 2,044,318 (85.4%) 348,591 (14.6%) 2,392,909 (100%)
3 1,842,131 (84.5%) 336,951 (15.5%) 2,179,082 (100%
4 1,692,356 (83.5%) 335,109 (16.5%) 2,027,465 (100%)
5—most deprived 1,889,011 (83.1%) 384,299 (16.9%) 2,273,310 (100%
Rural 1,209,310 (82.9%) 250,018 (17.1%) 1,459,328 (100%)
Missing 150,440 (84.4%) 27,708 (15.6%) 178,148 (100%)

aPlace of residence is broken down by material deprivation for urban residents but not for rural residents. The material deprivation index is valid only
within urban populations.27
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Table 2. Distribution of multimorbidity (3þ chronic conditions) in Ontario by chronic conditions (row %).a

Multimorbidity (3þ chronic conditions)

TotalNo Yes

N ¼ 11,514,013b N ¼ 2,067,178b N ¼ 13,581,191
Chronic conditions

Arthritis 434,700 (32.1%) 921,257 (67.9%) 1,355,957 (100.0%)
Asthma 1,477,358 (72.2%) 568,241 (27.8%) 2,045,599 (100.0%)
Cancer 324,338 (35.9%) 579,017 (64.1%) 903,355 (100.0%)
Congestive heart failure 13,181 (5.5%) 224,523 (94.5%) 237,704 (100.0%)
COPDc 216,977 (26.5%) 602,014 (73.5%) 818,991 (100.0%)
Cardiovascular disease 131,206 (18.7%) 570,652 (81.3%) 701,858 (100.0%)
Dementia 16,150 (10.5%) 137,665 (89.5%) 153,815 (100.0%)
Diabetes 448,212 (35.3%) 821,056 (64.7%) 1,269,268 (100.0%)
HIV 9,972 (58.0%) 7,212 (42.0%) 17,184 (100.0%)
Hypertension 1,258,109 (44.0%) 1,602,543 (56.0%) 2,860,652 (100.0%)
IBDc 42,922 (52.8%) 38,301 (47.2%) 81,223 (100.0%)
Kidney disease, chronic 21,959 (11.2%) 173,455 (88.8%) 195,414 (100.0%)
Liver disease, chronic 135,903 (48.8%) 142,571 (51.2%) 278,474 (100.0%)
Mood disorder 2,430,479 (66.4%) 1,227,209 (33.6%) 3,657,688 (100.0%)
Osteoporosis 118,319 (31.8%) 253,855 (68.2%) 372,174 (100.0%)
Stroke/ TIAc 30,062 (15.1%) 169,453 (84.9%) 199,515 (100.0%)
Urinary incontinence 247,502 (41.5%) 349,416 (58.5%) 596,918 (100.0%)

aSupplementary Table S1 provides column per cents and distribution by age groups.
bThe numbers in these columns do not add to these total numbers because people can have more than one chronic conditions, and therefore, are
counted more than once.

cCOPD: Chronic obstructive pulmonary disease; IBD: inflammatory bowel disease; TIA: Transient ischemic attack.

Table 3. Unadjusted and adjusted mortality rate ratios by multimorbidity status (3þ chronic conditions) by material deprivation
quintile/rural (N ¼ 13,403,043).

# Deaths within 1 year/population Unadjusted rate %

Multimorbidity (3þ chronic conditions) Multimorbidity Unadjusted rate ratio Adjusted rate ratio

Material deprivationa No Yes No Yes Rate (95% CI) Rate (95% CI)b

Males (N ¼ 6,574,534)

1—least deprived 2,385/1,330,118 5,418/168,678 0.18 3.21 17.91 (17.07–18.80) 2.48 (2.35–2.63)
2 2,198/1,019,698 5,063/153,499 0.22 3.30 15.30 (14.55–16.09) 2.44 (2.30–2.58)
3 2,131/921,977 5,134/146,431 0.23 3.51 15.17 (14.42–15.95) 2.54 (2.40–2.69)
4 2,171/850,321 5,305/143,196 0.26 3.70 14.51 (13.80–15.25) 2.45 (2.31–2.59)
5—most deprived 2,710/949,064 6,100/158,929 0.29 3.84 13.44 (12.85–14.06) 2.39 (2.27–2.52)
Rural 2,249/618,164 4,548/114,459 0.36 3.97 10.92 (10.38–11.49) 2.31 (2.18–2.45)
Total 13,844/5,689,342 31,568/885,192 0.24 3.58 14.66 (14.37–14.95) 2.47 (2.41–2.52)

