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ABSTRACT

Background: Evidence suggests that the burden of cardio-kidney-metabolic (CKM) disease is
shifting to younger populations. The objective of this thesis is to analyze recent trends in various

CKM risk factors and disease outcomes in young Ontarians over the past two decades.

Methods: A retrospective population-based cohort study of Ontarians aged 13-40 years old was

conducted using ICES data.

Results: Incidence of CKM outcomes such as diabetes, congestive heart failure, and arrythmia
all significantly increased from 2006-2009 to 2020-2023 (IRRs 1.23-1.79, 95% Cls 1.17-1.93),
while hyperlipidemia and coronary artery disease decreased (IRRs 0.54-0.75, 95% Cls 0.50-
0.78). CKM trends also varied across different age strata, with 13-18 year olds seeing the largest

annual percent increases in several critical outcomes.

Conclusions: Increases in key CKM risk factors and diseases have occurred in Ontario’s
younger population from 2006-2023. Future health strategies should focus on disease prevention

in this population.

Word Count: 145/150
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CHAPTER 1: Introduction

Background

Cardiovascular-Kidney-Metabolic Syndrome

Cardiovascular disease (CVD), chronic kidney disease (CKD), and metabolic conditions such as
diabetes mellitus remain significant health challenges in Canada (1-3). Research has revealed
there to be a strong interplay between metabolic risk factors, poor kidney health, and negative
impacts on the cardiovascular system (4,5). Contributors to poor metabolic health include excess
adiposity and impaired adipose tissue function, which in turn can lead to insulin resistance and
inflammation, which untreated can result in the development of metabolic risk factors such as
diabetes and hypertension (6,7). The presence of one or more of these metabolic conditions
significantly heightens an individual’s risk of developing CVD through damaging effects on
vascular function (7,8). Similarly, poor kidney health is known to mediate the link between
metabolic risk factors and CVD, including exacerbating the risk for heart failure (9). The well-
documented existence of these significant interactions underscores the importance and need to
consider all three facets of dysfunction in relation to each other. As a result, the American Heart
Association recently defined this interconnected health disorder as cardiovascular-kidney-
metabolic (CKM) syndrome (10). In a recent advisory report, the association proposes a staging
model based on evidence regarding the highly progressive nature of CKM syndrome (10). The
development of excess and/or dysfunctional adipose tissue can begin early due to various
biological and environmental exposures, as well as unhealthy lifestyle habits (11). This then
leads to the development of metabolic risk factors such as hyperlipidemia, hypertension, type 2

diabetes and even CKD (6). Complications from these commodities can then give rise to



subclinical myocardial and atherosclerosis, and then ultimately clinical CVDs (10). As a result of
these pathophysiological interactions between multiple body systems, CKM syndrome leads to
long lasting damage of critical organs and thus puts individuals at a significantly higher risk for
the progression and development of kidney failure and CVD—the latter of which accounts for a

significantly high proportion of the burden of premature death and disability (12,13).

There is a strong body of evidence demonstrating that the treatment and management of
known CKM risk factors is effective in reducing future kidney disease, CVD, and even death
(14-16). Early onset of CKM risk factors is associated with a higher risk of developing CKD,
CVD and related events later in life (17,18). While the prevalence of CKM conditions is
typically higher amongst middle-aged and older adults, preliminary data suggests CKM-related
disease outcomes are occurring at a younger age; driven by shifting trends in related risk factors

(13,18).

Obesity and Other CKM Risk Factors on the Rise Amongst Younger People

In 2009, the prevalence of obesity amongst adults in Canada stood at approximately 25% but as
0f 2023 has increased to 32.7% (19). Researchers have also concluded that there have been
modest annual increases in the odds of obesity during the COVID-19 pandemic compared to pre-
pandemic years, with class II and III obesity increasing at a greater rate compared to class I,
highlighting that there may be a growing trend towards severe obesity in recent years (19). This
recent rise in obesity has been of particular concern amongst younger individuals. New results
from the Canadian Health Measures Survey (2022-2024) reveal that within age groups, the
largest increase in obesity was seen amongst young adults (aged 18 to 39 years old), with
prevalence increases by approximately eight percentage points for both males and females from

2016-2019 to 2022-2024 (20). Furthermore, amongst children and adolescents, approximately 1



in 3 were classified as being at risk for developing weight-related health challenges in adulthood

(20).

As alluded to above, obesity can give rise to various other metabolic risk factors
including diabetes, hyperlipidemia, and hypertension, and often times these risk factors can
present together. In a study of youths aged 12 to 18 years old with diabetes, it was found that
dyslipidemia (hypertriglyceridemia being most common form) was most prevalent amongst
those with type 2 diabetes and those with dyslipidemia were more likely to be obese (21). The
presence of these metabolic risk factors in young individuals can have serious implications for
long-term health. A recent retrospective cohort study revealed that hypertensive children were at
a significantly higher risk of experiencing stroke and congestive heart failure compared to their
non-hypertensive counterparts (22). Regarding trends in these risk factors, a 2010 study out of
Ontario found that the proportion of adolescents (aged 14 to 15 years old) with obesity, high
cholesterol, and/or hypertension increased from 17% to 21% over a period of 4 years from 2004-
2008 (23). Additionally, a more recent cross-sectional study from the United States found
significant increases in diabetes along with obesity amongst young adults aged 20 to 44 years old
(24). Results from these studies highlight the alarming rise of critical risk factors in younger

individuals and how it may be contributing to the emergence of chronic disease seen in this age
group.
The Burden of CVD and CKD Amongst Adolescents and Young Adults

CVD is one of the leading causes of death in Canada and carries an economic burden of
over 20 billion dollars in healthcare costs every year (25,26). Although CVD is more prevalent
amongst older patients and the overall incidence of CVD has steadily decreased over decades,

data suggests that this decline does not extend to young adults—whose incidence has remained



unchanged or increased over the years (27,28). A comprehensive analysis into the global burden
of CVD amongst young people revealed that the age-standardized prevalence rate (per 100 000
people) of CVD significantly increased from 1477.54 to 1645.32 from 1990 to 2019 (29).
Furthermore, the study found that this prevalence rate was higher in women compared to men,
whereas the mortality rate from CVD was higher in men—highlighting relevant sex differences

(29). This suggests that the burden of CVD may be shifting to a younger demographic.

Similarly, CKD remains a significant health burden in Canada, affecting approximately 4
million Canadians (30,31). Along with CVD, the burden of CKD is also paralleled by the
increasing burden of risk factors such as obesity, hypertension, and diabetes—with the latter
being the leading cause of kidney failure in Canada (30,32). In relation to this, a statistical
analysis of population health data from the United States discovered that the likelihood of death
due to CKD had increased amongst young adults and that this was likely associated with the
increase in CKD caused by diabetes (33). Moreover, results from the 2019 Global Burden of
Disease study reveal that the global age-specific incidence rate (per 100,000 population) of early-
onset CKD in adolescents and young adults increased from approximately 25 to 32 from 1990 to
2019, indicating a significant change in the burden of CKD amongst a younger population over
the years. (34). In all, results from these studies underscore an increasing need to prioritize this

demographic in CKM related research and interventions.

Implications of Preventing CKM Diseases in Young People

There is overwhelming evidence suggesting that addressing CKM risk factors at a younger age
can work to prevent the development of its associated diseases in later adulthood. With the noted
rises in key metabolic risk factors, CKD, and CVD amongst adolescents and young adults, the

risk of morbidity and premature mortality is significantly increased as well as the associated



economic burden, which is expected to rapidly increase in the coming decades (35). Using
nationally representative data, researchers at the American Heart Association projected that
health care costs related to CVDs for young adults aged 22 to 44 years old would see a 261%
increase by 2050 (35). Though this poses a significant public health challenge, there are also
ample opportunities for prevention by targeting this population. While there are many suitable
pharmacological interventions that can target the individual facets of CKM syndrome at its
various stages, targeting lifestyle habits, such as physical activity, dietary intake, and tobacco
use, early on can provide a more cost-effective and accessible solution, as these behaviours
typically form in adolescence and continue into adulthood (36-38). By acknowledging and better
understanding how CKM risk factors and disease affect younger individuals, actionable steps can
be taken at the individual and at the policy level to prevent and mitigate potential disease burden,

leading to an overall healthier population.

Rationale

Given the growing concern regarding the CKM health of young people, the prevention of CKM-
related disease outcomes presents as a critical public health issue. The modifiable nature of many
of the most common CKM risk factors allows for possible mitigation and thus prevention of
future diseases if they are identified and addressed at a younger age, further highlighting the
importance of continuing and advancing research in this area. To our knowledge, there has been
no recent investigation into the epidemiological trends in CKM risk factors and disease outcomes
in Canadian adolescents and young adults. Thus, an exploration in a Canadian context using

population-level data is needed to determine if any significant shifts have occurred.

Research Question: What are the trends in CKM risk factors and disease outcomes for

adolescents and young adults (aged 13 to 40 years old) in Ontario, Canada?



Objectives:

1. To determine trends in CKM risk factors and disease outcomes in adolescents and young

adults (aged 13 to 40 years old) over the past 20 years.

Structure of the Thesis

This thesis manuscript was written using the thesis ‘by articles’ format following the guidelines
outlined by the University of Ottawa. This thesis manuscript is broken down into four distinct
chapters. Chapter 1 presented pertinent background information regarding CKM disease and its
growing burden, including a look into what the literature says, as well as detailing the research
question and objective of the thesis. Chapter 2 goes over the detailed methodology and analytical
plan that was executed in order to complete the objectives of this thesis. Chapter 3 presents the
findings of the thesis and goes into detail regarding the trends observed in CKM risk factors and
disease outcome in the population of interest. Finally, Chapter 4 interprets and contextualizes
these findings, going over what implications this research has for future health policy, as well as

acknowledging limitations of the study before offering closing remarks.



CHAPTER 2: Materials and Methods
Study Design

An open retrospective population-based cohort study of adolescents and young adults from
Ontario aged 13 to 40 years old was conducted using data from linked health administrative
databases housed at ICES to describe the prevalence and incidence of CKM risk factors and
disease outcomes across time, from 2006 to the most recent year with full available data (2023).
2006 was chosen as the starting year as diagnostic codes from the International Classification of
Diseases (ICD-9 and ICD-10) became widely used from then. The reporting of all observational
analyses for this study followed the Strengthening the Reporting of Observational Studies in

Epidemiology (STROBE) guidelines (39).

Data Sources

ICES data was used in this study to describe the cohort and outcomes of interest. 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 demographic data, without consent,
for health system evaluation and improvement. ICES data repositories include coded and
linkable health records at the patient level for the Ontarian population eligible for universal
health coverage and links data from various national and provincial health surveys and databases.
As of today, the repository includes health service records for up to an estimated 13 million
individuals (40). These datasets were linked using unique encoded identifiers and analyzed at
ICES. Patient identifiers are replaced by unique numeric code to ensure confidentiality and
anonymity. The use of the data in this project is authorized under section 45 of Ontario’s

Personal Health Information Protection Act (PHIPA) and does not require review by a Research



Ethics Board. Section 45 authorizes ICES to collect and use health administrative data for

analytical purposes with respect to evaluating and monitoring the province’s healthcare system.

