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ABSTRACT

Purpose: To use the Canadian Network for Observational Drug Effect Studies (CNODES) to

describe drug utilization of anti-diabetic medications in four Canadian provinces.

Methods: Using data from CNODES, we constructed cohorts of patients with type 2 diabetes in
four Canadian provinces (Manitoba, Ontario, Quebec, and Saskatchewan) who received their first-
ever prescription for a non-insulin anti-diabetic medication during the study period, defined as the
earliest date of data availability in each province (range: 1993—1998) to the latest date of the data
extraction in each province (range: 2013-2014). Prescriptions rates were calculated for all

prescriptions by class and described over time.

Results: Across provinces, we identified 650,830 patients who initiated anti-diabetic medications
during the study period. In most provinces, the overall prescription rate of anti-diabetic
medications increased during the last two decades. Metformin particularly increased in popularity,
surpassing sulfonylureas in all provinces as the most widely prescribed anti-diabetic medication
by the early 2000s. Thiazolidinediones grew in popularity from the onset of their availability until
2006—2007, at which point they rapidly declined. Dipeptidyl peptidase-4 inhibitors saw substantial
growth in several provinces following their addition to provincial formularies in 2008-2012, while
glucagon-like peptide-1 agonists experienced modest growth. Insulin prescription rates remained

constant or steadily increased over the last two decades.

Conclusions: CNODES can be used for cross-jurisdictional drug utilization studies. In Canada,
trends in anti-diabetic medication prescriptions followed changing guidelines reflecting up-to-date

knowledge of drug effectiveness and safety.



INTRODUCTION

The number of anti-diabetic medications marketed for the treatment of type 2 diabetes mellitus
(T2DM) has increased considerably over the last several decades, allowing for more personalized
glycemic management according to patient comorbidities, drug tolerance, contraindications, and
preference.'* This increase and the evolution of clinical guidelines that consider the safety and
efficacy of different anti-diabetic medications® and treatment regimens (e.g., tight glycemic
control)® have transformed prescribing patterns over time. In Canada, where 2.4 million persons
live with T2DM, trends in the utilization of anti-diabetic medications are not well described. Most
studies documenting prescription patterns of these drugs have focused on a single province,®¢
limiting their generalizability. Studies addressing nationwide trends in Canada are either at least
10 years out-of-date'” or consider only one medication (rosiglitazone).!® The Canadian Network
for Observational Drug Effect Studies (CNODES),'° a pan-Canadian network focused on drug
safety and effectiveness, could serve as a useful resource for the Canada-wide study of anti-
diabetic drug utilization. By using a distributed data network approach with CNODES, several
provinces could be evaluated simultaneously, allowing for the assessment of provincial differences
in drug utilization all while inferring nationwide trends. The objectives of this study were to

demonstrate the utility of CNODES in evaluating Canadian drug utilization and to describe anti-

diabetic drug utilization trends among T2DM patients in four Canadian provinces.
METHODS

We obtained data on dispensed anti-diabetic medication prescriptions from Manitoba (MB),
Ontario (ON), Quebec (QC), and Saskatchewan (SK) using existing CNODES partnerships.'’

Prescription drug dispensing data from Canadian provinces are of high-quality, contain minimal



restrictions due to age or health care status, and have been widely applied to

pharmacoepidemiologic research.?%-?2

In each province, we developed a cohort of patients who dispensed at least one non-insulin anti-
diabetic medication. The cohort entry date for each patient was set to the date of their first
dispensation of an anti-diabetic medication in the provincial database that was not insulin (to
prevent the inclusion of patients with type 1 diabetes). We used the full duration of drug dispensing
data available at each data site at the time of the analysis: January 1, 1996 to March 31, 2013 for
MB; January 1, 1993 to March 31, 2013 for ON; January 1, 1998 to June 30, 2014 for QC; and
January 1, 1997 to December 31, 2013 for SK. We excluded patients who met at least one of the
following criteria: were <18 years old at cohort entry; had <1 year of database history prior to
cohort entry; had inconsistent prescription information (i.e., a prescription dispensed after the date
of death or emigration, or a prescription dispensed outside of the range of data availability);
received their first anti-diabetic prescription in a long-term care facility; had been previously
treated with insulin or diagnosed with polycystic ovarian syndrome before cohort entry; and, had
been diagnosed with gestational diabetes <1 year prior to cohort entry. In ON, the study population
was limited to patients >65 years old, and in QC, the study cohort included patients in any of the
following groups: those >65 years old, those on social insurance, and those not covered by private
insurance (e.g., the self-employed). Patients were followed from their cohort entry date until the
end of data availability at each province or until withdrawal from the database due to death,

emigration, or a change in prescription drug coverage.

