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Abstract

Background: Type 2 diabetes mellitus (T2DM) is associated with an excess risk of cardiovascular disease (CVD) and
chronic kidney disease (CKD). Although CVD, CKD, and use of antihyperglycemic treatments are all key drivers of the costs
and consequences experienced by people with diabetes, no recent Canadian data describe these characteristics among adults
with diabetes.

Objective: To describe prevalence of CVD, CKD, and use of antihyperglycemic treatments among adults with diabetes.
Design: Retrospective population-based, cross-sectional study.

Setting: Alberta, Canada.

Patients: All adults with T2DM as of March 31, 2017.

Measurements: We described the demographic and clinical characteristics by CKD stage and CVD status and type. CKD
stage was categorized according to international guidelines and based on estimated glomerular filtration rate (eGFR) and
severity of albuminuria.

Methods: Clinical and demographic characteristics were defined using provincial administrative data; medication use was
based on data from the provincial drug plan. Additional analyses examined subgroups based on demographic characteristics,
clinical characteristics, and medication use.

Results: There were 260 903 participants, all of whom had T2DM. Median age was 64 years; 53.6% were male; and 10.9%
lived in rural communities. Median duration of diabetes was 7.7 years. Half of the participants had AIC <7%. Overall,
33.0% had CKD; among these most had eGFR <60 mL/min/1.73 m% 11.1%, 5.6%, and 2.9% had CKD stages 3a, 3b, and 4/5,
respectively. The overall prevalence of CVD (prior myocardial infarction, stroke/transient ischemic attack, or peripheral
artery disease) was 22.5%; prevalence increased in parallel with the presence of CKD: 14.4%, 28.8%, 35.7%, 44.3%, and
50.9% for stages |, 2, 3a, 3b, and 4/5, respectively. Prescriptions for antihyperglycemic medications were more common in
people with CKD as compared with those without. However, the use of all antihyperglycemic medications except insulin and
meglitinide was progressively lower in the presence of more severe CKD.

Limitations: The study is based on administrative data; therefore, the findings could be influenced by measurement error
(eg, accuracy of diagnostic and procedural codes and prescription drug codes used).

Conclusions: These findings will be useful to policy makers seeking to understand the burden of diabetes-related kidney
disease as well as the potential budget implications and potential clinical benefits of expanded use of antihyperglycemic use
in this population.

Abrégé

Contexte : Le diabéte de type 2 (DB2) est associé a un risque accru de maladie cardiovasculaire (MCV) et d’insuffisance
rénale chronique (IRC). Bien que les MCV, I'IRC et la prise d’agents antihyperglycémiants soient des indicateurs importants
des colts et des conséquences pour les personnes diabétiques, il n’existe pas de données récentes au Canada décrivant ces
caractéristiques chez les adultes atteints de diabete.

Objectif : Documenter la prévalence des MCV, de I'IRC et la prise d’antihyperglycémiants chez les diabétiques adultes.
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Type d’étude : Etude transversale rétrospective représentative de la population

Cadre : Alberta, Canada

Sujets : Tous les adultes atteints de DB2 au 31 mars 2017

Mesures : Nous avons défini les caractéristiques démographiques et cliniques selon le stade de 'IRC, de méme que par le
type de MCV et la gravité de l'atteinte. Le stade de I'IlRC a été catégorisé selon les lignes directrices internationales, le débit
de filtration glomérulaire estimé et la quantité d’albuminurie.

Méthodologie : Les caractéristiques démographiques et cliniques ont été définies par I'entremise des données administratives
provinciales; et les données sur la médication provenaient du Régime provincial d’assurance-médicaments. Des analyses
supplémentaires ont examiné des sous-groupes de sujets sur la base des caractéristiques démographiques, des caractéristiques
cliniques et sur la prise de médicaments.

Résultats : L’étude porte sur 260 903 adultes atteints de DB2. L’age médian se situait a 64 ans; 53,6 % étaient des hommes
et 10,9 % vivaient en milieu rural. Les sujets étaient atteints de diabéte depuis 7,7 ans (médiane). La moitié des participants
présentaient une hémoglobine glyquée (HbAIC) inférieure a 7 %. Dans I'ensemble, 33,0 % des sujets étaient atteints d'IRC;
dont la plupart présentaient un DFGe inférieur 2 60 mL/min/I,73 m% quant au stade de I'IRC, I1,I % des sujets étaient
classés au stade 3a, 5,6 % au stade 3 b et 2,9 % aux stades 4/5. La prévalence générale de maladies cardiovasculaires
(antécédents d’infarctus du myocarde, d’accident vasculaire cérébral (AVC)/accident ischémique transitoire ou d’artériopathie
périphérique) s’établissait a 22,5 %; un pourcentage croissant parallélement a la présence d’'IRC, soit de 14,4 % au stade |,
de 28,8 % au stade 2, de 35,7 % au stade 3a, de 44,3 % au stade 3 b et de 50,9 % aux stades 4/5. Les ordonnances d’agents
antihyperglycémiants ont été plus fréquentes chez les sujets atteints d’'IRC que chez les autres. Toutefois, la prise d’agents
antihyperglycémiants, a 'exception de I'insuline et du méglitinide, s’est avérée progressivement plus faible en présence d’IRC
plus grave.

Limites : L’étude est fondée sur des données administratives, les résultats pourraient ainsi étre influencés par des erreurs
de mesures, notamment en ce qui concerne la précision du diagnostic ou la nomenclature des codes de procédure et des
codes de prescription utilisés.

Conclusion : Ces résultats serviront aux responsables de I'élaboration de politiques qui cherchent a comprendre le fardeau
des néphropathies liées au diabéte, de méme que les potentielles répercussions budgétaires et les avantages cliniques de
P'utilisation accrue d’agents antihyperglycémiants dans cette population de patients.
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those seeking to understand the burden of diabetes-related
kidney disease and its treatment.

What was known before

Diabetes-related kidney disease is common and is associated

with adverse health outcomes. .
Introduction

Diabetes mellitus affects more than 400 million people
worldwide, and the prevalence of diabetes is growing rap-

What this adds

This study provides population-based estimates of the demo-
graphic and clinical characteristics of Alberta patients with
type 2 diabetes mellitus by stage of kidney disease and his-
tory of cardiovascular disease, including a detailed examina-
tion of the number and type of antihyperglycemic agents
prescribed in this population. These findings will be useful to

idly, especially for type 2 diabetes mellitus (T2DM) and in
low- and middle-income countries.'” T2DM is associated
with an excess risk of microvascular and macrovascular
complications including cardiovascular disease (CVD) and
chronic kidney disease (CKD). The simultaneous presence
of T2DM and CKD is associated with future risk for
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cardiovascular events that is similar to people with prior
myocardial infarction* as well as a heightened risk for hypo-
glycemia, compared with people with diabetes but no CKD.
Besides the excess risk of CVD events, a key clinical conse-
quence of CKD is progressive kidney function loss—which
is associated with adverse outcomes, high health care costs,
and the possibility that chronic renal replacement (dialysis or
kidney transplantation) will be required.’