The Registered Persons Database was used to obtain the baseline characteristics of all
eligible individuals that will make up the cohorts. Health services data repositories were used to
define outcomes of interest and collect information on existing comorbidities during a 2-year
lookback period from index. Information on hospitalizations and medical procedures was
collected using the Discharge Abstract Database. Relevant diagnostic information from
emergency department visits and surgery procedures was captured from the National
Ambulatory Care Reporting System (NACRS) and Same Day Surgery (SDS) Database. The
Ontario Health Insurance Plan (OHIP) database was also used to collect information on
healthcare encounters from rendered physician services. ICES-derived cohorts including the
Ontario Hypertension and Ontario Diabetes Datasets were used to determine those with
hypertension and diabetes. Information on relevant indicators of kidney disease (albuminuria,
estimated glomerular filtration rate (¢GFR)) was obtained from the Ontario Laboratories
Information System (OLIS). Data from Census Area Profiles and postal codes were used to
collect information on geographical and demographic measures that are predictors of interest in

this study. More details can be found in the Supplementary Materials (Table S1).

The dataset from this study is held securely in coded form at ICES. While legal data
sharing agreements between ICES and data providers (e.g., healthcare organizations and
government) prohibit ICES from making the dataset publicly available, access may be granted to
those who meet pre-specified criteria for confidential access, available at www.ices.on.ca/DAS
(email: das@ices.on.ca). The full dataset creation plan and underlying analytic code are available

from the authors upon request, understanding that the computer programs may rely upon coding



templates or macros that are unique to ICES and are therefore either inaccessible or may require

modification.

Study Population and Cohort Creation

All individuals in Ontario who were 13 to 40 years old were included and comprise the study
population. Aside from the initial age exclusion, a 5-year look back period was implemented to
identify individuals who had CKM risk factors and disease outcomes during this period, and they
were subsequently excluded. This exclusion was implemented to maximize the possibility of
building a true incident cohort. The study cohort was created from 2006 to 2023. All eligible
individuals 13 to 40 years old were indexed in 2006 and each subsequent year newly eligible
individuals were entered into the study. Each individual was be followed from their index date
into the study (for the majority of the cohort this was when they became 13 years old) up until
the point they either experience the outcome(s) of interest, death, turn 41 years old, or reach the

end of the study period.

Outcomes

The outcomes of interest in this study were CKM risk factors and diseases. CKM risk factors
primarily included hyperlipidemia, hypertension, diabetes mellitus, smoking, and obesity. CKM
disease outcomes included indicators of kidney disease (albuminuria, reduced eGFR) and the
following CVD outcomes: coronary artery disease (CAD), acute coronary syndrome (ACS),
arrhythmia, congestive heart failure (CHF), ischemic stroke, and venous
thromboembolism/pulmonary embolism (VTE/PE). For kidney-related outcomes, having an
albumin-to-creatinine ratio (ACR) measure greater than 3 mg/mmol and/or having 2 eGFR
measures less than 60 mL/min/1.73 m2 at least 90 days apart were indicators of CKD. All

outcomes of interest were chosen apriori. Validated algorithms from ICES and/or codes from the

9



ICD-9, ICD-10, OHIP, and information from labs were used to identify these outcomes from
documented healthcare encounters (See Supplementary Materials, Table S2). To note, ICD
coding for obesity has been found to be limited in sensitivity, making their use to determine the
true prevalence and incidence of this risk factor more difficult. Therefore analysis of obesity
trends will be exploratory and can be found in the Supplementary Materials rather than in the

main results section.

Covariates and Variables of Interest

Covariates and variables of interest were selected based on previous literature, clinical relevance,
and availability within ICES. These include age, sex (defined as male or female), neighbourhood
income quintile (designated 1 to 5), rural residence (yes or no), comorbidities (ex. malignancy,
non-kidney solid organ transplant, congenital heart disease, cardiac surgery, chronic liver
disease, sickle cell disease, lung disease) and healthcare encounters. Comorbidities of interest
were used to describe the health status of participants prior to their entry into the study and were
chosen based on their likelihood to be more common in younger populations and their biological

relation to CKM health.

Statistical Analysis Plan

Baseline characteristics of the study population was calculated as means and standard deviations
for continuous variables (ex. age) and counts and percentages for categorical characteristics.
Total period prevalence was calculated, and crude incidence rates, age-sex standardized
incidence rates (using the standard Canadian population as of 2021), and incidence rate ratios
were calculated and described by era (2006-2009, 2010-2014, 2015-2019, and 2020-2023), sex,
and age groups (13-18, 18-25, 25-30, 31-35 and 36-40 years old). Due to evidence of

overdispersion, negative binomial regression models were used to calculate incidence rate ratios

10



(IRRs) and corresponding 95% confidence intervals (Cls) to examine changes over time.
Overdispersion was formally assessed by looking at the ratio between Pearson Chi-Square
residuals and degrees of freedom. Sex stratified models were also fit to determine trends within
each sex. Furthermore, era and age strata interactions were tested to determine whether CKM
trends differed across age groups. Models were adjusted for age, sex, rural residence, and income
quintile. Only a very small subset of the cohort was missing data on rural residence and income
quintile (< 0.4%). Average annual percent change and corresponding 95% Cls were calculated
by exponentiating model coefficients to obtain IRRs then subtracting 1 and multiplying by 100.
Additional analysis of CKD outcomes in which the total numbers of ACR/eGFR laboratory tests
conducted per year was adjusted for was also conducted (See Supplementary Materials). All

analyses were performed using SAS Enterprise Guide, version 8.3.
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CHAPTER 3: Results

Participants

Baseline characteristics of participants are presented in Table 1. Following exclusions a total of
5,678,408 individuals aged 13-40 years old were included in the study cohort from 2006-2023.
For kidney-related outcomes, only those who had at least one ACR measure (n =405,313) and
two eGFR measures after index (n = 1,754,205) were included in the analysis. For the overall
cohort, the mean age of participants at index was 21.15 (SD: £ 9.27) years old and there were
approximately an even number of male (50.84%) and female (49.16%) participants. The majority
of participants lived in urban areas of Ontario (88.49%) and fell relatively evenly across each
income quintile. The most prevalent comorbidity amongst the cohort was lung disease, with
7.65% of participants having had a form of lung disease in the past 2 years prior to their index.
Malignancy was the second most prevalent comorbidity amongst the cohort (2.65%), whereas a
history of cardiac surgery, non-kidney organ transplant, sickle cell disease, and/or chronic liver
disease were not as common. For those with laboratory data available, baseline median ACR was

0.70 (IQR: 0.4-2.0) mg/mmol and the mean eGFR was 117.1 (SD: + 16.0) mL/min/1.73 m?.
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Table 1. Baseline Population Characteristics (Total Cohort and by Era of Entry)

Era of Entry into Cohort

Characteristic | Total Cohort 2006-2009 2010-2014 2015-2019 2020-2023
(n=5678408) | (n=3788556) | (n=654793) | (n=667502) | (n=567557)
Age at index 21.15+9.27 25.12 £ 8.93 13.26+£2.18 13.13+£1.55 13.21+£2.00
Sex
Male 2886740 1920195 335184 341284 290077
(50.84) (50.68) (51.19) (51.13) (51.112)
Female 2791668 1868361 319609 326218 277480
(49.16) (49.32) (48.81) (48.87) (48.89)
Rural
Residence
Yes 653220 447890 76952 (11.76) | 69907 (10.49) | 58471 (10.32)
(11.51) (11.83)
No 5021138 3339099 577342 596343 508354
(88.49) (88.17) (88.24) (89.51) (89.68)
Income
Quintile
1 1051354 741954 109685 107721 91994 (16.24)
(18.58) (19.66) (16.82) (16.18)
2 1086909 755796 118887 115161 97065 (17.13)
(19.21) (20.03) (18.24) (17.29)
3 1147869 767250 133198 132809 114612
(20.29) (20.33) (20.43) (19.94) (20.23)
4 1190296 771110 144998 147569 126619
(21.04) (20.44) (22.24) (22.16) (22.35)
5 1181256 737036 145201 162697 136322
(20.88) (19.53) (22.27) (24.43) (24.06)
Comorbidities
Malignancy 148934 (2.62) | 124628 (3.29) 4940 (0.75) 9391 (1.41) 9975 (1.76)
Cardiac surgery 287 (0.01) 195 (0.01) 27 (0.00) 40 (0.01) 25 (0.00)
Congenital 12156 (0.21) | 5208 (0.14) 2056 (0.31) 2672 (0.40) 2220 (0.39)
heart disease
Non-kidney 389 (0.01) 252 (0.01) 46 (0.01) 50 (0.01) 41 (0.01)
organ
transplant
Sickle cell 5108 (0.09) 3107 (0.08) 616 (0.09) 693 (0.10) 692 (0.12)
disease
Chronic liver 35953 (0.63) 31839 (0.84) 1593 (0.24) 1359 (0.20) 1162 (0.20)
disease

2Lung disease

434312 (7.65)

291825 (7.70)

57429 (8.77)

51530 (7.72)

33528 (5.91)

®PACR
(mg/mmol)
(Median (IQR))

0.70 (0.4-2.0)

(n = 405313)

0.80 (0.4-2.0)

(n = 298676)

0.70 (0.4-1.7)

(n = 57276)

0.70 (0.4-1.7)

(n = 37048)

0.80 (0.5-1.8)

(n=12313)
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beGFR 117.1+16.0 113.7+14.9 124.2 +15.3 126.4+15.2 131.6+14.1

(mL/min/1.73

m?) (n=1754205) | (n=1255198) | (n=264340) (n=180484) (n=54183)

Primary Care

Visit

Yes 1299382 1141874 58399 (8.92) 58062 (8.70) 41047 (7.23)
(22.88) (30.14)

No 4379026 2646682 596394 609440 526510
(77.12) (69.86) (91.08) (91.30) (92.77)

Referral to a

specialist

Cardiologist 46625 (0.82) 12484 (0.33) 9634 (1.47) 15240 (2.28) 9267 (1.63)

‘Endocrinologist | 31219 (0.55) - 8006 (1.22) 14316 (2.14) 8897 (1.57)

‘Nephrologist 29370 (0.52) - 7760 (1.19) 13482 (2.02) 8128 (1.43)

*Continuous variables reported as mean * SD, categorical variables reported as n (%)

2Lung disease includes asthma.

PAnalysis of ACR and eGFR measures starts in 2011 to allow for OLIS catch-up. Baseline ACR and eGFR were
calculated using the first measure following index from all individuals with available lab values.