Individual medications were organized into their respective classes: metformin, sulfonylureas,
thiazolidinediones (TZDs), dipeptidyl peptidase-4 (DPP-4) inhibitors, glucagon-like peptide-1

(GLP-1) agonists, insulin, and all others. Combination formulations involving multiple classes



(e.g., metformin + rosiglitazone) were treated as separate prescriptions for the constituent classes.
We calculated annual prescription rates of drug classes for each study province as prescriptions
per person-year. We derived prescriptions per person-year as the sum of all prescriptions (not just
the first-ever prescription for an anti-diabetic medication) during the analysis year divided by the
person-years of follow-up for that year. Patients only contributed follow-up time between cohort

entry and cohort exit, as defined above.

RESULTS

We identified a total of 650,830 patients receiving a new, non-insulin anti-diabetic medication, of
which the greatest number came from ON (n=279,476), followed by QC (n=212,402), MB
(n=81,399), and SK (n=77,553). A total of 4,255,813 person-years of follow-up and 48,301,445

prescriptions for anti-diabetic medications were accrued across provinces.

Prescription rates for anti-diabetic medications decreased briefly in the mid- to late-1990s and
increased steadily thereafter for all provinces except SK, where overall prescription rates declined
steadily throughout study follow-up (Figures S1-S4). Metformin and sulfonylureas consistently
had the highest prescription rates over the last two decades (Figures 1-4). In the 1990s,
sulfonylureas were prescribed at greater rates than metformin. However, from the late 1990s to the
early 2000s, metformin prescription rates increased as sulfonylurea prescription rates declined. By
2003, metformin surpassed sulfonylureas in all participating provinces. In the mid- to late-2000s,
the prescription rates of metformin and sulfonylureas were constant relative to the sum of all anti-

diabetic prescriptions (Figures S5—S8).

TZD prescription rates increased quickly across study sites in the early 2000s and reached their

maxima in 2006-2007 before declining quickly (Figures 1-4). More recent TZD prescription rates



were considerably lower than peak rates. For example, in QC, TZDs peaked at 1.2
prescriptions/person-year in 2007, but lowered to 0.2 prescriptions/person-year in 2014.
Prescription rates for insulin remained constant or steadily increased in all provinces. For example,
prescriptions for insulin in SK grew from 0.2 prescriptions/person-year in 1997 to 1.3
prescriptions/person-year in 2013, surpassing sulfonylureas in the process. Starting as early as
2008, prescriptions rates for DPP-4 inhibitors grew rapidly, particularly in QC and ON. Though
GLP-1 agonists have been available in two study provinces (MB, QC) since as early as 2010, their
use only slightly increased over the study period, remaining below 0.2 prescriptions/person-year.
Other drugs such as meglitinides, alpha-glucosidase inhibitors, or sodium-glucose cotransporter 2

inhibitors were prescribed at relatively low rates throughout the study period.
DISCUSSION

We observed secular increases in total anti-diabetic medication prescription rates in all study
provinces but SK. Higher prescription rates are consistent with more recent guidelines that
recommend two- or three-medication combinations for patients who fail to reach target HbAlc
levels.!#2325 The push for more aggressive control of HbAlc levels in the last two decades to
reduce the risk of cardiovascular disease and other complications?*-?® likely also contributed to the
rise in prescription rates, though the benefit of aggressive glycemic control is subject to debate,%°

which may impact future prescription patterns.

We note here that another possible explanation for the observed increase in prescription rates is
the changing makeup of the study cohort over time. In the first year of the study period at each
site, the study cohort consisted of patients newly treated for diabetes (i.e., incident users) within
that year. These patients remained in the cohort (i.e., becoming prevalent users), with their anti-

diabetic regimens changing over time, while incident users continued to enter the cohort. Thus,
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the cohort increasingly consisted of prevalent users more likely to be older and on later lines of
therapy. This feature of the study cohort may partially explain the observed trend towards higher
anti-diabetic prescription rates over time as patients are increasingly likely to take multiple anti-
diabetic medications after the first line. Similarly, this feature of the study cohort likely explains
the rapid decrease in sulfonylurea prescription volume observed in some databases following the
first year of the study period, reflecting the change in therapy for incident users who failed
sulfonylureas as first line. We assume the increase in the use of insulin over time also

predominately relates to the changing makeup of the study cohort and not physician preference.

