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Abstract 

Objective Individuals with Type 2 Diabetes are likely to experience multimorbidity and accumulate multiple chronic 
conditions over their life. We aimed to identify causes of death and chronic conditions at the time of death in a 
population-based cohort, and to analyze variations in the presence of diabetes at the time of death overall and across 
income and immigrant status.

Research design and methods We conducted a retrospective cohort study of 2,199,801 adult deaths from 1992 
to 2017 in Ontario, Canada. We calculated the proportion of decedents with chronic conditions at time of death and 
causes of death. The risk of diabetes at the time of death was modeled across sociodemographic variables with a log 
binomial regression adjusting for sex, age, immigrant status, area-level income. comorbiditiesand time.

Results The leading causes of death in the cohort were cardiovascular and cancer. Decedents with diabetes had a 
higher prevalence of most chronic conditions than decedents without diabetes, including hypertension, osteo and 
other arthritis, chronic coronary syndrome, mood disorder, and congestive heart failure. The risk of diabetes at the 
time of death was 19% higher in immigrants (95%CI 1.18–1.20) and 15% higher in refugees (95%CI 1.12–1.18) com-
pared to long-term residents, and 19% higher in the lowest income quintile (95%CI 1.18–1.20) relative to the highest 
income quintile, after adjusting for other covariates.

Conclusions Individuals with diabetes have a greater multimorbidity burden at the time of death, underscoring the 
importance of multiple chronic disease management among those living with diabetes and further considerations of 
the social determinants of health.

Keywords Multimorbidity, Mortality, Chronic conditions, Socioeconomic status, Immigrants

Type 2 diabetes is one of the most common chronic dis-
eases in the world. In 2015, it was estimated that 415 
million people aged 20–79 had diabetes, reaching 463 
million in 2019 [1]. Most people with type 2 diabetes 
have more than one chronic condition, known as mul-
timorbidity [2], which increases complexity of care and 
resource coordination [3, 4]. In particular, individuals 
with type 2 diabetes have a higher likelihood of experi-
encing cardiovascular diseases than the general popula-
tion and are at risk of developing complications, such as 
stroke, renal disease, and ischaemic heart disease [5–7]. 
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A range of other conditions have also been shown to be 
prevalent among those with diabetes, including hyper-
tension, metabolic syndrome, and depression [8].

Historically, cardiovascular disease complications were 
the most common cause of death for those with type 2 
diabetes [9]. In addition, diabetes has been found asso-
ciated with premature death from cancers, infectious 
diseases, external causes, and degenerative disorders 
[9]. Multimorbidity, however, makes it difficult to char-
acterize cause of death using standard approaches such 
as death certificates, meaning that as multimorbidity 
increases, mortality outcomes in those with diabetes 
become increasingly imprecise. Thus, understanding 
both how chronic conditions accumulate over the life 
course and causes of death among those with diabetes 
can signal opportunities for health system improvement, 
particularly where effective interventions exist [10, 11].

Variations in mortality among population sub-groups 
are difficult to quantify since this information is not typi-
cally collected in clinical or in vital statistics databases. 
Immigrants, for instance, have generally been shown to 
have better health outcomes than non-immigrants [12]. 
In Ontario, Canada, where almost 30% of the total pop-
ulation is comprised of immigrants [13], the all-cause 
mortality rate was almost 60% lower in immigrants com-
pared to their Canadian-born counterparts from 2002–
2012 [14]. However, less is known among those who have 
been diagnosed with diabetes, given that immigrants, 
particularly those with South Asian and African ethnici-
ties, have an increased risk of developing diabetes [15]. 
Variations in mortality among those with diabetes across 
groups by socioeconomic status is also important to con-
sider. In a study linking population health survey data to 
mortality files in the U.S., individuals in the lowest educa-
tion and family income class were at more than two times 
increased risk of diabetes related deaths than individuals 
in the highest classes [16].

In this population-based study we used multiple linked 
administrative, vital statistics, and census data sources to 
identify chronic conditions present at the time of death, 
including diabetes, and analyzed variations in the pres-
ence of diabetes at the time of death overall and across 
socioeconomic status and immigrant status.

Research design and methods
Study population and design
We conducted a retrospective population-based analysis 
using all recorded deaths dated between January 1, 1992 
and December 31, 2017. Eligible patients were residents 
of the province of Ontario, Canada, aged between 20 and 
120 years old at date of death. We excluded those patients 
with an invalid health card, missing age or sex, or when 
the death was recorded before the diabetes diagnosis 

date. Datasets were linked using unique encoded identi-
fiers and analyzed at ICES in Toronto, Ontario. ICES is 
an independent, non-profit research institute whose legal 
status under Ontario’s health information privacy law 
allows it to collect and analyze health care and demo-
graphic data, without consent, for health system evalua-
tion and improvement. This study was approved by the 
Research Ethics Boards at the University of Toronto and 
Sunnybrook Health Sciences Centre.

