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Abstract

Purpose: Sodium-glucose cotransporter-2 inhibitors (SGLT-2i) are increasingly being considered
as first-line treatment for type 2 diabetes (T2D). The benefits of SGLT-2i from cardiovascular
outcome trials may lead to preferential prescribing of SGLT-2i to patients at high cardiovascular
risk, possibly causing confounding in non-randomized studies of SGLT-2i as first-line treatment.
We assessed evolving imbalances in characteristics of patients starting SGLT-2i versus metformin
as first-line monotherapy.

Methods: Using claims data from two U.S. commercial health insurance and Medicare, we
identified patients with T2D aged =18 years (>65 years in Medicare) initiating first-line SGLT-2i
or metformin from 2013 through 2019. Standardized differences (SDs) for patient characteristics
were assessed during four consecutive calendar time blocks (T1:4/2013-12/2014; T2:1/2015-
6/2016; T3:7/2016-12/2017; and T4:1/2018-12/2019). We also estimated the propensity score of
receiving SGLT-2i versus metformin within each time block and evaluated time trends in model
discrimination with c-statistics.

Results: We identified 9,113 initiators of first-line SGLT-2i and 810,348 initiators of first-line
metformin. During T1, SGLT-2i initiators were younger (SD=-0.24) and less likely to have seen
cardiologists (—0.07) with a similar prevalence of CVD (0.04) compared with metformin. During
T4, patients were more balanced for age (-0.01). Cardiologist visits (0.08) and CVD (0.25)
became more prevalent among SGLT-2i initiators.
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Conclusions: When comparing initiators of first-line SGLT-2i versus metformin, imbalances
in patient characteristics evolved from 2013 through 2019, particularly channeling SGLT-2i to
individuals at high cardiovascular risk. Evolving channeling in prescribing first-line SGLT-2i
should be expected and accounted for in non-randomized comparative effectiveness research.
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Purpose

The U.S. Food and Drug Administration (FDA) has recommended post-approval
cardiovascular outcome trials (CVOTS) since 2008 to ensure the safety of new glucose-
lowering drugs® responding to the growing burden of cardiovascular disease (CVD) in type
2 diabetes (T2D) and the potential increase in cardiovascular risk with certain existing
glucose-lowering drugs.2 Notably, sodium-glucose cotransporter-2 inhibitors (SGLT-2i) have
demonstrated superiority to placebo in reducing the risk of cardiovascular events, including
hospitalization for heart failure.3*° Consequently, beginning in 2018, clinical guidelines in
the U.S. have recommended SGLT-2i as a preferred second-line treatment for patients with
T2D and CVD®7"—further raising the question of whether SGLT-2i should be advanced to
first-line treatment.8:9

To our knowledge, one randomized controlled trial has been investigating a SGLT-2i versus
metformin for cardiovascular outcomes among patients with T2D but without baseline
CVD and is expected to complete in 2025.10 Therefore, non-randomized studies using real-
world data could provide information on whether SGLT-2i may have greater cardiovascular
benefits over metformin more timely than randomized clinical trials among both patients
with and without existing CVD.11.12.13 While not benefitting from randomization, these
non-randomized studies could achieve balance in patient characteristics, including those
unmeasured, by adopting state-of-the-art pharmacoepidemiologic study designs, such as
active-comparator and new-user.141> However, whether these designs can successfully
achieve this balance is unknown when comparing first-line SGLT-2i with metformin
because: (1) SGLT-2i are relatively new and typically used as second-line, whereas

the established use of first-line metformin comes from more than 60 years of clinical
experiencel®17: (2) SGLT-2i are associated with considerably higher costs potentially
coupled with restrictive drug coverage and formulary restrictions, which may limit the
access to SGLT-2i for patients with lower socioeconomic status compared with the more
affordable metformin!8; (3) cardiovascular benefits may lead to preferential prescribing of
SGLT-2i to patients at high cardiovascular risk%; and (4) SGLT-2i and metformin have
different safety-related precautions, e.g., frequent genitourinary infections for SGLT-2i.

Therefore, we empirically examined potential imbalances in patient characteristics evolving
over time comparing initiators of SGLT-2i as first-line T2D treatment versus metformin,
using two commercial U.S. claims and Medicare databases.
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Methods

Data Sources

We used data from two large commercial U.S. health insurance databases, Optum
Clinformatics and IBM MarketScan, and Medicare fee-for-service. The commercial
databases primarily represent individuals with employer-sponsored health insurance,
Medicare Advantage, or Medicare Supplemental health insurance plans across the U.S.
The Medicare database included individuals aged =65 years. The databases contained de-
identified individual level, longitudinal information on baseline demographics, inpatient
and outpatient diagnoses and procedures, and outpatient prescription dispensings recorded
during billing of routine healthcare encounters. The study was approved by the Mass
General Brigham Institutional Review Board, and licensing agreements were in place.