‘Data regarding endocrinologist and nephrologist visits were only available 2010 onwards.
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Prevalence and Incidence of CKM Risk Factors and Diseases Across Time

From 2006-2023, the most prevalent CKM risk factors amongst Ontarians 13-40 years old were
hypertension and hyperlipidemia with the total period prevalence standing at 4.36% and 5.40%
respectively. Diabetes affected 1.3% of the cohort, while smoking was considerably less
prevalent at 0.58%. The most common CV diseases present amongst the population was
arrhythmia, followed by ACS and CAD, with the total prevalence being 4.44%, 1.76%, and
1.21% respectively for these conditions. For CKD indicators, 17.9% of individuals had an ACR
over 3 mg/mmol and the prevalence of those who met the CKD definition based on two eGFR

measures less than 60 mL/min/1.73 m? at least 90 days apart was 0.38% (Table 2).

Different patterns in age-sex standardized incidence emerged over time with respect of CKM
risk factors (Figure 1). The incidence of hypertension and diabetes remained relatively stable
across the years but saw significant increases in 2020-2023 compared to 2006-2009 (IRR 1.09,
95% CI 1.03-1.15 and IRR 1.23, 95% CI 1.17-1.29 respectively). On the other hand, incidence
rates of hyperlipidemia decreased over the study period. By 2015-2019, the incidence rate of
hyperlipidemia was approximately half of what it was in 2006-2009 (IRR 0.47, 95% CI 0.44-
0.50). Rates of smoking declined significantly by 2020-2023 (IRR 0.53, 95% CI 0.49-0.57)

(Table 3, Figure 4).

Amongst CV conditions, age-sex standardized incidence rates CAD and ACS decreased
progressively while rates of arrhythmia, CHF, ischemic stroke, and VTE/PE all increased
significantly (Figure 2). In comparison to 2006-2009, CAD incidence was 25% lower (IRR 0.75,

95% CI1 0.72-0.78 and ACS incidence was 26% lower (IRR 0.74, 95% C1 0.71-0.76) by 2020-
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2023. By contrast, the incidence of arrhythmia and ischemic stroke steadily climbed from 2006-
2009 across all eras, with the highest increase occurring in 2015-2019 for ischemic stroke (IRR
1.38, 95% CI 1.32-1.44) and in 2020-2023 for arrhythmia (IRR 1.46, 95% CI 1.42-1.49).
Similarly, the incidence rates for VTE/PE remained consistently elevated in later eras. CHF
demonstrated the largest relative increase from 2006-2009 to 2020-2023, with the rate climbing

by 79% (IRR 1.79, 95% CI .65-1.93) (Table 3, Figure 4).

The age-sex standardized incidence rates of both CKD indicators increased significantly from
2011-2014 (Figure 3). The incidence rate of having an ACR level above 3 mg/mmol nearly
doubled by 2020-2023 (IRR 1.98, 95% CI 1.80-2.17). Similarly, the incidence rate of having
eGFRs levels below 60 min/mL/1.73 m? significantly increased by 75% by 2020-2023 (IRR

1.75, 95% CI 1.59-1.92) (Table 3, Figure 4).
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Table 2. Total Period Prevalence and Number of New Cases by Era of Cardio-Kidney-Metabolic
Outcomes Among Young People in Ontario, 2006-2023

Total Period New Cases per Era
Outcome Prevalence, % (n) | 3006-2009 | 2010-2014 | 2015-2019 | 2020-2023
(N) (N) (N) (N)
Cardio-Kidney-Metabolic Risk Factors
Hypertension 4.36 (247675) 53767 63510 68821 61577
Diabetes 1.34 (76230) 16364 18867 21021 19978
Hyperlipidemia 5.40 (306614) 106027 81452 60385 58750
Smoking 0.58 (32861) 7694 11283 9610 4274
Cardiovascular Diseases Outcomes
CAD 1.21 (68986) 16805 21028 17835 13318
ACS 1.76 (99761) 24532 30454 26014 18761
Arrhythmia 4.44 (251919) 46254 65102 71481 69082
CHF 0.16 (9234) 1460 2308 2691 2775
Ischemic Stroke 0.33(18751) 3389 4998 5884 4480
VTE/PE 0.90 (50848) 8003 15087 16270 11488
Chronic Kidney Disease Outcomes*
CKD: ACR >3 17.9 (72505) - 16831 27364 28310
2CKD: eGFR < 60 0.38 (6673) - 1255 2773 2645

*Analysis of ACR and eGFR measures starts in 2011 to allow for OLIS catch-up. Period prevalence and incidence for
CKD indicators are restricted to those who had available OLIS data for ACR/eGFR. Thus, the column 2010-2014
should be interpreted as 2011-2014 for these outcomes.
2CKD was defined as 2 eGFR measures < 60 that were taken 90 to 720 days within each other.
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Figure 1. Yearly (2006-2023) Age-Sex Standardized Incidence Rate of CKM Risk Factors
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Figure 3. Yearly (2011-2023) Age-Sex Standardized Incidence Rate of CKD Indicators (ACR >
3 mg/mmol and 2 eGFRs < 60 mL/min/1.73 m?)
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2010-2014
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*Indicates significance (p < 0.05). Models were adjusted for age, sex, rural residence, and income quintile.
1CKD was defined as 2 eGFR measures < 60 that were taken 90 to 720 days within each other.

Figure 4. Heatmap of Adjusted Incidence Rate Ratios by Era of CKM Risk Factors & Outcomes
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Table 3. Adjusted Incidence Rate Ratios for Cardiovascular and Kidney Outcomes Across Eras

Among Young People in Ontario

Era (v.s. 2006-2009/2011-2014*)

Outcome

2010-2014 IRR (95% Cl) ‘ 2015-2019 IRR (95% ClI) | 2020-2023 IRR (95% ClI)

Cardio-Kidney-Metabolic Risk Factors

Hypertension

0.95 (0.90-1.00)

1.01 (0.96-1.06)

1.09 (1.03-1.15)

Diabetes 0.96 (0.91-1.01) 1.07 (1.02-1.13) 1.23 (1.17-1.29)
Hyperlipidemia 0.64 (0.60-0.68) 0.47 (0.44-0.50) 0.54 (0.50-0.57)
Smoking 1.19 (1.11-1.27) 1.00 (0.94-1.08) 0.53 (0.49-0.57)
Cardiovascular Disease Outcomes
CAD 1.00 (0.96-1.04) 0.82 (0.79-0.86) 0.75(0.72-0.78)
ACS 1.00 (0.97-1.04) 0.83 (0.80-0.87) 0.74 (0.71-0.76)
Arrhythmia 1.14 (1.12-1.17) 1.25 (1.22-1.28) 1.46 (1.42-1.49)
CHF 1.28 (1.18-1.38) 1.45 (1.34-1.57) 1.79 (1.65-1.93)

Ischemic Stroke

1.20 (1.15-1.25)

1.38 (1.32-1.44)

1.26 (1.21-1.32)

VTE/PE

1.48 (1.41-1.56)

1.58 (1.51-1.66)

1.38 (1.31-1.45)

Chronic Kidney Di

sease Outcomes*

CKD: ACR >3

1.27 (1.16-1.40)

1.98 (1.80-2.17)

* CKD: eGFR < 60

1.50 (1.36-1.64)

1.75 (1.59-1.92)

*Analysis of ACR and eGFR measures starts in 2011 to allow for OLIS catch-up. Thus, 2011-2014 is the reference

period for kidney disease outcomes. Models were adjusted for age, sex, rural residence, and income quintile.
2CKD was defined as 2 eGFR measures < 60 that were taken 90 to 720 days within each other.
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Age Group and Sex Differences in Temporal Trends of CKM Risk Factors and Diseases

Age-stratified analysis demonstrated several differences in temporal trends of CKM risk factors.
While crude incidence rates were generally higher amongst older age groups (Figure 5),
significant increases in hypertension and diabetes over time occurred amongst younger age
groups. Compared to 2006-2009, incidence rates of diabetes rose substantially in 2015-2019
(IRR 1.53,95% CI 1.36-1.72) and 2020-2023 (IRR 1.58, 95% CI 1.41-1.78) for those 13-18
years old, while the incidence of hypertension increased most prominently in those aged 25-30
years old (2020-2023: IRR 1.67, 95% CI 1.58-1.77) (Tables 5-6, Figure 11). Alternatively,
incidence of hyperlipidemia saw modest declines in each age group across eras (Tables 4-6,
Figure 11). These trends are also reflected in the average annual percent change in incidence,
with the largest increase for hypertension and diabetes seen for 25-30 (APC 4.7%, 95% CI 4.3-
5.1%) and 13-18 year olds (APC 3.5%, 95% CI 3.0-4.0%) and respectively. The largest decrease
across the study period for hyperlipidemia was seen in 31-35 year olds (APC -5.2%, 95% CI -5.7
to -4.7%) (Table 8, Figure 14). Overall, differing temporal trends across age groups were
indicative for hypertension, diabetes, and hyperlipidemia (interaction p-values < 0.05; Table 7),

although this was not evident for smoking (interaction p = 0.13).

Sex stratified analysis of CKM risk factors revealed that crude incidence rates of hypertension
and hyperlipidemia tended to be higher within males, while rates of smoking were overall higher
amongst females (Figure 6). However, temporal variation of incidence remained similar within
each sex strata for most CKM risk factors, with some notable differences including diabetes
incidence increasing by a higher proportion by 2020-2023 in females (IRR 1.29, 95% CI 1.21-

1.37) (Tables 4-6).
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For CV diseases, age-stratified crude incidence results show that oldest age groups had higher
incidence rates overall for most of these conditions, though 19-30 year olds had higher incidence
of arrhythmia compared to 36-40 year olds throughout the study period (Figure 7). However,
direction of temporal trends varied by outcome. The incidence of CAD and ACS declined
consistently across age groups, with the largest reduction occurring in 13-18 year olds by 2020-
2023 (CAD IRR: 0.64, 95% C1 0.58-0.70; ACS IRR: 0.68, 95% CI 0.62-0.74) (Table 6, Figure
12). Contrastly, incidence rates of arrhythmia, CHF, ischemic stroke, and VTE/PE all
demonstrated increases over time across most age groups. For instance, by 2020-2023, 19-24
year olds demonstrated a 58% increased incidence rate of arrhythmia (compared to 2006-2009)
(IRR 1.58, 95% CI 1.51-1.66), whereas 19-40 year olds showed larger increases in CHF (IRRs
1.79-1.92, 95% Cls 1.51-2.22). Average annual percent change in incidence also demonstrate
that increases in CHF throughout the study period was more common amongst young adults
compared to adolescents (APCs 4.5-4.8%, 95% Cls 3.7-5.6%). Older age groups also had higher
increases per year in VTE/PE compared to younger ones (APCs 2.8-2.9%, 95% Cls 2.2-3.5%)
(Table 8, Figure 15). Age group-era interactions were significant for CAD, ACS, arrhythmia,
CHF, and VTE/PE (interaction p-values < 0.05; Table 7), indicating that there was a significant
difference in temporal trends between different age groups for these outcomes. No significant
difference in era trends between age groups was shown for ischemic stroke (interaction p =

0.16).