Data sources
The death information, including date of death and the 
corresponding cause of death, was captured from the 
Office of the Registrar General- Deaths (ORGD) file. 
Cause of death was coded using the International Clas-
sification of Disease  9th and  10th revision, with Canadian 
Enhancements (ICD-9/10-CA). Specifically, cause of 
death was based on the underlying cause of death indi-
cated on decedents’ death certificates. The ORG-D was 
linked probabilistically to the Registered Persons Data-
base (RPDB) with an overall linkage rate of 96.5% [17]. 
We also used the RPDB to identify death dates that were 
not captured in the ORG-D. The RPDB is a central popu-
lation registry file that contains basic demographic infor-
mation, such as birth date, sex, and postal code, for those 
who have ever received an Ontario health card number 
for the province’s universal health care system. The RPDB 
permits linkage with data holdings held at ICES.

The Ontario Diabetes Database (ODD) was used to 
identify decedents with a history of a diabetes diagnosis. 
The ODD is described in detail elsewhere [18]. Briefly, 
the ODD uses a validated algorithm applied to inpatient 
hospitalization records, same day surgery records, and 
physician billing claims data to determine the diagnosis 
of incident cases of diabetes in Ontario. The ODD has 
demonstrated 90% sensitivity and 97% specificity [18]. 
The definition for diabetes is 2 physician billing claims 
with a diagnosis for diabetes (diagnosis code: 250) or 1 
inpatient hospitalization or same day surgery record with 
a diagnosis for diabetes (ICD-9 diagnosis code: 250; ICD-
10 diagnosis codes: E10, E11, E13, E14; in any diagnostic 
code space) within a 2 year period. Physician claims and 
hospitalizations with a diagnosis of diabetes occurring 
within 120 days prior to and 180 days after a gestational 
hospitalization record are excluded.

Other administrative databases linked to identify his-
tory of chronic conditions prior to death included: the 
Canadian Institute for Health Information for hospital 
admissions and day surgery (DAD/SDS); the Ontario 
Mental Health Reporting System for inpatient care 
related to mental health; the National Ambulatory Care 
Reporting System for all records of emergency room 
visits; and the Ontario Health Insurance Plan  claim 
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database for outpatient physician visits. We utilized 
several disease-specific registries that contain regularly 
updated population cohorts and were created by apply-
ing validated data algorithms to inpatient and outpatient 
(office visit) data, specifically: Ontario Asthma Database 
[19], Ontario Cancer Registry [20], Ontario Congestive 
Heart Failure Database [21], Ontario Chronic Obstruc-
tive Pulmonary Disease Database [22], Ontario Rheu-
matoid Arthritis Database [23], Ontario Hypertension 
Database [24], and Ontario Crohn’s and Colitis Cohort 
Database [25]. The look-back period included all avail-
able data before death.

The Ontario portion of the Immigration, Refugees, 
and Citizenship Canada (IRCC) Permanent Resident 
Database was used to identify immigrants in our study 
population. These data contain records for over 3 million 
individuals at the time of landing in Ontario from Janu-
ary 1985 to December 2012, and was linked to the RPDB 
with a 86.4% overall linkage rate [17]. Neighbourhood-
level measures of income were calculated using data from 
the 2001, 2006, and 2016 Canadian census.

Exposures
Comorbidity burden was captured in the form of total 
Aggregated Diagnosis Groups (ADG) scores which were 
derived from diagnosis codes recorded in both ambu-
latory and inpatient care in a period of 2 years prior to 
death. Individual diseases or conditions are placed into a 
single ADG based on five clinical dimensions: duration 
of the condition (acute, recurrent, or chronic); sever-
ity of the condition (e.g., minor and stable versus major 
and unstable); diagnostic certainty (symptoms focus-
ing on diagnostic evaluation versus documented disease 
focusing on treatment services); etiology of the condition 
(infectious, injury or other); and specialty care involve-
ment (medical, surgery, obstetric, hematology, etc.). Indi-
viduals are assigned up to 32 ADGs, with higher ADG 
scores reflecting a greater burden of illness. ADG scores 
were calculated using The Johns Hopkin’s ACG ® System 
Version 10.0.1 [26].

Area-level income information was obtained from 
the census and applied to individual decedents accord-
ing to the dissemination area (DA), which represents 
the smallest geographic census area in which the indi-
vidual resided. Individuals were assigned to a DA 
based on their postal code at time of death. Because 
area-level income information from the census is only 
updated once every 5  years, we used a nearest-census 
approach for linking area-level income to individual 
decedents. Specifically, we used 2001 income informa-
tion for deaths between 1992 and 2003, 2006 income 
information for deaths between 2004 and 2010; and 
2016 census data for deaths between 2011 and 2017. 

The long-form census was not mandatory in Canada in 
2011, so 2011 data are considered non-representative 
and were not used in this study. After linking to area-
level income, individuals were categorized into income 
quintiles ranging from 1 (20% lowest income) to 5 (20% 
highest income).

Immigrant status was defined as landed immigrants 
or refugees who were not Canadian citizens by birth 
and arrived in Ontario between 1985 and 2012.

Outcomes
The primary outcome of interest was a diagnosis of 
diabetes prior to death, which was ascertained using 
all years of available data prior to death. Other lifetime 
chronic conditions were examined in the same manner 
and included: acute myocardial infarction, asthma, can-
cer, cardiac arrhythmia, chronic coronary syndrome, 
chronic obstructive pulmonary disorder, conges-
tive heart failure, Crohn’s or colitis disease, dementia, 
hypertension, mood disorder, other mental health dis-
orders, osteo- and other arthritis, osteoporosis, rheu-
matoid arthritis, renal failure, and stroke. Diagnostic 
codes and details are located in the Supplemental Table 
S1. Multimorbidity was defined as the co-occurrence of 
two or more of these chronic conditions at the time of 
death.

