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Abstract

Purpose: To compare the incidence of diabetic ketoacidosis (DKA) among patients
with type 2 diabetes mellitus (T2DM) who were new users of sodium glucose
co-transporter 2 inhibitors (SGLT2i) versus other classes of antihyperglycemic
agents (AHAs).

Methods:
(all T2DM patients) and narrow (intended to exclude patients with type 1 diabetes or

Patients were identified from four large US claims databases using broad

secondary diabetes misclassified as T2DM) definitions of T2DM. New users of
SGLT2i and seven groups of comparator AHAs were matched (1:1) on exposure
propensity scores to adjust for imbalances in baseline covariates. Cox proportional
hazards regression models, conditioned on propensity score-matched pairs, were
used to estimate hazard ratios (HRs) of DKA for new users of SGLT2i versus other
AHAs. When 12 <40%, a combined HR across the four databases was estimated.

Results: Using the broad definition of T2DM, new users of SGLT2i had an
increased risk of DKA versus sulfonylureas (HR [95% CI]: 1.53 [1.31-1.79]),
DPP-4i (1.28 [1.11-1.47]), GLP-1 receptor agonists (1.34 [1.12-1.60]), metformin
(1.31 [1.11-1.54]), and insulinotropic AHAs (1.38 [1.15-1.66]). Using the narrow
definition of T2DM, new users of SGLT2i had an increased risk of DKA versus
sulfonylureas (1.43 [1.01-2.01]). New users of SGLT2i had a lower risk of DKA
versus insulin and a similar risk as thiazolidinediones, regardless of T2DM definition.
Conclusions: Increased risk of DKA was observed for new users of SGLT2i versus
several non-SGLT2i AHAs when T2DM was defined broadly. When T2DM was

Prior presentations: These data were presented, in part, at the Scientific Sessions of the Quality of Care and Outcomes Research (QCOR), April 5 to 6, 2019; Arlington, Virginia. This study was

supported by Janssen Research & Development, LLC.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2019 The Authors. Pharmacoepidemiology & Drug Safety Published by John Wiley & Sons Ltd.

1620 wileyonlinelibrary.com/journal/pds

Pharmacoepidemiol Drug Saf. 2019;28:1620-1628.


https://orcid.org/0000-0001-7225-9407
https://orcid.org/0000-0002-5824-2040
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1002/pds.4887
http://wileyonlinelibrary.com/journal/pds

WANG ET AL

WILEY—22

KEYWORDS

1 | INTRODUCTION

Diabetic ketoacidosis (DKA) is a serious acute metabolic complication
of diabetes, characterized by hyperglycemia, ketosis, and metabolic
acidosis.* The underlying pathophysiology of DKA is an absolute or
relative insulin deficiency, increased insulin counter-regulatory
hormones, and peripheral insulin resistance.! DKA is often precipi-
tated by stressful conditions such as trauma, surgery, or infection
and is more common in patients with type 1 diabetes mellitus
(TAIDM) than in patients with type 2 diabetes mellitus (T2DM).%3
The incidence of DKA among patients with TIDM ranged from 8 to
56 per 1000 patient-years in larger studies in the United States,
Canada, Europe, and Israel.* In comparison, a much lower DKA
incidence of <2 per 1000 patient-years was reported in cohort studies
of adults with T2DM in clinical practice.>”

Sodium glucose co-transporter 2 (SGLT2) inhibitors are oral
antihyperglycemic agents (AHAs) that lower blood glucose by
increasing urinary glucose excretion.® Currently, four SGLT2 inhibitors
are approved in the United States and Europe for the treatment of
T2DM: canagliflozin, dapagliflozin, empagliflozin, and ertugliflozin.” ¢
In 2015, the US Food and Drug Administration (FDA) issued a Drug
Safety Communication about the risk of ketoacidosis with SGLT2
inhibitors based on postmarketing adverse event reporting, and a
warning was subsequently added to the label of all SGLT2 inhibitors.”
In 2016, on the recommendation of the Pharmacovigilance Risk
Assessment Committee (PRAC), the European Medicines Agency
(EMA\) listed DKA as a rare adverse reaction in the product information
of SGLT2 inhibitors and implemented risk management measures to
minimize this risk.'® Of note, patients taking SGLT2 inhibitors may
present with atypical DKA (no marked hyperglycemia) because of
SGLT2 inhibitors' glycosuria effect, which can delay diagnosis and
treatment.!®

