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Aim: Real-world effectiveness of canagliflozin 300 mg versus glucagon-like peptide-1 receptor agonists
(GLP1RAs) was examined in patients with Type II diabetes. Patients & methods: Patients were selected
from the Optum integrated database of administrative claims and electronic health record data (1 January
2013 to 31 March 2015). Results: Patients were less likely to discontinue (p < 0.0001) or switch (p = 0.0048),
more likely to add-on treatment (p = 0.0314), and achieve HbA1c <8.0% (p = 0.0364) or weight loss ≥5%
(p < 0.0001) with canagliflozin versus GLP1RAs over 9 months. Mean HbA1c was similar at 3-month inter-
vals over 9 months with canagliflozin and GLP1RAs. Conclusion: Patients were less likely to discontinue
or switch with canagliflozin than GLP1RA, and were more likely to add-on. Canagliflozin patients were
more likely to achieve HbA1c <8.0% and weight loss ≥5% than GLP1RA patients.
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Type II diabetes mellitus (T2DM) is a progressive disease characterized by hyperglycemia, β-cell dysfunction
and insulin resistance [1]. Patients with T2DM have an increased risk of serious health consequences including
macro- and microvascular complications (e.g., nephropathy), with risks further increasing in individuals with worse
glycemic control [2,3]. Achieving glycemic control reduces the risk of complications and is a therapeutic goal for
the management of T2DM [4,5]. The American Association of Clinical Endocrinologists (AACE) and American
College of Endocrinology (ACE) guidelines recommend a hemoglobin A1c (HbA1c) target of ≤6.5%, while the
American Diabetes Association recommends an HbA1c target of <7.0% for many patients with diabetes [4,5].
The Healthcare Effectiveness Data and Information Set (HEDIS R©) reports HbA1c <8.0% as a quality of care
indicator [6]. Treatment guidelines for T2DM also emphasize the importance of comprehensive cardiovascular risk
factor management including tobacco abstinence, weight loss and blood pressure and lipid control [4,5]. Despite
the availability of a range of antihyperglycemic agents (AHAs), many patients do not reach recommended HbA1c
targets [7,8]. Adherence and persistence to AHA therapy can be challenging for patients with T2DM and may
impact the likelihood of achieving HbA1c targets [9,10].

Newer AHAs for T2DM, including sodium glucose co-transporter 2 (SGLT2) inhibitors and glucagon-like
peptide-1 receptor agonists (GLP1RAs), have been shown to be effective for glycemic control and to promote
weight loss, which may contribute to the cardiovascular benefits seen with some of these agents [11,12]. SGLT2
inhibitors lower the renal threshold for glucose, thereby increasing urinary glucose excretion and caloric loss [13].
GLP1RAs increase insulin secretion and satiety, decrease glucagon release and delay gastric emptying leading to
decreased blood glucose and weight loss [14]. The efficacy of SGLT2 inhibitors versus GLP1RAs has not been
evaluated in randomized controlled trials, but network meta-analyses of clinical trial data have suggested similar or
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greater reductions in HbA1c and bodyweight in patients with T2DM treated with canagliflozin versus GLP1RAs
when used as a second- or third-line therapy [15–18].

Real-world studies can provide comparative effectiveness data in the absence of direct clinical evidence. This
study evaluated the effectiveness of the SGLT2 inhibitor canagliflozin (300 mg dose) versus GLP1RAs in patients
with T2DM. Given the time frame for this study and relative launch dates, selection of canagliflozin alone was
based on need to ensure sufficient sample size while clearly delineating individual SGLT2 inhibitor effects, since
canagliflozin has been suggested to be more effective at HbA1c reduction than other SGLT2 inhibitors in meta-
analyses (notably the 300 mg dose) [19]. Individual GLP1RAs have not been differentiated in meta-analyses, so
the comparison group included all GLP1RA use. Although the recommended starting dose of canagliflozin is
100 mg, clinical studies have shown that the higher dose of canagliflozin (300 mg) is associated with the greatest
glycemic benefit [20]. Therefore, to avoid potential confounding due to the intermediate HbA1c-lowering effects of
canagliflozin 100 mg, this analysis focused on canagliflozin 300 mg, which is widely used in clinical practice [21].

This real-world study compared the effectiveness of canagliflozin 300 mg versus GLP1RAs on treatment pat-
terns (discontinuation, switch, add-on, adherence), glycemic control (achieving HbA1c quality targets), HbA1c
(at 3-month intervals), bodyweight (at 3-month intervals) and weight loss target attainment (i.e., HEDIS and
AACE/ACE targets) in patients with T2DM managed in routine practice.

Methods
Data source
This retrospective study utilized the Optum integrated database, which combines data from the administrative
claims of more than 170 million individuals with clinical information from the Humedica de-identified electronic
health records (EHRs) of more than 80 million individuals. The database included approximately 30.6 million
commercial and 3.1 million Medicare Advantage enrollees as of 2014 [22]. Claims include International Classification
of Disease, Ninth Revision, Clinical Modification (ICD-9-CM) and International Classification of Disease, Tenth
Revision, Clinical Modification (ICD-10-CM) diagnosis and procedure codes, Current Procedural Terminology
codes, Healthcare Common Procedure Coding System codes, site-of-service codes and costs including health plan
and patient costs. Pharmacy data include National Drug Codes for dispensed medications, quantity dispensed,
drug strength, days of supply and costs. The integrated EHR and claims data help to determine burden of illness
by capturing the physician and patient-identified factors and allowing for the assessment of HbA1c over time [23].

Study cohorts
This retrospective observational study compared outcomes in patients initiating canagliflozin 300 mg versus
GLP1RAs. The study period was from 1 April 2012 to 31 December 2015; the selection of this period was based
on the Optum integrated data available at the time of initiation of this study relative to the approval and launch
dates of canagliflozin. The analysis period spanned from 1 January 2013 to 31 March 2015, during which patients
were required to have ≥1 prescription claim for canagliflozin 300 mg or any GLP1RA (i.e., liraglutide, exenatide,
dulaglutide, albiglutide and lixisenatide). The index date was the date of the first prescription claim for canagliflozin
300 mg or a GLP1RA during the analysis period. Patients were assigned to the canagliflozin 300 mg or GLP1RA
cohort based on the agent initiated on the index date. Eligible patients were required to have ≥1 diagnosis claim
for T2DM (ICD-9-CM: 250.x0, 250.x2, 357.2; ICD-10-CM: E11.x) during the study period, be aged ≥18 years
on the index date, have continuous health plan enrollment with medical and pharmacy benefits for 9 months
before the index date (baseline period) and 9 months after the index date (follow-up period), and have ≥1 HbA1c
measurement in the baseline and ≥30 days after the index date during the 9-month follow-up period. The 9-month
follow-up period was chosen to allow for quarterly assessment of HbA1c levels after initiation of index medication
while retaining sufficient sample size.

