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Abstract

Aim: To better understand the healthcare burden of people with type 2 diabetes (T2D)

and estimated glomerular filtration rate (eGFR) < 90 mL/min/1.73 m2 in Ontario, Canada.

Materials and Methods: We used administrative data to evaluate the prevalence of

T2D, eGFR < 90 mL/min/1.73 m2 and adverse cardiovascular co-morbidities in individ-

uals aged ≥ 30 years living in Ontario, Canada. We also examined incremental healthcare

costs and healthcare resource utilization (HCRU) for these patients with specific incident

cardiovascular and renal outcomes, in comparison with controls without these outcomes.

Results: While the prevalence of T2D in the general population aged ≥ 30 years in

Ontario increased by 1.8% over a 5-year period (2011-2012 to 2015-2016), the prev-

alence of eGFR < 90 mL/min/1.73 m2 among people with T2D increased by 35%. In

comparison with corresponding controls without these outcomes, the per patient

average total costs (Canadian dollars) over a 2-year analysis period were higher for

patients with cardiovascular disease/chronic kidney disease related death ($69 827;

n = 32 407), doubling of serum creatinine ($52 260; n = 22 825), those who started

dialysis ($150 627; n = 3499) or received a kidney transplant ($50 664; n = 651). Sim-

ilarly, HCRU was significantly greater for patients with these incident outcomes.

Conclusions: This real-world retrospective study highlights an increasing prevalence

of T2D, eGFR < 90 mL/min/1.73 m2, and the substantially higher healthcare costs

and HCRU when these patients have adverse cardiovascular and renal outcomes. The

existence of such a large economic burden underpins the importance of preventing

these diabetes-related complications.
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1 | INTRODUCTION

In 2019, diabetes affected an estimated 463 million individuals world-

wide, with a global economic burden of $760 billion (US dollars).1 An

estimated 3.4 million (9.3% of the population) Canadians were living

with diabetes in 2015, which is predicted to reach 5 million (12.1%)

by 2025.2 A Public Health Agency of Canada report estimated the

cost of diabetes in 2000 to be $2.5 billion (Canadian dollars); however,

this estimate may be conservative as it excluded costs associated with

diabetes complications.3

People with diabetes are at an increased risk of developing kidney

disease, with �40% developing abnormal albuminuria or low esti-

mated glomerular filtration rate (eGFR) during their lifetime.4–6 The

onset of abnormal albuminuria is associated with a greater risk of car-

diovascular disease (CVD) and progressive kidney function loss5,7 and

can result in the need for chronic renal replacement (dialysis or kidney

transplantation), contributing to high healthcare resource utilization

(HCRU) and healthcare costs.8,9

Two recent Canadian studies, using administrative healthcare

databases, evaluated outcomes in relation to renal function among

people with diabetes. An Alberta study described the prevalence of

CVD and chronic kidney disease (CKD) among patients with type

2 diabetes (T2D), while an Ontario study investigated the HCRU of

older adults living with both type 1 diabetes (T1D) and T2D across

the spectrum of eGFR values.10,11 There are insufficient data on the

prevalence and burden of illness (BOI) associated with T2D, eGFR <

90 mL/min/1.73 m2 and related adverse outcomes in Canada. To

determine the potential benefits of early prevention strategies, there

is a need to understand the associated HCRU and healthcare costs for

people with T2D and mild decrease in eGFR, in addition to patients

with T2D and CKD.12 Ontario, Canada's largest province with 38.3%

of its population, is ethnically diverse with 67.8% people of European

origin, 2.8% people of indigenous origins and 29.3% people from

racialized groups including South Asian origin (8.7%), Chinese origin

(5.7%), and African origin (4.7%), making it a unique source to study a

globally relevant population.13–15

This real-world retrospective population study was undertaken

to understand the healthcare burden of select adverse cardiovascu-

lar and renal events in people with T2D and eGFR < 90 mL/min/

1.73 m2 in Ontario, Canada (Figure 1). We estimated the prevalence

of T2D among adults aged ≥ 30 years old and quantified the pro-

portion with eGFR < 90 mL/min/1.73 m2 and associated CVD co-

morbidities. We also evaluated the BOI of these patients by exam-

ining incident T2D-related outcomes including CVD/CKD related

death, doubling of serum creatinine, kidney dialysis and kidney

transplantation.