Because CVD and CKD are both key drivers of the costs
and consequence experienced by people with diabetes, infor-
mation on the prevalence of these conditions would be
potentially useful to policy makers seeking to project the
future resources and personnel needed to provide health ser-
vices for this high-risk group. However, no recent Canadian
data describe the population burden of diabetic kidney dis-
ease among adults with diabetes (or its pharmacological
treatment) by stage of CKD and level of estimated glomeru-
lar filtration rate (eGFR).

The current study describes the demographic and clini-
cal characteristics of patients with T2DM by CKD stage
and CVD status and type. Our primary objective was to
provide cross-sectional population-based estimates of the
distribution (prevalence) of CKD stage among prevalent
Albertan adults with T2DM. Additional subgroup analyses
examined how this prevalence varies by demographic
characteristics, clinical characteristics, and medication
use. We also examined the number and type of antihyper-
glycemic agents currently used by stage of CKD and type
of CVD.

Methods

This retrospective population-based cross-sectional study
is reported according to the STROBE guidelines.’ The
institutional review boards at the Universities of Alberta
(Pro00053469) and Calgary (REB16-1575) approved this
study. This is a study of administrative data without any
intervention. No study participants were placed at risk as
a result of the study. Informed consent was not required.

Data Sources and Cohort

We used the Alberta Kidney Disease Network database, which
incorporates data from Alberta Health (AH; the provincial
health ministry) including physician claims, hospitalizations,
and ambulatory care utilization; Alberta pharmaceutical net-
work data; and the clinical laboratories in Alberta. This data-
base has been widely used"”® because of its population-based
coverage of a geographically defined area, including demo-
graphic characteristics, health services utilization, and clinical
outcomes. Additional information on the database is available
elsewhere, including the validation of selected data elements
and the standardization and calibration of serum creatinine
assays.” All adults 18 years of age and older registered with
AH were included in the database; all Alberta residents are

eligible for insurance coverage by AH and >99% participate
in coverage. The database was used to assemble a cohort of
adults (18 years and older) with T2DM who resided in Alberta
on March 31, 2017 (index date). Patients with type 1 diabetes
mellitus (International Classification of Diseases, Ninth
Revision [ICD-9] code: 250.x1 and 250.x3) in any of their pre-
vious records were excluded.

Diabetes Mellitus and Comorbidities

T2DM and comorbidities were defined using a previously
published framework using validated algorithms as applied
to Canadian physician claims data, each of which had posi-
tive predictive values =70% as compared with a gold stan-
dard measure such as chart review.'” Conditions included
T2DM,"" chronic heart failure,lz’13 dementia,n’13 depres-
sion,'>"® myocardial infarction,'* peripheral artery disease
(PAD)," and stroke or transient ischemic attack (TIA).'
Each participant was classified with respect to the presence
or absence of these 7 chronic conditions (lookback extended
as far as April 1994 where records were available).'’
Detailed methods for classifying comorbidity status and the
specific algorithms used are found elsewhere.'® Myocardial
infarctions were included in our definition of coronary
artery disease (CAD) along with percutaneous coronary
intervention (/CD-9 procedures codes: 36.01, 36.02, 36.05,
36.06, and CCI 1.1J.50, 1.1J.57.GQ, 1.IL.35) and coronary
artery bypass grafting (/CD-9 procedures codes: 36.1, 36.2,
and CCI 1.1J.76). Cardiovascular disease was defined as
CAD, PAD, and stroke/TIA.

Assessment of CKD

We assessed the presence of CKD based on measurements
of eGFR and albuminuria. Stage of CKD was based on the
participant’s most recent evaluated outpatient GFR within
18 months before the index date: >90 mL/min/1.73 m’
together with moderate or greater albuminuria (stage 1), 60
to 89 mL/min/1.73 m* together with moderate or greater
albuminuria (stage 2), 45 to 59 mL/min/1.73 m* (stage 3a),
30 to 44 mL/min/1.73 m? (stage 3b), and <30 mL/min/1.73
m” (stages 4 and 5, with or without renal replacement ther-
apy). People without stage 1 to 5 CKD were considered not
to have CKD. eGFR was calculated using the CKD
Epidemiology  Collaboration (CKD-EPI) equation.
Albuminuria (if available) was captured using the partici-
pant’s most recent outpatient measurement within 18
months before the index date wusing either the
albumin:creatinine ratio (ACR), the protein:creatinine ratio
(PCR), and the dipstick. A PCR assessment was used when
ACR was not available, and dipstick results were used
when PCR was not available. Measurements were catego-
rized as follows: missing, none/mild (ACR <3 mg/mmol,
PCR <15 mg/mmol, dipstick negative/trace), moderate
(ACR 3-30 mg/mmol, PCR 15-50 mg/mmol, dipstick 1+),
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severe (ACR 31-220 mg/mmol, PCR 51-350 mg/mmol,
dipstick 2+ and 3+), and nephrotic range (ACR >220 mg/
mmol, PCR >350 mg/mmol, dipstick =4+). Participants
with missing values for albuminuria were considered not to
have albuminuria when categorizing CKD stage. We also
did analyses that categorized participants in terms of eGFR
only (ie, without consideration of albuminuria, using the
same eGFR thresholds as above: >90, 60-89, 45-59, 30-44
and <30 mL/min/1.73 m?).

Other Variables and Antihyperglycemic Agents

Demographic variables included age, gender, urban or rural
residence, duration of diabetes, laboratory measurements
(glycated hemoglobin [A1C] and low-density lipoprotein
cholesterol [LDL-C]), body mass index (BMI), and utiliza-
tion of antihyperglycemic agents. The laboratory measure-
ments were the most recent outpatient measures within 18
months on the index date. We identified participants with
BMI =35 kg/m” as in our prior work."®

Use of an antihyperglycemic agent was defined as at least
one prescription for an antidiabetic agent with a duration of
at least 30 days within 18 months of the index date. Available
agents were categorized into treatment classes: biguanide
(metformin), dipeptidyl peptidase-4 (DPP-4) inhibitors (lina-
gliptin, saxagliptin, sitagliptin), glucagon-like peptide-1
(GLP-1) receptor agonists (dulaglutide, exenatide, liraglu-
tide), insulin, meglitinides (nateglinide, repaglinide),
sodium-glucose cotransporter type 2 (SGLT-2) inhibitors
(canagliflozin, dapagliflozin, empagliflozin), sulfonylureas
(chlorpropamide, glibenclamide, gliclazide, glimepiride, tol-
butamide), and other agents (acarbose, orlistat, pioglitazone,
rosiglitazone). Fixed dose combinations comprised of 2 anti-
hyperglycemic agents were also included if they were avail-
able in Alberta.

Statistical Analyses

We did analyses with Stata MP 15-1 (www.stata.com) and
reported descriptive statistics—counts and percentages, or
medians and interquartile range (IQR), as appropriate.
Multiple subgroups were explored: primarily CKD stage and
prior CVD (CAD, PAD, and stroke/TTA) but also A1C
(<7%, 7%-8%, 8.1%-9%, >9%).