Patients were excluded if they had a medical claim with evidence of Type I diabetes (ICD-9-CM: 250.x1,
250.x3; ICD-10-CM: E10.xx), pregnancy (ICD-9-CM: 630.xx-679.xx, V22.x-V24.x; ICD-10-CM: O01.xx-
O90.xx, Z33.x-Z39.x), gestational diabetes (ICD-9-CM: 648.8; ICD-10-CM: O99.810, O99.814, O99.815,
O24.2), or chronic kidney disease stage IIIb or higher (ICD-9-CM: 585.4, 585.5, 585.6; ICD-10-CM: N18.4,
N18.5, N18.6) during the study period. They were also excluded if they had ≥1 prescription claim for any SGLT2
inhibitor including their fixed-dose combinations or a GLP1RA during the baseline period; had a claim for both
canagliflozin 300 mg and a GLP1RA on the index date; initiated >1 medication within the GLP1RA class on the
index date; had no evidence of AHA therapy in the baseline period; or had baseline HbA1c <6.0%.
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A separate subgroup analysis was conducted in patients with ≥1 bodyweight measurement during the baseline
period and ≥30 days after the index date during the follow-up period.

Outcomes
Treatment patterns were evaluated in the main analysis population. Discontinuation was defined by a gap of
>60 days between two consecutive claims during the follow-up period, with the end date of the first claim
(determined from the start date and reported days of supply) defined as the discontinuation date. Each treatment
gap between claims was calculated from the end date of the first claim and the start date of the next claim.
Persistence was defined as the total number of days from the index date to the discontinuation date during the
follow-up period. Switching was defined as evidence of a prescription claim for a new non-index AHA within
60 days after the discontinuation date of the index medication. Add-on therapy was defined as evidence of a
prescription claim for a new non-index AHA within a 60-day gap from the end of days’ supply of the previous
index prescription claim among patients continuing the index medication or a prescription claim for a new non-
index AHA overlapping completely or partially with the index medication. The initiation of an index medication
fixed-dose combination (canagliflozin/metformin) or down-titration of canagliflozin dose after index were not
considered to be discontinuation, switch or add-on events. The time to discontinuation, switch or add-on in the
9-month follow-up period was evaluated individually, and also as a composite event of time to discontinuation or
switch or add-on. Adherence to treatment was assessed over the 9-month follow-up period using the proportion
of days covered (defined as the number of days covered by prescription claims for the index medication divided
by the number of days in the 9-month follow-up period) and the medication possession ratio (defined as the sum
of the days’ supply from all prescription claims for the index medication divided by the number of days in the
9-month follow-up period). As data for this study were only collected until December 2015, recently approved
GLP1RA/insulin combinations (i.e., including insulin degludec/liraglutide and insulin glargine/lixisenatide) were
not commercially available at the time of these analyses.

HbA1c levels and bodyweight were evaluated within 3-month intervals. The proportions of patients achieving
HbA1c <6.0%, <6.5%, <7.0%, <8.0% or <9.0% were assessed among those not meeting the respective targets
at baseline [4,6]. The proportions of patients achieving weight loss ≥5% or ≥10% were assessed [4]. Additionally,
time to achieve above-mentioned HbA1c and bodyweight goals were assessed among eligible patients.

Statistical analysis
Descriptive statistics (means and standard deviations for continuous variables, numbers and percentages for categor-
ical variables) were provided for baseline demographic and clinical characteristics in the canagliflozin 300 mg and
GLP1RA cohorts. Statistical tests of significance (t-test for continuous variables and χ2 for categorical variables)
were used to assess differences between the cohorts. Additionally, standardized differences (STDs), defined as the
absolute difference in sample means divided by an estimate of the pooled standard deviation of the variable, were
calculated for each variable. These differences are important in distinguishing practical from statistical significance.

The propensity score weighted regression model used the inverse probability of treatment weighting approach
to create cohorts with balanced baseline characteristics. Given the lesser overlap in the propensity scores between
the 2 cohorts, this was an optimal approach to minimize confounding while retaining a sufficiently large study
population [24]. Propensity scores were estimated using a multivariate logistic regression conditional on baseline co-
variates – age, sex, race, US geographical region, Quan–Charlson comorbidity index score, Diabetes Complications
Severity Index, baseline individual comorbidities (cardiovascular, hypertension, retinopathy, diabetic nephropathy,
diabetic neuropathy, genital mycotic infections, urinary tract infections, volume depletion, renal disease, hyper-
lipidemia, peripheral vascular disease, mental illness), baseline AHA therapy, baseline antihypertensive medications
and baseline HbA1c closest to the index date as continuous and categorical variables (6.0%–7.0%, 7.0%–8.0%,
8.0%–9.0% and ≥9.0%). BMI information was unavailable for approximately 40% of patients, so it was not
included as a covariate in inverse probability of treatment weighting in order to retain the final sample size. Weights
were calculated as the inverse of the patient’s estimated propensity score and normalized by dividing each individual
weight by the overall mean weight. After weighting, the sum of weights attributed to each patient in a given cohort
might not be equal to the sample size of this cohort; consequently, the sample size after weighting might be different
from the original cohort sample size. However, the total number of patients in the analysis remained the same before
and after weighting. STDs were assessed for each of the baseline characteristics to ensure well-balanced cohorts; a
difference of <10% was considered well balanced [24,25].
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Figure 1. Attrition diagram.
AHA: Antihyperglycemic agent; GLP1RA: Glucagon-like peptide-1 receptor agonist; SGLT2: Sodium glucose
co-transporter 2; T1DM: Type I diabetes mellitus; T2DM: Type II diabetes mellitus.
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Figure 2. Medication adherence and discontinuation.
GLP1RA: Glucagon-like peptide-1 receptor agonist; MPR: Medication possession ratio; PDC: Proportion of days
covered.