We also examined all-cause mortality, premature mor-
tality, amenable mortality, and causes of death among 
individuals who died with and without a diabetes diag-
nosis. Premature mortality was defined as a death before 
75 years of age, from any cause. This age cut-off was used 
to be consistent with other work in Canada, and reflects 
deaths that may have been avoidable given appropriate 
medical or population health management. Established 
classification lists were used to identify premature deaths 
from specific causes that are considered amenable to the 
health system [27–29] (amenable mortality – see Sup-
plemental Table S2 for complete list). Cause of death was 
assigned using the ICES-derived cause of death variable 
in the ORG-D, which is based on Medical Certificate of 
Death coding of the underlying cause of death, enhanced 
via linkages with other provincial data holdings, and con-
verted to ICD-9 codes. Cause of death groupings were 
based on chapters of ICD-9: diseases of the cardiovascu-
lar and circulatory system (ICD-9 codes 390–459), can-
cers (ICD-9 codes 140–239), external causes of injury 
and poisoning (ICD-9 codes 800–999), diseases of the 
respiratory system (ICD-9 codes 460–519), endocrine, 
nutritional and metabolism diseases (ICD-9 code 240–
279), and infectious diseases (ICD-9 codes 001–139). All 
other deaths were assigned the cause of death category of 
‘other’.
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Statistical analysis
We summarized baseline characteristics of all deaths, 
stratifying based on diabetes status. Comparisons were 
carried out by Pearson’s chi square test for categorical 
variables and ANOVA or Kruskal–Wallis test for con-
tinuous variables.

We modeled the relative risk of diabetes diagnosis 
prior to death using log-binomial regression. The pri-
mary outcome of these models was diabetes diagnosis, 
resulting in relative risk estimates for each covariate, 
based on their associations with diabetes prevalence 
among Ontario decedents.

The following covariates were added into the multi-
variable models sequentially for adjustment: sex, age at 
time of death, calendar year, immigrant status, income 
quintile, and ADG score. Age was included as a contin-
uous variable. Because ADG score is a summary meas-
ure of health status and comorbidity burden, we did not 
include individual chronic conditions or multimorbid-
ity in the models.

All analyses were performed using SAS version 9.4 
(SAS Institute, Cary, NC) in a UNIX environment.

Results
The study population consisted of all deaths registered 
in the province of Ontario between January 1, 1992 and 
December 31, 2017. After excluding individuals aged 
< 20 or ≥ 120 years (n = 42 334), non-Ontario residents 
(n = 5 443), and those with a death date prior to the 
diabetes diagnosis date (n = 46), a final cohort of 2 199 
801 decedents remained, 646 841 of which had diabe-
tes. The cohort flowchart for this study can be found in 
Supplemental Fig. S3.

Cohort characteristics
Table  1 displays the characteristics of the total cohort 
by diabetes status. On average, those that died with 
diabetes were approximately 2 years older, had higher 
comorbidity scores, and were more likely to be males, 
immigrants, and in the lowest income quintile than 
the sub-set that died without diabetes. The majority 
of the deaths cohort experienced multimorbidity, with 
99.1% of decedents with diabetes and 87.1% of dece-
dents without diabetes having 2 or more conditions at 
the time of death. Over half of the cohort died with 5 
or more conditions, but this was more prevalent among 
those that died with diabetes than without diabetes 
(77.4% compared to 43.2%). Premature deaths were 
more prevalent among those that died without diabetes 
(40.2%) compared to with diabetes (37.4%). In contrast, 
amenable deaths were more prevalent among those 

with a diabetes diagnosis (20.9%) compared to without 
diabetes (18.3%).

Distribution of chronic conditions at time of death
The distribution of chronic conditions at time of death is 
displayed in Fig. 1, panel A. The most prevalent chronic 
conditions at time of death for those that died with dia-
betes were hypertension (78.1%), osteo and other arthri-
tis (59.8%), chronic coronary syndrome (49.8%), mood 

Table 1 Characteristics of all adult decedents at time of death, 
by presence of diabetes, Ontario, Canada, 1992–2017

SD Standard deviation, IQR Interquartile range
a ADG refers to Aggregated Diagnosis Groups scores which captures 
comorbidity burden calculated from patient diagnostic codes for ambulatory 
and inpatient care

Characteristic Overall
N = 2 199 801

Presence of diabetes at 
time of death

Yes
N = 646 841

No
N = 1 552 960

Age (years) (mean (SD)) 75.5 (14.8) 76.8 (11.9) 75.0 (15.9)

 (median (IQR)) 78 (68–86) 78 (70–85) 79 (66–87)

Age
 18–34 1.7 0.3 2.3

 35–64 18.6 14.7 20.3

 65–79 32.7 38.7 30.1

 80+ 47.0 46.3 47.3

Sex
 Males 50.5 53.5 49.3

 Females 49.5 46.5 50.7

Immigrant status
 Immigrant 3.6 4.4 3.2

 Refugee 0.5 0.6 0.5

 Long-term resident 95.9 95.0 96.3

Area Income Quintile
 Quintile 1 (lowest) 24.0 25.7 23.3

 Quintile 2 21.4 22.1 21.1

 Quintile 3 19.3 19.3 19.2

 Quintile 4 17.4 16.9 17.6

 Quintile 5 (highest) 16.9 15.2 17.6

 Missing 1.0 0.8 1.1

ADG scorea (mean (SD)) 11.2 (4.4) 12.3 (4.1) 10.7 (4.4)