Sex stratified analyses of CV diseases revealed males to have higher crude incidence rates of
CAD and ACS compared to females, whereas females had higher rates of arrhythmia, ischemic
stroke, and VTE/PE (Figure 8). There were similar increases across the years within both males

and females for CAD and ACS. Within females, there was a 54% increase (IRR 1.54, 95% CI
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1.50-1.58) in incidence rate for arrhythmia in 2020-2023 compared to a 37% (IRR 1.37, 95% CI
1.33-1.40) increase in males. Males had a 95% increase in CHF incidence by 2020-2023 (IRR
1.95, 95% CI 1.78-2.14) whereas females had a 66% increase (IRR 1.66, 95% CI 1.52-1.82)

(Table 6).

With respect to CKD indicators, while crude incidence rates of both elevated ACR levels and
reduced eGFR levels were higher overall in 31-40 year olds for most of the study period (Figure
9), distinct temporal trends are seen across age groups (interaction p-values for both outcomes <
0.0001; Table 7). The largest relative increases across eras were seen in the youngest age group.
By 2020-2023, 13-18 year olds had an approximately four-fold increase in incidence of ACR >3
mg/mmol (IRR 4.34, 95% CI 3.90-4.83) and eGFR < 60 min/mL/1.73 m? (IRR 4.09, 95% CI
3.04-5.49) compared to in 2011-2014 (Table 6, Figure 13). To add, there was an approximate
18% average annual increase in both elevated ACR and reduced eGFR levels for 13-18 year olds
(Table 8, Figure 16). On the other hand, 36-40 year olds saw declines in the incidence of

elevated ACR and reduced eGFR levels across time (Table 5-6, Figure 13).

Sex stratified analyses of increased ACR and decreased eGFR levels show an increase in
incidence rates in both sexes. Females had a higher crude incidence of elevated ACR overall,
whereas males had a higher crude incidence of reduced eGFR overall (Figure 10). Compared to
the earliest era, in 2020-2023 there was a 220% increase (IRR 2.20, 95% CI 1.95-2.49) in
incidence of elevated ACR within females and an 83% increase (IRR 2.20, 95% CI 1.95-2.49) in

the incidence rate of having reduced eGFR in males (IRR 1.83, 95% CI 1.59-2.11) (Table 6).
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*CKD was defined as 2 eGFR measures < 60 that were taken 90 to 720 days within each other.

Figure 9. Yearly (2006-2023) Crude Incidence Rates of CKD Indicators Stratified by Age Group
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Figure 10. Yearly (2006-2023) Crude Incidence Rates of CKD Indicators Stratified by Sex
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Figure 12. Adjusted Incidence Rate Ratios (IRRs) (95% CI) Stratified by Age Group for CV
Conditions
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*CKD was defined as 2 eGFR measures < 60 that were taken 90 to 720 days within each other.

Figure 13. Adjusted Incidence Rate Ratios (IRRs) (95% CI) Stratified by Age Group for CKD
Indicators
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Table 4. Adjusted Incidence Rate Ratios for Cardiovascular Outcomes Among Young People in
Ontario (2010-2014 v.s. 2006-2009) by Age Group and Sex

Age Group Sex
Outcome 13-18IRR | 19-251IRR | 25-30IRR | 31-35IRR | 36-40IRR Male IRR Female IRR
(95% ClI) (95% ClI) (95% ClI) (95% ClI) (95% ClI) (95% ClI) (95% ClI)
Cardio-Kidney-Metabolic Risk Factors
Hypertension 0.85 1.33 1.00 0.83 0.84 0.95 0.94
(0.81-0.90) | (1.26-1.14) | (0.95-1.06) | (0.78-0.88) | (0.79-0.89) | (0.89-1.02) | (0.88-1.02)
Diabetes 1.17 0.95 0.85 0.94 0.96 0.96 0.96
(1.03-1.31) | (0.85-1.06) | (0.77-0.95) | (0.86-1.04) | (0.87-1.06) | (0.90-1.02) | (0.90-1.01)
Hyperlipidemia 0.78 0.65 0.62 0.59 0.61 0.64 0.64
(0.68-0.89) | (0.57-0.74) | (0.54-0.70) | (0.52-0.67) | (0.54-0.70) | (0.60-0.69) | (0.61-0.68)
Smoking 1.14 1.03 1.13 1.40 1.30 1.26 1.13
(0.97-0.34) | (0.89-1.19) | (0.98-1.31) | (1.20-1.63) | (1.11-1.53) | (1.17-1.36) | (1.03-1.23)
Cardiovascular Diseases
CAD 1.04 1.07 0.95 0.99 0.99 1.00 1.01
(0.96-1.13) | (0.99-1.16) | (0.88-1.03) | (0.91-1.06) | (0.91-1.06) | (0.96-1.05) | (0.98-1.05)
ACS 1.07 1.06 0.95 0.96 0.99 0.98 1.03
(0.99-1.16) | (0.99-1.15) | (0.88-1.02) | (0.89-1.04) | (0.92-1.07) | (0.95-1.02) | (1.00-1.07)
Arrhythmia 1.23 1.17 1.10 1.10 1.11 1.13 1.15
(1.17-1.29) | (1.12-1.23) | (1.05-1.15) | (1.05-1.16) | (1.05-1.16) | (1.10-1.16) | (1.12-1.18)
CHF 1.39 1.43 1.23 1.14 1.29 1.29 1.27
(1.12-1.73) | (1.19-1.71) | (1.05-1.45) | (0.98-1.33) | (1.10-1.50) | (1.17-1.42) | (1.15-1.39)
Ischemic 1.17 1.21 1.14 1.18 1.26 1.20 1.20
Stroke (1.01-1.36) | (1.08-1.38) | (1.04-1.26) | (1.09-1.29) | (1.16-1.37) | (1.12-1.28) | (1.13-1.27)
VTE/PE 1.43 1.52 1.47 1.47 1.49 1.37 1.59
(1.27-1.62) | (1.37-1.69) | (1.33-1.62) | (1.33-1.62) | (1.35-1.66) | (1.30-1.43) (1.52-1.66)

*Models were adjusted for age (in sex stratified models), sex (for age models), rural residence, and income

quintile.
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Table 5. Adjusted Incidence Rate Ratios for CKM Outcomes Among Young People in Ontario
(2015-2019 v.s. 2006-2009/2011-2014*) by Age Group and Sex

Age Group Sex
Outcome 13-18IRR | 19-25IRR | 25-30IRR | 31-35IRR | 36-40 IRR Male IRR Female IRR
(95% ClI) (95% ClI) (95% ClI) (95% ClI) (95% ClI) (95% ClI) (95% ClI)
Cardio-Kidney-Metabolic Risk Factors
Hypertension 0.75 1.23 1.65 0.85 0.83 1.03 0.99
(0.70-0.79) | (1.17-1.30) | (1.55-1.75) | (0.80-0.90) | (0.78-0.87) | (0.96-1.10) | (0.92-1.06)
Diabetes 1.53 1.08 0.91 0.98 1.07 1.05 1.09
(1.36-1.72) | (0.97-1.21) | (0.82-1.01) | (0.88-1.08) | (0.97-1.18) | (0.99-1.11) | (1.03-1.16)
Hyperlipidemia 0.65 0.48 0.41 0.41 0.47 0.49 0.46
(0.57-0.75) | (0.42-0.54) | (0.36-0.46) | (0.36-0.47) | (0.41-0.53) | (0.45-0.52) | (0.43-0.49)
Smoking 1.07 0.89 0.91 1.13 1.08 (0.92- 1.14 0.89
(0.91-1.25) | (0.77-1.03) | (0.78-1.05) | (0.97-1.32) 1.27) (1.06-1.23) | (0.81-0.97)
Cardiovascular Disease Outcomes
CAD 0.80 0.90 0.80 0.79 0.86 0.83 0.84
(0.73-0.87) | (0.83-0.98) | (0.74-0.87) | (0.73-0.85) | (0.79-0.92) | (0.79-0.88) | (0.81-0.87)
ACS 0.82 0.89 0.82 0.81 0.84 0.82 0.86
(0.75-0.89) | (0.82-0.96) | (0.76-0.89) | (0.75-0.87) | (0.78-0.91) | (0.80-0.85) | (0.83-0.89)
Arrhythmia 1.32 1.25 1.19 (1.14- 1.22 1.26 1.21 1.27
(1.26-1.38) | (1.19-1.31) 1.25) (1.17-1.28) | (1.20-1.32) | (1.18-1.25) | (1.24-1.31)
CHF 1.23 1.45 1.45 1.38 1.65 1.51 141
(0.98-1.53) | (1.22-1.75) | (1.24-1.70) | (1.19-1.60) | (1.42-1.92) | (1.37-1.66) | (1.28-1.54)
Ischemic Stroke 1.40 1.42 1.33 1.33 1.45 1.44 1.33
(1.21-1.61) | (1.28-1.58) | (1.21-1.45) | (1.23-1.45 | (1.34-1.58) | (1.35-1.54) | (1.26-1.41)
VTE/PE 1.41 1.55 1.58 1.64 1.68 1.47 1.67
(1.25-1.60) | (1.40-1.72) | (1.44-1.74) | (1.49-1.81) | (1.52-1.86) | (1.40-1.54) | (1.60-1.75)
Chronic Kidney Disease Outcomes*
CKD: ACR>3 1.91 1.62 1.58 1.00 0.76 1.18 1.38
(1.72-2.13) | (1.46-1.80) | (1.43-1.76) | (0.90-1.11) | (0.68-0.85) | (1.04-1.34) (1.22-1.56)
2CKD: eGFR < 60 1.96 1.92 2.00 1.49 0.93 1.59 1.40
(1.46-2.62) | (1.60-2.30) | (1.72-2.32) | (1.31-1.69) | (0.83-1.05) | (1.39-1.83) | (1.24-1.58)

*Analysis of ACR and eGFR measures starts in 2011 to allow for OLIS catch-up. Thus, 2011-2014 is the reference

period for kidney disease outcomes. Models were adjusted for age (in sex stratified models), sex (for age models),
rural residence, and income quintile.
2CKD was defined as 2 eGFR measures < 60 that were taken 90 to 720 days within each other
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Table 6. Adjusted Incidence Rate Ratios for CKM Outcomes Among Young People in Ontario
(2020-2023 v.s. 2006-2009/2011-2014*) by Age Group and Sex

