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Introduction: Studying patterns of death, particularly premature deaths (<75 years), provides insights to address health inequities
among those living. Multiple coding systems for cause of death (COD) exist. The Leading Causes of Death (LCD) scheme is designed
for identifying priority COD for interventions in global populations. The extent to which such classification is effective for identifying
priority causes of premature mortality among subpopulations with chronic health conditions, such as inflammatory bowel disease
(IBD), is unknown.

Objective: To evaluate the usability of the LCD for characterizing premature mortality among those with IBD.

Methods: We conducted a population-based matched case control study of persons with IBD who died between 2010 and 2018 using
linked health administrative data from Ontario, Canada. Individuals with IBD were matched with five decedents without IBD based on
sex and years of birth and death. We compared COD for premature and overall mortality using two classification structures: the LCD
scheme and the International Statistical Classification of Diseases and Related Health Problems, tenth revision (ICD-10) chapters.
Results: Among 7,919 decedents with IBD (39,414 matched controls), 47% died prematurely. With the LCD framework, COD
differences for premature mortality were not detectable as 29% were allocated to the residual category (Standardized differences [SD]:
18%). Most residual deaths were due to neoplasms (34%) or diseases of the gastrointestinal system (32%). Using ICD-10 chapters,
premature deaths were more commonly due to diseases of the digestive system than for matched controls (13% vs 5%, SD: 31%).
Discussion: The LCD coding scheme provides more granular COD details compared to the ICD-10 chapters. However, a larger
proportion of deaths among people with IBD were allocated to the residual category, limiting its utility for enabling healthcare systems
to identify priority targets to reduce premature mortality. Further work to develop and validate a framework for premature COD
classification in populations with IBD is needed.
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Introduction
Studying patterns of death at the population level provides critical insights for identifying and addressing health inequities
among those living. In Canada, premature mortality — defined by Statistics Canada and the Canadian Institute for Health
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Information (CIHI) as deaths before 75 years of age — is a key indicator used in both research and national surveillance to
monitor health system performance.' Premature mortality is used as a measure of avoidable mortality, emphasizing that
deaths before age 75 years are predominantly preventable through public health and primary prevention efforts or treatable
through timely and effective healthcare.> ® Individuals with chronic diseases or multimorbidity (2+ chronic conditions)
represent a key population in premature mortality research, as premature deaths within these groups often reflect gaps in
disease management, access to care, or treatment optimization.

Evaluating causes of premature mortality is important for identifying and prioritizing needed health interventions.
However, little consensus exists on #ow to categorize and compare causes of premature mortality in subpopulations with
chronic diseases. Cause of death (COD) reporting is commonly based on the International Classification of Diseases
(ICD) coding system (often simplified into ICD Chapters). The Leading Causes of Death (LCD) framework is a derived
categorization that reclassifies ICD-coded causes into a list of common COD globally, grouping less frequent causes into
a residual category.” This approach aims to provide greater specificity in reporting COD than ICD-10 chapters to better
identify priority COD for interventions. However, the LCD scheme was derived on all-deaths (vs premature mortality) in
a global setting (vs in populations with high burdens of multimorbidity). Determining its construct validity and usability
for evaluating premature COD in populations with multimorbidity is needed to inform how health systems should
monitor premature mortality to identify health disparities and improve population health.

Inflammatory bowel disease (IBD) is a group of chronic inflammatory disorders primarily affecting the gastrointest-
inal tract, including Crohn’s disease and ulcerative colitis. The prevalence of multimorbidity and of premature mortality
among those with IBD is higher compared to the general population.® Indeed, life expectancy and health-adjusted life
expectancy are 5-8 years lower in people with IBD.”! Our objective was to evaluate the construct validity and usability
of the LCD for characterizing overall and premature mortality in populations with IBD. Such study has direct
applications for guiding how healthcare systems identify causes of, and subsequently prevent, premature mortality in
populations with chronic conditions.

Materials and Methods
Study Design and Data Sources

We conducted a retrospective, population-based matched case control study using health administrative and population
data from Ontario, Canada’s most populous province. Canada has one of the highest incidence and prevalence of IBD
globally; 1 in 91 Canadians are forecasted to be living with IBD by 2035."'"'? The data used are housed at ICES for
residents of Ontario eligible for its universal healthcare coverage at any point since April 1991 (>99% of the population).
ICES is a prescribed entity under section 45 of Ontario’s Personal Health Information Protection Act, allowing it to
collect and analyze health care and demographic data, without additional consent, for health system evaluation and
improvement. The use of data in this project was authorized under section 45 and did not require additional informed
consent nor ethics approval. Data are available in an uncleaned, unedited format to researchers and data analysts.