  (median (IQR)) 12 (8–14) 13 (10–15) 11 (8–14)

Degree of multimorbidity
 0 conditions 2.8 0.0 3.9

 1 condition 6.6 1.0 9.0

 2 conditions 10.5 3.5 13.4

 3 conditions 12.9 7.2 15.3

 4 conditions 13.9 11.0 15.2

 5+ conditions 53.3 77.4 43.2

Premature deaths 39.4 37.4 40.2

Amenable deaths 19.1 20.9 18.3
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disorder (48.2%), and congestive heart failure (46.2%). 
Among those that died without diabetes, the top preva-
lent conditions at time of death were hypertension (55%), 
osteo and other arthritis (50.5%), mood disorder (44.8%), 
cancer (42.2%), and chronic coronary syndrome (32.8%). 
The absolute differences depicted in Fig. 1, panel B indi-
cate a larger burden in most chronic conditions at time 
of death among those that died with diabetes. The larg-
est absolute differences were observed for hypertension 
(23.1%), congestive heart failure (17.8%), chronic coro-
nary syndrome (17.0%), renal failure (15.3%), and acute 
myocardial infarction (11.8%). In contrast, larger burdens 
in those that died without diabetes were found for can-
cer and osteoporosis, however, at smaller magnitudes for 

both (3.8% and 2.4%, respectively). Crohn’s colitis disease 
and rheumatoid arthritis at time of death had absolute 
differences of nearly 0, indicating negligible differences 
across the subsets.

Causes of death
Figure 2 displays the distribution of the causes of death 
among the cohort. The most common cause of death 
for both those that died with and without diabetes was 
cardiovascular and circulatory causes, however, this was 
slightly higher among those that died with diabetes than 
those without (33.1% compared to 31.3%). The largest 
difference between the groups occurred for endocrine 
causes, with the larger burden among those that died 

Fig. 1 Chronic conditions at time of death by presence of diabetes, 1992–2017. A Percentage of adults that died with each chronic condition. B 
Absolute percentage differences in chronic conditions at time of death between decedents with and without diabetes
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with diabetes (10.8% compared to 1.0%). Causes of death 
from cancer was more prevalent among those that died 
without diabetes (30.8% compared to 24.0%) and was also 
the second leading cause of death in the cohort. All other 
causes of death (respiratory, injury, infectious diseases, 
and others) were present at mid-low proportions (less 
than 15%) and were more common among those that 
died without diabetes, except for infectious causes.

Effect of income and immigrant status on the presence 
of diabetes at time of death
Results from the log-binomial model show that relative 
to long-term residents, immigrants had a 19% higher risk 
(risk ratio (RR) 1.19, 95% CI: 1.18–1.20) and refugees had 
a 15% higher risk (RR 1.15, 95% CI: 1.12–1.18) of having a 

diabetes diagnosis at the time of death, after adjusting for 
age, sex, calendar year of death, income, and ADG score 
(see Table  2). An income gradient was also observed in 
that individuals who resided in the lowest neighbour-
hood income quintile at time of death had a 19% (RR 
1.19, 95% CI: 1.18–1.20) higher risk of diabetes diagnosis 
compared to those in the highest income quintile, adjust-
ing for other factors.

Conclusion
In this population-based study we used linked vital sta-
tistics, census, and administrative databases to examine 
causes of death, diagnoses of diabetes and other chronic 
conditions at time of death, and demographic charac-
teristics among deaths recorded in Ontario, Canada. 

Fig. 2 Cause of death by presence of diabetes, 1992–2017

Table 2 Unadjusted and adjusted risk ratios (RR) for the presence of diabetes at the time of death (all-cause mortality), 1992-2017a

a Risk ratios of adjusted model are adjusted for calendar year of death, age at time of death, sex, immigrant status, income quintile, and ADG score. Risk ratios were 
calculated with log binomial model
b All risk ratios have a p value < 0.0001

Variables Unadjusted RR (95% CI)b Adjusted RRa (95% CI)b

Male vs Female 1.13 (1.12, 1.13) 1.15 (1.14, 1.15)

Age 1.01 (1.01, 1.01) 1.00 (1.00, 1.00)

Immigrant vs Long Term Resident 1.26 (1.25, 1.27) 1.19 (1.18, 1.20)

Refugee vs Long Term Resident 1.19 (1.16, 1.23) 1.15 (1.12, 1.18)

Income quintile 1 vs 5 1.19 (1.18, 1.20) 1.19 (1.18, 1.20)

Income quintile 2 vs 5 1.15 (1.14, 1.16) 1.15 (1.14, 1.16)

Income quintile 3 vs 5 1.12 (1.11, 1.12) 1.12 (1.11, 1.13)

Income quintile 4 vs 5 1.08 (1.07, 1.09) 1.08 (1.07, 1.09)

ADG 1.06 (1.06, 1.06) 1.05 (1.05, 1.05)
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Decedents with diabetes generally had larger burdens of 
chronic conditions at the time of death than those that 
died without diabetes. There were also significant varia-
tions in the proportion of decedents with a history of dia-
betes across immigrant status and area income quintiles, 
highlighting potential areas to focus medical and public 
health intervention.