Most clinical development programs of SGLT2 inhibitors, including
canagliflozin, dapagliflozin, empagliflozin, as well as meta-analyses of
randomized controlled trials, have reported a low frequency of DKA
events in patients with T2DM, with a numerically higher rate for
SGLT2 inhibitors as a class or individual agent relative to placebo
and active controls.2?"2¢ Real-world studies of DKA among new users
of SGLT2 inhibitors are limited, particularly in patients with T2DM. An
increased risk of DKA with SGLT2 inhibitor treatment was observed in
some, but not all, studies.®”?7-?® Limitations of prior studies include
small sample size and number of events, specific patient population,
and select treatment comparators.

The current study sought to estimate the incidence rate and

further evaluate the comparative risk of DKA among patients with

defined narrowly to exclude possible misclassified patients, an increased risk of DKA

with SGLT2i was observed compared with sulfonylureas.

diabetic ketoacidosis, SGLT2 inhibitor, type 2 diabetes

KEY POINTS:

o In this observational study, new use of SGLT2 inhibitors
was associated with an increased risk of diabetic

(DKA)

sulfonylureas, DPP-4 inhibitors, GLP-1 receptor agonists,

ketoacidosis compared with new use of
metformin, and insulinotropic antihyperglycemic agents
using a broad definition of type 2 diabetes mellitus

(T2DM).

e When a more restrictive definition of T2DM was used to
exclude possible misdiagnosed T1DM patients, an
increased risk of DKA was observed in new users of
SGLT2 inhibitors when compared with new users of

sulfonylureas.

e Using both definitions of T2DM, new use of SGLT2
inhibitors was associated with a reduced risk of DKA

compared with new use of insulin.

T2DM in routine clinical practice who were new users of SGLT2
inhibitors versus new users of other classes of AHAs using data from

four large US claims databases.

2 | METHODS

2.1 | Study design

This was a retrospective, observational, comparative cohort study. The
study protocol has been reviewed and approved by the EMA PRAC as
a postauthorization safety study (PASS) and is available at https://
github.com/OHDSI/StudyProtocols/tree/master/Sglt2iDka/
documents.

2.2 | Data source

Eligible patients were identified from four large US administrative
claims databases (IBM® MarketScan® Commercial Database [CCAE],
IBM® MarketScan® Multi-State Medicaid Database [MDCD], IBM®
MarketScan® Medicare Supplemental Database [MDCRY], and Optum®
De-identified Clinformatics® Data Mart Database [Optum]; see Sup-
plemental Description of Data Sources for additional details). Data
from health insurance claims were used to characterize patient demo-

graphics and identify all drug exposure, medical conditions, and
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procedures that occurred during the enrollment period. The study
period started on 1 April 2013, which coincides with the approval of
the first SGLT2 inhibitor in the United States (canagliflozin was
approved 29 March 2013), in all databases and ended on the last date
of data availability for each database (CCAE: 31 October 2017;
MDCD: 31 December 2016; MDCR: 31 December 2017; Optum:
30 September 2017).

To enable consistent analyses across multiple data sources, all four
databases were converted to the Observational Medical Outcomes
Partnership (OMOP) Common Data Model (CDM) 5.0. The OMOP
CDM accommodates different data domains typically found within
observational data and transforms data from diverse databases into
a common data format with a standardized vocabulary for coding of
health care information (such as drug utilization and condition

)29
s

occurrence, which then allows performance of analyses across

multiple, disparate databases in a consistent manner.

2.3 | New-user cohort categorization

Eligible patients were required to have >1 diagnosis of T2DM on or
before the AHA exposure index date, >1 prescription dispensing
record for a new pre-specified SGLT2 inhibitor or non-SGLT2 inhibitor
AHA (ie, no prior use of the respective AHA ever recorded in the
database), and >365 days of continuous enrollment prior to the first
dispensing record of the new AHA.