The substantial growth in metformin’s popularity since the late 1990s is likely attributable to its
perceived safety and lack of effect on weight gain as a monotherapy®® or add-on therapy to
insulin.3! These beneficial aspects of metformin therapy ultimately motivated the Canadian
Diabetes Association to recommend it as the primary monotherapy for incident T2DM in 2008.3?
Previous guidelines recommended sulfonylureas;?¢ the shift from sulfonylureas to metformin in
our databases supports adherence to clinical guidelines. Despite their decrease in popularity,
sulfonylureas remained generally more popular than other medications, likely due to the common
clinical practice®® of prescribing sulfonylureas as the preferred second-line treatment to patients
who fail metformin monotherapy. In addition, sulfonylureas are relatively inexpensive, and so

were required before newer agents in most provincial formularies.

TZDs were prescribed at increasing rates through the mid-2000s in the study databases. During
this time period, TZDs such as pioglitazone and rosiglitazone were considered to be efficacious

3436 and were thought to possess beneficial

and safe as mono- or combination therapies
cardiovascular effects.>*37-3 The observed decrease in TZD prescriptions occurred shortly after

the publication in 2007 of a meta-analysis by Nissen and colleagues®® associating rosiglitazone use



with increased risk of myocardial infarction and cardiovascular mortality. Drug utilization studies
have thoroughly documented the decrease in TZD prescription rates in Ontario,”'**" British
Columbia,'? and Canada-wide.'® Many of these studies®!>!440 further observed that pioglitazone
grew in popularity following the Nissen publication, suggesting physicians were skeptical of a
class-wide TZD effect.’’ Still, overall TZD prescription rates have declined since 2007. Concerns
of an association between pioglitazone and bladder cancer that subsequently emerged may have

contributed to physicians’ continued reluctance to prescribe this drug class.*!

The increasing popularity of insulin at several sites (most notably SK and MB) may result from a
growing willingness among clinicians to commence early insulin therapy. Historical guidelines
support this narrative: in 1998, the Canadian Diabetes Association recommended insulin therapy
after other oral mono- and combination therapies,*> whereas more recent recommendations
consider insulin as a primary monotherapy (in some patients) or early combination treatment.'-2%32
The recent availability of long-acting insulin analogs such as insulin glargine and insulin detemir

likely added to the rise of insulin.

DPP-4 inhibitors entered the Canadian market in 2008 and increased in popularity because of their
low risk of hypoglycemia, weight gain, and other side-effects.?3*>* GLP-1 agonists, on the other
hand, have experienced slow growth since 2010 in the provinces where they are approved,
consistent with their relatively high cost and risk of gastric side effects when compared to DPP-4
inhibitors.*3 Formulary restrictions for DPP-4 inhibitors and GLP-1 agonists may have slowed the
rate of growth of both these classes, as they are not easily reimbursed. Recent reports on the
potential for DPP-4 inhibitors to provoke heart failure?'*>#¢ and the potential benefit of GLP-1
agonists on cardiovascular disease*®*” may alter the observed preference for DPP-4 inhibitors

relative to GLP-1 agonists in the future. Sodium-glucose co-transporter 2 inhibitors may also



increase in popularity relative to these incretin-based therapies because of their likely

cardioprotective effects. 64849

Our study has several strengths. The use of CNODES, which contains population-wide healthcare
data with few restrictions for seven Canadian provinces, limited selection bias. Our study had
lengthy follow-up durations (up to 20 years), enabling the examination of secular trends that are
more compatible with the timelines of research and guideline development than previous reports
on this topic. Finally, the separate analysis of multiple provincial databases using a distributed
protocol respected data custodian privacy requirements while providing a multi-jurisdictional view

of prescribing practices in Canada.