Study Population

We identified individuals who initiated SGLT-2i (canagliflozin, empagliflozin, or
dapagliflozin) or metformin, both as monotherapy, between April 1, 2013 (consistent with
the launch of SGLT-2i in the U.S.) and December 31, 2019 (December 31, 2018 for
MarketScan and Medicare). We required no use of any antidiabetic drugs at any point prior
to cohort entry and continuous health insurance enrollment with complete medical coverage
and pharmacy benefits during 365 days before the date of treatment initiation, defined as
cohort entry. Additional eligibility criteria were: age at cohort entry =18 years (>65 years
for Medicare); at least one inpatient or outpatient diagnosis of T2D (ICD-9 diagnosis 250.x0
or 250.x2 through September 30, 2015, and ICD-10 diagnosis E11.xxx afterwards) at any
point prior to or on cohort entry20:21; at least one prescription or a physician visit in both of
two, six-month intervals (—365 days to —183 days and —182 days to —1 day) before cohort
entry to reduce surveillance variability.22 We excluded patients who initiated more than one
antidiabetic drug class on cohort entry and patients with a history of gestational or secondary
diabetes, polycystic ovary syndrome, organ transplant, end-stage renal disease, HIV/AIDS,
or nursing home admission in the preceding 365 days before cohort entry (Figure 1 and
Supplementary Figure S1).

Patient Characteristics

Patient characteristics were measured during the 365 days prior to or on cohort entry,
including demographics, diabetes-related and other comorbidities, concomitant medications,
and measures of healthcare utilization (Supplementary Table S1). We chose patient
characteristics a priori based on subject matter knowledge regarding predictors of the
cardiovascular outcomes, which would be used in a real-world study comparing first-line
SGLT-2i versus metformin. Laboratory test results were available for approximately 15% of
the population through linkage with national lab test provider chains.

Study Outcome

In this study, we used initiation of first-line SGLT-2i or metformin as the outcome in
estimating the propensity scores. The associations between these treatment groups and
cardiovascular outcomes were not investigated.
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Statistical Analysis

Results

To evaluate evolving imbalances in patient characteristics, the study period was stratified
into four consecutive calendar time blocks (T1: 4/2013-12/2014, T2: 1/2015-6/2016, T3:
7/2016-12/2017, and T4: 1/2018-12/2019) (Figure 2). The cut point of the first time
block (December 31, 2014) was chosen to examine patient characteristics in the early
post-marketing period of SGLT-2i. The cut point of the second time block (June 30, 2016)
was chosen to evaluate patient characteristics around the time when the first results from a
pivotal CVOT of SGLT-2i were published in November 2015.3 The cut point of the third
time block (December 31, 2017) coincided with the change in the U.S. clinical guideline,
endorsing SGLT-2i as preferred second line treatment for patients with T2D and established
CVD.5 These cut points resulted in time blocks of roughly equal length. Within each

time block, we estimated standardized differences (SDs) comparing patient characteristics
between the treatment groups and averaged SDs across databases weighted by the sample
size of each database. Temporal trends in SDs were plotted over the four time blocks with
a positive sign indicating a higher prevalence (or mean) among SGLT-2i initiators and a
negative sign indicating a higher prevalence (or mean) among metformin initiators. The
significance of trends in SDs was assessed using the least square method, assigning 0, 1,
2, and 3 to the four time blocks, approximately equal-sized.23 To summarize the overall
imbalances in patient characteristics within each time block, we calculated the proportion
of variables with |SD| >0.1, the threshold defining a meaningful imbalance regarding
confounding a treatment effect association.24 Additionally, we computed database and time
block-specific propensity score (PS) model c-statistics as a measure of discrimination.2>
The PSs were estimated as a function of all pre-exposure patient characteristics except

for laboratory values, which were not available for all patients. In a sensitivity analysis,
we restricted the study population to patients with at least two years of continuous health
insurance enrollment before cohort entry without use of any antidiabetic drugs. Analyses
were performed using R v3.6.228 with analytic files generated using the Aetion Evidence
Platform v4.10.27:28.29

We identified 9,113 initiators of first-line SGLT-2i and 810,348 initiators of first-line
metformin between April 1, 2013 and December 31, 2019 (Figure 1). Descriptive statistics
of pooled patient characteristics and the weighted average SDs are in Table 1, with a graphic
presentation of trends in the SDs in Figure 3. Database-specific patient characteristics and
SDs are in Supplementary Tables S2-S4.