SGLT2 inhibitors were evaluated as a class and as individual agents
(canagliflozin, dapagliflozin, and empagliflozin). Seven classes of
non-SGLT2 inhibitor AHAs were prespecified as primary comparators
[DPP-4]
glucagon-like peptide-1 [GLP-1] receptor agonists, thiazolidinediones

(sulfonylureas [SU], dipeptidyl peptidase-4 inhibitors,
[TZD], insulin, metformin, and insulinotropic AHAs [including DPP-4
inhibitors, GLP-1 receptor agonists, SU, nateglinide, and repaglinide]).
Since the category of insulinotropic AHAs includes several AHAs that
were also evaluated separately, the results are presented mainly in the
Supplemental Materials. A category of “other AHAs” (acarbose,
miglitol, nateglinide, and repaglinide) was included as a secondary
comparator to capture less common AHAs. Patients were categorized
into a new-user cohort at the first prescription claim recorded in the
database. For those who met the new user definition for >1 AHA,
patients were categorized into a new-user cohort on the date of the
first prescription of each AHA, with a different index date and
different baseline characteristics for each respective AHA.

Patients with T2DM were defined by broad and narrow defini-
tions. The broad definition required that patients had >1 diagnosis
of T2DM and no diagnosis of TIDM or secondary diabetes mellitus
(DM) on or before the AHA exposure index date. The narrow defini-
tion of T2DM additionally required that patients had no diagnosis of
T1DM or secondary DM after the exposure index date, had no insu-
lin monotherapy before the index date, and were aged >40 years on
the index date; this definition was intended to exclude patients
with TIDM or secondary DM who may have been misdiagnosed
with T2DM.

24 | Outcomes

The primary outcome of this study was the first DKA event that
occurred after the index date of an AHA therapy, identified from a
diagnosis code recorded in inpatient or emergency room claims. To
be considered an incident event, DKA occurring after exposure to a
new AHA had to occur >30 days after any pre-index DKA event. Fatal
DKA was defined as death at discharge from the hospitalized DKA
event, whereas this information could not be assessed in the Optum
database. As laboratory tests were not systematically collected in the
databases used for this study, DKA cases could not be validated using
lab tests or categorized as typical or atypical DKA.

2.5 | Statistical analyses

Analyses were performed in SQL and R.%°

2.6 | Descriptive analyses

The unadjusted incidence rates of DKA were expressed as number of
incident events per 1000 patient-years and were also stratified by
subgroups of age, sex, history of DKA, and history of insulin use.
Distribution of the DKA risk factors and prespecified preceding events
were characterized in each cohort. The mean and standard
deviation (SD) are presented for continuous variables, and
frequencies/proportions are presented for categorical variables. For
the primary cohort follow-up, time-at-risk started on the day after
the first AHA exposure (index date) and ended at the first incident
DKA diagnosis, disenrollment, or the end of the database coverage,
whichever came first. Change of AHA treatment during follow-up

was considered in the sensitivity analyses described below.

2.7 | Comparative analyses

Each new user of an SGLT2 inhibitor (class and individual agents) was
matched 1:1 to a new user of a comparator AHA based on the
exposure propensity score (PS). Large-scale PS were estimated using
regularized logistic regression models including all baseline covariates
available from 365 days prior to the exposure index date
(ie, demographics, history of all diagnoses and conditions, procedures,
observations, medications, frequency of health care encounters,
Charlson Comorbidity Score, and Diabetes Complication Severity
Index) as candidate predictors.* The model used a cyclic coordinate
descending method with least absolute shrinkage and selection opera-
tor (LASSO), and the regularization hyperparameter was selected by
optimizing the likelihood in a 10-fold cross validation.3>32 Conventional
greedy algorithms with nearest neighbor that minimize the absolute dif-
ference between the PS were used for matching.3* The maximum
matching caliper was 20% of the SD of the logit of the PS.%®
Evaluations of the history of DKA and prior AHA therapies
considered all available claims records prior to the exposure index

date. Conditional Cox proportional hazards models were used to
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estimate the hazard ratio (HR) of DKA in the SGLT2 inhibitor cohort
versus the comparator cohort, with each PS-matched set treated as
a separate stratum in the model. For each comparison, the P value
was calibrated against an empirical null distribution estimated using
43 negative control outcomes to address potential systematic bias
(Supplemental Table 1).3® HRs were estimated in each database
separately. When the 12 was <40%, a pooled HR across the four
databases was generated using a random effects approach,®” in which
the standard errors of the database-specific estimates were
adjusted to incorporate variation of effects across databases, the
across-database variance was estimated by comparing the result of
each database with the result of an inverse-variance fixed-effects

meta-analysis.

2.8 | Sensitivity analyses

First, a modified DKA definition was used where cases were identified
by inpatient claims only. Second, change of AHA treatment was
considered for cohort follow-up, in which censoring was applied to
the time-at-risk at the initiation of non-index AHAs as well as at the
discontinuation of the index AHA (defined as refill gap of >90 days
from the day the index AHA supply from the previous prescription

was expected to run out).