Results

Characteristics of Study Participants

Participant flow is shown in Supplemental Figure S1; 3 481
650 individuals were excluded since they did not have T2DM
and a further 56 653 were excluded as they did not have an
e¢GFR measurement in the 18 months prior to the index date,
leaving 260 903 participants in the cohort. The median age of
the cohort of adults with T2DM was 64 years.

There were slightly more men than women with T2DM
(53.6% vs 46.4%), and 10.9% lived in rural communities
(towns with <10 000 people). The median duration of T2DM
was 7.7 years and 8.1% did not have A1C outpatient mea-
surement in the prior 18 months. In those with measured
A1C, slightly more than half (55.3%) had A1C <7%. Median
eGFR was 83 mL/min/1.73 m* and median LDL-C was 2.1
mmol/L. Albuminuria was not measured in 15.3% of the par-
ticipants. In those with measured albuminuria, 19.9% had
moderate-to-nephrotic range albuminuria. There were 12.9%
of participants with a prior stroke or TIA, 11.7% with chronic
depression, 10.6% with heart failure, 10.5% with CAD, 4.9%
with dementia, and 3.4% with PAD. The distribution of anti-
hyperglycemic medication use was as follows: 48.0% bigu-
anides (all of which were metformin), 15.2% insulin, 14.4%
sulfonylureas (90.9% of which were gliclazide), 11.8%
DPP-4 inhibitors, 7.6% SGLT2 inhibitors, 3.7% meglitinides
(all of which were repaglinide), 2.4% GLP-1 receptor ago-
nists, and 1.9% use from other classes.

CKD Stage

Overall, 33.0% had CKD and 67.0% did not. Among those
classified as having CKD, the majority had eGFR <60 mL/
min/1.73 m* (Table 1); 5.6% and 2.9% had advanced CKD,
stages 3b and 4/5, respectively. Among those with CKD, age
65 years or older (15.4% vs 2.5%), women (9.3% vs 7.9%),
rural participants (9.3% vs 8.5%; Table 2), participants with
BMI =35 kg/m” (10.1% vs 8.8%), severe albuminuria (34.9%
vs 12.2% moderate vs 5.0% none/mild; Table 3), chronic heart
failure (29.8% vs 6.0%; Table 4), and dementia (23.9% vs
7.7%) were all more likely to be associated with advanced
CKD (stage 3b, 4, or 5) as compared with less advanced stages
(1, 2, or 3a). As expected, duration with T2DM was longer for
those with advanced CKD compared with those with stage 1, 2,
or 3a CKD (13.3 vs 9.3 years; Table 3) and LDL-C was lower
(1.8 vs 1.9 mmol/L). Stage 1 and 2 CKD was most common in
participants with A1C >9% (Table 5); however, A1C level per
se was not clearly associated with more advanced CKD.

The prevalences of the different eGFR categories were 96
902 (37%), 112 705 (43%), 29 069 (11%), 14 698 (6%), and
7529 (3%) for eGFR >90, 60-89, 45-59, 30-44, and <30
mL/min/1.73 m?, respectively (Supplemental Table S1).

Figure 1 shows prevalence of antihyperglycemic class use
by CKD stage. Biguanides, followed by insulin, sulfonyl-
ureas, and DPP-4 inhibitors were the drug classes most fre-
quently used by participants with CKD stages 1 through 3b.
In participants with CKD stage 4/5, insulin followed by big-
uanides, sulfonylureas, meglitinides, and DPP-4 inhibitors
were most frequently used.

Cardiovascular Disease

Three quarters of the participants had no prior CVD (Table 1).
In those with prior CVD, stroke/TIA was the most frequent
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Table I. CKD Stage, Prior CVD, and AIC Overall and by Age and Gender.
Age, years Gender
Population Overall <65 =65 65-74 =75 Female Male
Overall 260 903 139 568 121 335 66 472 54 863 121 129 139 774
No CKD, eGFR 174920 (67.0) 110014 (78.8) 64906 (53.5) 42307 (63.6) 22599 (41.2) 82540 (68.1) 92 380 (66.1)
>90 mL/min/1.73 m? 81383 (31.2) 70238(50.3) 11145(9.2) 10 172 (15.3) 973 (1.8) 40 052 (33.1) 41 331 (29.6)
60-89 mL/min/1.73 m? 93537 (359) 39776 (285) 5376l (443) 32135(483) 21626(39.4) 42488 (35.1) 51049 (36.5)
CKD stage
| 15519 (5.9) 13205 (9.5) 2314 (1.9) 2100 (3.2) 214 (0.4) 6298 (5.2) 9221 (6.6)
2 19 168 (7.3) 7615 (5.5) 11553 (9.5) 6727 (10.1) 4826 (8.8) 6749 (5.6) 12 419 (8.9)
3a 29 069 (11.1) 5140 (3.7) 23 929 (19.7) 9633 (14.5) 14296 (26.1) 14336 (11.8) 14733 (10.5)
3b 14 698 (5.6) 1871 (1.3) 12 827 (10.6) 3792 (5.7) 9035 (16.5) 7580 (6.3) 7118 (5.1)
4/5 7529 (2.9) 1723 (1.2) 5806 (4.8) 1913 (2.9) 3893 (7.1) 3626 (3.0) 3903 (2.8)
Prior CVD* 58 595 (22.5) 17 541 (12.6) 41054 (33.8) 18448 (27.8) 22606 (41.2) 22201 (18.3) 36 394 (26.0)
CAD 27 395 (10.5) 7916 (5.7) 19 479 (16.1) 9381 (14.1) 10098 (18.4) 6948 (5.7) 20 447 (14.6)
PAD 8772 (3.4) 2140 (1.5) 6632 (5.5) 2844 (4.3) 3788 (6.9) 3360 (2.8) 5412 (3.9)
Stroke/TIA 33733 (12.9) 9557 (6.8) 24176 (19.9) 9747 (14.7) 14429 (26.3) 15420 (12.7) 18313 (13.1)
AlC
<7% 132 620 (50.8) 66 885 (47.9) 65735 (542) 35368(53.2) 30367 (55.4) 64482(532) 68138 (48.7)
7%-8% 56 533 (21.7) 29226 (20.9) 27307 (22.5) 15804 (23.8) 11503 (21.0) 24017 (19.8) 32516 (23.3)
8.1%-9% 24 369 (9.3) 14210 (10.2) 10159 (8.4) 6093 (9.2) 4066 (7.4) 9883 (8.2) 14 486 (10.4)
>9% 26 352 (l10.1) 18 493 (13.3) 7859 (6.5) 5129 (7.7) 2730 (5.0) 10 827 (8.9) 15525 (I11.1)
Missing 21 029 (8.1) 10 754 (7.7) 10 275 (8.5) 4078 (6.1) 6197 (11.3) 11920 (9.8) 9109 (6.5)
eGFR 60-89 mL/min/1.73 m* & CVD 26 506 (10.2) 6849 (4.9) 19 657 (16.2) 10028 (I5.1) 9629 (17.6) 9354 (7.7) 17 152 (12.3)
eGFR <60 mL/min/1.73 m> & CVD 20726 (7.9) 2583 (1.9) 18 143 (15.0) 5614 (8.4) 12 529 (22.8) 8897 (7.3) 11829 (8.5)
Note. CKD = chronic kidney disease; CVD = cardiovascular disease; AIC = glycated hemoglobin; eGFR = estimated glomerular filtration rate; CAD = coronary artery
disease; PAD = peripheral artery disease; TIA = transient ischemic attack.
*Prior CVD is any CAD, PAD, or stroke/TIA. N (%) are reported.
Table 2. CKD Stage, Prior CVD and AIC by Region and BMI.
Region BMI, kg/m?
Population Urban Rural <35 =35 Missing
Overall 232 441 28 462 169 682 63 296 27 925
No CKD, eGFR 156 322 (67.3) 18 598 (65.3) 113 608 (67.0) 40 549 (64.1) 20763 (74.4)
>90 mL/min/1.73 m? 72589 (31.2) 8794 (30.9) 49 971 (29.4) 19 407 (30.7) 12 005 (43.0)
60-89 mL/min/1.73 m? 83 733 (36.0) 9804 (34.4) 63 637 (37.5) 21 142 (334) 8758 (31.4)
CKD stage
| 13737 (5.9) 1782 (6.3) 8957 (5.3) 4015 (6.3) 2547 (9.1)
2 17 068 (7.3) 2100 (7.4) 12 407 (7.3) 4858 (7.7) 1903 (6.8)
3a 25739 (11.1) 3330 (11.7) 19833 (11.7) 7507 (11.9) 1729 (6.2)
3b 12 950 (5.6) 1748 (6.1) 9932 (5.9) 4036 (6.4) 730 (2.6)
4/5 6625 (2.9) 904 (3.2) 4945 (2.9) 2331 (3.7) 253 (0.9)
Prior CVD? 51 563 (22.2) 7032 (24.7) 40 554 (23.9) 15919 (25.2) 2122 (7.6)
CAD 23901 (10.3) 3494 (12.3) 19160 (11.3) 7614 (12.0) 621 (2.2)
PAD 7834 (3.4) 938 (3.3) 5975 (3.5) 2613 (4.1) 184 (0.7)
Stroke/TIA 29 836 (12.8) 3897 (13.7) 23293 (13.7) 8973 (14.2) 1467 (5.3)
AlC
<7% 119175 (51.3) 13 445 (47.2) 87795 (51.7) 32281 (51.0) 12 544 (44.9)
7%-8% 50315 (21.6) 6218 (21.8) 36374 (21.4) 13399 (21.2) 6760 (24.2)
8.1%-9% 21 421 (9.2) 2948 (10.4) 15 057 (8.9) 6219 (9.8) 3093 (11.1)
>9% 22 848 (9.8) 3504 (12.3) 15687 (9.2) 6525 (10.3) 4140 (14.8)
Missing 18 682 (8.0) 2347 (8.2) 14769 (8.7) 4872 (7.7) 1388 (5.0)
eGFR 60-89 mL/min/1.73 m* & CVD 23 373 (10.1) 3133 (11.0) 18795 (I1.1) 6721 (10.6) 990 (3.5)
eGFR <60 mL/min/1.73 m> & CVD 18 269 (7.9) 2457 (8.6) 14 290 (8.4) 5854 (9.2) 582 (2.1)