Outcomes including treatment patterns, HbA1c levels and attainment of HbA1c targets were compared in this
weighted sample. A weighted generalized linear model was used to model the HbA1c levels at each follow-up time
interval, and weighted Kaplan–Meier curves and Cox proportional hazards models were used to calculate hazard
ratios (HRs) and 95% CIs to compare the HbA1c target attainment and the risk of discontinuation, switching,
add-on and the composite event of discontinuation or switch or add-on in the follow-up period by applying the
normalized weights obtained from the above inverse probability of treatment weighting in the main sample. The
assumption of the Cox model was tested by adding the time-dependent covariate in the model. Additionally, BMI
was not adjusted in the weighted generalized linear model or Cox models due to the large proportion of patients
with missing values.

For the bodyweight subset analysis, inverse probability of treatment weights was not recalculated and there
remained differences in baseline characteristics. These were reviewed for clinical relevance and were not adjusted
further, since they may have been driven by low event size. For the analyses of bodyweight levels at each follow-up
interval and associated quality attainment targets, baseline bodyweight closest to the index date was adjusted in the
generalized linear model and Cox models in addition to the normalized weights from the above inverse probability
of treatment weighting in the main sample. Adjustment for baseline bodyweight accounted for a patient’s BMI,
which is mainly driven by bodyweight in adults. All analyses were conducted using SAS R© statistical software
(Version 9.4, SAS Institute, NC, USA).

Results
Patient characteristics
A total of 13,612 patients had a claim for canagliflozin 300 mg or a GLP1RA during the identification period
(2117 for canagliflozin 300 mg; 11,495 for a GLP1RA). Of these patients, 201 patients who initiated canagliflozin
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Figure 3. Treatment patterns (medication discontinuation and switching). Kaplan–Meier curve for (A) time to
discontinuation and (B) time to medication switching.
GLP1RA: Glucagon-like peptide-1 receptor agonist.

300 mg and 630 patients who initiated GLP1RAs met all study criteria (Figure 1). Of the patients in the GLP1RA
cohort, 420 patients (67%) received liraglutide (58% of whom received 1.2 mg and 34% received 1.8 mg on the
index date), 201 (32%) received exenatide (63% of whom received extended-release: and 37% received twice-daily),
7 (1%) received albiglutide and 2 (0.3%) received dulaglutide.

After inverse probability of treatment weighting, the weighted populations included 407 patients in the
canagliflozin 300 mg cohort and 424 patients in the GLP1RA cohort. For both cohorts, the mean age was
55 years, 44% of patients were female, the mean Quan–Charlson comorbidity index score was 1.9 and the mean
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Figure 4. Cox model for time to event outcomes in the inverse probability of treatment weighting–adjusted cohorts.
*p < 0.05.
GLP1RA: Glucagon-like peptide-1 receptor agonist; HR: Hazard ratio.

Diabetes Complications Severity Index was 0.7. The cohorts were generally well balanced except that patients
in the GLP1RA cohort had higher BMI than patients in the canagliflozin 300 mg cohort (37.9 vs 35.7 kg/m2;
p = 0.0062; STD: 25.5%; Table 1). However, BMI was not adjusted further in the multivariate analysis due to the
large proportion of missing values (∼40% of patients).

Treatment patterns
Patients in the canagliflozin 300 mg cohort were less likely to discontinue treatment versus patients in the GLP1RA
cohort (28% vs 44%; HR: 0.57 [95% CI: 0.45–0.72]; p < 0.001; Figures 2, 3A & 4).

The likelihood of switching to another AHA medication during the follow-up period was lower in the
canagliflozin 300 mg versus GLP1RA cohort (14% vs 21%; HR: 0.62 [95% CI: 0.44–0.86]; p = 0.0048; Ta-
ble 2, Figures 3B & 4). Compared with the canagliflozin 300 mg cohort, a higher proportion of patients in the
GLP1RA cohort switched to any insulin (1.4% vs 4.8%; p = 0.006) and more specifically basal insulin (0.7% vs
4.9%; p = 0.0003; Table 2).

Patients in the canagliflozin 300 mg versus GLP1RA cohort were more likely to have add-on AHA therapies
during the follow-up period (71% vs 64%; HR: 1.20 [95% CI: 1.02–1.42]; p = 0.0314; Figure 4 & Table 2).
Median time to add-on therapy was 37 and 58 days among all patients in the canagliflozin 300 mg and GLP1RA
cohorts, respectively. Compared with GLP1RA, a higher proportion of patients in the canagliflozin 300 mg cohort
added DPP4 inhibitors (29% vs 9%; p < 0.0001) and a lower proportion of patients added SGLT2 inhibitors (0%
vs 4%; p < 0.0001). Additionally, the proportion of patients initiating insulin during the follow-up period was
lower in the canagliflozin 300 mg versus GLP1RA cohort (23% vs 35%; p = 0.004). Among those who initiated
insulin, the median time to insulin initiation was 26 days in the canagliflozin 300 mg cohort and 36 days in the
GLP1RA cohort. There were no notable differences in the number of unique AHAs or unique AHA classes used
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Table 1. Baseline demographic and clinical characteristics before and after inverse probability of treatment weighting.
Demographic/clinical characteristics Before inverse probability of treatment weighting After inverse probability of treatment weighting

Canagliflozin
300 mg cohort
(N = 201)

GLP1RA cohort
(N = 630)

p-value† STD Canagliflozin
300 mg cohort
(N = 407)

GLP1RA cohort
(N = 424)

p-value† STD

Age, years, mean (SD) 54.2 (8.9) 55.4 (10.3) 0.1128 12.4 54.6 (13.4) 55.2 (8.2) 0.4499 5.3

Age categories, n (%):

– 18–40 years 11 (5.5) 47 (7.5) 0.3356 8.1 26 (6.4) 29 (6.8) 0.7818 1.7

– 41–65 years 170 (84.6) 485 (77.0) 0.0218 19.3 324 (79.6) 335 (79.0) 0.8281 1.3

– 65+ years 20 (10.0) 98 (15.6) 0.0474 16.8 57 (14.1) 60 (14.2) 0.9560 0.3

Female, n (%) 70 (34.8) 293 (46.5) 0.0036 23.9 178 (43.6) 185 (43.7) 0.9819 0.1

Race, n (%):