3 | RESULTS

All results have been made publicly available through an interactive
web-based application at http://data.ohdsi.org/Sglt2iDka/. This
section summarizes the key findings across these results.

3.1 | Study population

Of the four claims databases, CCAE provided the largest sample size
for all AHA new-user cohorts, and MDCD provided the smallest sam-
ple size for most cohorts (Supplemental Table 2). Canagliflozin had the
largest number of new-users in the SGLT2 inhibitor class. Using the
broad definition of T2DM, the number of new users ranged from
11 141 in MDCD to 152 728 in CCAE for SGLT2 inhibitors, and from
5687 TZD users in MDCR to 329 839 metformin users in CCAE for
comparator AHAs. The corresponding numbers were fewer when
using the narrow definition of T2DM, ranging from 7779 users in
MDCD to 130 708 users in CCAE for SGLT2 inhibitors and from
3982 TZD users in MDCD to 271 723 metformin users in CCAE for
comparator AHAs. Across databases, the mean age of all new-user
cohorts ranged from 47.9 to 75.5 years and the percentage of female
patients ranged from 41.0% to 72.1%.

3.2 | Incidence of DKA

Using the broad definition of T2DM, the unadjusted incidence
rates of DKA ranged from 2.75 to 8.84 per 1000 patient-years
among new users of all SGLT2 inhibitors and from 1.38 to 15.82 per

WILEY

1000 patient-years among new users of comparator AHAs (Table 1
and Supplemental Table 3). The corresponding incidence rates
using the narrow definition of T2DM ranged from 1.15 to 3.91 per
1000 patient-years in the all SGLT2 inhibitor cohorts and from
0.75 to 7.94 per 1000 patient-years in the comparator cohorts. In
general, the incidence rates were highest in MDCD, followed by
Optum, and lowest in CCAE and MDCR.

Overall, the proportion of fatal DKA events was low, although it
varied across databases and AHA cohorts (Supplemental Table 4). In
general, the case fatality is higher in MDCR and MDCD than in CCAE.
Among new users of SGLT2 inhibitors, the highest fatality was
observed in MDCD (1.9% and 3.1% using the broad and narrow defi-
nitions of T2DM, respectively). Among new users of comparator
AHAs, the highest fatality was observed in MDCR (6.3% and 8.9%
using the broad and narrow definitions of T2DM, respectively).

3.3 | Risk factors and preceding events

The unadjusted incidence rates of DKA were higher in patients with
prior use of insulin and history of DKA (data not shown). A higher
proportion of new users of SGLT2 inhibitors who had incident DKA
events received a prescription for insulin prior to the index date com-
pared with new users of comparator AHAs who had incident DKA
events, except for GLP-1 receptor agonists (Supplemental Table 5).
Other risk factors for DKA and events that occurred prior to DKA
(eg, hospitalization, surgery, and infections) were similarly distributed

across the AHA new-user cohorts.

3.4 | Risk of DKA in the PS-matched cohorts

Baseline characteristics prior to the AHA exposure index date, includ-
ing demographics, comorbidities, and medications, were well balanced
after PS matching for all matched cohorts (data not shown).

Using the broad definition of T2DM, a significantly increased risk
of DKA was observed in new users of SGLT2 inhibitors compared with
SU, DPP-4 inhibitors, GLP-1 receptor agonists, metformin, and
insulinotropic AHAs in select individual databases and the
meta-analysis (Figure 1 and Supplemental Figure 1A). Meta-analytic
estimates of the HR (95% confidence interval [CI]) for DKA with
SGLT2 inhibitors were 1.53 (1.31-1.79) versus SU, 1.28 (1.11-1.47)
versus DPP-4 inhibitors, 1.34 (1.12-1.60) versus GLP-1 receptor
agonists, and 1.31 (1.11-1.54) versus metformin.