The linked ICES datasets used were the Registered Persons Database (RPDB), the Ontario Crohn’s and Colitis Cohort
(OCCC), the Office of the Registrar General-Deaths databases (ORG-D), the Census, and the 2016 Ontario
Marginalization Index (ON-Marg). Datasets were deterministically linked using unique encoded identifiers based on
encrypted health card number and analyzed at ICES. All data were de-identified prior to access.

Study Population
The study population included decedents with IBD residing in Ontario, Canada at death, with death dates between
January 1, 2010, and December 31, 2018, inclusively (Supplemental Figure A). Diagnosis of IBD was identified from the

OCCC using validated age-specific algorithms applied to inpatient hospitalization records, same-day surgery records,
physician billing claims, and medication data (Supplemental Table A).">'* All individuals who met the case definition
for prevalent IBD since 1991 (date of earliest data) were included. We matched eligible decedents with IBD with up to 5

decedents without IBD from the general population (captured in RPDB) at random, based on exact matches of sex, year
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of birth, and year of death. We excluded decedents with an invalid health card or missing age of death, date of death, or
COD (Supplemental Figure A).

Outcome

The primary outcome of interest was COD (captured in the ORG-D), derived from the Medical Certificate of Death. The
RPDB was linked to the ORG-D with an overall linkage success rate of 96.5%.'> Cause of death was coded using two
approaches: (1) Becker’s LCD (Supplemental Table B) and (2) the International Statistical Classification of Diseases and

Related Health Problems, tenth revision (ICD-10) chapters. In the ICD-10 framework, individual codes are combined
into buckets which are then combined into chapters based on anatomy. We combined ICD-10 chapters with counts of
<6 persons when stratified by premature death into an “Other” category (Supplemental Table C).

Premature Death
In Canada, premature mortality is defined as any death before age 75 years.>'®!” Such definition is also widely used in
the literature.>* In Ontario, 37% of all deaths between 2018 and 2022 occurred prematurely.'®

Sociodemographic Characteristics

We captured area-based sociodemographic measures (quintiles of income, material resources and education, as well as
rurality score) using Census data based on postal code at death. Area-level measures were applied to individual decedents
according to their residential dissemination area, the smallest geographic area for which census data are reported.'’
Material resources (captured in ON-Marg) is derived from data on unemployment, education, income, and dwellings in
need of repair (among other data),'” and is the domain of ON-Marg most strongly associated with health outcomes.*’
Rurality was defined using the Rurality Index of Ontario (RIO 2008) scores with scores >40 indicating rural residency.”'

Statistical Analyses

We summarized characteristics of the cohort, stratified by decedents’ IBD status. The frequency and proportion for each COD
among people with and without IBD were reported using both classification systems, for all deaths and then stratified by
premature death (<75 years).>* Within the ICD-10 digestive disease chapter, we also examined prevalence across the ten pre-
specified ICD-10 cause buckets (Supplemental Table D). Standardized differences (SD) were used to compare the relative

prevalences of each COD among those with and without IBD, with a priori defined SD >10% indicating meaningful
differences (a threshold equivalent to having a phi coefficient of 0.05).* We used SD because of the cohort size; statistical
measures of tendency are not as useful as p-values are sensitive and often misleading in larger samples.

To assess consistency between the LCD-coding system and ICD-10 chapters, we cross-tabulated the numbers of
deaths for people with IBD and those without IBD and used a heatmaps and alluvial plots to qualitatively assess coding
system alignment. Throughout, cell sizes of 1 to 5 people were suppressed due to privacy regulations. All analyses were
conducted in Python version 3.7 (Python Software Foundation, Beaverton, USA). Study reporting followed The
REporting of studies Conducted using Observational Routinely collected health Data (RECORD) Statement guidelines.”