– Asian 3 (1.5) 14 (2.2) 0.5246 5.4 3 (0.8) 8 (1.9) 0.1591 9.5

– Caucasian 145 (72.1) 455 (72.2) 0.9818 0.2 289 (70.9) 305 (72.1) 0.6976 2.3

– African–American 22 (10.9) 59 (9.4) 0.5108 5.2 47 (11.4) 43 (10.1) 0.5357 3.6

– Other/unknown 31 (15.4) 102 (16.2) 0.7961 2.1 69 (17.0) 68 (15.9) 0.6954 2.3

Geographic region, n (%):

– Midwest 50 (24.9) 163 (25.9) 0.7779 2.3 102 (25.1) 109 (25.6) 0.8514 1.1

– Northeast 23 (11.4) 52 (8.3) 0.1695 10.7 37 (9.1) 38 (8.9) 0.9188 0.6

– South 112 (55.7) 345 (54.8) 0.8118 1.9 234 (57.5) 235 (55.5) 0.5537 3.5

– West 10 (5.0) 49 (7.8) 0.1779 11.5 19 (4.7) 29 (6.9) 0.1663 8.7

– Other region 6 (3.0) 21 (3.3) 0.8084 2.0 15 (3.7) 13 (3.1) 0.6465 2.7

BMI, kg/m2, n (%) 115 (57.2) 368 (58.4) 0.7642 2.4 231 (56.8) 246 (58.1) 0.6971 2.3

BMI, kg/m2, mean (SD) 35.2 (7.1) 37.9 (7.8) 0.0008 36.9 35.7 (10.4) 37.9 (6.3) 0.0062 25.5

QCCI score, mean (SD) 2.0 (1.4) 1.9 (1.4) 0.9243 0.8 1.9 (1.8) 1.9 (1.1) 0.8484 1.3

QCCI score (without diabetes), mean (SD) 0.5 (1.0) 0.5 (1.0) 0.5782 4.5 0.5 (1.3) 0.5 (0.8) 0.9707 0.3

DCSI, mean (SD) 0.8 (1.2) 0.8 (1.2) 0.7427 2.7 0.7 (1.5) 0.7 (1.0) 0.5590 4.1

Baseline comorbidities, n (%):

– Cardiovascular (any): 27 (13.4) 79 (12.5) 0.7410 2.7 46 (11.4) 52 (12.3) 0.6874 2.4

– Ischemic stroke 4 (2.0) 5 (0.8) 0.1536 10.2 4 (0.9) 4 (1.0) 0.9418 0.4

– Heart failure 5 (2.5) 15 (2.4) 0.9316 0.7 5 (1.3) 9 (2.2) 0.3242 6.3

– Myocardial infarction 6 (3.0) 9 (1.4) 0.1490 10.6 6 (1.5) 7 (1.7) 0.8187 1.4

– Arterial embolic events 1 (0.5) 1 (0.2) 0.3934 5.9 1 (0.2) 1 (0.2) 0.9806 0.1

– Unspecified heart disease 1 (0.5) 5 (0.8) 0.6659 3.7 3 (0.8) 3 (0.7) 0.9053 0.7

– Chronic ischemic heart disease 22 (10.9) 59 (9.4) 0.5108 5.2 39 (9.7) 40 (9.4) 0.8919 0.8

– Cardiomyopathy 1 (0.5) 10 (1.6) 0.2392 10.7 2 (0.4) 6 (1.3) 0.1530 10.0

– Hypertension 111 (55.2) 330 (52.4) 0.4819 5.7 217 (53.3) 224 (52.8) 0.8877 0.8

– Retinopathy 12 (6.0) 48 (7.6) 0.4316 6.5 27 (6.6) 31 (7.2) 0.7284 2.1

– Diabetic neuropathy 21 (10.4) 73 (11.6) 0.6570 3.6 42 (10.3) 48 (11.4) 0.6070 3.1

– Genital mycotic infections 2 (1.0) 6 (1.0) 0.9570 0.4 6 (1.4) 4 (1.0) 0.6470 2.6

– Urinary tract infections 13 (6.5) 44 (7.0) 0.8009 2.1 27 (6.7) 29 (6.8) 0.9573 0.3

– Volume depletions 2 (1.0) 11 (1.7) 0.4550 6.5 4 (1.0) 6 (1.5) 0.5070 4.2

– Renal diseases 8 (4.0) 24 (3.8) 0.9129 0.9 11 (2.6) 16 (3.7) 0.3773 5.5

– Hyperlipidemia 162 (80.6) 491 (77.9) 0.4234 6.6 326 (80.0) 334 (78.8) 0.6732 2.5

– Peripheral vascular disease 7 (3.5) 15 (2.4) 0.3970 6.5 9 (2.3) 10 (2.4) 0.9154 0.6

– Nephropathy 12 (6.0) 45 (7.1) 0.5668 4.7 20 (5.0) 29 (6.7) 0.2853 6.6

– Mental illness (any): 23 (11.4) 112 (17.8) 0.0340 18.0 60 (14.8) 68 (16.1) 0.6191 3.0

– Anxiety 11 (5.5) 49 (7.8) 0.2716 9.3 29 (7.0) 29 (6.9) 0.9461 0.4

– Depression disorder 17 (8.5) 83 (13.2) 0.0735 15.2 45 (11.0) 51 (12.0) 0.6688 2.6

– Parkinson’s disease 0 (0.0) 2 (0.3) 0.4238 8.0 0 (0.0) 1 (0.2) 0.3216 8.5

– Dementia 1 (0.5) 6 (1.0) 0.5390 5.4 1 (0.3) 3 (0.8) 0.3339 6.6

†t-test for continuous variables and � 2 test for categorical variables.
AHA: Antihyperglycemic agent; DCSI: Diabetes Comorbidity Severity Index; GLP1RA: Glucagon-like peptide-1 receptor agonist; QCCI: Quan–Charlson comorbidity index; SD: Standard
deviation; STD: Standardized difference.
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Table 1. Baseline demographic and clinical characteristics before and after inverse probability of treatment weighting
(cont.).
Demographic/clinical characteristics Before inverse probability of treatment weighting After inverse probability of treatment weighting

Canagliflozin
300 mg cohort
(N = 201)

GLP1RA cohort
(N = 630)

p-value† STD Canagliflozin
300 mg cohort
(N = 407)