Females (N ¼ 6,828,509)

1—least deprived 2,092/1,356,329 6,359/215,824 0.15 2.95 19.10 (18.18–20.07) 2.27 (2.15–2.40)
2 1,833/1,024,620 5,579/195,092 0.18 2.86 15.99 (15.16–16.85) 2.27 (2.15–2.41)
3 1,683/920,154 5,602/190,520 0.18 2.94 16.08 (15.22–16.98) 2.45 (2.31–2.60)
4 1,885/842,035 5,865/191,913 0.22 3.06 13.65 (12.96–14.38) 2.24 (2.12–2.37)
5—most deprived 2,222/939,947 7,540/225,370 0.24 3.35 14.15 (13.50–14.84) 2.38 (2.26–2.51)
Rural 1,704/591,146 4,950/135,559 0.29 3.65 12.67 (11.99–13.38) 2.45 (2.31–2.60)
Total 11,419/5,674,231 35,895/1,154,278 0.20 3.13 15.45 (15.13–15.78) 2.37 (2.32–2.43)

aPlace of residence is broken down by material deprivation for urban residents but not for rural residents. The material deprivation index is valid only
within urban populations.27

bAdjusted for age, LHIN.
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ratios comparing those with multimorbidity (3þ) to those

without multimorbidity (column 5). For both males and

females, the unadjusted rates increased with higher depri-

vation and were higher for those with multimorbidity (3þ).

The unadjusted rate ratios decreased with higher levels of

deprivation and with rural location.

The final column in Table 3 reports the adjusted 1-year

mortality rate ratios by urban material deprivation quintile/

rural location, comparing those with multimorbidity (3þ)

to those without multimorbidity, adjusting for age and

LHIN. The overall adjusted rate ratio for males (2.47) was

higher than for females (2.37), but for both males and

females, the adjusted rate ratios were substantially lower

than the unadjusted rates, and no longer varied across urban

material deprivation/rural location.

Table 4 reports on mortality by multimorbidity (3þ)

status and by age group; results are reported for males and

females separately because there was a statistically signif-

icant interaction between multimorbidity (3þ) and sex

when adjusting the rate ratios. The number of deaths and

corresponding population denominators are reported in the

first two columns. These were used to calculate the unad-

justed 1-year mortality rates (columns 3 and 4) and unad-

justed mortality rate ratios comparing those with

multimorbidity (3þ) to those without multimorbidity (col-

umn 5). For both males and females, the unadjusted rates

increased with each age group and were higher for those

with multimorbidity (3þ). The unadjusted rate ratios

decreased with each older age group.

The final column in Table 4 reports the adjusted 1-year

mortality rate ratios by age group, comparing those with

multimorbidity (3þ) to those without multimorbidity,

adjusting for LHIN and urban material deprivation quin-

tile/rural location. There was little difference between the

Table 4. Unadjusted and adjusted mortality rate ratios by multimorbidity status (3þ chronic conditions) by age (N ¼ 13,581,191).

# Deaths within 1 year/population Unadjusted rate %

Multimorbidity (3þ chronic conditions) Multimorbidity Unadjusted rate ratio Adjusted rate ratio

Age No MM MM No MM MM Rate (95% CI) Rate (95% CI)a

Males (N ¼ 6,664,110)