Results

Cohort Characteristics

The study cohort consisted of 7,919 decedents with IBD matched to 39,414 decedents without IBD, with a match success
(mean number of controls per case) of >4.99; only 6 decedents with IBD did not match 5 controls (Table 1). Nearly half
(47%) of decedents with IBD died prematurely. Those without IBD were matched on age of death and thus, had the same
proportion of premature deaths.

Causes of Death with ICD-10 Chapters
For all deaths, the top COD, both for those with and without IBD, were neoplasms (28% vs 31%, SD: 7%) and diseases
of the circulatory system (21% vs 25%, SD: 9%) (Figure 1A). Among those with IBD, there was a higher prevalence of
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Table |1 Causes of Death According to Leading Causes of Death (LCD) Category Across People with
IBD and Matched Controls, 2010-2018

Decedents with IBD | Decedents Without IBD SD
N=7919 N =39,414
Age of death (years)
Mean (Standard Deviation) 73.0 (15.3) 73.1 (15.3) 0.2%
Median (QI — Q3) 76 (63-85) 76 (63-85)
Missing (n, %) 0- 0-
Premature death (<75 years)
Yes 3,728 (47.1) 18,553 (47.1) <0.1%
No 4,191 (52.9) 20,861 (52.9)
Sex, n (%)
Females 3,922 (49.5) 19,532 (49.6) 0.1%
Males 3,997 (50.5) 19,882 (50.4)
Missing 0- 0-
Rurality Index for Ontario Score, n (%)
Rural (= 40 RIO score) 818 (10.3) 4,178 (10.6) 5.2%
Urban (< 40 RIO score) 7,020 (88.6) 34,607 (87.8)
Missing 81 (1.0) 629 (1.6)
Area Material Resources
Quintile | (least deprived) 1,446 (18.3) 6,316 (16.0) 7.8%
Quintile 2 1,454 (18.4) 6,976 (17.7)
Quintile 3 1,569 (19.8) 7,540 (19.1)
Quintile 4 1,617 (20.4) 8,309 (21.1)
Quintile 5 (most deprived) 1,769 (22.3) 9,760 (24.8)
Missing 64 (0.9) 513 (1.3)
Area Income
Quintile | (lowest income) 1,849 (23.3) 10,125 (25.7) 6.9%
Quintile 2 1,704 (21.5) 8,604 (21.8)
Quintile 3 1,509 (19.1) 7,515 (19.1)
Quintile 4 1,412 (17.8) 6,693 (17.0)
Quintile 5 (highest income) 1,421 (17.9) 6,262 (15.9)
Missing 24 (0.3) 215 (0.5)
Area Education
Quintile | (lowest income) 1,485 (18.8) 8,319 (21.1) 6.8%
Quintile 2 1,608 (20.3) 8,214 (20.8)
Quintile 3 1,661 (21.0) 7,924 (20.1)
Quintile 4 1,657 (21.0) 7,673 (19.5)
Quintile 5 (highest income) 1,437 (18.1) 6,876 (17.4)
Missing 70 (0.9) 408 (1.0)

Abbreviations: SD, Standardized Differences; QI, First Quartile; Q3, Third Quartile; RIO, Rurality Index of Ontario.

deaths attributed to digestive system-related causes (11% vs 4%, SD: 25%). Among those with IBD, 46% of deaths due
to digestive system-related causes were attributed to disease of the liver (Supplemental Table E).

Our baseline categorization was ICD-10 chapters. The top 3 causes of premature death for those with IBD based on
ICD-10 coding were neoplasms (36%), diseases of the circulatory system (16%), and diseases of the gastrointestinal
system (13%) (Figure 1B). People with IBD had a lower prevalence of deaths due to diseases of the circulatory system
(16% vs 20%, SD: 12%) but a higher prevalence of diseases of the digestive system (13% vs 5%, SD: 31%)
(Supplemental Table F).
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Figure | Causes of death according to ICD-10 categories for (A) all deaths among those with IBD and their controls and (B) premature deaths among those with IBD and
their controls. The ICD-10 categories included in this figure are those with proportions >1%. The categories of other were also excluded from the image as it is a derived
category for suppression of small cells. Figure data available in Supplemental Tables E and F

Causes of Death with LCD Classification
Using the LCD coding scheme for all deaths, both those with and without IBD had the same top 10 COD (Figure 2A and B),
differing only in rank order. The top three were ischemic heart disease (10% vs 11%, SD: 5%), cancer of the lungs and
bronchus (6% vs 7%, SD: 6%), and dementia/Alzheimer’s disease (5% vs 6%, SD: 6%) (Supplemental Table G). For
premature deaths, the top causes for those with and without IBD were similar and without significant differences in
prevalence; the exception to this was the residual category (Figure 2C, D and Supplemental Table H).