In the first time block (T1) when compared with metformin, SGLT-2i initiators were
younger (SD=-0.24) and had similar burden of CVD (0.04) and CKD (0.03), while
having prevalent diabetic neuropathy (0.22). SGLT-2i initiators were more likely to have
seen endocrinologists (0.09), but less likely to have seen cardiologists (—0.07), internists
(=0.37), or nurse practitioners or physician assistants (—0.08) compared with metformin.
Additionally, SGLT-2i initiators were less likely to have recent hospitalizations (-0.17)
and more likely to have office visits (0.15) or HbA1c test orders (0.26) compared with
metformin.

Pharmacoepidemiol Drug Saf. Author manuscript; available in PMC 2023 May 01.
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In the last time block (T4) when compared with T1, initiators of SGLT-2i and

metformin were more balanced for age (SD=-0.01; P-value for trend=0.04) and recent
hospitalizations (—0.07; 0.13). However, imbalances in diabetic neuropathy (0.17; 0.50),
visits to endocrinologists (0.11; 0.69), internists (-0.45; 0.07), and nurse practitioners or
physician assistants (-0.12; 0.74), and frequency of office visits (0.18; 0.19) and HbAlc
test orders (0.22; 0.23) continued. Notably, compared with T1, CVD (0.25; 0.11), CKD
(0.13; 0.10), and visits to cardiologists (0.08; 0.11) became more prevalent among SGLT-2i
initiators with marginally significant P-values due to the small number of time blocks (Table
1).

In a subset of the study population when compared with metformin, HbAlc was consistently
higher among initiators of SGLT-2i, whereas LDL became more imbalanced with levels
being lower in initiators of SGLT-2i, over the four time blocks; eGFR was lower among
initiators of SGLT-2i in T4 (Table 1).

The time block-specific proportion of patient characteristics with |[SD| >0.1 decreased from
41% (=16/39) in T1, 41% (=16/39) in T2, to 28% (=11/39) in T3, but increased to 41%
(=16/39) in T4. This pattern of overall imbalances was mirrored by the PS model c-statistics,
generally decreasing then leveling off over the study period (Figure 4).

When we restricted the analyses to individuals who had at least two years of continuous
health insurance enrollment before cohort entry, trends in SDs remained consistent with the
primary findings (Supplementary Table S5 and Figure S2).

Discussion and conclusions

This study demonstrated rapidly evolving imbalances in characteristics of adult patients
initiating first-line SGLT-2i or metformin for T2D, captured in large U.S. commercial

and federal insurance programs. From the introduction of SGLT-2i into the U.S. market

in 2013, characteristics of patients initiating first-line SGLT-2i or metformin changed

over the four calendar time blocks through 2019 with generally increasing prevalence for
obesity, smoking, diabetic nephropathy, diabetic neuropathy, and CKD. In parallel, the
overall imbalance in patient characteristics (the proportion of variables with |SD| >0.1)
generally decreased over the same period. Consequently, the discrimination of the PS
models decreased, suggesting increased equipoise between individuals initiating first-line
SGLT-2i versus metformin. While this is encouraging, we found some noticeable imbalances
between the exposure groups. These groups were consistently different in the prevalence

of diabetic neuropathy, visits to endocrinologists or internists, and frequency of office

visits or HbAlc test orders, while over time becoming similar regarding age and recent
hospitalizations. Notably, CVD, CKD, and cardiologist visits became more prevalent among
initiators of SGLT-2i over the study period, implying that benefits of SGLT-2i channeled to
patients at high cardiovascular risk.

In the first time block (T1), SGLT-2i initiators were younger compared with metformin in
keeping with previous findings that physicians might be more inclined to prescribe new
drugs to younger patients.3? This imbalance in age lessened over the four time blocks with
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SGLT-2i initiators becoming increasingly older. In contrast to previous findings suggesting
that physicians might be more inclined to prescribe new drugs to sicker patients3!, we found
that SGLT-2i initiators were healthier compared with metformin initiators as shown by the
lower burden of non-diabetes-related comorbidities. However, SGLT-2i initiators had more
advanced diabetes as shown by the higher burden of diabetic neuropathy.32 This suggests
that, in the current study, the severity of diabetes might have been prioritized over general
health status in prescribing new antidiabetic drugs for first-line T2D treatment, although
SGLT-2i initiators might have had higher chances of diabetic neuropathy detection as the
result of more frequent endocrinologist visits and overall better access to healthcare with
consistently higher number of office visits and HbAlc test orders.