In this cohort, the leading cause of death in individuals 
who died with diabetes was cardiovascular diseases. The 
burden of cardiovascular diseases among individuals with 
diabetes was corroborated when examining the distribu-
tion of chronic conditions at the time of death in that we 
observed larger proportions in the presence of congestive 
heart failure, chronic coronary syndrome, acute myocar-
dial infarction, stroke and cardiac arrythmia compared to 
those that died without diabetes. This is consistent with 
other research that has demonstrated an increased risk 
of cardiovascular disease related death among those with 
diabetes [30, 31]. Cancer was the second leading cause 
of death in the cohort, however, we observed lower pro-
portions in the presence of cancer among those that died 
with a diabetes diagnosis compared to those without. 
Previous research has shown no significant differences in 
the prevalence of cancer among those with diabetes and 
the general population [5]. Our findings add to existing 
research by evidencing that over the life course cancers 
are shown to accumulate in lower proportions among 
those with diabetes. Future work should explore whether 
cause of death proportions in Ontario have changed over 
time, as has been demonstrated in the United States and 
Europe [32–36].

Among those with diabetes at the time of death, we 
observed higher proportions in the presence of condi-
tions that are considered complications of diabetes (i.e., 
renal failure), but also higher proportions of mood dis-
orders, other mental health disorders, osteo and other 
arthritis, asthma, and COPD, demonstrating that indi-
viduals with diabetes experience a higher comorbidity 
burden over their life course than those without diabetes.

In this study, those with diabetes were less likely to 
die prematurely, a result that appears to contradict the 
more pronounced mortality risks documented for those 
with diabetes in younger age groups [31, 37, 38]. Similar 
results, however, have been found in a study conducted in 
Bulgaria where those with diabetes aged < 70 had a higher 
survival probability than those without [39]. We found 
that those with diabetes in our cohort were more likely 
to die from a cause considered amenable to the health 
system, compared to those that died without diabetes, 
suggesting a need for improvements in public health and 
medical care interventions for those with diabetes.

Compared to long-term residents, immigrants and ref-
ugees were more likely to die with diabetes. Immigrants 

have commonly been observed to be healthier than long-
term residents in Canada,  known as the healthy immi-
grant effect [12]. The results from our analysis suggests 
that the healthy immigrant effect observed in previous 
studies for all-cause mortality [40], varies according to 
diabetes status. It is known that the health of immigrants 
deteriorates with longer residence in the host country 
[12]. Differential effects in mortality and multimorbidity 
burden by the length of time since immigration is an area 
that can be explored in future research. We also observed 
a socioeconomic gradient for the model results indicating 
a greater risk in the proportion of decedents with diabe-
tes among lower income quintiles compared to the high-
est. This coincides with well-established gradients found 
in the literature in regard to diabetes burden as well as 
risk of mortality among those of lower socioeconomic 
status [16, 41].

Several practice and policy directions have been pro-
posed to respond to the growing multimorbidity bur-
den, such as the implementation of integrated health 
care initiatives, chronic disease prevention, and efforts 
to address health inequities in multimorbidity [42, 43]. 
Our findings corroborate the need for such approaches 
and further demonstrate that policies and programming 
focused on reducing the multimorbidity burden warrant 
consideration of targeted efforts for the population with 
diabetes and sub-groups who are more at risk for devel-
oping diabetes.

A prominent strength of our study was the use of a 
large mortality database that captured all deaths regis-
tered in the province of Ontario over the study period, 
and the cohort was linked with administrative databases 
from a single-payer health system which enabled the 
identification of decedents history of chronic conditions 
at the time of death. As well, we identified all conditions 
for which there is evidence for the algorithm’s sensitivity 
and specificity in the administrative data.

The findings of this study should be interpreted in the 
context of several important limitations to the study 
methods. First, the study may have underestimated the 
multimorbidity burden given that administrative data 
was available until 1988, which resulted in a shorter look-
back period for deaths that were registered in the earlier 
years. Second, our study relied on neighbourhood level 
income information based on postal code information at 
the time of death which is not a proxy for individual-level 
income [44]. Nonetheless, area-level income measures 
reflect important socioeconomic information about resi-
dent populations which can be informative for program 
and policy decision-making. Third, not all immigrants 
were identified in this analysis because the IRCC linkage 
starts in 1985 and does not include immigrants who ini-
tially landed in a province outside of Ontario.
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Our findings add a novel understanding of the multi-
morbidity experience in those with diabetes from a life 
course perspective. We demonstrated that individuals 
who died with a diabetes diagnosis had a higher mul-
timorbidity burden and were more likely to die from 
an amenable cause compared to those who died with-
out diabetes. We also showed that immigrants, refugees 
and people of low socioeconomic status had a higher 
risk for the presence of diabetes at the time of death. 
The research suggests that efforts to reduce the multi-
morbidity burden will require inclusion of program and 
policy actions that are targeted for the population diag-
nosed with diabetes and policies and efforts to address 
the social determinants of health. This analysis under-
scores the role of health equity considerations in meet-
ing the needs of population groups at risk for diabetes.