Age Group Sex
Outcome 13-18IRR | 19-25IRR | 25-30IRR | 31-35IRR | 36-40 IRR Male IRR Female IRR
(95% ClI) (95% ClI) (95% ClI) (95% ClI) (95% ClI) (95% ClI) (95% ClI)
Cardio-Kidney-Metabolic Risk Factors
Hypertension 0.67 1.16 1.67 1.33 0.86 1.08 1.10
(0.63-0.70) | (1.09-1.23) | (1.58-1.77) | (1.26-1.40) | (0.81-0.91) | (1.01-1.15) | (1.02-1.18)
Diabetes 1.58 1.39 1.21 1.10 1.14 1.16 1.29
(1.41-1.78) | (1.24-1.56) | (1.00-1.23) | (1.00-1.22) | (1.04-1.26) | (1.09-1.23) | (1.21-1.37)
Hyperlipidemia 0.72 0.58 0.49 0.47 0.50 0.54 0.54
(0.63-0.83) | (0.51-0.66) | (0.43-0.55) | (0.41-0.53) | (0.44-0.57) | (0.51-0.58) | (0.51-0.57)
Smoking 0.56 0.45 0.47 0.59 0.62 0.63 0.45
(0.47-0.67) | (0.38-0.52) | (0.40-0.55) | (0.50-0.69) | (0.52-0.73) | (0.58-0.68) | (0.41-0.49)
Cardiovascular Disease Outcomes
CAD 0.64 0.86 0.77 0.72 0.73 0.76 0.75
(0.58-0.70) | (0.79-0.94) | (0.71-0.84) | (0.67-0.78) | (0.68-0.79) | (0.72-0.79) | (0.72-0.78)
ACS 0.68 0.83 0.76 0.71 0.71 0.71 0.77
(0.62-0.74) | (0.77-0.90) | (0.70-0.82) | (0.66-0.76) | (0.65-0.76) | (0.68-0.74) | (0.74-0.80)
Arrhythmia 1.43 1.58 1.42 1.42 1.43 1.37 1.54
(1.36-1.50) | (1.51-1.66) | (1.35-1.49) | (1.35-1.49 | (1.36-1.51) | (1.33-1.40) | (1.50-1.58)
CHF 1.40 1.82 1.85 1.79 (1.55- 1.92 1.95 1.66
(1.12-1.76) | (1.51-2.18) | (1.58-2.16) 2.07) (1.65-2.22) | (1.78-2.14) | (1.52-1.82)
Ischemic Stroke 1.45 1.24 1.27 1.23 1.22 1.27 1.25
(1.25-1.68) | (1.10-1.39) | (1.16-1.40) | (1.13-1.34) | (1.11-1.33) | (1.19-1.36) | (1.18-1.33)
VTE/PE 1.05 1.30 1.39 1.52 1.50 141 1.34
(0.92-1.20 | (1.17-1.45) | (1.25-1.53) | (1.37-1.68) | (1.35-1.67) | (1.35-1.48) | (1.27-1.40)
Chronic Kidney Disease Outcomes*
CKD: ACR>3 4.34 2.86 2.62 1.28 0.66 1.78 2.20
(3.90-4.83) | (2.57-3.19) | (2.36-2.91) | (1.15-1.42) | (0.59-0.73) | (1.56-2.02) | (1.95-2.49)
3CKD: eGFR < 60 4.09 2.13 2.65 1.82 0.83 1.83 1.66
(3.04-5.49) | (1.76-2.58) | (2.29-3.08) | (1.60-2.06) | (0.74-0.94) | (1.59-2.11) | (1.47-1.87)

*Analysis of ACR and eGFR measures starts in 2011 to allow for OLIS catch-up. Thus, 2011-2014 is the reference

period for kidney disease outcomes. Models were adjusted for age (in sex stratified models), sex (for age models),
rural residence, and income quintile.
2CKD was defined as 2 eGFR measures < 60 that were taken 90 to 720 days within each other.
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Table 7. Age Group x Era Interaction p-values

Outcome ‘ Interaction p-value
Cardio-Kidney-Metabolic Risk Factors
Hypertension <.0001
Diabetes <.0001
Hyperlipidemia <.0001
Smoking 0.13
Cardiovascular Disease Outcomes
CAD 0.0003
ACS 0.004
Arrhythmia <.0001
CHF 0.03
Ischemic Stroke 0.16
VTE/PE 0.002
Chronic Kidney Disease Outcomes*
CKD: ACR>3 <.0001
2CKD: eGFR > 60 <.0001

*Analysis of ACR and eGFR measures starts in 2011 to allow for OLIS catch-up. Thus, 2011-2014 is the reference
period for kidney disease outcomes. Models were adjusted for sex, rural residence, and income quintile.
2CKD was defined as 2 eGFR measures < 60 that were taken 90 to 720 days within each other.
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Figure 15. Forest Plot of Annual Percent Change (APC, %) in Incidence by Age Group for CV
Diseases
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Table 8. Average Annual Percent Change in Incidence by Age Group, 2006—2023

Outcome Average Annual Percent Change, % (95% Cl)
13-18 \ 19-24 \ 25-30 31-35 | 36-40
Cardio-Kidney-Metabolic Risk Factors
Hypertension -2.8(-3.1,-2.5) 0.7 (0.4, 1.1) 4.7 (4.3,5.1) 2.0(1.6,2.5) | -0.8(-1.2,-0.5)
Diabetes 3.5 (3.0, 4.0) 2.5 (2.0, 3.0) 1.0 (0.6, 1.5) 0.8 (0.5, 1.2) 1.1 (0.8, 1.4)
Hyperlipidemia | -2.0(-2.4,-1.6) | -3.8(-4.4,-3.3) | -5.0(-5.5,-4.5) | -5.2(-5.7,-4.7) | -4.8 (-5.2, -4.3)
Smoking -2.6(-3.5,-1.7) | -4.5(-5.2,-3.7) | -4.6(-5.3,-3.8) | -3.3(-4.1,-2.4) | -2.9(-3.7,-2.0)
Cardiovascular Disease Outcomes
CAD -3.2(-3.7,-2.7) -1.3(-1.7,-0.9) -1.8(-2.2,-1.5) | -2.3(-2.7,-2.0) | -2.1(-2.5,-1.7)
ACS -2.9(-3.4,-2.5) -1.6 (-1.9, -1.3) -2.0(-2.3,-1.6) | -2.4(-2.7,-2.1) | -2.3(-2.6,-2.0)
Arrhythmia 2.5(2.2,2.8) 3.1(2.9,3.4) 2.5(2.3,2.7) 2.5(2.3,2.7) 2.6(2.4,2.8)
CHF 1.6 (0.3, 3.0) 3.7 (2.6,4.7) 4.7 (3.8, 5.6) 4.5 (3.7, 5.4) 4.8 (4.0, 5.6)
Ischemic Stroke 2.9 (1.8, 4.1) 1.6 (0.8, 2.3) 2.0 (1.3, 2.6) 1.5(0.9,2.1) 1.6 (1.0,2.2)
VTE/PE 0.7 (-0.2, 1.7) 1.7 (1.0, 2.4) 2.2 (1.6,2.8) 2.8(2.2,3.4) 2.9(2.3,3.5)
Chronic Kidney Disease Outcomes*
CKD: ACR >3 18.4 (17.4,19.4) | 12.5(11.6,13.3) | 11.0(10.2,11.9) | 3.3(2.5,4.2) | -4.2(-5.0,-3.4)
2CKD: eGFR< 60 | 18.8(15.0,22.8) | 8.7(6.6,10.7) | 10.4(8.8,12.0) | 6.7(5.3,8.1) | -1.8(-3.1,-0.5)

*Analysis of ACR and eGFR measures starts in 2011 to allow for OLIS catch-up. Thus average annual percent change
for these indicators is from 2011-2023. Models were adjusted for sex, rural residence, and income quintile.
2CKD was defined as 2 eGFR measures < 60 that were taken 90 to 720 days within each other.
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CHAPTER 4: Discussion

This retrospective population-based cohort study included over 5.6 million adolescents and
young adults living in Ontario, aged 13-40 years old. Results revealed that while incidence rates
of traditional cardio-kidney-metabolic risk factors and outcomes (hyperlipidemia, smoking,
CAD, ACS) have generally declined over time, there has been significant increases in the
incidence of conditions such as diabetes, arrhythmia, CHF, VTE/PE, and both CKD indicators
that have occurred in this population. Furthermore, age stratified analysis demonstrate that for
several CKM outcomes, such as diabetes, arrhythmia, elevated ACR, and reduced eGFR, the
largest increases are occurring amongst the youngest age groups (13-24 year olds). These
findings suggest that there may be a shifting burden of CKM disease in younger populations

compared to the profile of CKM disease observed in previous generations.

Previous research highlight trends that are fairly consistent with the findings of our study. With
respect to CKM risk factors, an increase in the incidence of diabetes amongst children and
adolescents over the years has been observed in both Canada and the United States (41,42).
Similar to the results of our study, a prospective cohort study analyzing diabetes in Canadian
children under 18 found that the incidence was 60% higher in 2017-2019 than it was in 2006-
2008 (41). Moreover, a study using data from the Canadian Health Measures Survey (CHMS)
found large increases in hypertension amongst 20 to 39 year olds following the COVID-19
pandemic (43), whereas this study found significant increases in the post-pandemic era (2020-
2023) for those aged 19 to 35 years old—both underscoring a concerning trend for young adults.
Hyperlipidemia was the most prevalent risk factor throughout the entire period, although
incidence rates were observed to have steadily declined over time. A study out of the U.S.

highlighted that while self-reported hyperlipidemia increased over time amongst young adults,
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the number of individuals diagnosed using clinical criteria has declined (44). Given that our
study cohort is comprised of adolescents and young adults, a demographic which is not routinely
assessed for hyperlipidemia, it may be that a lower number of incident cases are being flagged

due to overall less screening of these individuals.

Interestingly in regard to CV conditions, our study found significant increases in the incidence of
non-atherosclerotic conditions such as arrhythmia, CHF, and VTE/PE compared to
atherosclerotic diseases like CAD and ACS. Similarly, other studies have found there to be a
steady rise in arrhythmia and heart failure in younger populations (45—47). A recent Canadian
study found that hospitalizations for heart failure significantly increased amongst those aged 20-
39 years old between 2007 to 2016 (47), with our study demonstrating that incident cases
continued to climb after 2020 in this group. The burden of common arrhythmias such as atrial
fibrillation and flutter also increased around the world amongst adolescents and young adults,
with incidence and related mortality increasing by approximately 57% and 71% respectively
from 1990 to 2021 (45). Even while overall incidence may be low, significant increases over
time poses a concerning trajectory for these diseases and also suggests that the makeup of CVD
burden in young people may be shifting—a trend that was also observed in adults from the
United Kingdom (48). Furthermore, research suggests that increases in these conditions amongst
adolescent and young adults are attributable to a rise in risk factors. A significant number of
younger adults with atrial fibrillation also were comorbid for obesity, smoking, diabetes, and
hypertension (49). The risk of developing conditions such as VTE and ischemic stroke (both of
which saw increases in incidence across eras in our study) are also associated with common

CKM risk factors (50,51). Although our study did not assess causal relationships or associations
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between disease outcomes, it is notable to report that increases in CKM risk factors such as

diabetes and hypertension were observed in tandem with the rise in these CV conditions.