Notably, decedents with IBD had a higher prevalence of COD being residual (effectively not categorized) than
controls (23% vs 18%, SD: 14%). For premature deaths, the proportion attributable to residual was even greater
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Figure 2 Top Leading Causes of Death (LCD) for (A) all deaths among individuals with IBD, (B) all deaths among matched controls, (C) premature deaths among individuals
with IBD, and (D) premature deaths among matched controls. The LCD categories included are categories with the 10 highest prevalences. Figure data available in
Supplemental Tables G and H.

compared to overall mortality, particularly for individuals with IBD as compared to matched controls (29% vs 21%, SD:
18%) (Supplemental Table H).

Mapping LCD to ICD-10

For those with and without IBD, general consistency in coding construct was observed across coding schemes (ie, deaths
classified into analogous causes in each framework) except for the residual category (Figure 3). For both premature and
overall mortality, most IBD deaths attributed to residual were classified under diseases of the digestive system (34%) and
neoplasm (29%) ICD-10 chapters. In contrast, for matched controls, residual causes were more likely to be predomi-
nantly attributed to neoplasms (42%) (Figure 4).

Discussion
To better understand how causes of premature mortality should be categorized to identify priority areas for intervention,
we conducted a population-based comparison of two COD classification systems: ICD-10 and the LCD framework. We
observed notable differences between the two systems in the top causes identified and their ability to detect variation in
COD between individuals with IBD and matched controls. Based on ICD-10 coding, the top COD, both in populations
with IBD and in matched controls, were neoplasms and diseases of the circulatory system. Among deaths in those with
IBD, particularly in premature deaths, there was a higher proportion attributed to diseases of the digestive systems than in
matched controls. In contrast, when applying the LCD framework, differences in COD between those with and without
IBD were not detectable as a disproportionately large share of deaths among individuals with IBD were classified into the
residual category, obscuring condition-specific mortality patterns.

The key implication of our study is that the LCD categories obscure condition-specific COD in IBD by placing
a substantial proportion in the residual category. The proportion of deaths allocated to the residual category was greater for
those with IBD and matched controls (23% vs 18%, SD: 14%), a difference even larger for premature deaths (29% vs 21%,
SD: 18%). Much of the residual causes for overall and premature in Becker’s LCD coding system were digestive diseases and
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Figure 3 Heatmap plots mapping the concordance of causes of deaths categorized with the Leading Causes of Death (LCD) to the ICD-10 chapters among those with IBD
(A) and matched controls (B) according to their ICD-10 chapters and Leading Causes of Death (LCD) categories. Data available in Supplemental Table I.
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neoplasms. In the context of the broader literature, the observed pattern helps explain inconsistencies regarding the leading
COD among individuals with IBD. Several studies have reported negligible differences in COD among those with IBD
compared to those without, with top causes being cancers and diseases of the circulatory system.”* ' However, increased
proportions of digestive COD among those with IBD, relative to the general population, have also been observed in Manitoba
(Canada),32 the United States,33 Italy,34 Sweden,35 Denmark,36 and Finland.®” Taken together, our findings reflect that people
living with IBD have different predominant causes than global populations and the ability to identify differences depends on
classification system.

Predominant strategies for conducting population-level COD analyses include all-cause mortality,®*** ICD

27:36.374345 select amenable-causes,*® or study-selected disease-relevant causes.***”*® While the ICD-10 chapters

Chapters,
are more effective in demonstrating excess gastrointestinal mortality, it is difficult to identify avenues to address such
disparities given the many diseases of the gastrointestinal systems captured within the ICD chapter. Likewise, when using
the ICD-10 chapters for comparing death, negligible differences in prevalence do not inherently reflect similarity COD owing
to the large grouping of causes, and thus the potential to mask within chapter differences. Development of a framework for
categorizing common, preventable, and/or amenable causes for IBD would be pertinent moving forward. Using a rank-based
approach analogous to the LCD framework, but tailored to premature mortality among those with IBD, would guide research
and policy interventions as the framework could identify specific causes relevant to premature mortality in populations with
IBD. Such an approach is of relevance globally given the burden of IBD is growing worldwide."!