When using the narrow definition of T2DM to exclude patients
with TIDM or secondary DM who may have been misclassified as
T2DM, the risk of DKA was not significantly increased among new
users of SGLT2 inhibitors compared with DPP-4 inhibitors, GLP-1
receptor agonists, or metformin in individual databases or the
meta-analysis. However, new users of SGLT2 inhibitors had an
increased risk of DKA compared with SU in the meta-analysis
(HR [95% Cl]: 1.43 [1.01-2.01]). In all comparative analyses using
the narrow T2DM definition, the associations observed in MDCD

were less consistent compared with the other databases, which


http://data.ohdsi.org/Sglt2iDka/

1624 Wl LEY WANG ET AL

TABLE 1 Unadjusted incidence rate of DKA in prespecified AHA new-user cohorts

Broad T2DM Definition Narrow T2DM Definition

N of Time-at-Risk Incidence Rate N of Time-at-Risk Incidence Rate

Database Events (PY) (per 1000 PY) Events (PY) (per 1000 PY)
SGLT2 inhibitor CCAE 638 227 079 2.81 218 189 129 1.15
MDCD 107 12 106 8.84 32 8180 3.91
MDCR 74 26 944 2.75 37 22 187 1.67
Optum 324 98 642 3.28 131 82 051 1.60
Canagliflozin CCAE 423 140 041 3.02 144 115 704 1.24
MDCD 98 10 351 9.47 29 6995 4.15
MDCR 53 20 688 2.56 25 16 879 1.48
Optum 240 72 659 3.30 97 60 110 1.61
Dapagliflozin CCAE 168 72 030 2.33 58 60 923 0.95
MDCD 10 1525 6.56 2 1019 1.96
MDCR 18 4632 3.89 9 3864 2.33
Optum 57 16 815 3.39 19 13 955 1.36
Empagliflozin CCAE 123 44 572 2.76 48 38471 1.25
MDCD 5 625 8.01 1 441 2.27
MDCR 9 3380 2.66 5 2991 1.67
Optum 49 16 319 3.00 25 14 246 1.75
SU CCAE 542 231 396 2.34 193 190 197 1.01
MDCD 299 40 760 7.34 102 26 348 3.87
MDCR 108 59 518 1.81 56 50 826 1.10
Optum 470 180 646 2.60 225 151 094 1.49
DPP-4 inhibitor CCAE 468 214 243 2.18 171 178 003 0.96
MDCD 209 28 941 7.22 76 19 578 3.88
MDCR 121 60 529 2.00 57 50 533 1.13
Optum 425 151 705 2.80 180 125 001 1.44
GLP-1 receptor agonist CCAE 300 133 250 2.25 111 105 848 1.05
MDCD 126 13 558 9.29 45 8019 5.61
MDCR 31 17 271 1.79 12 13 375 0.90
Optum 196 67 369 291 73 53 047 1.38
TZD CCAE 138 51 441 2.68 53 43 015 1.23
MDCD 63 7287 8.65 24 4892 491
MDCR 29 11 871 244 16 10 168 1.57
Optum 137 48 123 2.85 58 40 731 1.42
Insulin CCAE 857 166 653 5.14 255 118 292 2.16
MDCD 741 46 830 15.82 212 26 693 7.94
MDCR 205 53 219 3.85 98 35 975 2.72
Optum 739 133 720 5.53 328 97 800 3.35
Metformin CCAE 1069 497 877 2.15 327 404 839 0.81
MDCD 627 81 106 7.73 143 49 317 2.90
MDCR 144 104 142 1.38 68 90 540 0.75
Optum 713 353 587 2.02 273 294 680 0.93
Other AHAs? CCAE 25 14 156 1.77 12 11 313 1.06
MDCD 12 1335 8.99 3 843 3.56
MDCR 25 7160 3.49 12 5471 2.19
Optum 52 14 162 3.67 20 11 270 1.77

Abbreviations: AHA, antihyperglycemic agent; CCAE, IBM® MarketScan® Commercial Database; DKA, diabetic ketoacidosis; DPP-4, dipeptidyl
peptidase-4; GLP-1, glucagon-like peptide-1; MDCD, IBM® MarketScan® Multi-State Medicaid Database; MDCR, IBM® MarketScan® Medicare
Supplemental Database; Optum, Optum© De-identified Clinformatics® Data Mart Database; PY, patient-years; SGLT2, sodium glucose co-transporter 2;
SU, sulfonylurea; T2DM, type 2 diabetes mellitus; TZD, thiazolidinedione.