Among those that were tested, the dramatic rise in CKD indicators (having an elevated ACR (> 3
mg/mmol) and/or reduced eGFR (< 60 mL/min/1.73 m?) levels), particularly amongst youth
aged 13-18 years old was a striking finding in this study. The literature does suggest that there
has been a significant increase in CKD burden in youth over the years (52,53), and that having
risk factors such as hypertension and diabetes contribute to the development of CKD in children
and adolescents (54,55). Again, our study did not analyze associations but found a significant
rise in diabetes within 13-18 year olds as well (although hypertension incidence was found to
have decreased across eras). It is important to note that analysis of trends in CKD was done using
data from individuals who had ACR and or eGFR measured. These laboratory tests are not
universally conducted in youth and are usually targeted for those deemed at risk. More research
is needed to fully understand the health profile of those presenting with CKD indicators and

whether these trends exist more broadly in the general population.

In all, the findings from this study underscore the need to prioritize younger populations,
particularly adolescents, when it comes to prevention and disease mitigation. It is known that
having suboptimal health and health behaviours in adolescence can contribute to adverse health
outcomes later in adulthood (56,57), particularly concerning the development of heart and kidney
disease (58—60). While existing therapies can treat progressing CKM disease in its various
stages, earlier recognition and management of critical risk factors is essential for overall disease
prevention and burden reduction. Furthermore, attention should be paid to the specific types of
CKM diseases manifesting in this population, as there appears to be a shift from traditional

atherosclerotic diseases. Future health policies should focus on addressing potential gaps and
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barriers to early screening, which may prove to be beneficial in better determining who is at risk
and how their risk can be mitigated (61,62). Raising awareness of CKM risk factors and disease
in younger populations should also be prioritized, as this can potentially increase engagement

with healthcare providers and services and improve early detection (63).

Strengths and Limitations

To our knowledge, this is the first study to conduct a comprehensive analysis on trends in CKM
risk factors and disease outcomes using population-level data in young Ontarians. By studying
how trends in risk factors, CV disease, and kidney disease outcomes have changed all together, it
allows for a better understanding of how CKM disease burden has changed over time in this key
sub population—especially given that these three facets of health are strongly connected with
one another. The large and representative cohort size as well as the long follow-up period in this
study also provides a fuller picture of the current status in CKM health in young people living in
Ontario. However, there are several limitations in this study to address. Firstly, the occurrence of
outcomes of interest were based on healthcare utilization of the cohort. Although validated ICD
codes and a comprehensive set of databases (such as NACRS, SDS, and OHIP) were used to
capture these encounters, it is worth noting that a younger population has less healthcare
encounters compared to their older counterparts and are not routinely screened for many
diseases. This may result in missed cases and an underestimation of true disease
prevalence/incidence. However, given that many of our findings are consistent with what has
been reported in the literature, the risk of under capturing appears to be mitigated. Secondly, ICD
codes to determine trends in smoking lack sensitivity and may not fully capture true cases
compared to the codes for other outcomes and thus should be interpreted with some caution.

However, the decline in smoking incidence observed in our study is consistent with results from
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multiple studies that have demonstrated the significant and substantial decrease in smoking
amongst Canadians over the years (64,65). Additionally, OLIS implementation and capture
increased throughout the study period and should be acknowledged in the interpretation of CKD
results (66). Although our findings are consistent with research indicating an increase in different
CKM outcomes over the years, the effects of increased and improved testing should not be
ignored. Additionally, it is important to note that medication use amongst individuals was not
accounted for in this study as data on medication use for Ontarians through ICES is not widely
available for those under 65 years of age. This should be kept in mind when interpreting the
results of CKD related outcomes (which were based on laboratory tests), as medication use can
influence testing frequency. Finally, as alluded to before, this study is an observational study and
therefore conclusions about the underlying mechanisms behind emerging disease patterns cannot

be made.

Conclusion

In this population-based cohort study of Ontarian adolescents and young adults, we found an
increased incidence of numerous critical CKM risk factors, CV conditions, and CKD indicators
over approximately the past two decades. Despite some modest declines in other outcomes, our
findings suggest that there is an evolving and growing burden of CKM disease in younger
individuals and highlights the need for earlier identification and prevention, in order to reduce
the future burden of illness as this population continues to age. If individuals are experiencing
CKM risk factors and subsequent cardiac and kidney disease at an earlier age, the consequences
of this could include the need for severe treatments, experience of comorbid conditions and/or
death earlier in life. Thus, there should be emphasis on prevention and potential early screening

for this population. Finally, as this study centers solely on observed trends, future research
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should focus on the factors that are driving this observed increase in CKM disease and the
mechanistic patterns behind disease development in order to broaden our understanding of this

phenomenon.
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Supplementary Materials

Table S1. ICES Databases Used and Accessed in this Study

Canadian Institute of Health Information —
Discharge Abstract Database (CIHI-DAD)

Contains administrative and clinical data for
all acute hospital admissions and discharges
including demographic, diagnostic, and
procedural variables.

Ontario Health Insurance Plan
(OHIP)

Records of claims for physician services
covered by the Ontario government. OHIP fee
and diagnostic codes cover the specific
services (inpatient, outpatient. etc.) provided
to the patient.

Registered Persons Database

Information on demographic characteristics

(RPDB) (age, sex, residence (using postal code
information)) and vital status for those
eligible for insurance health services in
Ontario, Canada.

CENSUS Data linked from Statistics Canada to obtain

information on demographic characteristics of
individuals in Ontario

Ontario Laboratory Information
System (OLIS)

Electronic database that contains information
on laboratory tests done for patients in
Ontario. Data availability begins in 2007.

National Ambulatory Care Reporting
System (NACRS)

Contains data (recipient demographics,
diagnostic and treatment information)
regarding hospital-based and community-
based ambulatory care. This dataset also
contains information on day surgeries,
outpatient and community-based clinics, and
emergency departments.

Same Day Surgery (SDS)

Contains demographic, clinical, diagnostic,
and procedural data (at the patient level) for
all day surgeries performed in Ontario
hospitals. This dataset is also built using data
from the CIHI.

Ontario Diabetes Database (ODD)

An ICES-derived cohort that uses a validated
algorithm to identify Ontarian residents
diagnosed with diabetes using data on
physician visits and hospitalizations

Ontario Hypertension Database (HYPER)

An ICES-derived cohort that uses a validated
algorithm to identify Ontarian residents
diagnosed with hypertension using data on
physician visits and hospitalizations

Ontario Marginalization Index (ONMARG)

ONMARG contains factor scores and factor
quintiles of the Ontario Marginalization Index
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- a census based index to measure social
marginalization across Ontario regions.
Marginalization are estimated across 4
dimensions: material resources, households
and dwellings, age and labour force, and
racialized and newcomer populations
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Table S2: Data Definitions and Study Outcomes Across Datasets

Variables \ Definitions \ Dataset \ Codes
Demographic Variables
Age at baseline/index | 13-40 years old RPDB BDATE
Sex Male, Female RPDB SEX
Rural Residence Yes or No (Urban) PSTLYEAR rural
(%Yogetdemo)
Neighbourhood At index date PSTLYEAR incquint
Income Quintile (Quintiles 1-5; lowest | (%getdemo)
to highest)
Cardio-Kidney-Metabolic Risk Factors
Hypertension Develops hypertension | HYPER, CIHI- ICD-10: 110, 111, 112, 113,
anytime since index DAD, OHIP 115
date ICD9 Codes: 110=401X,
[11=402X, 112=403X,
0/1 (no/yes) 113=404X, 115=405X
Year of first occurrence OHIP dx: 401, 402, 403,
404, 405
Gestational records: O10-
016, 021-095, 098, 099,
737
ICDO9 codes: O10-0O16/
021-095/098/099=641-
676, 237=V270
Diabetes mellitus Develops diabetes ODD

anytime since index
date

0/1 (no/yes)

Year of first occurrence

Hyperlipidemia Develops OLIS, CIHI-DAD, | ICD-10: E780, E782, E784,
hyperlipidemia anytime | OHIP E785
since index date
OHIP dx: 272
0/1 (no/yes) ICD9: E780=2720,
E782=2722,
Year of first occurrence E784/ E785=2724,
Obesity Develops obesity CIHI-DAD, ICD-10: E66
anytime since index NACRS
date OHIP dx: 278

0/1 (no/yes)

ICD9: E66=27800
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Year of first occurrence

Smoking Smoking diagnosis CIHI-DAD, ICD-10: F17, Z72.0
anytime since index NACRS
date ICDO:
F17=2922
0/1 (no/yes) 772.0=V698
Year of first occurrence
Chronic Kidney Disease Indicators
Albuminuria Develops albuminuria | OLIS Lab value
anytime since index
date OLIS Observation Code:
32294-1, 30000-4, 14959-1
>3 mg/mmol (Albumin to creatinine ratio
(ACR)
0/1 (no/yes)
Year of first occurrence
eGFR Develops an eGFR OLIS Lab value
indicative of poor
kidney health anytime OLIS Observation Code:
since index date 14682-9 (serum creatine
levels)
2 outpatient eGFR
measures >90 days <
720 days apart
Below 90 mL/min per
1.73 m2 = indicative of
poor kidney health
Cardiovascular Qutcomes
Coronary artery Hospitalization or CIHI-DAD, ICD-10: 120, 121, 122, 125
disease emergency room visit NACRS, SDS, (.1), T822, 7955, 7958,
for coronary artery OHIP 7959, R931

disease since index date
0/1 (no/yes)

Year of first occurrence

CCI: 11326, 11J27, 11J50,
11354, 11157, 11J76

ICD9 :
120=4111,
121=41010,
122=41012,
123=4230,
124=41181,
125=4292,
125.1=4140,
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T822=99603,
7955/ 7958/V434,
R931=7932

CCP:
11J50= 4802
11J57=4904
11J76=481

OHIP dx: 410, 412

OHIP fee: R741, R742,
R743, G298, G262, E646,
E651, E652, E654, E655,
7434, 7448

Acute coronary Hospitalization or CIHI-DAD, ICD-10: 120, 121, 122-125
syndrome emergency room visit NACRS, SDS, CCI: 11J50, 11J76
for acute coronary OHIP
syndrome since index ICDY:
date 120=4111
121/ 122=41012
0/1 (no/yes) 123=4230
124=41181
Year of first occurrence 125=4292
CCP:
11J50= 4802
11J76=481
OHIP dx: 413, 411-414
Congestive heart Case definition: A DAD, NACRS, ICD-10: 1500, 1501, 1509,
failure patient is said to have OHIP 1255, J81
CHF if s/he had one CCI: 1HP53, 1HPS5S,
hospital admission 1HZ53GRFR,
(either from the DAD 1HZ53LAFR,
or from OMHRS) with 1HZ53SYFR,
a CHF diagnosis or an OHIP FEE: R701, R702,
OHIP claim/NACRS 7429
ED record with a CHF OHIP dx: 428
diagnosis followed
within one year by ICDO:
either a second record 1500, 1501, I509= 428X
with a CHF diagnosis
from any source CCP:
1HP53=4962,
0/1 (no/yes) 1HP55=4964,
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1HZ53GRFR/
Year of first occurrence 1HZ53LAFR=4974
1HZ53SYFR=4971