0–17 years 194/1,416,354 10/2,810 0.01 0.36 25.98 (13.76–49.06) 26.05 (13.79–49.24)
18–24 years 303/633,888 19/5,174 0.05 0.37 7.68 (4.83–12.21) 7.81 (4.91–12.42)
25–29 years 210/442,533 26/5,602 0.05 0.46 9.78 (6.51–14.70) 9.21 (6.03–14.07)
30–34 years 246/426,669 47/7,630 0.06 0.62 10.68 (7.82–14.60) 10.57 (7.70–14.50)
35–39 years 329/419,019 48/13,038 0.08 0.37 4.69 (3.46–6.35) 4.52 (3.31–6.19)
40–44 years 479/445,619 160/25,080 0.11 0.64 5.94 (4.96–7.10) 5.68 (4.74–6.80)
45–49 years 730/468,028 334/46,728 0.16 0.71 4.58 (4.03–5.22) 4.31 (3.77–4.91)
50–54 years 1,186/458,188 714/74,546 0.26 0.96 3.70 (3.37–4.06) 3.55 (3.23–3.90)
55–59 years 1,486/363,933 1,219/97,370 0.41 1.25 3.07 (2.84–3.31) 2.95 (2.73–3.19)
60–64 years 1,627/268,315 2,001/115,307 0.61 1.74 2.86 (2.68–3.06) 2.77 (2.59–2.96)
65–69 years 1,646/190,581 2,743/127,703 0.86 2.15 2.49 (2.34–2.64) 2.45 (2.31–2.61)
70–74 years 1,418/111,241 3,683/115,219 1.27 3.20 2.51 (2.36–2.67) 2.49 (2.34–2.65)
75–79 years 1,365/65,338 4,884/103,585 2.09 4.71 2.26 (2.13–2.40) 2.25 (2.12–2.39)
80þ years 2,893/56,759 16,273/157,853 5.10 10.31 2.02 (1.94–2.10) 2.02 (1.94–2.10)

Total 14,112/5,766,465 32,161/897,645 0.24 3.58 14.64 (14.35–14.93) 14.34 (14.05–14.63)

Females (N ¼ 6,917,081)

0–17 years 122/1,345,063 13/2,230 0.01 0.58 64.27 (36.28–113.86) 66.11 (37.26–117.27)
18–24 years 142/606,852 21/6,334 0.02 0.33 14.17 (8.96–22.41) 13.49 (8.43–21.58)
25–29 years 133/447,470 35/8,836 0.03 0.40 13.33 (9.18–19.34) 13.00 (8.94–18.92)
30–34 years 164/448,978 38/13,851 0.04 0.27 7.51 (5.28–10.69) 7.19 (5.02–10.31)
35–39 years 198/438,347 93/22,808 0.05 0.41 9.03 (7.06–11.55) 8.74 (6.79–11.24)
40–44 years 312/451,024 153/37,198 0.07 0.41 5.95 (4.90–7.21) 5.63 (4.62–6.86)
45–49 years 530/463,154 342/61,408 0.11 0.56 4.87 (4.25–5.58) 4.57 (3.98–5.26)
50–54 years 740/445,598 654/95,726 0.17 0.68 4.11 (3.70–4.57) 3.89 (3.49–4.33)
55–59 years 922/355,275 1,043/122,881 0.26 0.85 3.27 (2.99–3.57) 3.14 (2.87–3.43)
60–64 years 952/266,835 1,560/140,697 0.36 1.11 3.11 (2.87–3.37) 3.01 (2.77–3.26)
65–69 years 1,026/192,529 2,251/147,587 0.53 1.53 2.86 (2.66–3.08) 2.81 (2.61–3.03)
70–74 years 1,025/119,463 2,983/133,311 0.86 2.24 2.61 (2.43–2.80) 2.59 (2.41–2.79)
75–79 years 1,070/75,635 4,301/124,420 1.41 3.46 2.44 (2.29–2.61) 2.44 (2.28–2.61)
80þ years 4,287/91,325 23,166/252,246 4.69 9.18 1.96 (1.89–2.02) 1.96 (1.90–2.03)

Total 11,623/5,747,548 36,653/1,169,533 0.20 3.13 15.50 (15.18–15.82) 15.09 (14.78–15.41)

aAdjusted for LHIN, Urban material deprivation and rural.
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unadjusted and adjusted rate ratios. For both males and

females, the adjusted rate ratios decreased with age, indi-

cating a narrowing gap in 1-year mortality rates between

those with and those without multimorbidity (3þ) as people

get older. The rate ratios were highest in the younger ages

(e.g. 13.49 for females ages 18–24 years) indicating that

those with multimorbidity (3þ) are at a substantially

increased risk of dying than those without multimorbidity

in those age groups. The overall adjusted rate ratio for

females (15.09) was higher than for males (14.34). Female

children had three times the adjusted rate ratio than male

children (66.11 versus 26.05); however, the confidence

interval for females was wide. In young adults (18–24,

25–29 and 35–39 years), females had somewhat higher rate

ratios than males; males had higher rate ratios for ages 30–

34 years. After 39 years, the rate ratio differences between

males and females were small. Overall, the gap between

those with and without multimorbidity (3þ) narrows at

older ages but continues to persist, so that by 80þ years

of age, people with multimorbidity (3þ) are about two

times more likely to die than those without multimorbidity.