Note. CKD = chronic kidney disease; CVD = cardiovascular disease; A|C = glycated hemoglobin; BMI = body mass index; eGFR = estimated glomerular filtration rate;
CAD = coronary artery disease; PAD = peripheral artery disease; TIA = transient ischemic attack.

*Prior CVD is any CAD, PAD, or stroke/TIA. N (%) are reported.
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Table 3. CKD Stage, Prior CVD, and Al C by Duration of T2DM Years, LDL-C, and Albuminuria.

Albuminuria
Duration of LDL-C,

Population T2DM, years mmol/L None/mild Moderate Severe/nephrotic Missing
Overall 260 903 203 770 168 816 37 094 14 955 40 038
No CKD, eGFR 6.8 (3.1, 11.9) 22 (1.6,2.9) 143 729 (85.1) 0 (0.0) 0 (0.0 31 191 (77.9)

>90 mL/min/1.73 m? 5.8 (2.6, 10.5) 2.3(1.7,3.0) 67 309 (39.9) 0 (0.0) 0 (0.0) 14 074 (35.2)

60-89 mL/min/1.73 m? 7.6 (3.6, 12.9) 2.1 (1.6,2.9) 76 420 (45.3) 0 (0.0) 0 (0.0) 17 117 (42.8)
CKD stage

| 6.8 (3.1, 12.0) 2.1 (1.6,2.9) 0 (0.0) 12 580 (33.9) 2939 (19.7) 0 (0.0)

2 9.9 (4.9, 15.7) 1.9 (1.4, 2.6) 0 (0.0) 14 796 (39.9) 4372 (29.2) 0 (0.0)

3a 10.4 (54, 16.1) 1.9 (1.4, 2.6) 16 685 (9.9) 5180 (14.0) 2425 (16.2) 4779 (11.9)

3b 12.5 (6.8, 18.1) 1.8 (1.3,24) 6717 (4.0) 3154 (8.5) 2409 (16.1) 2418 (6.0)

4/5 15.1 (8.6, 20.4) 1.8(1.3,24) 1685 (1.0) 1384 (3.7) 2810 (18.8) 1650 (4.1)
Prior CVD?

Yes 10.1 (5.1, 16.1) 1.7 (1.3,24) 32538 (19.3) 9865 (26.6) 5327 (35.6) 10 865 (27.1)

No 7.1 (3.2, 12.6) 2.2 (1.6,2.9) 136 278 (80.7) 27 229 (73.4) 9628 (64.4) 29 173 (72.9)
Prior CAD

Yes 10.2 (5.2, 16.3) 1.6 (1.2, 2.1) 15 066 (8.9) 4996 (13.5) 2573 (17.2) 4760 (11.9)

No 7.5 34, 13.0) 2.2 (1.6,2.9) 153 750 (91.1) 32098 (86.5) 12 382 (82.8) 351278 (88.1)
Prior PAD

Yes 1.1 (5.4, 17.4) 1.8(1.3,24) 4215 (2.5) 1490 (4.0) 1113 (7.4) 1954 (4.9)

No 7.6 (3.5, 13.3) 2.1 (1.6,2.8) 164 601 (97.5) 35 604 (96.0) 13 842 (92.6) 38084 (95.1)
Prior Stroke/TIA

Yes 104 (5.3, 16.3) 1.9 (1.4,2.5) 18 665 (11.1) 5448 (14.7) 3093 (20.7) 6527 (16.3)

No 7.4 (34, 12.9) 2.1 (1.6,2.9) 150 151 (88.9) 31 646 (85.3) 11862 (79.3) 33511 (83.7)
AlC

<7% 6.3 (2.8, 11.4) 2.2(1.6,2.9) 92 454 (54.8) 15031 (40.5) 5382 (36.0) 19 753 (49.3)