Ischemic stroke Hospitalization or CIHI-DAD, ICD-10: 162, 1630, 1631,
emergency room visit NACRS, SDS, 1632, 1633, 1634, 1635, 1638,
for ischemic stroke OHIP 1639, 164, H341
since index date CCI: 1.ZZ.35.HA-1C
0/1 (no/yes) ICDO9:
162=4321

Year of first occurrence 1630/ 1631/ 1632=43391
1633=43401
1634=43411
1635/ 1638/ 1639=4349
164=436
H341=36235
CCP:
1.ZZ.35.HA-1C =1399
OHIP dx: 435
OHIP fee: A384, K181

Arrhythmia Hospitalization or CIHI-DAD, ICD-10: 144, 145, 145.6,
emergency room visit NACRS, SDS, 145.9, 147, 148, 149, R00O0,
for arrythmia since OHIP RO01, R0O08, T821, 7450,
index date 7950

CCI: 1HZ53, 1HH59,
0/1 (no/yes) 1HB53, 1HDS55, 1HBS5S,

1HZ38, 1HZ55
Year of first occurrence
ICD9;

144=426

145=4264, 145.6=4267,
145.9= 4269

147/ 148/ 149 =427,
R001=42789
R000=7850, RO08=7853
T821=99601
Z450=V5331
7950=V4501

CCP:
1HZ53/1HB53=
4974/4971/4962
1HH59= 4939

63




1HD55/1HB55=4986
1HZ38=1379
1HZ55=4983

OHIP dx: 427

OHIP FEE: G178, G179,
G249, G261, G259, 7443,
7431, 7437

Venous
thromboembolism/pul
monary embolism
(VTE/PE)

Hospitalization or
emergency room visit
for VTE/PE since index
date

Incident VTE (Deep
Vein Thrombosis
(DVT) or Pulmonary
Embolism (PE))
defined as the presence
of one diagnosis code
AND one imaging code

0/1 (no/yes)

Year of first occurrence

CIHI-DAD,
NACRS, SDS,
OHIP

DVT:

- DAD ICD-10 codes
("I80.1", "180.2", "180.3",
182.2, 182.8, 182.9, O87.1,
087.8, 087.9) AND [OHIP
imaging code billed during
the hospitalization (“J198”
“J498” “J193” “J493”
©J202” “J502”) OR a
procedure code in the same
hospitalization (CCI
"3KX30DA" "3KX30DB"
"3KX30DC" "3KX30DD"
"3KRI10VA" "3KR10VC"
"3KR10VN" "3KR12VA"
"JKX10VA" "3KX10VC"
"3KX10VN" "3KX10VX"
"3KX12VA")]

- NACRS ICD-10 codes
("180.1", "180.2", "180.3",
182.2, 182.8, 182.9, O87.1,
087.8, 087.9, 1808, 1809,
0223, 0229) AND [OHIP
imaging code billed +/- 7-
days (“J198” “J498” “J193”
“J493” ©J202” “J502”) OR
a procedure code in the
same visit (CCI
"3KX30DA" "3KX30DB"
"3KX30DC" "3KX30DD"
"3KRI10VA" "3KR10VC"
"3KRIOVN" "3KR12VA"
"3KX10VA" "3KX10VC"
"3KX10VN" "3KX10VX"
"3KX12VA")]

- [OHIP ICD-9 code (‘451°
‘671’) AND location in (‘O’
‘H” ‘L’ ‘P’)] AND OHIP
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imaging code billed +/- 7-
days (“J198” “J498” “J193”
“J493” “J202” “J5027)

PE:

-DAD icd10 ("126",
“0882”) AND [OHIP
imaging code billed during
the hospitalization (J659,
J660, J859, 1860, X406,
X407, X125) OR a
procedure code in the same
hospitalization (CCI
"3IM10VC" "3IM10VX"
"3IM10VY" "3IM12VA"
"3GT70CA" "3GT70CC"
"3GT70CE" "3GT70KC"
"3GT70KD" '3GT70KE"
"3JYIOVA" "3JY10VC"
"3JYTIOVN" "3JY10VX"
"3JY12VA" "3]JY20WC"
"3JY20WE" "3GT20WC"
"3GT20WE")

- NACRS ICD-10 codes
("126", “0882”)) AND
[OHIP imaging code billed
within 7-days (J659, J660,
J859, J1860, X406, X407,
X125 OR a procedure code
in the same visit (CCI
"3IM10VC" "3IM10VX"
"3IMIOVY" "3IM12VA"
"3GT70CA" "3GT70CC"
"3GT70CE" "3GT70KC"
"3GT70KD" '3GT70KE"
"3JY10VA" "3JY10VC"
"3JYIOVN" "3JY10VX"
"3IY12VA" "3JY20WC"
"3JY20WE" "3GT20WC"
"3GT20WE")]

-DAD icd10 ("126",
“0882”) AND [OHIP
imaging code billed during
the hospitalization (J659,
J660, J859, 1860, X406,
X407, X125) OR a
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procedure code in the same
hospitalization (CCI
"3IM10VC" "3IM10VX"
"3IIMIOVY" "3IMI12VA"
"3GT70CA" "3GT70CC"
"3GT70CE" "3GT70KC"
"3GT70KD" '3GT70KE"
"3JY10VA" "3JY10VC"
"3JY10VN" "3JY10VX"
"3JY12VA" "3JY20WC"
"3JY20WE" "3GT20WC"
"3GT20WE")

- NACRS ICD-10 codes
("126", “0882”)) AND
[OHIP imaging code billed
within 7-days (J659, J660,
1859, 1860, X406, X407,
X125 OR a procedure code
in the same visit (CCI
"3IM10VC" "3IM10VX"
"3IM10VY" "3IM12VA"
"3GT70CA" "3GT70CC"
"3GT70CE" "3GT70KC"
"3GT70KD" '3GT70KE"
"3JYIOVA" "3JY10VC"
"3JY10VN" "3JY10VX"
"3JYI2VA" "3JY20WC"
"3JY20WE" "3GT20WC"
"3GT20WE")]

ICD9:
180.1=45111
180.2=45119
180.3=4512,
182.2=4532
182.8=4538
182.9= 4539,
087.1=67142
087.8= 67182
087.9=67192
1808=45189
1809=4519
0223=67131
0229=67191
126=4150
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0882=67321

CCP

3KX30DA /3KX30DB/
3KX30DC/
3KX30DD=0289
3KR10VA/3KR10VC/3KR
10VN=5089
3KX10VA/3KX10VC/3KX
1I0VN/3KX10VX=5080

3IM10VC/3IM10VX/3IM1
0VY=5083,
3GT70CA/3GT70CC/3GT7
0CE/3GT70KC/3GT70KD/
3GT70KE=0615
3JY10VC/3JY10VN/3JY 10
VX=5084
3GT20WC/3GT20WE=022
1

Comorbidities

Malignancy

2 year look back from | CIHI-DAD,
index for history of 1) NACRS, SDS,
hospitalization and/or | OHIP

2) physician billings

0/1 (no/yes)

ICD-10: C00-C97

OHIP dx: 140-160, 161-
165, 170-175, 179, 180-208,
230-234

OHIP fee: R105, R107,
R108,R109, R111, R117,
R913, R914, E525, E546,
E505, Z139, Z141, S645,
S646, S647, S648, S649,
S650, S651, S652, S653,
S654, S655, 2712, S149,
S154, S156, S157, S158,
S160, S162, S164, S165,
S166, S167, S168, S169,
S170, S171, S172, S173,
S176,S180, S185, S188,
S213, S214, S215, S217,
S312, Z750, S249, 77754,
7784,7785, M142, M143,
M144, M145, M111, M135,
M137, 72328, 7329, 7330,
7331, 7332,7333, 7335,
7337, 7339, 7341, 7347,
7348, 7357, R912, R913,

67




S704, S705, S710, S714,
S738, S744, S745, S750,
S754, S757, S758, S759,
S762, S763, S764, ST765,
S766, S767, S776, S781,
S782, S810, 2553, 2563,
7583,7720,72723, 7729,
72730, 2731, 2735, 2766,
7769, G281, G339, G345,
G359, G381, G382, G388,
Z511,7512

CCI: 1YMS9, 1YM90,
1YM91, 1YM92, 1QT91,
INM87, INM89, INM91,
1NQ87, INQ89, 1INQ90,
1RMS89, IRM91
2GX71DA, IMES9DA,
2GV70LA, 2GX71LA,
2GM71LA, IMESILA,
2GV71LA, 2MB71LA,
2GV70DA, 2GT71DA,
2GY70LA, 2GY70DA,
2GT71LA, IMES7DA,
IMF87LA, IMESTLA,
2GW71LA, 2GT70LA,
2GW70LA, 2MF71LA,
2GW71DA, 2GW70DA,
2ME71LA, 2ME71DA,
1GM59BAAG,
1GMS9BAGX, 1GT52DA,
1GT59DAAG,
1GT59DAGX, IGV52DA,
1GV52DATS, 1GV52HA,
1GV52HAHE,
1GV52HATK, 1GV52LA,
1GV52LATS,
1GV52LAXXE,
1GV59DAGX,
1GV59DAZ9,
1GV59HAZ9,
1GV59LAGX, 1GVS7DA,
1GVSTLA, 1HA52DA,
1HAS2HA, 1HAS2HATS,
1HA52QA, 1HA52QB,
1GR87QB, 1GR87DA,
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1GR87NW, 1GR89QB,
1GR91QB, IGR89IDA,
1GR8ONW, 1GT87QB,
1GROINWXXF,
IGT87NW, 1GT87DA,
1GT89QB, 1GT91QB,
1GT89NW, 1GT89DA,
1GT9INW

Non-kidney solid 2 year look back from | CIHI-DAD, ICD-10: Z94 (all except .0)
organ transplant index for history of 1) | NACRS, SDS, (s0 2941 72942 7943 7944
hospitalization and/or OHIP 7945 7946 7947 7948
2) physician billings 7949)
OHIP fee: S294, S295,

0/1 (no/yes) E765, G254, S265, S266,
M155, M156, S308, R874,
R870
CCI: 10A85, 1HZSS,
1GT85

Congenital heart 2 year look back from | CIHI-DAD, ICD-10: Q20-Q24 (more

disease index for history of 1) | NACRS, SDS, heart specific); Q20-Q28
hospitalization and/or OHIP (circulatory)