Our study also has some potential limitations. The lack of data from 2014 onwards prevented the
assessment of the uptake of sodium-glucose co-transporter 2 inhibitors and the impact of large
cardiovascular outcome trials on treatment patterns. Our study was additionally limited to data
from four provinces, though future CNODES drug utilization studies could also include data from
three additional provinces (British Columbia, Alberta, and Nova Scotia), as well as data from the
United States (via Truven’s MarketScan payer claims database) and the United Kingdom (via the
Clinical Practice Research Datalink, an electronic health record database). As another limitation,
we did not consider individual patient characteristics in this analysis, and some observed
differences between provinces may be explained by patient characteristics (e.g., because age was
restricted to those aged 65 or older in ON and those aged 65 or older, those receiving social
assistance, and those not covered by other drug plans in QC). However, provinces that capture
subsets of the population (ON, QC) had similar trends to those with full population data capture
(MB, SK), suggesting selection bias was limited. Changing patient characteristics over time may

also have impacted observed secular trends, particularly the change in the ratio of incident to
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prevalent users. For instance, sulfonylureas may have decreased in popularity in early follow-up
years and insulin may have become more popular over time because the study cohorts increasingly
contained prevalent users with long-term T2DM. By excluding patients with insulin as a first-line
therapy, we may have inadvertently removed from study some patients with type 2 diabetes whose
earlier therapies were not captured (e.g., due to left truncation or the use of private insurance).
Insulin use may be underestimated by the exclusion of these patients. Another limitation was our
focus on prescription counts, and not dose or duration/quantity dispensed. As a result, some
apparent secular changes or cross-jurisdiction differences may not actually reflect patient
management. Finally, the provincial databases only captured prescriptions filled, not administered,

so the reported prescription rates reflect both patient and physician behavior.

CONCLUSIONS

The use of the distributed data drug safety network CNODES allowed for the cross-jurisdiction
study of anti-diabetic drug utilization in Canada. Through its application of a common protocol in
a distributed data setting, CNODES can provide a pan-Canadian view of treatment practices and
trends, while ensuring a similar methodological approach across provinces and respecting

provincial data privacy requirements.

Anti-diabetic medication prescribing has increased in Canada the last two decades in accordance
with guidelines that favor tight glycemic control and endorse a variety of combination therapies.
Per more recent guidelines, metformin has surpassed sulfonylureas as the primary treatment option
for T2DM and insulin has become a more commonly prescribed therapy. TZDs saw rapid uptake,
followed by a sharp decrease in prescriptions following emergent safety concerns. New drug
classes such as DPP-4 inhibitors and GLP-1 agonists have been increasingly prescribed by

physicians to the extent that they are considered safe and cost-effective. The future of these
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relatively new drugs and combinations will likely favor GLP-1 agonists and sodium-glucose co-

transporter 2 inhibitors based on recent evidence of their cardiovascular safety.

ACKNOWLEDGEMENTS

This research is funded by CNODES, a collaborating center of the Drug Safety and Effectiveness
Network (DSEN), funded by the Canadian Institutes of Health Research (Grant Number DSE-
146021). Drs. Azoulay and Filion are supported by salary support awards from the Fonds de
recherche du Québec — santé (Quebec Foundation for Health Research) and hold William Dawson

Scholar awards from McGill University.

This study was made possible through data sharing agreements between CNODES member
research centers and the respective provincial governments of Saskatchewan, Manitoba (Health
Information Privacy Committee: 2014/2015-08; Health Research Ethics Authority: H2014:236),

Ontario, and Quebec. No endorsement by the provinces is intended or should be inferred.

CONFLICT OF INTEREST STATEMENT

The authors declare no conflicts of interest.

12



REFERENCES

1. Lipscombe L, Booth G, Butalia S, et al. Pharmacologic glycemic management of type 2
diabetes in adults. Canadian journal of diabetes 2018;42:S88-S103.

2. American Diabetes Association. 8. Pharmacologic approaches to glycemic treatment:
standards of medical care in diabetes—2018. Diabetes care 2018;41:S73-S85.

3. Garber AJ, Abrahamson MJ, Barzilay JI, et al. Consensus statement by the American
Association of Clinical Endocrinologists and American College of Endocrinology on the
comprehensive type 2 diabetes management algorithm—2018 executive summary.
Endocrine Practice 2018;24:91-120.

4. Inzucchi SE, Bergenstal RM, Buse JB, et al. Management of hyperglycemia in type 2
diabetes, 2015: a patient-centered approach: update to a position statement of the American
Diabetes Association and the European Association for the Study of Diabetes. Diabetes
care 2015;38:140-9.