2 | MATERIALS AND METHODS

2.1 | Study design and setting

We conducted a population-based retrospective observational study

using administrative data to evaluate the prevalence, healthcare

costs and HCRU of people living with T2D, eGFR < 90 mL/min/

1.73 m2 and related co-morbidities in Ontario, Canada. The study

was approved by the institutional review board at Advarra Canada

(approval number Pro00035931). As this was a retrospective study

using administrative data, informed patient consent was not

required.

F IGURE 1 Study schematic of prevalence and burden of illness
analyses of type 2 diabetes (T2D) with estimated glomerular filtration
rate (eGFR) < 90 mL/min/1.73 m2 in Ontario, Canada.
Abbreviations: CAD, coronary artery disease; CKD, chronic kidney
disease; CVD, cardiovascular disease; FY, fiscal years; ICES,
Institute for Clinical Evaluative Sciences; PAD, peripheral artery
disease
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2.2 | Data sources

This study utilized administrative databases from the Institute for

Clinical Evaluative Sciences (ICES) that contain publicly funded health

services records for the Ontario population. These de-identified

record-level databases include information such as physician claims

submitted to the Ontario Health Insurance Plan (OHIP), medical drug

claims submitted to the Ontario Drug Benefit Program, discharge

summaries of hospital stay and emergency department visits, and lab-

oratory values from the Ontario Laboratories Information System. To

identify diabetes patients, we used the ICES Ontario Diabetes Data-

base (ODD), which is a highly representative database that identifies

diabetes patients through a clinically validated algorithm.16,17

2.3 | Study population

The study population included people, aged ≥ 30 years old, with T2D

and at least two eGFR test values < 90 mL/min/1.73 m2 (Figure 1).

The ODD was used to identify diabetes patients aged ≥ 30 years old

at index. Patients first diagnosed with diabetes at < 19 years of age or

those diagnosed with T1D were excluded. eGFR values were derived

from serum creatinine laboratory values using the modification of diet

in renal disease (MDRD) equation.18 A lookback period, spanning the

start of a patient's medical history in ICES databases to their index

date, was used to identify patients meeting the selection criteria. Eligi-

ble patients were indexed to specific cohorts or outcomes from 1 April

2011 to 31 March 2016 (index period) on the first date (index date)

they satisfied the cohort or outcome-specific selection criteria

described below.

2.3.1 | Prevalence cohorts

We estimated the prevalence of T2D overall, T2D with eGFR <

90 mL/min/1.73 m2 and associated subgroups of CVD co-morbidities.

CVD was defined to include coronary artery disease (CAD), peripheral

artery disease (PAD) and cerebrovascular disease/stroke, as identified

through corresponding diagnosis/billing codes. People with T2D and

eGFR < 90 mL/min/1.73 m2 were grouped into the following four

cohorts: (a) T2D, (b) T2D + CAD/PAD, (c) T2D + stroke and (d)

T2D + CVD. Patients could be indexed to multiple cohorts on meeting

the cohort-specific criteria. Patients remained in the cohort until the

end of the index period, a death record, or loss of OHIP coverage (for

≥3 consecutive quarters), whichever occurred first.