2Includes acarbose, miglitol, nateglinide, and repaglinide.

may reflect fewer events observed and/or unique patient character- In the meta-analysis, with both the broad and narrow definitions of
istics captured by the database (eg, patients with a disability or low T2DM, new users of SGLT2 inhibitors had a significantly lower risk of
socioeconomic status). DKA compared with insulin. Across the four databases and with both
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Broad T2DM Definition Narrow T2DM Definition
N of events N of events
(S6LT2 (S6LT2
inhibitor / Calibrated inhibitor / Calibrated

Database N of pairs comparator) HR (95% CI) Pvalue  Pvalue | Nofpairs  comparator) HR(95%Cl)  Pvalue  Pvalue
CCAE 85722 341/229 ™ 153(124-190) <001 <001 | 73363 115/93 [} 1.20 (0.85-169)  0.30 0.27
MDCD 8154 77153 o 150(0.96-237) 008 008 5608 21/24 f—o— 1000472120 >099 097
SGLT2 inhibitorvs SU ~ MDCR 12391 50/24 —o—| 214(116-417) 002 002 | 11040 26/10 —e—3.00(1.16-022)  0.04 0.03
Optum 48320 202/135 Fo 143(1.06-194 002 002 | 41531 87/58 o 1.75(1.11-2.82  0.02 0.02
Meta-analysis 154 587 670/ 441 ] 153(131-179)  <0.01 <001 | 131542  249/185 Lo 1.43(1.01-201) 004 0.04
CCAE 100 244 371/300 ol 132(1.09-160)  <0.01 <001 | 85878  119/116 o 1.06 (0.76-1.46)  0.74 0.72
SaLT2inmibitor s oppg MPCD 9641 91/82 o 1.10(075-162) 063 059 6705 25/39 —o—i 0.64(0.34-119) 017 018
hibior MDCR 14000 54/39 o 145(0.85-253 018 017 | 12382 25/20 —e—| 0.93(0.43-199) 085 0.88
Optum 52209 238/187 ] 1.25(098-161) 008 006 | 44810 98/78 [ 1.30(0.89-192) 018 015
Meta-analysis 176 094 754 /608 ol 128(1.11-147)  <0.01 <001 | 149775  267/253 et 1.04(0.80-1.34) 0.7 0.71
CCAE 85616 339/ 254 ] 1.30 (1.06-160)  0.01 002 | 71767 1247101 [ 1.21(0.86-169)  0.27 0.28
SaLT2inmibitor v GLp1 MPCD 8620 88/76 e 120(0.83-175) 034 039 5756 28/35 f—c— 0.65(0.33-124)  0.20 019
reseptor agonis MDCR 9966 46/20 —e—  278(1.34629)  0.01 0.01 8516 15/12 —e— 183(0.70-532) 024 0.24
Optum 44853 206/162 1! 131(1.00-173 005 005 | 37753 75/65 e 0.97 (0.60-156)  0.90 0.90
Meta-analysis 149 055 679/512 o 134(1.12-160)  <0.01 <001 | 123792  242/213 4 1.05(078-142) 074 0.76
CCAE 34202 136/127 Lo 116 (0.85-160) 034 039 | 29563 43/48 o 0.86 (0.49-148)  0.58 0.57
MDCD 4510 51/41 e 150 (0.88-261) 014 013 3162 6/13 p——e—] 0.33(0.05-145)  0.20 0.21
SGLT2 inhibitor vs TZD  MDCR 6537 28/26 —e—| 0.88(0.44-177) 073 075 5860 10/14 —eo— 1.17(0.39-362  0.79 0.79
Optum 26 990 118/107 o 1.16(0.81-167)  0.41 047 | 23499 49/45 e 117(068-203) 058 0.66
Meta-analysis 72 239 333/301 lel 118(0.96-145) 012 020 | 62084  108/120 e 0.97 (0.68-1.38)  0.86 0.80
CCAE 61361 237/318 lel 068 (055084 <001 001 | 50779 79/111 (.| 0.66 (0.45-0.96)  0.03 0.0
MDCD 6117 43/61 o 064(037-107) 010 042 4460 12/25 p—e—o 0.27 (0.08-073)  0.02 0.03
SGLT2 inhibitor vs insulin -~ MDCR 9655 31/25 —o— 1.38(068-289 038 031 8287 21/19 f—o—| 110 (046-2.64)  0.83 0.78
Optum 34374 140/177 e 077(057-103) 008 017 | 29364 68/75 e 0.80 (0.52-124)  0.33 0.38
Meta-analysis 111 507 451/581 ™) 0.74(060-090) <001 003 | 92890  180/230 e 0.70(0.50-1.00)  0.05 0.08
CCAE 49509 256 /185 ] 134(1.06-1700 002 002 | 36939 59/47 e 1.08(0.69-171)  0.73 0.71
_— MDCD 5881 67/56 o 133(0.87-207) 019 013 3442 14/17 —e— 0.64(0.23-162 036 0.36
rsnﬁe'{f?”'r::'b‘m’ vs MDCR 9488 45/29 —o— 1.25(0.70-227) 046 0.41 7860 17/15 —e— 0.80(0.31-2.03) 064 071
Optum 33537 175/125 e 1260931700 013 010 | 25753 60/41 o 1.54(0.94-255)  0.09 0.08
Meta-analysis 98 505 543 /395 ol 131 (111154 <001 <001 | 73994  150/120 [P 112(081-156) 050 0.44