5. Stein SA, Lamos EM, Davis SN. A review of the efficacy and safety of oral antidiabetic
drugs. Expert Opin Drug Saf 2013;12:153-75.

6. Sardar P, Udell JA, Chatterjee S, Bansilal S, Mukherjee D, Farkouh ME. Effect of Intensive
Versus Standard Blood Glucose Control in Patients With Type 2 Diabetes Mellitus in
Different Regions of the World: Systematic Review and Meta-analysis of Randomized
Controlled Trials. ] Am Heart Assoc 2015;4:¢001577.

7. Pelletier C, Dai S, Roberts K, Bienek A. Report summary Diabetes in Canada: facts and

figures from a public health perspective. Chronic Dis Inj Can 2012;33:53-4.

13



10.

11.

12.

13.

14.

Clemens KK, Liu K, Shariff S, Schernthaner G, Tangri N, Garg AX. Secular trends in
antihyperglycaemic medication prescriptions in older adults with diabetes and chronic
kidney disease: 2004—2013. Diabetes Obes Metab 2016;18:607-14.

Clemens KK, Shariff S, Liu K, et al. Trends in Antihyperglycemic Medication
Prescriptions and Hypoglycemia in Older Adults: 2002-2013. PLoS One
2015;10:e0137596.

Alsabbagh MW, Mansell K, Lix LM, et al. Trends in prevalence, incidence and
pharmacologic management of diabetes mellitus among seniors newly admitted to long-
term care facilities in Saskatchewan between 2003 and 2011. Can J Diabetes 2015;39:138-
45.

Wang T-Y, Eguale T, Tamblyn R. Guidelines adherence in the treatment of patients with
newly diagnosed type 2 diabetes: a historical cohort comparing the use of metformin in
Quebec pre and post-Canadian Diabetes Association guidelines. BMC Health Serv Res
2013;13:1.

Abdelmoneim AS, Eurich DT, Gamble J-M, Simpson SH. Use patterns of antidiabetic
regimens by patients with type 2 diabetes. Can J Diabetes 2013;37:394-400.

Morrow RL, Carney G, Wright JM, Bassett K, Sutherland J, Dormuth CR. Impact of
rosiglitazone meta-analysis on use of glucose-lowering medications. Open Med 2010;4:50-
9.

Shah B, Juurlink D, Austin P, Mamdani M. New use of rosiglitazone decreased following

publication of a meta-analysis suggesting harm. Diabet Med 2008;25:871-4.

14



15.

16.

17.

18.

19.

20.

21.

22.

23.

Morningstar B, Sketris IS, Kephart G, Sclar D. Trends in oral antihyperglycemic and
insulin use in the Nova Scotia senior population (1993-1999). Can J Clin Pharmacol
2001;9:123-9.

Foster P, Mamdani M, Juurlink D, Shah B, Paterson J, Gomes T. Trends in selection and
timing of first-line pharmacotherapy in older patients with Type 2 diabetes diagnosed
between 1994 and 2006. Diabetic Medicine 2013;30:1209-13.

Neutel C, Campbell N, Morrison H. Trends in diabetes treatment in Canadians, 1994-2004.
Chronic Dis Inj Can 2010;30:107-11.

Rawson NS, Terres JAR. Rosiglitazone use and associated adverse event rates in Canada
between 2004 and 2010. BMC Res Notes 2013;6:1.

Suissa S, Henry D, Caetano P, et al. CNODES: the Canadian network for observational
drug effect studies. Open Med 2012;6:134-40.

Filion KB, Chateau D, Targownik LE, et al. Proton pump inhibitors and the risk of
hospitalisation for community-acquired pneumonia: replicated cohort studies with meta-
analysis. Gut 2013:gutjnl-2013-304738.

Filion KB, Azoulay L, Platt RW, et al. A multicenter observational study of incretin-based
drugs and heart failure. N Engl ] Med 2016;374:1145-54.

Dormuth CR, Hemmelgarn BR, Paterson JM, et al. Use of high potency statins and rates
of admission for acute kidney injury: multicenter, retrospective observational analysis of
administrative databases. 2013;346:f880.

Inzucchi SE, Bergenstal RM, Buse JB, et al. Management of hyperglycemia in type 2

diabetes: a patient-centered approach position statement of the American Diabetes

15



24.