2.3.2 | BOI outcomes

The BOI of patients with T2D and eGFR < 90 mL/min/1.73 m2 was

evaluated using a case-control study. For this analysis, patients were

eligible if they were recorded as alive at least 2 years post index and

were OHIP eligible within 2 years prior to and post index. We indexed

cases for the following four incident outcomes: (a) CVD/CKD related

death, (b) doubling of serum creatinine, (c) dialysis and (d) kidney

transplantation. For each outcome, controls included people with T2D

and eGFR < 90 mL/min/1.73 m2, without the specific outcome during

the lookback, index and analysis periods. Cases were exactly matched

to controls based on age (±3 years), sex, ODD entry year, ICES co-

morbidity score range, geographical location based on the Local

Health Integration Network and the neighbourhood income quintile.

The ICES co-morbidity score was based on a patient's hospital diagno-

ses. ICD-9 and ICD-10 diagnosis codes for chronic diseases were used

to assign weights, depending on the severity, and these weights were

summed to determine the score. Any cases without a matched control

were excluded.

The CVD/CKD related death cases included patients who had a

CVD or CKD diagnosis or event ≤ 60 days prior to a death record.19

Eligible patients were indexed on the date exactly 2 years prior to

their death record. The doubling of serum creatinine cases included

patients who had at least two blood serum creatinine laboratory test

values, where the second value was ≥2 times the value of the first,

and the two laboratory values were > 90 days and ≤ 2 years apart.20

These patients were indexed on the date of the second test. The dou-

bling of serum creatinine was selected as an outcome of interest

because it is used as a marker of declining renal function in nephrol-

ogy trials and is associated with a higher risk of cardiovascular inci-

dents in diabetes patients.20 The dialysis and kidney transplantation

cases included patients who had an incident procedure code for kid-

ney dialysis or kidney transplant, respectively. Patients were indexed

on their first procedure code date of kidney dialysis or kidney trans-

plant, respectively. Controls were assigned the index date of their

matched case. The outcomes were not mutually exclusive; it was pos-

sible for a patient to index to more than one outcome if they satisfied

individual outcome-specific selection criteria.

2.4 | Measures and outcomes

2.4.1 | Prevalence

The yearly patient counts and percentage prevalence for each patient

cohort were determined for 5 fiscal years (2011-2012 to 2015-2016).

For each year, the percentage prevalence of each cohort in the gen-

eral population and among people with T2D was calculated by divid-

ing the patient counts by the respective Ontario general population

(from Statistics Canada) or number of people with T2D (aged

≥30 years), respectively.

2.4.2 | Burden of illness

The healthcare costs and HCRU for each year in a 2-year analysis

period, following the index date, were calculated for patients in each

of the outcomes, except for CVD/CKD related death, where burden

was analysed in the 2 years leading up to their death record. The
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patients’ baseline characteristics were assessed prior to index. Costs for

multiple healthcare encounters such as physician visits (general practi-

tioner/family medicine [GP/FM] and specialist), hospital costs

(e.g. emergency department, inpatient hospitalization), public drug plans

and dialysis clinics were measured. For hospital costs, we used the

resource intensity weight methodology from the Canadian MIS Data-

base, which attributes a hospital-specific cost to the resource intensity

of each visit.21,22 The per patient average costs are reported here; all

costs are reported in Canadian dollars (2018). For HCRU analysis,

counts of all healthcare encounters such as physician visits, dialysis

clinic visits, emergency department visits and inpatient hospitalizations

were measured. The average counts per patient are reported here.

2.5 | Statistical analyses

No imputation was performed for missing values, and all data manage-

ment and data analysis were performed using SAS version 9.3 or

higher. Mean and standard deviation (SD) as well as median and inter-

quartile range (IQR) for continuous measures, and frequencies and

percentages for categorical variables, are reported. Because

healthcare cost data are not normally distributed, an unadjusted

gamma model was used to determine variance, and compare cases

and controls within each year; the associated P-value is reported.

Because HCRU count data are not normally distributed, an unadjusted

Poisson model or an unadjusted negative binomial model was used,

where appropriate, to compare cases and controls. The associated P-

value is reported for each year.