T T 1 111
0.1250.25 0.5 1.0 2.0 4.0 8.0
—
Favors SGLT2  Favors
inhibitor -~ comparator

T T 1 1 1T 1
0.1250.25 0.5 1.0 2.0 40 8.0
—
Favors SGLT2  Favors
inhibitor ~ comparator

FIGURE 1 Hazard ratio of DKA for new users of SGLT2 inhibitors versus comparator AHAs.

Abbreviations: AHA, antihyperglycemic agent; CCAE, IBM® MarketScan® Commercial Database; Cl, confidence interval; DKA, diabetic
ketoacidosis; DPP-4, dipeptidyl peptidase-4; GLP-1, glucagon-like peptide-1; HR, hazard ratio; MDCD, IBM® MarketScan® Multi-State Medicaid
Database; MDCR, IBM® MarketScan® Medicare Supplemental Database; Optum, Optum© De-identified Clinformatics® Data Mart Database;
SGLT2, sodium glucose co-transporter 2; SU, sulfonylurea; T2DM, type 2 diabetes mellitus; TZD, thiazolidinedione

definitions of T2DM, the risk of DKA was similar for new users of
SGLT2 inhibitors and TZD.

The risk of DKA for new users of individual SGLT2 inhibitor agents
versus comparator AHAs was generally similar to that for the SGLT2
inhibitor class but with greater variation in HRs across databases
(Supplemental Figures 2-4).

3.5 | Sensitivity analyses

In sensitivity analyses identifying DKA events from inpatient diagno-
ses only (Supplemental Table 6) and censoring time-at-risk at the reg-
imen change (Figure 2 and Supplemental Figure 1B), the HRs of DKA
for new users of SGLT2 inhibitors versus comparator AHAs were gen-
erally consistent with the main analyses, although with fewer cases

and less precision.

4 | DISCUSSION

This observational, retrospective cohort study compared the risk of
DKA among new users of SGLT2 inhibitors and other classes of AHAs
in four US administrative claims databases. Using the broad definition
of T2DM, a moderate, but statistically significant, increased risk of

DKA was observed among new users of SGLT2 inhibitors compared

with SU, DPP-4 inhibitors, GLP-1 receptor agonists, and metformin
in the meta-analysis combining four databases. Using the narrow def-
inition of T2DM to remove younger patients and those with prior
insulin monotherapy, the risk of DKA remained significantly increased
among new users of SGLT2 inhibitors when compared with SU in the
meta-analysis. A trend for a higher risk of DKA for new users of
SGLT2 inhibitors compared with insulinotropic AHAs (including SU,
DPP-4 inhibitors, and GLP-1 receptor agonists) was observed in three
of four databases; this trend appears to be largely driven by SU. Using
both definitions of T2DM, the risk of DKA with SGLT2 inhibitors was
lower compared with insulin and not significantly different compared
with TZD. The association with the risk of DKA appeared generally
similar for individual SGLT2 inhibitor agents; however, for the individ-
ual agent comparisons, there was more variability in HRs and 95% Cls,
and the results were largely inconsistent across databases.