Abbreviations
RPDB  Registered Persons Database
ADG  Aggregated Diagnosis Groups (ADG)
DA  Dissemination Area
ODD  Ontario Diabetes Database
ORG-D  Office of the Registrar General- Deaths
ICD  International Classification of Disease
IRCC   Immigration, Refugees, and Citizenship Canada
ICES  In October 2018, the institute formerly known as the Institute for 

Clinical Evaluative Sciences formally adopted the initialism ICES as 
its official name

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12902- 023- 01362-x.

Additional file 1. Definitions for Chronic Conditions.

Additional file 2: Supplemental Table S2. List of causes of deaths ame-
nable to the Health System.

Additional file 3. Cohort Inclusion and Exclusion Criteria.

Acknowledgements
This study was supported by ICES, which is funded by an annual grant from 
the Ontario Ministry of Health (MOH) and the Ministry of Long-Term Care 
(MLTC). Parts of this material are based on data and information compiled and 
provided by: Immigration, Refugees, and Citizenship Canada, Cancer Care 
Ontario, the Canadian Institute for Health Information, and Ontario Registrar 
General (ORG) information on deaths, the original source which is ServiceOn-
tario. The analyses, conclusions, opinions and statements expressed herein 
are solely those of the authors and do not reflect those of the funding or data 
sources; no endorsement is intended or should be inferred.

Authors’ contributions
LR conceived the manuscript. LZ prepared the data and LZ and EB ran all 
analyses. LR, KK, LZ, CC, EB and EN contributed to the analytic plan and inter-
pretation. EN, KK drafted the manuscript, which was reviewed and revised by all 
authors who approved the final version of the manuscript. LR is the guarantor 
of this work and as such, had full access to the data in the study and takes 
responsibility for the integrity of the data and the accuracy of the data analysis.

Funding
This study was funded by the Canadian Institutes for Health Research Founda-
tion Grant (FRN-72051628) and ICES. LR is supported by a Canada Research 
Chair in Population Health Analytics (CRC-950-23072).

Availability of data and materials
The dataset used in this study is held securely in coded format at ICES. ICES is 
a prescribed entity under section 45 of Ontario’s Personal Health Information 
Protection Act. Section 45 authorizes ICES to collect personal health informa-
tion, without consent, for the purpose of analysis or compiling statistical 
information with respect to the management of, evaluation or monitoring of, 
the allocation of resources to or planning for all or part of the health system. 
Legal restrictions and data sharing agreements prohibit ICES from making 
the dataset publicly available. Access may be granted to those who meet the 
conditions for confidential access, available at https:// www. ices. on. ca/ DAS.

Declarations

Ethics approval and consent to participate
This study was approved by the University of Toronto Health Sciences 
Research Ethics Board (Protocol 32405). ICES is a prescribed entity under sec-
tion 45 of Ontario’s Personal Health Information Protection Act. The use of data 
in this project was authorized under section 45 and did not require informed 
consent. All data were de-identified prior to access.

Consent for publication
Not applicable.

Competing interests
None of the authors have any competing interests to declare.

Received: 3 June 2021   Accepted: 4 May 2023

References
 1. Ogurtsova K, da Rocha Fernandes JD, Huang Y, Linnenkamp U, Guar-

iguata L, Cho NH, Cavan D, Shaw JE, Makaroff LE. IDF Diabetes Atlas: 
global estimates for the prevalence of diabetes for 2015 and 2040. 
Diabetes Res Clin Pract. 2017;128:40–50.

 2. Fisher K, Griffith L, Gruneir A, Panjwani D, Gandhi S, Sheng LL, Gafni A, 
Chris P, Markle-Reid M, Ploeg J. Comorbidity and its relationship with 
health service use and cost in community-living older adults with diabe-
tes: a population-based study in Ontario, Canada. Diabetes Res Clin Pract. 
2016;122:113–23.

 3. Barnett NK, McMurdo MET, Ogston SA, Morris AD, Evans JMM. Mortality 
in people diagnosed with type 2 diabetes at an older age: a systematic 
review. Age Ageing. 2006;35(5):463–8.

 4. Navickas R, Petric V-K, Feigl AB, Seychell M. Multimorbidity: what do we 
know? What should we do? J Comorb. 2016;6(1):4–11.

 5. Zghebi SS, Steinke DT, Rutter MK, Ashcroft DM. Eleven-year multimorbid-
ity burden among 637 255 people with and without type 2 diabetes: a 
population-based study using primary care and linked hospitalisation 
data. BMJ Open. 2020;10(7):e033866.

 6. Nowakowska M, Zghebi SS, Ashcroft DM, Buchan I, Chew-Graham C, Holt 
T, Mallen C, Van Marwijk H, Peek N, Perera-Salazar R. The comorbidity bur-
den of type 2 diabetes mellitus: patterns, clusters and predictions from a 
large English primary care cohort. BMC Med. 2019;17(1):145.

 7. Fowler MJ. Microvascular and macrovascular complications of diabetes. 
Clin Diabetes. 2008;26(2):77–82.

 8. Hermans MP, Dath N. Prevalence and co-prevalence of comorbidities in 
Belgian patients with type 2 diabetes mellitus: a transversal, descriptive 
study. Acta Clin Belg. 2018;73(1):68–74.