3 | RESULTS

3.1 | Prevalence of T2D with eGFR < 90 mL/min/
1.73 m2

The prevalence of T2D in the general population aged ≥ 30 years in

Ontario increased by 1.8% over a 5-year period from 2011-2012 to

2015-2016 (11.50% to 13.25%) (Figure 2). The prevalence of T2D with

eGFR < 90 mL/min/1.73 m2 and CVD co-morbidities increased in the

general population as well as among people with T2D. Among people

with T2D aged ≥ 30 years in Ontario, the prevalence of eGFR < 90 mL/

min/1.73 m2 and CVD co-morbidities increased by 16.5% for the T2D

cohort (46.81% to 63.27%), by 4.9% for the T2D + CAD/PAD cohort

(28.23% to 33.13%), by 0.4% for the T2D + stroke cohort (10.37% to

10.74%), and by 5.5% for the T2D + CVD cohort (30.27% to 35.77%).

3.2 | BOI analyses of T2D with eGFR < 90 mL/
min/1.73 m2

We are reporting BOI of T2D with eGFR < 90 mL/min/1.73 m2 and

incident T2D-related outcomes, specifically CVD/CKD related death,

doubling of serum creatinine, dialysis and kidney transplantation

(Figure 1). The cases included patients with a specific incident out-

come, while the corresponding matched controls included patients

who did not have the specific outcome.

3.2.1 | Baseline characteristics

Over 5 years, 2011-2012 to 2015-2016, the total unique number of

people with T2D, eGFR < 90 mL/min/1.73 m2, and who were aged

≥ 30 years in Ontario, was 811 794 (Table S2). Of these people, there

were 32 407 (4.0%) with CVD/CKD related death, 22 825 (2.8%) who

had a doubling of serum creatinine, 3499 (0.4%) who started dialysis

and 651 (0.1%) who received a kidney transplant. As multiple criteria

were used to match patients in the outcome cases and corresponding

controls, many of the baseline characteristics were similar and are

summarized in Table 1 and Table S4.

3.2.2 | Healthcare costs

Patients with each of the outcomes had higher average annual costs

than the respective controls (Table 2 and Table S5). In comparison

with respective controls, the average total costs over 2 years were

$69 827 (276%) higher for patients with CVD/CKD related death,

$52 260 (249%) higher for patients with doubling of serum creatinine,

$150 627 (648%) higher for patients needing dialysis, and $50 664

(188%) higher for patients receiving a kidney transplant. Across all

outcomes, inpatient hospitalization costs were the major driver of the

higher costs for cases.

F IGURE 2 Percentage prevalence of type 2 diabetes (T2D),
estimated glomerular filtration rate (eGFR) < 90 mL/min/1.73 m2 and
cardiovascular disease subgroups in individuals aged ≥ 30 years in
Ontario, Canada. Abbreviations: CAD, coronary artery disease; CVD,
cardiovascular disease; PAD, peripheral artery disease
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CVD/CKD related death outcome

Patients with CVD/CKD related death were indexed exactly 2 years

before their death record. Their average total annual costs were sig-

nificantly greater than their controls at $27 563 versus $12 802 in

year 1 and $67 590 versus $12 524 in year 2 (P < .001). Year 2 was

immediately before the death event and much higher costs were

observed in comparison with year 1. Over 2 years, the total public

healthcare costs for 32 407 patients were $3.08 billion. The main

drivers for these costs were inpatient hospitalization, long-term care,

public drug plan and specialist physician visit costs.

Doubling of serum creatinine outcome

Patients with doubling of serum creatinine had significantly higher

average annual total costs than their controls at $42 027 versus

$10 683 in year 1 and $31 200 versus $10 284 in year 2 (P < .001).

Over 2 years, the total public healthcare costs for 22 825 patients

were $1.67 billion. The major drivers of these high costs were inpa-

tient hospitalization, followed by specialist physician visits, public drug

plan and dialysis clinic costs.