25.

26.

27.

28.

29.

Association (ADA) and the European Association for the Study of Diabetes (EASD).
Diabetes Care 2012;35:1364-79.

Nathan DM, Buse JB, Davidson MB, et al. Medical management of hyperglycemia in type
2 diabetes: a consensus algorithm for the initiation and adjustment of therapy a consensus
statement of the American Diabetes Association and the European Association for the
Study of Diabetes. Diabetes Care 2009;32:193-203.

Nathan DM, Buse JB, Davidson MB, et al. Management of hyperglycemia in type 2
diabetes: A consensus algorithm for the initiation and adjustment of therapy a consensus
statement from the American Diabetes Association and the European Association for the
study of diabetes. Diabetes Care 2006;29:1963-72.

Canadian Diabetes Association Clinical Practice Guidelines Expert Committee. Canadian
Diabetes Association 2008 Clinical Practice Guidelines for the Prevention and
Management of Diabetes in Canada. 2003;27(suppl 2).

Khaw K-T, Wareham N, Luben R, et al. Glycated haemoglobin, diabetes, and mortality in
men in Norfolk cohort of European Prospective Investigation of Cancer and Nutrition
(EPIC-Norfolk). BMJ 2001;322:15-8.

Qaseem A, Vijan S, Snow V, Cross JT, Weiss KB, Owens DK. Glycemic control and type
2 diabetes mellitus: the optimal hemoglobin Alc targets. A guidance statement from the
American College of Physicians. Ann Intern Med 2007;147:417-22.

Seidu S, Achana F, Gray L, Davies M, Khunti K. Effects of glucose-lowering and
multifactorial interventions on cardiovascular and mortality outcomes: a meta-analysis of

randomized control trials. Diabet Med 2016;33:280-9.

16



30.

31.

32.

33.

34.

35.

36.

37.

UK Prospective Diabetes Study Group. Effect of intensive blood-glucose control with
metformin on complications in overweight patients with type 2 diabetes (UKPDS 34).
Lancet 1998;352:854-65.

Vos RC, van Avendonk MJ, Jansen H, et al. Insulin monotherapy compared with the
addition of oral glucose-lowering agents to insulin for people with type 2 diabetes already
on insulin therapy and inadequate glycaemic control. Cochrane Database of Systematic
Reviews 2016.

Canadian Diabetes Association Clinical Practice Guidelines Expert Committee. Canadian
Diabetes Association 2008 Clinical Practice Guidelines for the Prevention and
Management of Diabetes in Canada. 2008;32(suppl 1):S1-S201.

Initial management of blood glucose in adults with type 2 diabetes mellitus. McCulloch

DK, 2016. (Accessed Nov 18, 2016, at https://www.uptodate.com/contents/initial-

management-of-blood-glucose-in-adults-with-type-2-diabetes-mellitus.)

Yki-Jarvinen H. Thiazolidinediones. N Engl J Med 2004;351:1106-18.

Lebovitz HE, Dole JF, Patwardhan R, Rappaport EB, Freed MI. Rosiglitazone
monotherapy is effective in patients with type 2 diabetes. J Clin Endocrinol Metab
2001;86:280-8.

Fonseca V, Rosenstock J, Patwardhan R, Salzman A. Effect of metformin and rosiglitazone
combination therapy in patients with type 2 diabetes mellitus: a randomized controlled trial.
JAMA 2000;283:1695-702.

Dormandy JA, Charbonnel B, Eckland DJ, et al. Secondary prevention of macrovascular

events in patients with type 2 diabetes in the PROactive Study (PROspective pioglitAzone

17



38.

39.

40.

41.

42.

43.

44,

45.

Clinical Trial In macroVascular Events): a randomised controlled trial. Lancet
2005;366:1279-89.

Haffner SM, Greenberg AS, Weston WM, Chen H, Williams K, Freed MI. Effect of
rosiglitazone treatment on nontraditional markers of cardiovascular disease in patients with
type 2 diabetes mellitus. Circulation 2002;106:679-84.

Nissen SE, Wolski K. Effect of rosiglitazone on the risk of myocardial infarction and death
from cardiovascular causes. N Engl ] Med 2007;356:2457-71.