2) physician billings OHIP dx: 746, 747
0/1 (no/yes)

Cardiac surgery: 2 year look back from | CIHI-DAD, OHIP fee: R765, R740,
index for history of 1) NACRS, SDS, R711, R709, R710, R706,
hospitalization and/or OHIP R712,R713,R714 ,Z743,
2) physician billings 7780, R718, R716, R715,

0/1 (no/yes)

R717,R759, R742, R743,
R763, R762, 2744, 7781,
R8&72,R747,R741
R746, R920, Z436, Z788,
R753,R761, Z429, R751,
7444, 7435, R857, R755,
R754, R870, Z428, 7465,
7466, R749, R748, Z415,
Z7759,7433,7412,7751,
7782, 7445, R758, R756,
R757,7401, Z414, R750,
R702, R704, R703, R705
, R701

R700, R927, R721, R921,
R770, R929, R924, R923,
R926, R768, R769, R928,
R922, R722, R723, R720,
R925, R771
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CCL 1.11.76., 1.LHS.M,
LHTM, LHUAM, LHVA,
LLHW.AM (11026, 11350,
11355, 11J57, 1176, 11J80)

Chronic liver disease

2 year look back from | CIHI-DAD,
index for history of 1) | NACRS, SDS,
hospitalization and/or OHIP

2) physician billings

0/1 (no/yes)

ICD-10 codes: B16, B17,
B18,B19, 185, R17, R18,
R160, R162, B942, 7225,
E831, E830, K70, K713,
K714,K715,K717, K72,
K721,K729, K73, K74,
K753, K754, K758, K759,
K76, K77, 1864 1982 K711,
7944

OHIP dx: 571, 573,70

(070)
OHIP fee: Z551, 2554
Sickle cell disease 2 year look back from | CIHI-DAD, ICD-10: D57
index for history of 1) NACRS, SDS,
hospitalization and/or OHIP OHIP dx: 282

2) physician billings

0/1 (no/yes)

Lung disease

2 year look back from | CIHI-DAD,
index for history of 1) NACRS, SDS,
hospitalization and/or | OHIP

2) physician billings

0/1 (no/yes)

ICD-10: 1272, 1278, 1279,
J40, J41, J42, J43, J44, J45,
J47,1J60, J61, J62, J63, J64,
J65,J66, 167,168, J701,
J703, J704, J708, J709, J82,
J84,J92, 1941, 1949, J953,
J961, 1969, 1984, 1988,
J989, J99

OHIP dx: 491, 492, 493,
494, 496, 501, 502, 511,
512,515,518, 519
OHIP fee: J889, J689

Healthcare Utilization

Primary care visit

Frequency of physician | OHIP
billing claims for
primary care visits
during follow-up

Primary care (FP/GP
visits, non-emergency
visits etc)

OHIP fee codes

Family medicine
consultation: A005, A911,
A912, A905, A003, A900,
A933

Repeated consultation:
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0/1 (no/yes)

A006, A004

Periodic health visit:
K131, K132

Non-emergency inpatient
services: C005, C911,
C912, C905, C006, C003,
C004

Subsequent visits: C002,
C007, C009

Referral to a specialist

Frequency of physician
billing claims for
specialist visits during
follow-up

Specialist visits (ex.
cardiologist,
endocrinologist,
nephrologist etc.)

Flag (0/1) for each type
of specialist

OHIP

OHIP fee codes

Cardiologist

Cardiology consultation:
A605, A765, A600, A675,
A606, A603, A604, A601,
A608

Cardiology non-emergency
visit: C605, C765, C600,
C675, C606, C603, C604,
Co601

Cardiology subsequent
visits: C602, C607, C609

Endocrinologist
Endocrinology consultation:
Al155, A765, A150, A255,
A156, A153, A154, A151,
A158

Endocrinology non-
emergency visit: C155,
C765, C150, C255, C156,
C153,C154, C151
Endocrinology subsequent
visits: C152, C157, C159

Nephrologist

Nephrology consultation:
A165, A765, A160, AB6S,
A166, A163, A164, Al61,
A168
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Non-emergency nephrology
visit: C165,

C765, C160, C865, C166,
C163, Cl164, Cl61

Nephrology subsequent
visits: C162, C167, C169

Other

Death

All-cause mortality,
following index date

0/1 (no/yes)

Dth year

RPDB

DTH
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Analysis of Obesity Trends

The total period prevalence of obesity amongst the cohort stood at 5.61% (Table S3). The age-
sex standardized incidence rate of obesity in the adolescent and young adult population of
Ontario steadily declined from 2006 but saw a significant increase after 2020, in the post-
pandemic era (Figure S1, A). Compared to 2006-2009, the incidence rate decreased by 18%
(IRR 0.82, 95% CI1 0.78-0.87) by 2015-2019 but was 12% lower in 2020-2023 compared to what
it was originally (IRR 0.88, 95% CI 0.83-0.93) (Table S3). Similar trends were observed in crude
incidence rates when stratified by age group and by sex (Figure S1, B-C). Those who were 13-18
years olds saw the largest average annual percent decrease (APC -2.2%, 95% CI -2.5-1.9%;
Figure S1, E) in incidence and by 2020-2023 had the largest decrease in incidence compared to

other age groups (IRR 0.71, 95% CI 0.62-0.80) (Table S4; Figure S1, D).
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Table S3. Period Prevalence, New Cases per Era, and Adjusted Incidence Rate Ratios by Era for
Obesity in Young People (13-40 years old) in Ontario

Result | 2006-2023 | 2006-2009 | 2010-2014 | 20152019 | 2020-2023
Period Prevalence and New Cases by Era
Total Period 5.61, - - - -
Prevalence %, (n) (318451)
New Cases - 81789 80541 81359 74762
Adjusted Incidence Rate Ratio by Era
IRR (95% ClI) (Era - - 0.82 (0.78- 0.82 (0.78- 0.88 (0.83-
v.s. 2006-2009) 0.87) 0.87) 0.93)
*Adjusted for age, sex, rural residence, and income quintile
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Table S4. Adjusted Incidence Rate Ratios (Era v.s. 2006-2009) by Age Group and Sex and
Annual Percent Change in Incidence for Obesity Among Young People in Ontario

Age Group Sex
Result 13-18 | 1925 | 2530 | 3135 | 36-40 Male | Female
Adjusted Incidence Rate Ratios by Age Group and Sex
IRR (95% Cl) 0.84 0.82 0.79 0.82 0.85 0.85 0.79
(2010-2014) (0.75-0.95) | (0.73-0.93) | (0.70-0.89) | (0.73-0.92) | (0.75-0.96) | (0.81-0.89) | (0.75-0.83)
IRR (95% ClI) 0.84 0.82 0.80 0.80 0.85 0.85 0.79
(2015-2019) (0.74-0.94) | (0.72-0.93) | (0.71-0.90) | (0.71-0.90) | (0.76-0.96) | (0.81-0.89) | (0.75-0.84)
IRR (95% ClI) 0.71 0.91 0.91 0.92 0.95 0.79 0.96
(2020-2023) (0.62-0.80) | (0.80-1.02) | (0.81-1.03) | (0.82-1.04) | (0.85-1.07) | (0.75-0.82) | (0.91-1.01)
Average Annual Percent Change (%) in Incidence by Age Group
APC (95% Cl) -2.2 -04 -04 -0.4 0.0 - -
(-2.5,-1.9) | (-0.9,0.0) | (-0.8,0.1) | (-0.8,0.1) | (-0.4,0.5)

*Adjusted for age (sex stratified models), sex (for age models), rural residence, and income quintile
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Figure S1. Results of the Analysis for Obesity in Young Ontarians (13-40 Years Old)
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Additional CKD Analysis

Table S5. Adjusted’ Incidence Rate Ratios (95% CI) by Era for CKD Indicators in Young

People (13-40 years old) in Ontario

Result

2015-2019

2020-2023

ACR > 3 mg/mmol

1.29 (1.17-1.44)

2.02 (1.80-2.27)

*eGFR < 60 min/mL/1.73 m?

1.48 (1.30-1.70)

1.73(1.52-1.98)

*CKD was defined as 2 eGFR measures < 60 that were taken 90 to 720 days within each other

IAdjusted for age, sex, rural residence, income quintile, and total lab tests per year
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Table S6. Adjusted' IRRs (v.s. Reference Era 2011-2014) and APCs (95% Cls) by Age Group

and Sex for CKD Indicators

CKD Indicator Age Group Sex
1318 | 1925 | 2530 | 3135 | 36-40 Male | Female
IRR (95% Cl) 2015-2019
ACR>3 1.93 1.64 1.60 1.01 0.77 1.23 1.51
mg/mmol (1.73-2.15) | (1.47-1.83) | (1.44-1.79) | (0.91-1.13) | (0.69-0.86) | (1.06-1.43) | (1.31-1.73)
*eGFR < 60 1.98 1.95 2.04 1.52 0.94 1.47 1.26
min/mL/1.73 m2 | (1.47-2.66) | (1.60-2.39) | (1.71-2.44) | (1.30-1.77) | (0.82-1.08) | (1.15-1.88) | (1.02-1.56)
IRR (95% Cl) 2020-2023
ACR >3 4.39 2.90 2.66 1.30 0.66 1.86 2.47
mg/mmol (3.93-4.91) (2.59-3.25) | (2.37-2.99) | (1.16-1.45) | (0.59-0.74) | (1.59-2.18) | (2.12-2.88)
*eGFR < 60 4.12 2.17 2.71 1.85 0.84 1.70 1.50
min/mL/1.73 m2 | (3.06-5.55) | (1.77-2.66) | (2.27-3.23) | (1.59-2.15) | (0.74-0.97) | (1.33-2.16) | (1.23-1.84)
Average Annual Percent Change (95% Cl)
ACR>3 13.7 9.2 9.0 0.8 -6.5 - -
mg/mmol (12.4,15.0) | (8.1,10.4) | (7.8,10.2) | (-0.3,1.9) | (-7.5,-5.6)
*eGFR < 60 17.3 6.4 11.4 7.3 -3.9 - -
min/mL/1.73 m2 | (12.1,22.8) | (3.2,9.7) | (8.5,14.4) | (4.9,9.8) | (-5.9,-1.7)

*CKD was defined as 2 eGFR measures < 60 that were taken 90 to 720 days within each other

!Adjusted for age (for sex stratified models), sex (for age models), rural residence, income quintile, and total lab

tests per year
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Figure S2. Adjusted' Incidence Rate Ratios (IRRs) (95% CI) Stratified by Age Group for CKD
Indicators
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*CKD was defined as 2 eGFR measures < 60 that were taken 90 to 720 days within each other.

!Adjusted for sex, rural residence, income quintile, and total lab tests per year

Figure S3. Forest Plot of Annual Percent Change (APC, %) in Incidence by Age Group for CKD

Indicators
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