Dialysis outcome

The average total costs over 2 years were highest for patients requir-

ing dialysis. They were also significantly higher than matched controls

at $106 637 versus $12 051 in year 1 and $67 223 versus $11 182 in

year 2 (P < .001). Over 2 years, the total public healthcare costs for

3499 patients were $608.34 million. The main drivers of these high

costs were inpatient hospitalization and dialysis clinic costs.

Kidney transplantation outcome

Patients who received a kidney transplant had significantly higher

average annual total costs than their matched controls at $55 381

versus $14 442 in year 1 and $22 167 versus $12 442 in year

2 (P < .001). Over 2 years, the total public healthcare costs for

651 patients were $50.48 million. The higher average annual total

cost in year 1 was mainly driven by inpatient hospitalization costs,

potentially explained by the costs associated with the transplantation

procedure. Other drivers of these high costs were specialist physician

visits, public drug plan and outpatient clinic costs.

3.2.3 | Healthcare resource utilization

For patients in each of the case outcomes, the HCRU was significantly

higher than the controls for both years of analysis and are summarized

in Table 3 and Table S6. One of the highest touchpoints across all

cases was visits to specialist physicians; the average total visits over

2 years were higher by 63.6 visits for patients with CVD/CKD related

death, 48.0 visits for patients with doubling of serum creatinine,

128.1 visits for patients requiring dialysis, and 49.6 visits for patients

who received a kidney transplant. Other healthcare resources highly

utilized across all cases included visits to GP/FM, dialysis clinics and

outpatient visits. Additionally, the average total length of stay in the

hospital for cases in most outcomes was also significantly longer, with

the highest total length of stay in the hospital for dialysis patients

(27.7 more days over 2 years).

4 | DISCUSSION

4.1 | Main findings

This is the first large and comprehensive population-based study to

assess the prevalence and BOI of T2D with eGFR < 90 mL/min/

1.73 m2 in Ontario, Canada. This study captures the increasing preva-

lence of eGFR < 90 mL/min/1.73 m2 as well as subgroups of CVD co-

morbidities among people with T2D from 2011-2012 to 2015-2016.

The substantially higher healthcare costs and HCRU of patients with

T2D, eGFR < 90 mL/min/1.73 m2 and adverse cardiovascular and

renal incident outcomes including CVD/CKD related death, doubling

of serum creatinine, dialysis and kidney transplantation, are evident

from this study. This analysis highlights not only the real-world burden

of T2D with eGFR < 90 mL/min/1.73 m2 and adverse outcomes on

the healthcare system, but also the importance of avoiding disease

complications and preventing disease progression.

Over 2 years, the total public healthcare costs for patients with

CVD/CKD related death, doubling of serum creatinine, dialysis and

kidney transplantation outcomes were $3.08 billion, $1.67 billion,

$608.34 million and $50.48 million, respectively. In comparison with

respective controls, the per patient average total costs over 2 years

were $69 827 (276%) higher for patients with CVD/CKD related

death, $52 260 (249%) higher for patients with doubling of serum cre-

atinine, $150 627 (648%) higher for patients needing dialysis and

$50 664 (188%) higher for patients receiving a kidney transplant.