7%-8% 9.6 (4.8, 15.5) 1.9 (1.4, 2.6) 36 935 (21.9) 9771 (26.3) 3645 (24.4) 6182 (15.4)

8.1%-9% 10.9 (5.8, 16.9) 2.0(1.5,27) 14 647 (8.7) 4868 (13.1) 2149 (14.4) 2705 (6.8)

>9% 9.8 (4.9,15.8) 2.2 (1.6,3.0) 13971 (8.3) 6303 (17.0) 2974 (19.9) 3104 (7.8)

Missing 6.8 (3.2, 11.8) 2.5(1.9,32) 10 809 (6.4) 1121 (3.0) 805 (5.4) 8294 (20.7)
eGFR 60-89 mL/min/1.73 m? & CVD 9.4 (4.7, 15.1) 1.8 (1.3,24) 16 321 (9.7) 4108 (11.1) 1402 (9.4) 4675 (11.7)
eGFR <60 mL/min/1.73 m* & CVD 12.7 (6.8, 18.6) 1.7 (1.2,23) 9053 (5.4) 4045 (10.9) 3405 (22.8) 4223 (10.5)

Note. CKD = chronic kidney disease; CVD = cardiovascular disease; AIC = glycated hemoglobin; T2DM = type 2 diabetes mellitus; LDL-C = low-density lipoprotein

cholesterol; eGFR = estimated glomerular filtration rate; CAD = coronary artery disease; PAD = peripheral artery disease; TIA = transient ischemic attack;

IQR = interquartile range.

*Prior CVD is any CAD, PAD, or stroke/TIA. N (%) or medians (IQR) are reported as appropriate.

(12.9%) followed by CAD (10.5%) then PAD (3.4%).
Participants 65 years or older (33.8% vs 12.6%), men (26.0%
vs 18.3%), rural participants (24.7% vs 22.2%), participants
with BMI =35 kg/m2 (25.2% vs 23.9%), severe albuminuria
(35.6% vs 26.6% moderate vs 19.3% none/mild; Table 3),
chronic heart failure (57.9% vs 18.3%; Table 4), dementia
(50.8% vs 21.0%), and depression (25.5% vs 22.1%) were
more likely to have prior CVD. Duration of T2DM was lon-
ger (10.1 vs 7.1 years; Table 3) and LDL-C was lower (1.7 vs
2.2 mmol/L) for those with prior CVD. The prevalence of
prior CVD was highest in participants with A1C 8.1% to 9%
(Table 5). A1C level per se was not clearly associated with a
prior history of CVD.

The prevalence of any CVD, CAD, PAD, or stroke/TTIA
was 14.4%, 6.8%, 2.0%, 7.7% for stage 1, 28.8%, 14.4%,
4.3%, 15.6% for stage 2, 35.7%, 17.2%, 5.6%, 21.2% for
stage 3a, 44.3%, 21.7%, 8.1%, 27.0% for stage 3b, and 50.9%,
23.6%, 15.2%, 30.2% for stage 4/5 CKD, respectively.

Figure 2 shows prevalence of antihyperglycemic class use
by prior CVD. Biguanides, followed by insulin, sulfonylureas,

DPP-4 inhibitors, SGLT2 inhibitors, and meglitinides were the
classes most frequently used by participants with prior CVD.

Figure 3 and Table 6 show use of antihyperglycemic class
use by CKD stage and prior CVD. Supplemental Tables S2
and S3 show use of monotherapy and antihyperglycemic
agent use alone or in combination, respectively, as a function
of CKD stage. Use of DPP-4 inhibitors tended to be higher
for people with CKD than without, but use became progres-
sively less common in parallel with lower eGFR. Similar
findings were observed for all other agents except for insulin
and meglitinide monotherapy and in combination, which was
more common at lower eGFR. Supplemental Table S4 shows
antihyperglycemic agent use alone or in combination, respec-
tively, as a function of prior CVD.

AlC Management

About half of the participants had A1C <7% (Table 1): par-
ticipants 65 years and older (54.2% vs 47.9%), women
(53.2% vs 48.7%), urban participants (51.3% vs 47.2%), no/
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Table 4. CKD Stage, Prior CVD, and Al C, by Chronic Heart Failure, Dementia, and Depression.
Chronic heart failure Dementia Depression
Population Yes No Yes No Yes No
Overall 27 600 233 303 12 901 248 002 30524 230 379
No CKD, eGFR 10351 (37.5) 164 569 (70.5) 5792 (44.9) 169 128 (68.2) 20933 (68.6) 153 987 (66.8)
>90 mL/min/1.73 m? 2619 (9.5) 78 764 (33.8) 1258 (9.8) 80 125 (32.3) 10 272 (33.7) 71 111 (30.9)
60-89 mL/min/1.73 m? 7732 (28.0) 85 805 (36.8) 4534 (35.1) 89 003 (35.9) 10 661 (34.9) 82 876 (36.0)
CKD stage
| 768 (2.8) 14751 (6.3) 229 (1.8) 15290 (6.2) 1833 (6.0) 13 686 (5.9)
2 2463 (8.9) 16 705 (7.2) 965 (7.5) 18203 (7.3) 1902 (6.2) 17 266 (7.5)
3a 5783 (21.0) 23 286 (10.0) 2831 (21.9) 26 238 (10.6) 3253 (10.7) 25816 (11.2)
3b 4720 (17.1) 9978 (4.3) 2050 (15.9) 12 648 (5.1) 1710 (5.6) 12 988 (5.6)
4/5 3515 (12.7) 4014 (1.7) 1034 (8.0) 6495 (2.6) 893 (2.9) 6636 (2.9)
Prior CVD* 15973 (57.9) 42 622 (18.3) 6554 (50.8) 52 041 (21.0) 7790 (25.5) 50 805 (22.1)
CAD 9769 (35.4) 17 626 (7.6) 2172 (16.8) 25223 (10.2) 2760 (9.0) 24 635 (10.7)
PAD 2987 (10.8) 5785 (2.5) 1175 (9.1) 7597 (3.1) 1293 (4.2) 7479 (3.2)
Stroke/TIA 8605 (31.2) 25 128 (10.8) 5056 (39.2) 28 677 (11.6) 5341 (17.5) 28 392 (12.3)
AlIC
<7% 13267 (48.1) 119353 (51.2) 6307 (48.9) 126 313 (50.9) 16 043 (52.6) 116 577 (50.6)
7%-8% 5709 (20.7) 50 824 (21.8) 2191 (17.0) 54 342 (21.9) 5265 (17.2) 51268 (22.3)
8.1%-9% 2690 (9.7) 21 679 (9.3) 1023 (7.9) 23 346 (9.4) 2638 (8.6) 21 731 (94)
>9% 2560 (9.3) 23792 (10.2) 949 (7.4) 25 403 (10.2) 3363 (11.0) 22 989 (10.0)
Missing 3374 (12.2) 17 655 (7.6) 2431 (18.8) 18 598 (7.5) 3215 (10.5) 17 814 (7.7)
eGFR 60-89 mL/min/1.73 m* & CVD 5694 (20.6) 20812 (8.9) 2645 (20.5) 23 861 (9.6) 3310 (10.8) 23 196 (10.1)
eGFR <60 mL/min/1.73 m> & CVD 8696 (31.5) 12 030 (5.2) 3350 (26.0) 17 376 (7.0) 2651 (8.7) 18 075 (7.8)

Note. CKD = chronic kidney disease; CVD = cardiovascular disease; AIC = glycated hemoglobin; CAD = coronary artery disease; eGFR = estimated glomerular filtration
rate; PAD = peripheral artery disease; TIA = transient ischemic attack.
*Prior CVD is any CAD, PAD, or stroke/TIA. N (%) are reported.