Hashim S, Gomes T, Juurlink D, Hellings C, Mamdani M. The rise and fall of the
thiazolidinediones: impact of clinical evidence publication and formulary change on the
prescription incidence of thiazolidinediones. J Popul Ther Clin Pharmacol 2012;20:e238-
42.

Azoulay L, Yin H, Filion KB, et al. The use of pioglitazone and the risk of bladder cancer
in people with type 2 diabetes: nested case-control study. Bmj 2012;344:e3645.

Meltzer S, Leiter L, Daneman D, et al. 1998 clinical practice guidelines for the management
of diabetes in Canada. Can Med Assoc J 1998;159:S1-S29.

Harper W, Clement M, Goldenberg R, et al. Policies, Guidelines and Consensus
Statements: Pharmacologic Management of Type 2 Diabetes—2015 Interim Update. Can J
Diabetes 2015;39:250-2.

Harper W, Clement M, Goldenberg R, et al. Pharmacologic Management of Type 2
Diabetes. Can J Diabetes 2013;37, Supplement 1:S61-S8.

Scheen AJ. The safety of gliptins: updated data in 2018. Expert opinion on drug safety

2018;17:387-405.

18



46.

47.

48.

49.

50.

51.

Secrest MH, Udell JA, Filion KB. The cardiovascular safety trials of DPP-4 inhibitors,
GLP-1 agonists, and SGLT2 inhibitors. Trends in cardiovascular medicine 2017;27:194-
202.

Abdul-Ghani M, DeFronzo RA, Del Prato S, Chilton R, Singh R, Ryder RE.
Cardiovascular disease and type 2 diabetes: has the dawn of a new era arrived? Diabetes
Care 2017;40:813-20.

d'Emden M, Amerena J, Deed G, Pollock C, Cooper ME. SGLT2 inhibitors with
cardiovascular benefits: transforming clinical care in Type2 diabetes mellitus. Diabetes
research and clinical practice 2017.

Cavender MA, Norhammar A, Birkeland K1, et al. SGLT-2 Inhibitors and Cardiovascular
Risk: An Analysis of CVD-REAL. Journal of the American College of Cardiology
2018;71:2497-506.

Drug Programs Policy and Strategy Branch. Ontario Drug Benefit Formulary/Comparative
Drug Index: Ministry of Health and Long-Term Care; 2016.

Drug Plan & Extended Benefits Branch. Formulary: Saskatchewan Ministry of Health;

2012.

19



FIGURE LEGENDS

Figure 1.

Figure 2.

Figure 3.

Figure 4.

Prescription rates of anti-diabetic medication classes for the treatment of type
2 diabetes in the province of Ontario between January 1, 1993 and March 31,

2013

TZDs and DPP-4 inhibitors refer to thiazolidinediones and dipeptidyl peptidase-4
inhibitors, respectively. Formulary restrictions in Ontario prevented the

reimbursement of glucagon-like peptide-1 (GLP-1) agonists.>

Prescription rates of anti-diabetic medication classes for the treatment of type
2 diabetes in the province of Manitoba between January 1, 1996 and March

31,2013

TZDs, DPP-4 inhibitors, and GLP-1 agonists refer to thiazolidinediones, dipeptidyl

peptidase-4 inhibitors, and glucagon-like peptide-1 agonists, respectively.

Prescription rates of anti-diabetic medication classes for the treatment of type
2 diabetes in the province of Saskatchewan between January 1, 1997 and

December 31, 2013

TZDs and DPP-4 inhibitors refer to thiazolidinediones and dipeptidyl peptidase-4
inhibitors, respectively. Formulary restrictions in Saskatchewan prevented the

reimbursement of glucagon-like peptide-1 (GLP-1) agonists.!

Prescription rates of anti-diabetic medication classes for the treatment of type
2 diabetes in the province of Quebec between January 1, 1998 and June 30,

2014
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TZDs, DPP-4 inhibitors, and GLP-1 agonists refer to thiazolidinediones, dipeptidyl

peptidase-4 inhibitors, and glucagon-like peptide-1 agonists, respectively.
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Figure 1

Ontario

T T T T T T T T
o0 { O w <t o o —

(183 X -u0s.ad J/suondrLidsaa )
ey uondridsaag

Year

—#— Sulfonylureas —=— DPP-4 inhibitors

—5— Insulin

—¥— Others

—— Metformin <5 TZDs

22



Figure 2

Manitoba
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Figure 3

Saskatchewan
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Figure 4
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