With the only distinction between cases and controls being the spe-

cific T2D-related outcome, our results suggest that the higher

healthcare costs and HCRU are a direct consequence of the specific

outcome. In addition to indicating a burden on the healthcare system,

the significantly greater number of visits to physicians and dialysis

clinics and longer total stays in the hospital would also impact the

quality of life for patients by taking time away from work, family and

other personal activities.23

Any measures that could prevent these T2D-related adverse car-

diovascular and renal outcomes, such as public health awareness cam-

paigns, early screening of kidney disease, glycaemic and blood

pressure control, healthy living initiatives or earlier initiation of more

efficacious therapies, could result in substantial cost and resource sav-

ings for the healthcare system. Annual urinary albumin to creatinine

ratio (UACR) measurements are recommended for CKD screening in

people with T2D.12 However, in the year prior to index, UACR values

were reported for only 36% to 60% of BOI analysis patients. This

reflects a gap in documentation and/or screening that could lead to

delays in preventing disease progression. Importantly, early improve-

ments in UACR have been associated with positive long-term renal

and cardiovascular outcomes.24 For people with diabetes and CKD,

treatment with renin-angiotensin-aldosterone system (RAAS) blockers

such as angiotensin-converting enzyme (ACE) inhibitors or
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TABLE 3 Healthcare resource utilization of people with T2D and eGFR < 90 mL/min/1.73 m2 (aged ≥30 years) in Ontario, Canada

Outcome

Year 1 Year 2

Case Control
P-value

Case Control
P-valueMean (SD) Mean (SD) Mean (SD) Mean (SD)

CVD/CKD related death

Number of patients, n 32 407 98 680 32 407 98 680

Dialysis clinic visits 3.54 (22.22) 0.33 (6.89) <.001 4.37 (23.91) 0.40 (7.50) <.001

Physician visits - GP/FM 11.02 (14.86) 7.59 (10.08) <.001 21.16 (22.42) 7.14 (10.00) <.001

Inpatient hospitalization visits 0.56 (1.02) 0.23 (0.63) 1.87 (1.53) 0.23 (0.62) <.001

Long-term care visits 0.66 (1.94) 0.35 (1.41) <.001 1.04 (2.41) 0.36 (1.42) <.001

Outpatient clinic visits 2.71 (4.34) 1.61 (3.11) <.001 5.91 (6.78) 1.54 (3.01) <.001

Physician visits - specialist 31.05 (38.86) 17.20 (24.13) <.001 64.93 (62.10) 15.21 (20.81) <.001

Inpatient hospitalizations

Number of patients, n (%) 10 762 (33.2%) 16 419 (16.6%) 28 341 (87.5%) 15 601 (15.8%)

Total length of stay (days) 20.11 (42.35) 14.89 (35.73) <.001 27.88 (37.07) 14.49 (33.56) <.001

Doubling of serum creatinine

Number of patients, n 22 825 73 017 22 825 73 017

Dialysis clinics visits 5.86 (26.63) 0.15 (4.55) <.001 8.13 (32.74) 0.15 (4.49) <.001

Physician visits - GP/FM 14.38 (17.98) 7.40 (9.45) <.001 10.88 (15.39) 7.01 (9.34) <.001

Inpatient hospitalization visits 1.06 (1.28) 0.21 (0.59) <.001 0.57 (1.11) 0.20 (0.59) <.001

Long-term care visits 0.43 (1.64) 0.20 (1.07) <.001 0.52 (1.74) 0.20 (1.08) <.001

Outpatient clinic visits 4.77 (5.53) 1.63 (3.15) <.001 3.43 (4.92) 1.53 (3.04) <.001

Physician visits - specialist 46.21 (49.54) 15.63 (21.12) <.001 31.70 (38.79) 14.25 (18.92) <.001

Inpatient hospitalizations

Number of patients, n (%) 13 775 (60.4%) 10 719 (14.7%) 7311 (32.0%) 10 073 (13.8%)

Total length of stay (days) 22.42 (49.64) 13.49 (30.72) <.001 21.94 (61.82) 13.55 (30.73) <.001

Dialysis

Number of patients, n 3499 11 004 3499 11 004

Physician visits - GP/FM 14.30 (18.30) 7.72 (10.27) <.001 9.73 (15.32) 7.08 (9.76) <.001

Inpatient hospitalization visits 1.35 (1.24) 0.27 (0.73) <.001 0.70 (1.21) 0.23 (0.68) <.001

Long-term care visits 0.17 (0.97) 0.17 (1.01) .8383 0.24 (1.19) 0.17 (1.01) .0005

Outpatient clinic visits 6.20 (6.20) 1.85 (3.44) <.001 4.29 (5.54) 1.69 (3.24) <.001