Table 5. CKD Stage and Prior CVD, by AIC.

AlC
Population <7% 7-8% 8.1-9% >9% Missing
Overall 132 620 56 533 24 369 26 352 21 029
No CKD, eGFR 93 935 (70.8) 36219 (64.1) 14 583 (59.8) 15010 (57.0) 15173 (72.2)
>90 mL/min/1.73 m? 40 589 (30.6) 16 813 (29.7) 7594 (31.2) 9238 (35.1) 7149 (34.0)
60-89 mL/min/1.73 m? 53 346 (40.2) 19 406 (34.3) 6989 (28.7) 5772 (21.9) 8024 (38.2)
CKD stage
| 5219 (3.9) 3634 (6.4) 2226 (9.1) 3976 (15.1) 464 (2.2)
2 7862 (5.9) 5172 (9.1) 2499 (10.3) 3006 (11.4) 629 (3.0)
3a 15105 (11.4) 6508 (11.5) 2668 (10.9) 2206 (8.4) 2582 (12.3)
3b 7112 (5.4) 3299 (5.8) 1500 (6.2) 1330 (5.0) 1457 (6.9)
4/5 3387 (2.6) 1701 (3.0) 893 (3.7) 824 (3.1) 724 (3.4)
Prior CVD* 28 863 (21.8) 12 755 (22.6) 5677 (23.3) 5595 (21.2) 5705 (27.1)
CAD 12 907 (9.7) 6464 (11.4) 2928 (12.0) 2790 (10.6) 2306 (11.0)
PAD 4241 (3.2) 1787 (3.2) 858 (3.5) 810 (3.1) 1076 (5.1)
Stroke/TIA 17 001 (12.8) 6939 (12.3) 3034 (12.5) 3103 (11.8) 3656 (17.4)
eGFR 60-89 mL/min/1.73 m* & CVD 13901 (10.5) 5673 (10.0) 2354 (9.7) 2135 (8.1) 2443 (11.6)
eGFR <60 mL/min/1.73 m?> & CVD 9840 (7.4) 4589 (8.1) 2142 (8.8) 1859 (7.1) 2296 (10.9)

Note. CKD = chronic kidney disease; CVD = cardiovascular disease; A|C = glycated hemoglobin; eGFR = estimated glomerular filtration rate; CAD = coronary artery
disease; PAD = peripheral artery disease; TIA = transient ischemic attack.
*Prior CVD is any CAD, PAD, or stroke/TIA. N (%) are reported.

mild albuminuria (54.8% vs 40.5% moderate vs 36.0%
severe), and depression (52.6% vs 50.6%) were more likely
to have A1C <7%. Participants younger than 65 years
(13.3% vs 6.5%), men (11.1% vs 8.9%), rural participants

(12.3% vs 9.8%), participants with BMI =35 kg/m? (10.3% with LDL-C level (Table 3).

vs 9.2%), severe albuminuria (19.9% vs 17.0% moderate vs
8.3% none/mild; Table 3), and depression (11.0% vs 10.0%)
were more likely to have A1C >9%. The level of A1C con-
trol was not clearly associated with duration of T2DM, or
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Figure 1. Any use of antihyperglycemic classes by CKD stage.
Note. CKD = chronic kidney disease; DPP-4 = dipeptidyl peptidase-4; SGLT2 = sodium glucose co-transporter 2; GLP-1 = glucagon-like peptide I.
Other includes Acarbose, Orlistat, Pioglitazone, and Rosiglitazone. Any participant can be counted in more than one class of antihyperglycemic agent.
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Figure 2. Any use of antihyperglycemic classes by prior CVD.

Note. CVD = cardiovascular disease; CAD = coronary artery disease; PAD = peripheral artery disease; TIA = transient ischemic attack; DPP-4 =
dipeptidyl peptidase-4; SGLT2 = sodium glucose co-transporter 2; GLP-1 = glucagon-like peptide |. Other includes Acarbose, Orlistat, Pioglitazone, and
Rosiglitazone. Any participant can be counted in more than one class of antihyperglycemic agent.
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Figure 3. Use of antihyperglycemic classes by CKD stage and prior CVD.
Note. CKD = chronic kidney disease; CVD = cardiovascular disease; DPP-4 = dipeptidyl peptidase-4; SGLT2 = sodium glucose co-transporter 2;
GLP-1 = glucagon-like peptide |; CAD = coronary artery disease; PAD = peripheral artery disease; TIA = transient ischemic attack.
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Table 6. Anti-Hyperglycemic Class by CKD Stage and Prior CVD.