GLP1RA cohort
(N = 424)

p-value† STD

– Personality disorder 1 (0.5) 3 (0.5) 0.9697 0.3 1 (0.3) 2 (0.5) 0.7887 1.7

– Schizophrenia 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Baseline AHA therapy, n (%):

– Injection (any): 49 (24.4) 185 (29.4) 0.1711 11.2 118 (29.0) 121 (28.6) 0.8972 0.8

– Basal insulin 41 (20.4) 159 (25.2) 0.1622 11.5 99 (24.2) 104 (24.5) 0.9217 0.6

– Bolus insulin 22 (10.9) 80 (12.7) 0.5096 5.4 51 (12.5) 52 (12.3) 0.9404 0.4

– Premixed insulin 3 (1.5) 10 (1.6) 0.9249 0.8 11 (2.6) 7 (1.6) 0.3123 5.7

– Oral (any): 195 (97.0) 599 (95.1) 0.2467 9.9 391 (96.0) 405 (95.6) 0.7787 1.7

– Biguanides 170 (84.6) 523 (83.0) 0.6045 4.2 332 (81.6) 353 (83.3) 0.5215 3.8

– DPP-4 inhibitors 96 (47.8) 210 (33.3) 0.0002 29.7 147 (36.1) 155 (36.7) 0.8674 1.0

– Meglitinide derivatives 3 (1.5) 12 (1.9) 0.7023 3.2 9 (2.2) 8 (1.9) 0.7158 2.1

– Sulfonylureas 94 (46.8) 274 (43.5) 0.4158 6.6 192 (47.2) 189 (44.5) 0.4369 4.6

– Thiazolidinediones 29 (14.4) 75 (11.9) 0.3466 7.5 54 (13.2) 52 (12.3) 0.7022 2.3

– �-glucosidase inhibitors 3 (1.5) 5 (0.8) 0.3769 6.6 4 (1.1) 5 (1.1) 0.9902 0.1

– Ergot derivatives 3 (1.5) 1 (0.2) 0.0174 14.7 2 (0.4) 1 (0.2) 0.5735 3.1

– Number of unique antidiabetic
medications, mean (SD)

2.1 (1.0) 2.1 (1.0) 0.8460 1.6 2.1 (1.5) 2.1 (0.9) 0.9398 0.5

– Number of unique antidiabetic
medication classes, mean (SD)

2.3 (1.0) 2.1 (1.0) 0.0380 16.8 2.2 (1.4) 2.2 (0.8) 0.7283 2.4

Antihypertensive medications, n (%):

– Any antihypertensive medication: 22 (10.9) 55 (8.7) 0.3457 7.4 34 (8.4) 40 (9.3) 0.6448 2.8

– �-blockers 4 (2.0) 7 (1.1) 0.3424 7.1 6 (1.4) 6 (1.4) 0.9798 0.2

– Angiotensin II receptor blockers 15 (7.5) 47 (7.5) 0.9991 0.0 26 (6.4) 31 (7.4) 0.5661 3.5

– Calcium channel blockers 0 (0.0) 1 (0.2) 0.5719 5.6 0 (0.0) 1 (0.1) 0.4835 6.0

– Renin inhibitors 2 (1.0) 1 (0.2) 0.0852 11.0 1 (0.3) 1 (0.2) 0.7506 1.8

– Antihypertensive combinations 8 (4.0) 22 (3.5) 0.7467 2.6 12 (3.1) 15 (3.7) 0.6352 2.9

Baseline HbA1c values:

– HbA1c value, %, mean (SD) 8.7 (1.6) 8.7 (1.7) 0.7768 2.3 8.8 (2.5) 8.7 (1.3) 0.7633 2.1

-9 to -6 months:

– Patients with ≥1 HbA1c, n (%) 96 (47.8) 339 (53.8) 0.1349 12.1 204 (50.0) 222 (52.4) 0.4794 4.2

– HbA1c value, mean (SD) 8.2 (1.7) 8.3 (1.7) 0.7445 3.8 8.2 (2.4) 8.3 (1.3) 0.5701 5.6

-6 to -3 months:

– Patients with ≥1 HbA1c, n (%) 100 (49.8) 315 (50.0) 0.9510 0.5 224 (54.9) 215 (50.7) 0.2271 7.2

– HbA1c value, mean (SD) 8.4 (1.7) 8.5 (1.6) 0.5856 6.2 8.6 (2.9) 8.5 (1.3) 0.6814 3.9

-3 to 0 months:

– Patients with ≥1 HbA1c, n (%) 164 (81.6) 488 (77.5) 0.2147 10.2 324 (79.7) 332 (78.4) 0.6647 2.6

– HbA1c value, mean (SD) 8.7 (1.2) 8.8 (1.6) 0.6861 3.7 8.8 (2.2) 8.8 (1.3) 0.7762 2.2

– Time from last HbA1c during the baseline
period to the index date, days, mean (SD)

51 (63.4) 58 (62.8) 0.1588 11.4 54 (89.1) 57 (50.1) 0.5632 4.0

†t-test for continuous variables and � 2 test for categorical variables.
AHA: Antihyperglycemic agent; DCSI: Diabetes Comorbidity Severity Index; GLP1RA: Glucagon-like peptide-1 receptor agonist; QCCI: Quan–Charlson comorbidity index; SD: Standard
deviation; STD: Standardized difference.

between cohorts during the follow-up period at any time point. More patients in the canagliflozin 300 mg versus
GLP1RA cohort used DPP4 inhibitors during each follow-up interval (Supplementary Figure 1). Additionally,
the likelihood of having either a discontinuation or switch or add-on was not significantly different between the
canagliflozin 300 mg and GLP1RA cohorts (HR: 1.04 [95% CI: 0.90–1.21]; p = 0.5781).
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Table 2. Inverse probability of treatment weighting–adjusted treatment patterns during the follow-up period.
Treatment in follow up period Canagliflozin 300 mg cohort (N = 407) GLP1RA cohort

(N = 424)
p-value†

Switching

First switch, n (%) 56 (13.7) 90 (21.1) 0.0046

Time to first switch, days, mean (SD) 103 (72.7) 104 (48.5) 0.9504

First switch therapies, n (%):