Patients initiating SGLT-2i were more likely to have endocrinologist visits at baseline
and less likely to have internist or cardiologist visits compared with patients initiating
metformin. Lack of familiarity with the newly approved SGLT-2i and compliance with
clinical guidelines might have driven these visit patterns.33:34:35 While imbalances in
visits to internists or endocrinologists remained consistent over the study period, visits to
cardiologists became more common among SGLT-2i initiators. Aligning with this changing
pattern in cardiologist visits, CVD and CKD were also increasingly prevalent among
SGLT-2i initiators, suggesting channeling to patients at high cardiovascular risk possibly
related to the demonstrated benefits of SGLT-2i in recent CVOTs3#® and changes in
treatment guidelines. In 2018, the American Diabetes Association endorsed SGLT-2i as
a preferred second-line treatment for patients with T2D and CVD®, and the American
College of Cardiology recommended SGLT-2i in addition to metformin for patients with
atherosclerotic CVD or heart failure.36

The evolving channeling associated with the initiation of first-line SGLT-2i versus
metformin has implications for comparative effectiveness and safety research with respect
to confounding adjustment and statistical efficiency. We suggest: (1) ensuring tight
matching on time to account for the evolving channeling over time in response to
accumulating information on efficacy and safety and prescriber experience with SGLT-2i37;
(2) considering excluding the time period immediately subsequent to the launch of SGLT-2i
from the analysis due to the lack of adequate equipoise between treatment groups in the
early phase of post-marketing; (3) estimating the PS and matching within subgroups that
might be critical determinants of treatment choice, such as CVD status, to reduce residual
confounding; and (4) using PS adjustment strategies maximizing efficiency, such as 1:N

PS matching or PS fine stratification38:3%, to address much lower initiation of SGLT-2i as
first-line treatment compared with metformin.

This study has limitations. We cannot rule out the possibility that individuals with prior
antidiabetic drug experience were included in the study cohort. A sensitivity analysis,
requiring at least two years of continuous prior enroliment without any use of antidiabetic
medications, showed results consistent with the primary findings reassuring that the analysis
was robust toward the assumption of first-line use. Second, although we did not explicitly
exclude patients with type 1 diabetes (T1D) diagnosis, it was highly unlikely that these
patients were included in the study cohort because we only included patients with T2D
diagnosis, and patients with T1D would not be expected to start oral anti-diabetic drugs.

Pharmacoepidemiol Drug Saf. Author manuscript; available in PMC 2023 May 01.
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Finally, our findings may have limited generalizability to other populations including
uninsured patients; however, our study cohort represented a wide-ranging population.

In conclusion, patient characteristics of first-line SGLT-2i initiators changed over time
shifting to those with increased cardiovascular risk, in line with regulatory approvals
and changes in clinical guidelines for SGLT-2i to reduce major cardiovascular outcomes.
Evolving channeling of SGLT-2i as first-line should be expected and accounted for in
non-randomized comparative effectiveness research.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key points

Cardiovascular benefits of SGLT-2i could channel to patients at
high cardiovascular risk, possibly causing confounding in comparative
effectiveness safety research of SGLT-2i.

From the introduction of SGLT-2i into the U.S. market in 2013 through
2019, the overall imbalance in patient characteristics comparing initiators of
first-line SGLT-2i versus metformin generally decreased.

In the same period, CVD and cardiologist visits became more prevalent
among first-line SGLT-2i initiators compared with metformin, implying
evolving channeling.

Rapidly evolving channeling of first-line SGLT-2i should be expected
and accounted for in non-randomized comparative effectiveness and safety
research.