Other approaches for categorizing COD emphasize that causes are necessary but not sufficient, meaning death occurs
due to a constellation of causes rather than as the result of a single insult; in other words, mortality is the results of
multiple COD.*> A systematic review of analytic methods for COD research (n=434 studies) noted four analytic
approaches to account for multiple COD: any—mention of COD (87%), pairwise combinations of causes (57%), cluster
analysis (2%), and multiple-cause weights (1%).°° Digestive diseases are an under-researched focus in the multiple COD
studies, with only 13 of the 434 studies focusing on digestive diseases.”® The interplay between coding systems and
multiple COD should be a priority in future IBD research.

Broadly speaking, the purpose of comparing COD across and within populations is to identify discrepancies that may
highlight priority areas to improve the care.'® Clinical and policy-based consideration of findings direct attention to causes that
need to be prioritized in care of IBD. We found deaths in the population with IBD were commonly caused by neoplasm,
diseases of the digestive system (particularly liver disease), and diseases of the respiratory system. Increased proportions of
digestive causes among premature deaths with IBD has been noted elsewhere.’! Increased proportion of deaths attributable to
respiratory diseases among those with IBD (1999—2008) has also been observed in Québec, Canada.>” In Ontario, Canada,
46% and 43% of decedents with IBD were previously diagnosed with a cancer and chronic obstructive pulmonary disorder,
respectively.® These findings underscore the importance of strengthening integrated approaches to multidisciplinary manage-
ment for people with IBD. Specifically, for respiratory causes, integrated care of pulmonary comorbidities, vaccination against
respiratory pathogens (eg, influenza and pneumococcus), and proactive management of smoking and medication-related lung
toxicity represent key opportunities to prevent premature deaths in this population.” ¢ For digestive causes, interventions
such as enhanced colorectal cancer surveillance, early detection of hepatobiliary complications, and optimization of disease
activity monitoring may help reduce mortality risk.”’ *° However, only 10% of deaths in our study were attributable to
digestive diseases. Similarly, Chu et al also reported only approximately 10% of deaths among those with IBD as attributable
to gastrointestinal causes (excluding gastrointestinal cancers).’’ These and other COD trends may be influenced by the
underlying inflammatory processes, treatment regimens, and clinical care—all of which are evolving with higher uptake of
biologics, increased cancer surveillance, improved mental health care, and vascular prophylaxis.®*®* Together, this empha-
sizes the need for holistic care and ongoing mortality research.

Strengths and Limitations

The strengths of this study include its large sample size, population-based nature, and the use of validated algorithms to
identify people with IBD.'*'* However, our study has limitations. First, the algorithm for identifying pediatric cases of IBD
has a lower positive predictive value than for adults, which may have led to greater misclassification of IBD status for deaths
<18 years; however, such misclassification would suppress differences in usability of LCD by IBD status, and thus, observed
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differences in classification effectiveness are conservative. Second, we used health administrative data to identify COD among
individuals with IBD; all studies using health administrative data are at risk of misclassification bias.® In particular, without
a clear reference standard to define “truth” in the two COD systems, we cannot definitively determine which coding system is
superior. Additionally, our findings are sensitive to the method of categorization and as demonstrated, each system comes with
its own limitations in terms of specific conditions it identifies. Becker’s LCD approach was not designed for specific use
among IBD, though in the absence of a digestive disease LCD framework, we used it to explore leading COD among those
with IBD. Our findings do not indicate an optimal approach for classifying COD. Rather, our study lays the groundwork for
such future research.

Conclusion

Identifying an optimal approach for studying causes of premature mortality is important for informing care, resource
allocation, and prioritization of future research. The LCD coding scheme provides more granular COD details than the
commonly used ICD-10 chapters. However, its usability is limited among people with IBD because COD is disproportionately
allocated to the residual category, which prevents the identification of priorities for health policy interventions. Causes
allocated to the residual category predominantly included neoplasms and diseases of the digestive system. Most premature
deaths among those with IBD were not due to digestive diseases. These findings highlight the need for future research to
develop systems of COD classification that provide sufficient granularity for evaluating premature mortality among those with
IBD and priority diseases to improve the quality of research on COD using routinely collected health data.
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