Injectables (any) 15 (3.8) 33 (7.7) 0.0169

– Insulin (any) 6 (1.4) 20 (4.8) 0.0060

– Basal insulin 3 (0.7) 21 (4.9) 0.0003

– Bolus insulin 3 (0.7) 9 (2.2) 0.0846

– Premixed insulin 7 (1.8) 2 (0.6) 0.1100

– GLP1RA 2 (0.6) 0 (0.0) 0.1153

Oral medications (any) 40 (9.8) 57 (13.5) 0.1057

– Biguanide 15 (3.6) 19 (4.5) 0.5463

– DPP4 inhibitors 9 (2.3) 15 (3.4) 0.3384

– Sulfonylureas 19 (4.7) 27 (6.3) 0.3095

– Thiazolidinediones 4 (0.9) 3 (0.6) 0.5939

– SGLT2 inhibitors 0 (0.0) 3 (0.7) 0.0854

Add-on therapy

Add-on therapies, n (%) 287 (70.5) 271 (63.9) 0.0405

Time to add-on therapy, days, mean (SD) 40 (64.2) 39 (31.8) 0.7624

Add-on therapies, n (%):

Injectables (any) 108 (26.4) 89 (21.0) 0.0660

– Insulin (any) 65 (16.1) 89 (21.0) 0.0672

– Basal insulin 74 (18.2) 69 (16.2) 0.4343

– Bolus insulin 26 (7.0) 26 (6.1) 0.6333

– Premixed insulin 12 (3.0) 3 (0.8) 0.0197

– GLP1RA 13 (3.1) 0 (0.0) 0.0002

Oral medications 237 (58.1) 219 (51.6) 0.0585

– Biguanides 136 (33.3) 125 (29.5) 0.2306

– DPP4 inhibitors 119 (29.2) 38 (9.1) �0.0001

– Meglitinide derivatives 0 (0.0) 6 (1.5) 0.0128

– Sulfonylureas 116 (28.4) 109 (25.7) 0.3679

– Thiazolidinediones 21 (5.2) 24 (5.7) 0.7514

– �-glucosidase inhibitors 1 (0.3) 2 (0.4) 0.7449

– Other SGLT2 inhibitors 0 (0.0) 19 (4.5) �0.0001

Insulin use

Patients without insulin use during baseline, n (%) 289 (71.0) 303 (71.4) 0.8972

Patients with insulin use during the follow-up, n (%) 68 (23.4) 105 (34.6) 0.0040

Time to insulin initiation, days (SD) 44 (78.8) 61 (56.3) 0.1226

Up-/down-titration:

Up-titration, n (%) 0 (0.0) 22 (5.3) �0.0001

– Time to up-titration, days (SD) 56 (41.2)

Down-titration, n (%) 3 (0.7) 7 (1.7) 0.1854

– Time to down-titration, days (SD) 92‡ 53 (30.2)

Background AHA treatment, n (%)

0 to 3 months:

– Number of unique antidiabetic medications 2.5 (1.5) 2.5 (0.8) 0.9103

†t-test for continuous variables and � 2 test for categorical variables.
‡Standard deviation not calculated due to small sample size.
AHA: Antihyperglycemic agent; DPP4: Dipeptidyl peptidase-4; GLP1RA: Glucagon-like peptide-1 receptor agonist; SD: Standard deviation; SGLT2: Sodium glucose co-
transporter 2.
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Table 2. Inverse probability of treatment weighting–adjusted treatment patterns during the follow-up period
(cont.).
Treatment in follow up period Canagliflozin 300 mg cohort (N = 407) GLP1RA cohort

(N = 424)
p-value†

– Number of unique antidiabetic medication classes 2.6 (1.6) 2.6 (0.8) 0.6442

3 to 6 months:

– Number of unique antidiabetic medications 2.4 (1.7) 2.2 (0.9) 0.1417

– Number of unique antidiabetic medication classes 2.5 (1.8) 2.3 (0.9) 0.0511

6 to 9 months:

– Number of unique antidiabetic medications 2.2 (1.6) 2.2 (0.9) 0.8526

– Number of unique antidiabetic medication classes 2.3 (1.8) 2.3 (0.9) 0.4996

†t-test for continuous variables and � 2 test for categorical variables.
‡Standard deviation not calculated due to small sample size.
AHA: Antihyperglycemic agent; DPP4: Dipeptidyl peptidase-4; GLP1RA: Glucagon-like peptide-1 receptor agonist; SD: Standard deviation; SGLT2: Sodium glucose co-
transporter 2.

Treatment adherence, as measured by medication possession ratio and proportion of days covered, was signifi-
cantly higher in the canagliflozin 300 mg cohort versus the GLP1RA cohort, with an average of 83% versus 72%
(p < 0.0001) days covered as measured by medication possession ratio and 73% versus 61% (p < 0.0001) days
covered as measured by proportion of days covered. A higher proportion of patients in the canagliflozin 300 mg
versus GLP1RA cohort had medication possession ratio >80% (71% vs 57%; p < 0.0001) and proportion of days
covered >80% (60% vs 39%; p < 0.0001; Figure 2).

Dose titration was examined in all patients in the canagliflozin 300 mg cohort and in patients initiated on
liraglutide in the GLP1RA cohort. In the GLP1RA cohort, 5.3% of patients up-titrated their dose of liraglutide
from 1.2 to 1.8 mg during the follow-up period (median time to titration of 34 days). The proportion of patients
who down-titrated their dose of canagliflozin (300 to 100 mg) or liraglutide (1.8 to 1.2 mg) was similar between
the canagliflozin 300 mg and GLP1RA cohorts (0.7% and 1.7%; p = 0.1854).

HbA1c levels & HbA1c target attainment
Among patients with available HbA1c data, when compared at 3-month intervals, mean HbA1c levels were similar
between cohorts over 9 months of follow-up (Figure 5A). Among patients with baseline HbA1c ≥8.0%, the mean
(standard deviation) baseline HbA1c was 9.71% (2.20) and 9.68% (1.12) in the canagliflozin 300 mg cohort
and GLP1RA cohorts, respectively. This population was significantly more likely to achieve HbA1c <8.0% in
the canagliflozin 300 mg versus GLP1RA cohort (66.8% vs 56.6%; HR: 1.27 [95% CI: 1.02–1.58]; p = 0.0364;
Figures 4 & 5B), and the median time to achieve HbA1c <8.0% among all patients was 157 days in the canagliflozin
300 mg cohort and 210 days in the GLP1RA cohort.