In this regard, we provide some suggestions regarding confounding
adjustment and statistical efficiency.
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T2D patients aged 218 (>65 in Medicare), initiating SGLT-2i

or metformin between Apr2013-Dec2019°, with 365 days

of continuous health insurance enrollment prior to cohort
entry and without prior use of any antidiabetic drugs

Clinformatics
(n=301,064)

MarketScan
(n=378,221)

Medicare
(n=402,347)

Exclusions Clinformatics MarketScan Medicare
- More than one class -22,728 -29,559 -19,964
- Secondary diabetes -7,138 -4,769 -12,886
- Gestational diabetes -1,539 -2,862 -104
- ESRD & kidney transplant -318 -396 -824
- HIV/AIDS -1,125 -1,495 -1,063
- Organtransplant -783 -670 -1,369
- Polycystic ovary syndrome -2,753 -4,741 -183
- Nursing home admission -15,477 -2,906 -37,241
- No Rx/physician visit -33,431 -43,171 -12,676
Total 215,772 287,652 316,037
SGLT-2i 2,585 4,152 2,376
Metformin 213,187 283,500 313,661

Figure 1. Flowchart of study cohort
T2D: type 2 diabetes; ESRD: end-stage renal disease; HIV/AIDS: human immunodeficiency

virus/acquired immune deficiency syndrome; Rx: prescription.
* Data range: Clinformatics (Apr 2013-Dec 2019) / MarketScan and Medicare (Apr 2013—

Dec 2018)
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T1 T2 T3
(4/2013-12/2014)  (1/2015-6/2016) (7/2016-12/2017)

2019/10
= FDA label change to
indicate CV benefits
(Dapagliflozin)

2014/01
= FDA approval
(Dapagliflozin)

2016/12

= FDA label change to indicate CV
benefits (Empagliflozin)

= ADA guideline advanced SGLT-2i
to second-line agent

2018/10
= FDA label change to
indicate CV benefits
(Canagliflozin)

@)
@)
2019/01

= DECLARE-TIMISS trial
results published

2013/03
= FDA approval
(Canagliflozin)

2014/08
= FDA approval
(Empagliflozin)

Jul 2016 Jan 2018

= CANVAS trial
results

1
2015/11
= EMPA-REG OUTCOME
published

trial results published

2018/1

= ADA guideline
endorsed SGLT-2i as
a preferred second-
line agent for CVD

Figure 2. Development timeline for SGLT-2i and study time blocks.
2013/03: FDA approval for canagliflozin (Invokana®) to treat T2D.

2014/01: FDA approval for dapagliflozin (Farxiga®) to treat T2D.

2014/08: FDA approval for empagliflozin (Jardiance®) to treat T2D.

2015/11: Publication of the EMPA-REG OUTCOME trial results for empagliflozin.
2016/12: FDA label change for empagliflozin to indicate cardiovascular benefits.
Advance of SGLT-2i to second-line agent by the American Diabetes Association (ADA).
2017/08: Publication of the CANVAS trial results for canagliflozin.

2018/01: ADA endorsement of SGLT-2i as a preferred second-line agent for patients with
CVD.

2018/10: FDA label change for canagliflozin to indicate cardiovascular benefits.
2019/01: Publication of the DECLARE-TIMI 58 trial results for dapagliflozin.

2019/10: FDA label change for dapagliflozin to indicate cardiovascular benefits.
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=== \Weighted average SD SD (Clinformatics) === SD (MarketScan) === SD (Medicare) === SD threshold +/-0.1

Reduced SD Age Any recent hospitalization

Positive (+) SDs
04- SGLT-2i initiators have higher mean or prevalence compared with
metformin initiators

o 0.0
oa Negative (-) SDs
) Metformin initiators have higher mean or prevalence compared with
SGLT-2i initiators
-0.8-
Increased or cvD CKD Cardiologist visits
Reversed SD
0.4-
a 00 — =
4]
0.4-
-0.8-
Consistent SD Diabetic Neuropathy Endocrinologist visits Internist visits Number of Office visits Number of HbA1c test orders
0.4-
e e
fa) 0.0
(%]
04-
08-
Apr13- Jan15- Jul16- Jan18- Apr13- Jan15- Jul16- Jan18- Apr13- Jan15- Jul16- Jan18- Apr13- Jan15- Jul16- Jan18- Apr13- Jan15- Jul16- Jan18-
Dec14 Jun16 Dec17 Dec19 Dec14 Jun16 Dec17 Dec19 Dec14 Jun16 Dec17 Dec19 Dec14 Jun1é Dec17 Dec19 Dec14 Jun16 Dec17 Decl19
Time block
Figure 3.

Trends of standardized differences (SDs) of selected patient characteristics, comparing first-
line SGLT-2i versus metformin.
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1.0-

0.9-

0.8-

Propensity score model C-Statistics

0.5-

@U\
0.74 074 g
0.73 T
0.72 0.72

0.69

Apri3-Dec14 Jan15-Jun16 Jul16-Deci7 Jan18-Dec19
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Figure 4.
Trends of propensity score model c-statistics
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