No CKD, eGFR CKD Stage
Antihyperglycemic agents  Prior CVD >60 >90 60-89 | 2 3a 3b 4/5
DPP-4 inhibitor: Linagliptin, Any CVD 3142 (10.4) 1118 (122) 2024 (9.6) 392 (17.6) 822(149) 1131 (10.9) 727(11.2) 310(8.1)
saxagliptin, sitagliptin CAD 1602 (11.7) 522(135) 1080 (11.0) 188 (18.0) 445(16.1) 577 (11.6) 396 (12.4) 166 (9.4)
PAD 327(89) 101 (10.1) 226 (8.4) 52(172)  94(113) 158(9.7) 131 (11.0) 68 (6.0)
Stroke/TIA 1587 (9.3) 576 (I1.1) 1011 (8.5) 195(16.3) 400 (13.4) 599 (9.7)  393(99) 163 (7.2)
None 15768 (10.9) 8038 (I1.1) 7730 (10.7) 2283 (17.2) 2354 (17.2) 2382(127) 1148 (14.0) 425(11.5)
GLP-1 receptor agonist:  Any CVD 581 (1.9) 296 (3.2) 285 (1.4) 101 45) 124 (23) 129 (1.2) 62(1.0)  20(0.5)
Dulaglutide, exenatide, CAD 270 (2.0) 120 (3.1) 150 (1.5) 47 (4.5) 66 (2.4) 75 (1.5) 38(1.2) 5(0.3)
liraglutide PAD 54 (1.5) 29 (2.9) 25 (0.9) 9 (3.0) 16 (1.9) 16 (1.0) 9 (0.8) 5(0.4)
Stroke/TIA  312(1.8) 171 (3.3) 141 (1.2) 58 (48) 54 (1.8) 58 (0.9) 35 (0.9) 14 (0.6)
None 3824 (2.6) 2280 (32) 1544 (21) 597 (45) 409 (3.0)  336(1.8)  120(l.5) 19 (0.5)
Insulin: Any insulin Any CVD 4299 (14.3) 1544 (169) 2755 (I13.1) 686 (30.7) 1521 (27.6) 1916 (18.5) 1540 (23.7) 1156 (30.2)
CAD 2097 (154) 715(185) 1382 (14.1) 337 (32.2) 836(30.2) 1015(20.3) 849 (26.7) 582 (32.8)
PAD 594 (162) 190 (19.0) 404 (I5.1) 100 (33.0) 245(29.5) 338 (20.7) 298 (25.0) 3l (27.3)
Stroke/TIA 2347 (137) 842(162) 1505 (12.6) 363 (30.3) 789 (264) 1043 (16.9) 840 (21.2) 647 (28.5)
None 17137 (11.8) 9287 (12.9) 7850 (10.8) 2699 (20.3) 2860 (20.9) 3105 (16.6) 1745 (21.3) 1082 (29.3)
Insulin: Insulin Any CVD 701 (43) 259 (5.0) 442 (4.0) 80 (49) 219 (56)  363(63) 414 (11.5) 586 (32.6)
monotherapy CAD 279 (3.5) 83 (3.5) 196 (3.6) 28(3.5) 104 (5.1) 185 (63)  212(I1.4) 295 (33.8)
PAD 129 (7.0) 43(82) 86 (6.5) 11 (56) 41 (72 79 (8.9) 93 (15.5) 174 (37.7)
Stroke/TIA 427 (49) 170 (6.0) 257 (4.3) 50 (5.8) 126 (62)  205(63) 244 (11.8) 324 (31.8)
None 4295 (5.8) 2730 (74) 1565 (42) 466 (54) 417 (45) 489 (45)  398(82) 496 (26.0)
Insulin: Insulin in Any CVD 3657 (22.5) 1312(25.1) 2345(21.2) 617 (37.8) 1323 (34.0) 1591 (27.5) 1143 (31.8) 580 (32.3)
combination CAD 1848 (23.4) 647 (269) 1201 (21.8) 316 (39.4) 743 (36.5) 849 (287) 644 (347) 292 (33.4)
PAD 474 (25.8) 149 (285)  325(247) 92 (467) 209 (36.9) 266 (30.0) 207 (344) 138 (29.9)
Stroke/TIA 1948 (22.1) 683 (24.0) 1265(21.2) 316 (36.8) 672(33.0) 863 (26.6) 607 (29.4) 330 (324)
None 13100 (17.6) 6719 (18.1) 6381 (17.0) 2296 (26.6) 2477 (26.6) 2653 (24.5) 1363 (282) 606 (31.7)
Biguanide: Metformin Any CVD 14661 (48.7) 4702 (51.5) 9959 (47.4) 1481 (66.4) 3480 (63.2) 4984 (48.0) 2663 (40.9) 599 (15.6)
CAD 7241 (53.1) 2230 (57.8) 5011 (51.3) 747 (71.3) 1846 (66.8) 2553 (51.2) 1382 (43.4) 302 (17.0)
PAD 1597 (43.5) 442 (443) 1155(432) 176 (58.1) 488(58.8) 720 (44.1) 411 (345) 114(10.0)
Stroke/TIA 7820 (45.6) 2499 (48.0) 5321 (44.6) 764 (63.7) 1808 (60.5) 2794 (45.3) 1522 (384) 345(15.2)
None 66 734 (46.1) 32721 (45.3) 34013 (46.9) 7836 (59.0) 8495 (62.2) 9603 (51.4) 3838 (46.9) 831 (22.5)
Sodium-glucose linked Any CVD  2184(72) 901 (9.9) 1283 (6.1) 306 (137) 526 (9.5) 494 (48) 152 (23) 17 (0.4)
transporter 2 (SGLT2) ~ CAD 1146 (84) 421 (10.9) 725 (7.4) 162 (15.5) 292 (10.6) 283 (5.7) 81 (2.5) 11 (0.6)
inhibitor: PAD 230 (6.3) 91 (9.1) 139 (5.2) 31 (102) 71 (86) 73 (4.5) 31 (2.6) 4(0.4)
Canagliflozin, dapagliflozin,  geroke/TIA 1085 (6.3) 476 (9.1) 609 (5.1)  154(12.8) 249(83) 242(39) 80 (2.0) 8 (0.4)
empaglifiozin None 11439 (79) 6370(8.8) 5069 (7.0) 1872 (I14.1) 1496 (11.0) 1044 (56) 245(3.0) 33 (0.9)
Sulfonylurea: Any CVD 4102 (13.6) 1325(145) 2777(132) 504 (22.6) 1100 (20.0) 1579 (15.2) 1011 (15.5) 367 (9.6)
Glibenclamide, gliclazide, ~ CAD 2093 (15.3) 676 (17.5) 1417 (145) 261 (249) 574(20.8) 876 (17.6) 525 (165) 181 (10.2)
glimepiride PAD 421 (115 125(125) 296 (11.1) 55(182) 144 (17.3) 209 (12.8) 149 (125) 83 (7.3)
Stroke/TIA 2145 (125) 681 (I13.1) 1464 (12.3) 251 (20.9) 56l (188) 818 (13.3) 592 (14.9) 219 (9.6)
None 18135 (12.5) 6370 (8.8) 5069 (7.0) 2642 (19.9) 2904 (21.3) 3156 (16.9) 1498 (183) 493 (13.3)
Meglitinide: AnyCVD 1065 (3.5) 295 (3.22) 770 (3.7) 116 (5.2) 338(6.1) 497 (48) 445(6.8) 431 (112
Repaglinide CAD 522 (38) 137 (3.5) 385 (3.9) 51 (49) 170(6.1)  248(5.0)  232(7.3)  185(10.4)
PAD 132 (3.6) 36 (3.6) 96 (3.6) 20 (6.6) 47 (5.7) 71 (4.3) 74(62) 129 (11.3)
Stroke/TIA 589 (3.4) 158 (3.0) 158 (3.0) 62(52) 193 (65 289 (47) 266 (67) 243 (10.7)
None 3753 (2.6) 8892 (123) 9243 (127) 566 (43) 659 (4.8) 850 (45) 593 (7.2) 419(11.3)
Combinations Any CVD 8701 (28.9) 3037 (33.3) 5664 (27.0) 1149 (51.5) 2494 (45.3) 3307 (31.8) 2078 (31.9) 816 (21.3)
CAD 4412 (324) 1470 (38.1) 2942 (30.1) 584 (55.8) 1352 (48.9) 1756 (35.2) 1127 (354) 417 (23.5)
PAD 948 (25.8) 296 (29.7) 652 (24.4) 140 (46.2) 353 (42.5) 493 (30.2) 340 (28.6) 192 (16.8)
Stroke/TIA 4583 (26.7) 1594 (30.6) 2989 (25.0) 593 (49.4) 1266 (42.3) 1776 (28.8) 1146 (28.9) 458 (20.1)
None 39044 (27.0) 19924 (27.6) 19 120 (26.4) 5745 (43.2) 5955 (43.6) 6251 (33.5) 2902 (35.4) 958 (25.9)
Other: Any CVD 486 (1.6) 165 (1.8) 321 (1.5) 44(20) 125(23) 192(1.8)  110(l.7)  45(1.2)
Acarbose, orlistat, CAD 198 (1.5) 57 (1.5) 141 (1.4) I5(14)  50(1.8) 82 (1.6) 48(1.5) 24 (14
pioglitazone, PAD 51 (1.4) 17 (1.7) 34 (1.3) 9 (3.0) 19 (2.3) 30 (1.8) 18 (1.5) 9(0.8)
rosiglitazone Stroke/TIA 293 (1.7) 102 (2.0) 191 (1.6) 25(2.1)  74(2.5) 109 (1.8) 64(1.6)  25(L.1)
None 2519 (1.7) 1043 (1.4) 1476 (2.0) 253(1.9) 380 (28)  520(28) 264(32) 92 (25)