 9. Rao Kondapally Seshasai S, Kaptoge S, Thompson A, Di Angelantonio 
E, Gao P, Sarwar N, Whincup PH, Mukamal KJ, Gillum RF, Holme I, et al. 
Diabetes mellitus, fasting glucose, and risk of cause-specific death. N Engl 
J Med. 2011;364(9):829–41.

 10. Colhoun HM, Betteridge DJ, Durrington PN, Hitman GA, Neil HA, Living-
stone SJ, Thomason MJ, Mackness MI, Charlton-Menys V, Fuller JH. Primary 
prevention of cardiovascular disease with atorvastatin in type 2 diabetes 
in the Collaborative Atorvastatin Diabetes Study (CARDS): multicentre 
randomised placebo-controlled trial. Lancet. 2004;364(9435):685–96.

https://doi.org/10.1186/s12902-023-01362-x
https://doi.org/10.1186/s12902-023-01362-x
https://www.ices.on.ca/DAS


Page 9 of 9Rosella et al. BMC Endocrine Disorders          (2023) 23:127  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 11. UK Prospective Diabetes Study Group. Tight blood pressure control and 
risk of macrovascular and microvascular complications in type 2 diabetes: 
UKPDS 38. BMJ. 1998;317(7160):703–13.

 12. Vang ZM, Sigouin J, Flenon A, Gagnon A. Are immigrants healthier than 
native-born Canadians? A systematic review of the healthy immigrant 
effect in Canada. Ethn Health. 2017;22(3):209–41.

 13. Immigration and ethnocultural diversity: key results from the 2016 Cen-
sus. http:// www. statc an. gc. ca/ daily- quoti dien/ 171025/ dq171 025b- eng. 
htm. Accessed 9 May 2023.

 14. Khan AM, Urquia M, Kornas K, Henry D, Cheng SY, Bornbaum C, Rosella 
LC. Socioeconomic gradients in all-cause, premature and avoidable 
mortality among immigrants and long-term residents using linked 
death records in Ontario, Canada. J Epidemiol Community Health. 
2017;71(7):625–32.

 15. Creatore MI, Moineddin R, Booth G, Manuel DH, DesMeules M, McDer-
mott S, Glazier RH. Age- and sex-related prevalence of diabetes mellitus 
among immigrants to Ontario, Canada. Can Med Assoc J. 2010;182(8):781.

 16. Saydah S, Lochner K. Socioeconomic status and risk of diabetes-related 
mortality in the U.S. Public Health Rep. 2010;125(3):377–88.

 17. Chiu M, Lebenbaum M, Lam K, Chong N, Azimaee M, Iron K, Manuel D, 
Guttmann A. Describing the linkages of the immigration, refugees and 
citizenship Canada permanent resident data and vital statistics death 
registry to Ontario’s administrative health database. BMC Med Inform 
Decis Mak. 2016;16(1):135.

 18. Hux J, Ivis F, Flintoft V, Bica A. Diabetes in Ontario: determination of preva-
lence and incidence using a validated administrative data algorithm. 
Diabetes Care. 2002;25:512–6.

 19. Gershon AS, Wang C, Guan J, Vasilevska-Ristovska J, Cicutto L, To T. Identi-
fying patients with physician-diagnosed asthma in health administrative 
databases. Can Respir J. 2009;16(6):183–8.

 20. Hall S, Schulze K, Groome P, MacKillop W, Holowaty E. Using cancer regis-
try data for survival studies: the example of the Ontario Cancer Registry. J 
Clin Epdemiol. 2006;59(1):67–76.

 21. Schultz S, Rothwell D, Chen Z, Tu K. Identifying cases of congestive heart 
failure from administrative data: a validation study using primary care 
patient records. Chronic Dis Inj Can. 2013;33(3):160–6.

 22. Gershon A, Wang C, Guan J, Vasilevska-Ristovska J, Cicutto L, To T. Identify-
ing individuals with physcian diagnosed COPD in health administrative 
databases. COPD. 2009;6(5):388–94.

 23. Widdifield J, Bernatsky S, Paterson JM, Tu K, Ng R, Thorne JC, Pope JE, 
Bombardier C. Accuracy of Canadian health administrative databases 
in identifying patients with rheumatoid arthritis: a validation study 
using the medical records of rheumatologists. Arthritis Care Res. 
2013;65(10):1582–91.

 24. Tu K, Campbell NR, Chen ZL, Cauch-Dudek KJ, McAlister FA. Accuracy of 
administrative databases in identifying patients with hypertension. Open 
Med. 2007;1(1):e18–26.

 25. Benchimol EI, Guttmann A, Mack DR, Nguyen GC, Marshall JK, Gregor JC, 
Wong J, Forster AJ, Manuel DG. Validation of international algorithms to 
identify adults with inflammatory bowel disease in health administrative 
data from Ontario, Canada. J Clin Epidemiol. 2014;67(8):887–96.

 26. Weiner JP, Starfield BH, Steinwachs DM, Mumford LM. Development and 
application of a population-oriented measure of ambulatory care case-
mix. Med Care. 1991;29(5):452–72.

 27. Nolte E, McKee M. Measuring the health of nations: analysis of 
mortality amenable to health care. J Epidemiol Community Health. 
2004;58(4):326–326.