Physician visits - specialist 98.72 (73.97) 17.24 (24.45) <.001 61.94 (53.20) 15.35 (21.60) <.001

Inpatient hospitalizations

Number of patients, n (%) 2739 (78.3%) 1346 (12.2%) 1903 (54.4%) 1680 (15.3%)

Total length of stay (days) 33.52 (57.80) 15.10 (31.97) <.001 24.94 (68.67) 15.65 (34.64) <.001

Kidney transplantation

Number of patients, n 651 2129 651 2129

Dialysis clinics visits 6.16 (27.20) 1.28 (13.62) <.001 5.40 (26.66) 1.25 (13.48) <.001

Physician visits - GP/FM 8.12 (8.86) 7.67 (9.64) .2570 7.02 (8.27) 7.18 (10.77) .6870

Inpatient hospitalization visits 1.72 (1.24) 0.29 (0.78) <.001 0.45 (0.88) 0.26 (0.72) <.001

Long-term care visits 0.03 (0.39) 0.15 (0.94) .0011 0.05 (0.55) 0.15 (0.94) .0133

Outpatient clinic visits 11.09 (8.57) 2.12 (3.99) <.001 5.38 (5.27) 1.95 (3.83) <.001

Physician visits - specialist 56.27 (40.43) 18.83 (26.86) <.001 28.35 (31.26) 16.19 (22.81) <.001

Inpatient hospitalizations

Number of patients, n (%) 648 (99.5%) 395 (18.6%) 180 (27.6%) 352 (16.5%)

Total length of stay (days) 13.74 (15.67) 18.56 (45.74) .0230 11.78 (14.88) 17.13 (44.30) .0236

Abbreviations: CKD, chronic kidney disease; CVD, cardiovascular disease; eGFR, estimated glomerular filtration rate; GP/FM, general practitioner/family

medicine; SD, standard deviation; T2D, type 2 diabetes.
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angiotensin-receptor blockers (ARB) is recommended for blood pres-