Note. CKD = chronic kidney disease; CVD = cardiovascular disease; eGFR = estimated glomerular filtration rate; DPP-4 = dipeptidyl peptidase-4;
CAD = coronary artery disease; PAD = peripheral artery disease; TIA = transient ischemic attack; GLP-1 = glucagon-like peptide-I; SGLT2 = sodium-
glucose linked transporter 2. N (%) are reported.
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Discussion

This population-based study of 260 903 adult residents of
Alberta provides detailed estimates of the prevalence of
T2DM as a function of CVD and CKD status, including use
of antihyperglycemic medications and a detailed assessment
of common comorbidities. There were 6 key findings in this
population of people with diabetes, nearly half of whom
were aged =65 years. First, approximately one third of peo-
ple with diabetes had CKD and nearly two-thirds had
eGFR<90 mL/min/1.73 m.” In most cases, CKD was associ-
ated with reduced eGFR, although a minority (13.3% of the
total study population) had abnormal albuminuria with eGFR
=60 mL/min/1.73 m’. Second, about one quarter of people
with diabetes had known CVD, with stroke or TIA being
most common and PAD being least common. Third, among
people with diabetes there was a strong relation between kid-
ney disease and atherosclerosis, with the burden of all types
of CVD increasing in parallel with the severity of CKD.
Fourth, the use of all antihyperglycemic medications was
more common in people with CKD as compared with those
without. However, the use of all antihyperglycemic medica-
tions except insulin and meglitinide was progressively lower
in the presence of more severe CKD. Fifth, biguanide (met-
formin) use was relatively common (19.0%) even among
people with stage 4/5 CKD, in whom its use is not recom-
mended."” And sixth, the use of newer antihyperglycemic
agents such as DPP-4 inhibitors and SGLT?2 inhibitors was
<20% at every stage of CKD, especially at lower levels of
eGFR. For example, the prevalence of SGLT2 inhibitors was
5.3% in people with stage 3a CKD (eGFR 45-59.9 mL/
min/1.73 m?). Given that SGLT2 inhibitors may reduce the
risk of future cardiovascular events and progressive kidney
function loss, patients with CKD may be an attractive popu-
lation for targeted use of these agents. However, it is possible
that use of these newer agents is already higher now than it
was in 2017. Among those in whom A1C was measured,
more than half (55.3%) had values <7%.

Previous Work

A previous population-based study explored health care use
among 569 384 adults with diabetes in Ontario, Canada.”
The prevalence of CKD stage by eGFR is not reported, but
can be calculated from the numbers in the article; the preva-
lence of CKD was 35.2%, 44.6%, 17.2%, and 2.3% for >90,
60-89, 30-59, and <30 mL/min/1.73 m?, respectively, which
is very similar to the results of our study. Our article extends
the findings from the Ontario study by including results
related to albuminuria and by including detailed information
on antihyperglycemic medication use. A previous report from
the Canadian Health Measures Survey used eGFR and albu-
minuria to identify the presence of CKD, and suggested that
the prevalence of CKD in the general Canadian population
during 2007-2009 was 12.5%'; the higher prevalence
observed in the current population is consistent with the

known status of diabetes as a major risk factor for CKD. A
recent study from the US National Health and Nutrition
Examination Survey (NHANES) 2007-2014** demonstrated
that the prevalences of stage 3a, 3b, and 4 or 5 CKD among
people with diabetes were 12.5%, 5.3%, and 2.2%, respec-
tively, similar to the 11.1%, 5.6%, and 2.9% observed in the
current study. These findings are generally similar to the
prevalences of the same CKD stages reported among a popu-
lation of Spanish patients seen in primary care clinics (11.6%,
5.2%, and 1.2%, respectively)™; the lower proportion of more
severe CKD in the latter study may reflect the discharge of
such patients from primary care settings to nephrology sub-
specialty practices.

Our study also reports on the total prevalence of mildly
reduced eGFR (60-89.9 mL/min/1.73 m?), most cases of
which do not constitute CKD because of the absence of albu-
minuria. Specifically, of the 112 705 people in the current
study with eGFR 60 to 89.9 mL/min/1.73 m’, only 19 168
(17.0%) had CKD.

We did not identify prior studies describing secular trends
in the prevalence of CKD among Canadian patients with dia-
betes. However, studies from the United States suggest that
the prevalence of CKD among US patients with diabetes has
been approximately stable from 2007 to 2012.**

Limitations

This study has several important strengths, including its
large size, population-based design, and its use of e€GFR and
albuminuria to classify participants with respect to CKD sta-
tus. However, the study also has several limitations that
should be considered when interpreting results. First, like all
studies based on administrative data, the findings could be
influenced by measurement error (eg, accuracy of diagnostic
and procedural codes and prescription drug codes used).
Second, this analysis was based on data from patients treated
in a single Canadian province, and so might not be represen-
tative of Canadians living in other provinces where the bur-
den of disease, management practices, or reimbursement
status may vary. Third, we used administrative data to iden-
tify people with diabetes. The algorithm that we used has
80% sensitivity and 86% positive predictive value for type 1
and type 2 diabetes, although we excluded patients with any
claim for type 1 diabetes, which may have slightly altered
these diagnostic characteristics of the algorithm. Nonetheless,
because no algorithm is perfectly sensitive and because not
all cases of diabetes have been identified in clinical practice,
our data likely underestimate the true prevalence of T2DM in
Alberta. Fourth, not all Alberta patients had assessments of
albuminuria, and thus our findings underestimate the true
prevalence of CKD among those with diabetes. Finally, we
required all patients to have a minimum of 1 year of medical
records available prior to their last encounter in the database,
which could also have influenced the generalizability of our
findings.
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Conclusion

In summary, this study reports on the demographic and clini-
cal characteristics of Alberta patients with T2DM by CKD
stage and CVD status and type, including a detailed exami-
nation of the number and type of antihyperglycemic agents
prescribed in this population. These findings will be useful to
clinicians, researchers, and policy makers seeking to under-
stand the burden of diabetes-related kidney disease as well as
the budget implications and potential clinical benefits of
expanded use of antihyperglycemic use in this population.
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