The results of the analysis with multimorbidity defined

as two or more chronic conditions (multimorbidity 2þ) are

reported in detail in Supplemental Tables S2 to S5. There

were 28.6% of people with multimorbidity (2þ) with an

average age of 59.24 years compared to 15.2% for multi-

morbidity (3þ) with an average age of 66.14 years. The

crude unadjusted mortality rates by multimorbidity (2þ)

were 0.13 for those without multimorbidity (2þ) and

2.10 for those with multimorbidity (2þ). After adjusting

for age, sex, urban material deprivation/rural location and

geography, the risk difference was 0.005 (95% CI: 0.003–

0.006), which is equivalent to a 1-year multimorbidity

(2þ)-attributable mortality prevention number of 212. Sup-

plemental Tables S4 and S5 report mortality by multimor-

bidity status (2þ) by urban material deprivation quintile/

rural location (S4) and by age group (S5). There were sig-

nificant interactions between multimorbidity and sex;

therefore, these analyses are presented separately for males

and females. The adjusted rate ratios by urban material

deprivation/rural location were similar between those with

multimorbidity (3þ) and multimorbidity (2þ). The

adjusted rate ratios by age group were smaller for multi-

morbidity (2þ) than for multimorbidity (3þ); these differ-

ences were less pronounced in the older age groups.

Discussion

This study determined for the province of Ontario, the rela-

tionship between multimorbidity (3þ) and mortality across

levels of urban material deprivation/rural location, and

determined the age group-specific relationship between

multimorbidity (3þ) and mortality. The results presented

both unadjusted and adjusted rate ratios to demonstrate the

effect of confounding of age, sex, and Ontario geography

on these relationships; however, the discussion that follows

focuses on interpreting only the adjusted rate ratios.

When examining mortality across urban material depri-

vation quintiles/rural locations, there was no variation in

the adjusted (for age and LHIN) 1-year mortality rate ratios

across material deprivation quintiles/urban location, and no

large differences between males and females. This was

consistent in the supplemental analysis for multimorbidity

(2þ). We need to consider whether the lack of a difference

may be due, in part, to the fact that we could have missed

classifying some people of lower socioeconomic status as

having multimorbidity because people had to access health

care in order to be diagnosed with chronic conditions as

part of our ascertainment of multimorbidity. However, this

does not seem to be the case because rates of multimorbid-

ity (3þ) in Ontario did demonstrate modest variation by

deprivation status1 in this same cohort Perhaps universal

access to health care is protective against mortality from

multimorbidity but not protective against acquiring multi-

morbidity in the first place. This may be because lifestyle

factors, rather than health care, contribute to acquiring

chronic conditions. Other studies have found lower educa-

tion6,20 and ethnicity8 were associated with higher mortal-

ity but no identified studies determined the association

between deprivation and mortality.

When examining mortality across age groups, the

adjusted (for LHIN and material deprivation/rural location)

mortality rate ratios decreased with increasing age. How-

ever, while the effect of multimorbidity (3þ) decreased

with age, even in the oldest age group (80þ years), multi-

morbidity (3þ) still conferred a 1-year risk of death twice

as high as the risk for those without multimorbidity for both

males and females. But it is in the younger age groups

where we see a concerning excess of mortality due to multi-

morbidity (3þ), particularly in females. In the childhood

age group, 0–17 years, males with multimorbidity (3þ) had

25.98 times and females had 64.27 times higher adjusted

1-year rate of dying than those without multimorbidity. The

difference between male and female children is large but

the female confidence intervals are wide and the absolute

numbers of deaths very small; therefore, this difference

should be interpreted with caution. However, even in the

younger adult age groups (those 18–44 years), having mul-

timorbidity (3þ) conferred, for males a 4.69 to 10.68 times

higher rate of dying and for females a 5.95 to 14.17 times

higher rate. Compared to the multimorbidity (3þ) analysis,

there were smaller rate ratios in the multimorbidity (2)

analysis. However, even when defined as 2þ chronic con-

ditions, children with multimorbidity had a much higher

risk of dying than those without multimorbidity and, con-

sistent with the multimorbidity 3þ analyses, the difference

is greater for females than males. As with the multimorbid-

ity (3þ) analysis, both males and females 80 years and

older with multimorbidity (2þ) were twice as likely to die

as those without multimorbidity. Our results are consistent

with those found in other studies6–13,15–19,30 where the
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effect of multimorbidity on mortality decreased with age.