sure control.12 Additionally, based on the renal and cardiovascular

protective effects of sodium-glucose co-transporter-2 (SGLT2) inhibi-

tors, recent guidelines recommend the use of metformin and SGLT2

inhibitors as first-line antihyperglycaemic therapies in patients with

T2D and CKD.12,25

4.2 | Comparison with previous literature

This study is the first large and comprehensive evaluation of the prev-

alence and BOI of T2D, an eGFR < 90 mL/min/1.73 m2 and associ-

ated co-morbidities in Ontario, Canada. An Alberta study reported the

prevalence of CKD among people with T2D aged ≥18 years as 33%,

based on patients’ most recent eGFR value and albuminuria diagno-

sis.10 Our study reports a higher prevalence of eGFR < 90 mL/min/

1.73 m2 among people with T2D aged ≥ 30 years in Ontario (63% for

2015-2016). While our study selection criteria did not include albu-

minuria values because UACR laboratory results were not uniformly

reported, we included patients with two eGFR test values < 90 mL/

min/1.73 m2 and identified people with T2D and mild loss of kidney

function as well. Koye et al. highlight the global variation in the preva-

lence of CKD among diabetes patients.26 Within Europe, the age- and

sex-adjusted values varied between 15.4% in the Netherlands and

41.5% in Germany.27 In the US National Health and Nutrition Exami-

nation Survey (NHANES), while the CKD prevalence among adult dia-

betes patients was 26.2% (2009-2014),28 the prevalence of mildly

decreased eGFR (60-89 mL/min/1.73 m2) was 44.6% (1999-2012).29

A recent study described the HCRU in older diabetes patients

(aged >50 years), including those on dialysis, in Ontario, Canada.11

They found high HCRU for these patients, including a higher number

of physician visits, hospitalizations and diabetes-related complications,

similar to our results. Studies from Alberta have reported the total

direct cost of dialysis treatment for patients with end-stage renal dis-

ease to be $74 315 per year (2000 Canadian dollars) and for a kidney

transplant to be $75 000 - $79 000 (year 1) and $20 000 - $22 000

(year 2) (2008 Canadian dollars).30,31 In comparison, we found the

average total annual costs to be higher for dialysis cases ($106 637 in

year 1 and $67 223 in year 2) and lower for kidney transplantation

cases ($55 381 in year 1 and $22 167 in year 2). These differences

could be explained by differing management practices, costs and reim-

bursement status among Canadian provinces, the difference in dollar

values in these years, specific cost calculation algorithms, and addi-

tional diabetes-related health complications in our patient population.

4.3 | Strengths and limitations

This study has several important strengths, including its large size,

population-based design, and analysis of both prevalence and BOI.

We utilized the validated ICES administrative and laboratory data-

bases that are completely integrated and provide end to end patient

interactions within the Ontario healthcare system. With nearly 40% of

Canada's population, not only is Ontario a good representation of the

country, it also provides a unique opportunity to study a globally rele-

vant population because of the large ethnic diversity within

Ontario.13–15 To reflect the real-world T2D patient population, we

only used eGFR values as a selection criteria because a majority of

patients may not have UACR assessments. We provide a comprehen-

sive analysis of the healthcare costs and HCRU segmented by patients

with incident T2D-related outcomes.

This study also has limitations that should be considered when

interpreting results. This study is subject to measurement errors com-

mon to administrative databases such as possible inaccuracy of diag-

nostic and procedural codes. Additionally, as ICES databases lack

visibility into privately reimbursed expenses, the analysis may be miss-

ing costs associated with privately covered drugs and health services.

Moreover, this study assessed the direct healthcare costs of people

with T2D, eGFR < 90 mL/min/1.73 m2 and adverse outcomes; the

total non-healthcare–related costs and impact to quality of life were

not estimated. To identify diabetes patients, we used the ODD, which

is not specific to T1D or T2D. Although we used additional criteria to

exclude T1D patients, it is possible that our data may include a small

number of T1D patients and exclude some T2D patients. The eGFR

calculation, using the MDRD equation, was not corrected for race or

ethnicity; this may have affected eGFR values for those of African

descent. Because we required at least two eGFR test values < 90 mL/

min/1.73 m2, we may have missed patients who experienced a rapid

decrease in kidney function or mortality, underestimating the preva-

lence of that group. Some patients with acute kidney injury may still

have been included in the dialysis cases and contributed to the BOI.

The analysis period for the CVD/CKD related death outcome was the

2-year period prior to the death event while it was 2 years following

the index event for the other three outcomes, and thus are not

directly comparable. Hospital costs were calculated using a weighted

average methodology that could potentially underestimate out-

liers.21,22 Finally, the results from this study may not be generalizable

globally because the burden of disease, management practices or

reimbursement status may vary among different countries.

4.4 | Conclusion

In conclusion, this retrospective observational study provides a com-

prehensive evaluation of the prevalence and BOI of patients ≥

30 years old with T2D, eGFR < 90 mL/min/1.73 m2 and associated

co-morbidities in Ontario, Canada. We found that the prevalence of

eGFR < 90 mL/min/1.73 m2, as well as co-morbidities such as CVD

with or without stroke, has increased over time. The healthcare costs

and HCRU are significantly higher for those patients with adverse car-

diovascular or renal outcomes (CKD or CVD related death, doubling

of serum creatinine, dialysis and kidney transplantation) compared

with controls. These findings illustrate the substantial economic bur-

den of T2D and eGFR < 90 mL/min/1.73 m2 on the healthcare system

and indicate the importance of preventing disease progression. This

real-world assessment provides insights for clinicians, researchers and
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policymakers to better understand the outcomes for these patients as

well as the need to implement more effective strategies to curtail the

clinical and economic burden of T2D, eGFR < 90 mL/min/1.73 m2

and related cardiovascular and renal outcomes.
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