Among patients with HbA1c levels above each threshold (during the baseline period) mentioned below, patients
in the canagliflozin 300 mg and GLP1RA cohorts had no significant differences in the likelihood of achieving
HbA1c <6.0% (8.4% vs 7.0%; HR: 1.18 [95% CI: 0.72–1.93]; p = 0.5024), <6.5% (15.5% vs 19.2%; HR
0.78 [95% CI: 0.55–1.08]; p = 0.1361), <7.0% (32.4% vs 34.0%; HR: 0.94 [95% CI: 0.73–1.21]; p = 0.6383)
or <9.0% (74.8% vs 73.4%; HR: 1.09 [95% CI: 0.85–1.41]; p = 0.4952; Figure 4). However, while evaluating
the likelihood of achieving HbA1c <6.0% and <6.5%, the time-dependent covariate demonstrated statistical
significance, indicating that the treatment effect changed over time, resulting in a potential deviation from the
proportional hazards model.

Bodyweight levels & bodyweight target attainment
Bodyweight data in the pre-index and follow-up periods were available for a subset of patients in the canagliflozin
300 mg cohort (n = 106) and GLP1RA cohort (n = 351). After performing inverse probability of treatment weighting
in the main sample, the bodyweight subset included 213 patients in the canagliflozin cohort and 235 patients in
the GLP1RA cohort. For both cohorts, the mean age was 55 years; 41% and 43% of patients were female, the mean
Quan–Charlson comorbidity index scores were 1.7 and 1.9 (STD: 11.5%), and the mean Diabetes Complications
Severity Index was 0.7 and 0.7 in the canagliflozin 300 mg and GLP1RA cohorts, respectively (Supplementary
Table 1). Based on the full analytic sample, inverse probability of treatment weighting balanced many of the
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Figure 5. Glycemic control. (A) HbA1c trend during the baseline and follow-up periods and (B) HbA1c target
attainment among patients with baseline HbA1c ≥8.0%. (A) Data are from the weighted generalized linear model,
which included normalized weights from the main inverse probability of treatment weighting.
GLP1RA: Glucagon-like peptide-1 receptor agonist.

demographic and clinical characteristics in the bodyweight subcohorts, with the notable exception that BMI was
higher in the GLP1RA versus canagliflozin 300 mg cohort (37.9 vs 35.8 kg/m2; p = 0.01; STD: 24.5%), which
was later adjusted in the multivariate model. The remaining differences in age, race, region and some comorbidities
in this subset were reviewed for clinical relevance and were largely driven by low numbers of events or small
sample size. Baseline weight measurements for these patients are shown in Supplementary Table 1. Among patients

900 J. Comp. Eff. Res. (2019) 8(11) future science group



Glycemic/weight control for canagliflozin versus GLP1 Research Article

in the bodyweight subcohorts, bodyweight decreased to similar levels in the canagliflozin 300 mg and GLP1RA
cohorts over 3 months of follow-up, but, at 6 and 9 months of follow-up, bodyweight was significantly lower in
the canagliflozin 300 mg cohort versus the GLP1RA cohort based on results from the weighted generalized linear
model (Figure 6A).

Patients in the canagliflozin 300 mg cohort were more likely to achieve weight loss ≥5% (44.2% vs 26.6%; HR:
1.93 [95% CI: 1.40–2.66]; p < 0.0001; Figures 4 & 6B), with a significantly longer mean duration of maintaining
weight loss ≥5% (133 vs 103 days; p = 0.01) than those in the GLP1RA cohort. There was no difference between
the canagliflozin 300 mg and GLP1RA cohorts in achievement of weight loss ≥10% (4.7% vs 7.7%; HR: 0.62
[95% CI: 0.29–1.35]; p = 0.2273; Figure 4); however, the number of patients achieving this target was small in
both cohorts.

Discussion
In this real-world study, EHRs and claims data from the USA were used to examine the effectiveness of canagliflozin
300 mg compared with GLP1RAs on treatment patterns, glycemic control and target attainment, as well as
bodyweight among patients with T2DM. Patients initiated on canagliflozin 300 mg had greater adherence and
less discontinuation and were less likely to initiate insulin compared with patients in the GLP1RA cohort, but
were more likely overall to add-on treatment. In addition, they had similar HbA1c levels to those initiated on a
GLP1RA, and were more likely to achieve HbA1c <8.0% and weight loss ≥5%.

Recent real-world studies based on EHRs have shown that compared with GLP1RAs, canagliflozin has similar
effects on glycemic control and bodyweight in patients with T2DM but lower rates of treatment discontinuation
and less need for medication changes (i.e., switching, add-on) [25–30].

Study findings showed that patients with T2DM who initiated canagliflozin 300 mg and GLP1RAs had similar
reductions in HbA1c over 9 months of follow-up. This is consistent with results from other US database studies
showing similar mean HbA1c-lowering effects with canagliflozin 300 mg and GLP1RAs [28–30]. HbA1c target
attainment with canagliflozin 300 mg versus GLP1RAs has also been previously assessed, with some differences
observed across studies. An analysis of the IQVIA™ Real-World Data EMR–US database found that patients
initiated on canagliflozin 300 mg or a GLP1RA were equally likely to achieve HbA1c <8.0% but that patients
initiated on a GLP1RA were more likely to achieve HbA1c <7.0% [25]. In contrast, the current analysis found that
patients initiated on canagliflozin 300 mg versus a GLP1RA were more likely to achieve HbA1c <8.0% and were
equally likely to achieve HbA1c <7.0%. While the reasons for these discrepancies have not been examined, they
may be related, in part, to differences in patient populations, baseline HbA1c levels and follow-up times between
studies.

With regard to weight loss, patients in both cohorts had reductions in bodyweight from baseline that were
significantly greater with canagliflozin 300 mg versus GLP1RA after 6 and 9 months of follow-up. This difference
in bodyweight patterns could be attributed to the higher use of insulins in the GLP1RA cohort during follow-up,
as insulins are known to cause weight gain [31]. In addition, patients in the canagliflozin 300 mg cohort were more
likely to achieve weight loss ≥5% than patients in the GLP1RA cohort. There are some potentially important
clinical implications of this finding since weight loss is associated with improved glycemic and blood pressure
control, as well as reduction of other cardiovascular risk factors [32,33]. Losing even a modest amount of weight
(≥5 pounds) has been associated with improved quality-of-life and health satisfaction for patients with T2DM [34].
Additionally, patients who experience continuous weight loss are also more likely to perform diabetes self-care
behaviors [35].