Our results were consistent with Jani et al.12 that found that

“Multimorbidity had a greater impact on all-cause mortal-

ity in middle-aged as opposed to older populations partic-

ularly males, which deserves exploration” (p. 1).

The larger rate ratio differences at younger ages sug-

gests that this is where prevention can have a significant

impact. While it is not possible to prevent all conditions

that contribute to multimorbidity, if we reduce the percent-

age of people with chronic conditions at earlier ages, we

can reduce the rate of multimorbidity, and correspondently

reduce some of the excess mortality associated with multi-

morbidity. The adjusted 1-year multimorbidity (3þ)-attri-

butable mortality prevention number was 183 for the

overall population. This reminds us that while preventing

multimorbidity is not easy, modest efforts can save lives.

To prevent multimorbidity, we need to prevent its compo-

nent chronic conditions; this prevention is an on-going life-

long endeavor.

Limitations of this study are consistent with those dis-

cussed in Ryan et al.1 where the creation of the cohort used

in this current study was reported. We were only able to

categorize people into having multimorbidity or not using a

count of 17 conditions with validated definitions, and these

conditions were only identified when the person had con-

tact with the health care system and the appropriate diag-

nostic codes were entered into their health records. This

could have resulted in underrepresentation of multimorbid-

ity rates. Because multimorbidity definitions vary, it is dif-

ficult to compare rates across different studies. This

continues to be a challenge for multimorbidity research

where we do not have one standard list of chronic condi-

tions that should be included in a multimorbidity defini-

tion.4 We are often limited to those conditions we are able

to identify, especially when using secondary data such as

health administrative data. This study attempted to address

this limitation somewhat by conducting a supplemental

analysis using a second definition of multimorbidity.

A further limitation is that we cannot know, from this

study, the exact mechanisms whereby multimorbidity con-

fers an excess risk of mortality. Multimorbidity confers risk

to individuals that is variable, depending on the combina-

tions and severity of the conditions, and on the age and

lifestyle of the individual. Our study identified a cross-

sectional cohort of those alive at the beginning of a year

and the close follow-up period reflected the risk of death in

each particular age group, essentially controlling for poten-

tial period and aging effects. Recognizing that this does not

allow us to see how the risk of death changes across a

person’s lifetime, a future population cohort study could

examine the risk of mortality across the lifespan, compar-

ing rates between people with and without multimorbidity.

This study categorized people as either having multi-

morbidity or not. Future research should look at whether

there is a dose response between the numbers of chronic

conditions and mortality. As well, the fact that 13

conditions were more highly represented in those with mul-

timorbidity than in those without deserves more attention.

Naturally, this will be the case since these conditions form

part of the definition of multimorbidity. However, the var-

iation in these percentages can be explored further. Some of

this variation reflects that certain conditions are associated

with age, and there is an overall higher percentage of peo-

ple with multimorbidity in the older ages. However, future

research can examine whether there are particular clusters

of conditions more highly associated with mortality than

others.

The strength of this study is that it captures almost the

entirety of the Ontario population, and 1-year mortality rate

ratios were adjusted as appropriate for age, sex, urban

material deprivation/rural location, Ontario geography, and

reported separately for males and females.

Conclusion

Much has been written about the increased burden on per-

sons and on the health system, arising from the increased

prevalence of multimorbidity.2,4,5 Previous research in

Ontario revealed that, in terms of absolute numbers of peo-

ple, the burden of multimorbidity exists not just for older

adults, but for those at much younger ages.1 It is known that

those with multimorbidity use more health care services

than those without multimorbidity.3 What was less known

is the association between multimorbidity and mortality,

particularly whether the association varies by deprivation

or age. This study identified that multimorbidity confers a

higher risk of death at all age groups and that this risk is

greater in early and middle adulthood than in older ages.

These results highlight the importance of early intervention

to prevent chronic conditions. It is essential that every-

one—patients, health care providers, policy-makers, and

public health—recognize that multimorbidity leads not

only to poorer health31 and higher health care utilization,3

but also to a higher risk of death at a younger age. The

results from this study can inform health care and health

policy that is appropriate and tailored to different segments

of the populations at risk for premature mortality due to

multimorbidity.
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