 28. Plug I, Hoffmann R, Artnik B, Bopp M, Borrell C, Costa G, Deboosere 
P, Esnaola S, Kalediene R, Leinsalu M. Socioeconomic inequalities in 
mortality from conditions amenable to medical interventions: do they 
reflect inequalities in access or quality of health care? BMC Public Health. 
2012;12(1):346.

 29. James P, Wilkins R, Detsky A, Tugwell P, Manuel D. Avoidable mortality 
by neighbourhood income in Canada: 25 years after the establish-
ment of universal health insurance. J Epidemiol Community Health. 
2007;61:287–96.

 30. Roche MM, Wang PP. Sex differences in all-cause and cardiovascular 
mortality, hospitalization for individuals with and without diabetes, 
and patients with diabetes diagnosed early and late. Diabetes Care. 
2013;36(9):2582.

 31. Roper NA, Bilous RW, Kelly WF, Unwin NC, Connolly VM. Cause-specific 
mortality in a population with diabetes. Diabetes Care. 2002;25(1):43.

 32. Harding JL, Andes LJ, Gregg EW, Cheng YJ, Weir HK, Bullard KM, Burrows 
NR, Imperatore G. Trends in cancer mortality among people with vs 
without diabetes in the USA, 1988–2015. Diabetologia. 2020;63(1):75–84.

 33. Harding JL, Shaw JE, Peeters A, Guiver T, Davidson S, Magliano DJ. Mortal-
ity trends among people with type 1 and type 2 diabetes in Australia: 
1997–2010. Diabetes Care. 2014;37(9):2579–86.

 34 Harjutsalo V, Forsblom C, Groop P-H. Time trends in mortality in patients 
with type 1 diabetes: nationwide population based cohort study. BMJ. 
2011;343:d5364.

 35. Kim D, Li AA, Cholankeril G, Kim SH, Ingelsson E, Knowles JW, Harrington 
RA, Ahmed A. Trends in overall, cardiovascular and cancer-related mortal-
ity among individuals with diabetes reported on death certificates in the 
United States between 2007 and 2017. Diabetologia. 2019;62(7):1185–94.

 36. Tsunekawa S, Kamiya H, Nakamura J. Different trends in causes of death 
in patients with diabetes between Japan and the USA. J Diabetes Inves-
tig. 2019;10(3):571–3.

 37. Lind M, Garcia-Rodriguez LA, Booth GL, Cea-Soriano L, Shah BR, Ekeroth 
G, Lipscombe LL. Mortality trends in patients with and without diabetes 
in Ontario, Canada and the UK from 1996 to 2009: a population-based 
study. Diabetologia. 2013;56(12):2601–8.

 38. Tancredi M, Rosengren A, Svensson A-M, Kosiborod M, Pivodic 
A, Gudbjörnsdottir S, Wedel H, Clements M, Dahlqvist S, Lind M. 
Excess mortality among persons with type 2 diabetes. N Engl J Med. 
2015;373(18):1720–32.

 39. Tachkov K, Mitov K, Koleva Y, Mitkova Z, Kamusheva M, Dimitrova M, 
Petkova V, Savova A, Doneva M, Tcarukciev D, et al. Life expectancy and 
survival analysis of patients with diabetes compared to the non diabetic 
population in Bulgaria. PLoS One. 2020;15(5):e0232815.

 40. Khan AM, Urquia M, Kornas K, Henry D, Cheng SY, Bornbaum C, Rosella 
LC. Socioeconomic gradients in all-cause, premature and avoidable 
mortality among immigrants and long-term residents using linked death 
records in Ontario, Canada. J Epidemiol Community Health. 2017. https:// 
doi. org/ 10. 1136/ jech- 2016- 208525.

 41. Dinca-Panaitescu S, Dinca-Panaitescu M, Bryant T, Daiski I, Pilkington B, 
Raphael D. Diabetes prevalence and income: results of the Canadian 
Community Health Survey. Health Policy. 2011;99(2):116–23.

 42. Rosella L, Kornas K. Putting a population health lens to multimorbidity in 
Ontario. Healthc Q. 2018;21(3):8–11.

 43. Kastner M, Cardoso R, Lai Y, Treister V, Hamid JS, Hayden L, Wong G, Ivers 
NM, Liu B, Marr S. Effectiveness of interventions for managing multiple 
high-burden chronic diseases in older adults: a systematic review and 
meta-analysis. CMAJ. 2018;190(34):E1004–12.

 44. Buajitti E, Chiodo S, Rosella LC. Agreement between area-and individual-
level income measures in a population-based cohort: Implications for 
population health research. SSM Popul Health. 2020;10:100553.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

http://www.statcan.gc.ca/daily-quotidien/171025/dq171025b-eng.htm
http://www.statcan.gc.ca/daily-quotidien/171025/dq171025b-eng.htm
https://doi.org/10.1136/jech-2016-208525
https://doi.org/10.1136/jech-2016-208525

	Multimorbidity at time of death among persons with type 2 diabetes: a population-based study in Ontario, Canada
	Abstract 
	Objective 
	Research design and methods 
	Results 
	Conclusions 

	Research design and methods
	Study population and design
	Data sources
	Exposures
	Outcomes
	Statistical analysis

	Results
	Cohort characteristics
	Distribution of chronic conditions at time of death
	Causes of death
	Effect of income and immigrant status on the presence of diabetes at time of death

	Conclusion
	Anchor 19
	Acknowledgements
	References