Compared with other real-world studies that use only EHR data, the use of data from patients with both
claims and EHRs may have enhanced the accuracy of adherence and persistence data collected in this study. Mean
medication possession ratio and proportion of days covered were significantly higher in the canagliflozin 300 mg
versus GLP1RA cohort, with more patients initiated on canagliflozin 300 mg having medication possession ratio
>80% or proportion of days covered >80%. The use of both proportion of days covered and medication possession
ratio to measure adherence and persistence is a strength, as the proportion of days covered is a conservative measure
of adherence that does not double-count days due to early refills, whereas the medication possession ratio counts all
available medication, even when a prescription is refilled early. For example, if a patient was covered by >1 pharmacy
claim for the index medication on a given day, it would be counted as only 1 day of coverage for the proportion of
days covered calculation, whereas the days of supply for all the pharmacy claims of the index medication available
on that day would be included in the calculation of medication possession ratio. Patients initiated on canagliflozin
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Figure 6. Bodyweight outcomes. (A) Bodyweight trend during the baseline and follow-up periods and (B)
Kaplan–Meier curve for time to achieve weight loss ≥5% in the inverse probability of treatment weighting–adjusted
cohorts. (A) Data are from the weighted generalized linear model, which included normalized weights from the main
inverse probability of treatment weighting, and are adjusted for pre-index bodyweight.
†Significant at p < 0.05.
GLP1RA: Glucagon-like peptide-1 receptor agonist.
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300 mg versus a GLP1RA were also less likely to discontinue treatment, switch medications or initiate insulin
use. The reason for higher rates of discontinuation in the GLP1RA cohort is unclear but may be due, in part,
to known side effects associated with treatment (e.g., nausea, vomiting and diarrhea) or mode of administration
(e.g., injection), since reductions in HbA1c appeared to be similar. Overall, these results are consistent with previous
findings of better adherence and persistence with canagliflozin compared with GLP1RAs in a variety of practice
settings [25–28]. However, unlike previous studies, patients in the current study were more likely to add-on new
AHAs with canagliflozin versus GLP1RAs, which could be attributable to differences in the criteria used to define
add-on therapy in each of these studies [25].

There are several limitations associated with claims data that should be noted. For example, a claim for a
prescription does not necessarily indicate that the medication was taken as prescribed, and claims data do not
capture medications provided to patients through physician samples. In addition, medical codes used in claims data
do not definitively indicate the presence of a disease, as codes may be subject to coding errors (i.e., misclassification
bias). Additionally, observational studies may underestimate study findings if, for instance, a symptomatic diabetic
patient was not coded as having diabetes in the database. Another limitation is that inverse probability of treatment
weighting adjustment cannot resolve problems from imbalances in unmeasured confounders, so it is possible that
this approach did not correct for unobserved variables in the risk-adjusted tables. For instance, in this study, BMI
was not available for all patients, so it was not included as a covariate in inverse probability of treatment weighting.
Therefore, a significant difference in BMI remained between cohorts after inverse probability of treatment weighing.
Additionally, some significant differences in baseline characteristics (STD >10%) remained in the bodyweight
subcohort, as inverse probability of treatment weighting was only performed for the full cohort. The remaining
differences including age, race, region, BMI and some comorbidities in this subset of patients were reviewed for
clinical significance and were largely driven either by lower numbers of events or low sample size. Additionally, in
observational studies with small sample size, moderate imbalances can occur even if the propensity score model
has been correctly specified [36]. As this study followed patients until the end of the study period regardless of any
treatment changes, outcomes such as HbA1c and weight loss may have been impacted by switch to or add-on of
other AHAs. While this is a potential limitation, it should be noted that patients in the canagliflozin cohort were
more likely to add-on a DPP4 inhibitor, whereas those in the GLP1RA cohort were more likely to add-on an SGLT2
inhibitor or initiate insulin. Both SGLT2 inhibitors and insulin would be likely to have a greater impact on HbA1c
than DPP4 inhibitors, which may, in fact, bias against canagliflozin 300 mg. Additionally, given the differential
rates of individual treatment patterns, the composite event of time to discontinuation or switch or add-on was
evaluated rather than censoring patients with these events; no significant difference between the two cohorts was
observed for this composite endpoint. In this study, up-titration of a GLP1RA was counted as a discontinuation
event, which may have led to an overestimate. Additionally, as there was a potential deviation from the proportional
hazards model when calculating achievement of HbA1c <6.0% and <6.5%, these results should be interpreted
with caution. Lastly, this analysis was based on combined claims and EHR data, which represent only a subset of
the overall Optum database (of patients with T2DM and claims data, only 80% have any EHR data and 55% have
any HbA1c data); thus, these results may not be generalizable to the broader population of T2DM patients.

Conclusion
In the real world, patients treated with canagliflozin 300 mg were significantly less likely to discontinue or
switch from initial treatment than patients in GLP1RA cohort, and more likely to add-on an AHA. There were
no significant differences in HbA1c outcomes at 3-month intervals over 9 months, and patients treated with
canagliflozin 300 mg were significantly more likely to achieve HbA1c <8.0% and weight loss ≥5% than patients
treated with GLP1RAs.

Supplementary data

To view the supplementary data that accompany this paper please visit the journal website at:

www.futuremedicine.com/doi/suppl/10.2217/cer-2019-0002
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Summary points

• In this real-world study based on electronic health records and claims data, mean HbA1c levels were similar over
9 months of follow-up in the canagliflozin 300 mg and glucagon-like peptide-1 receptor agonist (GLP1RA)
cohorts.

• Among patients with baseline HbA1c ≥8.0%, patients in the canagliflozin 300 mg cohort were more likely to
achieve HbA1c <8.0% (HEDIS target) than those in the GLP1RA cohort.

• Among the subset of patients with bodyweight data, a greater proportion of patients achieved weight loss of
≥5% (AACE/ACE target) in the canagliflozin 300 mg versus GLP1RA cohort.

• Patients in the canagliflozin 300 mg versus GLP1RA cohort were more likely to be adherent to treatment and less
likely to discontinue or switch treatment.

• Significantly fewer patients in the canagliflozin 300 mg versus GLP1RA cohort initiated insulin during the
follow-up period.
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