The different associations using the broad versus the narrow
T2DM definitions suggest that the observation of an increased risk
of DKA in new users of SGLT2 inhibitors might be attributed in part
to use of SGLT2 inhibitors in patients who were misdiagnosed as
having T2DM, such as those with TIDM or latent autoimmune
diabetes. Clinical development programs of SGLT2 inhibitors and
clinical observations have identified cases of DKA in patients who
were diagnosed with T2DM, but presented with biochemical evidence

for autoimmune diabetes.?384° |n our study, the narrow definition
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Broad T2DM Definition Narrow T2DM Definition
N of events N of events
(SGLT2 (SGLT2
inhibitor / Calibrated inhibitor / Calibrated
Database N of pairs comparator) HR (95% CI) Pvalue  Pvalue | Nofpairs  comparator) HR (95% CI) Pvalue  Pvalue
CCAE 85722 92/41 ol 2.12(1.32-3.51) <0.01 <0.01 73363 35/19 e 1.67(0.83-3.51)  0.17 0.14
MDCD 8154 13717 o 0.80(0.20-3.02) 0.75 0.79 5608 170 —* - -
SGLT2 inhibitor vs SU MDCR 12391 14/5 —eo— 3.00 (0.69-20.47) 0.20 0.19 11 040 8/1 |—e—— 4.00(0.59-78.20) 0.27 0.26
Optum 48 320 54/23 led 2.08 (1.07-4.29) 0.04 0.03 41531 26/13 e 1.86(0.76-4.94)  0.19 0.17
Meta-analysis 154 587 173/76 ol 2.00 (1.37-2.90) <0.01 <0.01 125934 69/33 lei 1.81(1.04-3.16)  0.04 0.03
CCAE 100 244 84/40 o] 1.81(1.13-2.96) 0.02 0.01 85878 34/15 2 2| 2.13(0.95-5.21)  0.08 0.07
SGLT2 inhibitor vs DPP-4 MDCD 9641 13/15 = 2| 1.14(0.41-3.26) 0.80 0.81 6705 2/9 —-o— 0.20(0.01-1.24)  0.19 0.20
inhibitor MDCR 14000 17713 e+ 1.14(0.41-3.26) 0.80 0.71 12382 8/7 —e— 0.50(0.02-5.22)  0.62 0.65
Optum 52 209 66 /24 o4 2.27 (1.26-4.28) 0.01 0.01 44 810 27/16 o 1.11(0.45-2.80)  0.82 0.77
Meta-analysis 176 094 180/92 ] 1.76 (1.26-2.46) <0.01 <0.01 149775 71147 3 2] 1.17(0.53-2.57)  0.70 0.62
CCAE 85616 75/51 ol 1.59 (1.00-2.55) 0.05 0.06 71767 29/26 e 0.87(0.41-1.82)  0.71 0.75
. MDCD 8620 13/13 o+ 1.29 (0.48-3.60) 0.63 0.68 5756 3/10 —e— 0.50 (0.07-2.56)  0.45 045
feecgfu'r":g’u“n‘gt“ 6P wpce 9966 1473 l-e— 2500541745 030 028 | 8516 3/0 - - -
Optum 44 853 57/33 i 1.76 (0.99-3.27) 0.06 0.07 37753 21/17 e+ 1.00(0.43-2.34)  >0.99 0.93
Meta-analysis 149 055 159/100 ol 1.63 (1.16-2.29) <0.01 <0.01 115276 53/53 o4 0.87 (0.51-1.50)  0.62 0.63
CCAE 34 202 28/16 2 2| 1.30 (0.57-3.05) 0.54 0.58 29 563 15/6 -eo— 2.00(0.53-9.48) 0.35 0.34
MDCD 4510 9/6 —eo— 1.50 (0.25-11.39) 0.68 0.70 3162 172 ——q 0.00(0.00-5.83)  0.22 0.22
SGLT2 inhibitor vs TZD MDCR 6537 8/1 —e—— 3.00(0.38-60.62) 0.39 0.41 5860 170 —* = =
Optum 26 990 31/13 [ 5.25(2.00-18.00) <001  <0.01 23499 16/9 - 2.00(0.63-7.49)  0.27 0.33
Meta-analysis 72239 76/36 Fe 2.25(1.02-4.94) 0.04 0.06 56 224 32/17 e 1.97(0.77-5.03)  0.16 0.19
CCAE 61361 59/68 ] 0.75 (0.46-1.20) 0.24 0.49 50779 20/21 o+ 0.56 (0.24-1.25)  0.17 0.25
MDCD 6117 1/22 e+ 0.43 (0.15-1.07) 0.09 0.16 4460 2/12 —* - -
SGLT2 inhibitor vs insulin ~ MDCR 9655 7/6 —o— 1.00 (0.12-8.33) >0.99 0.92 8287 5/3 —e— 1.00(0.12-8.33)  >0.99 0.97
Optum 34 374 35/51 L] 0.52 (0.27-0.95) 0.04 0.09 29 364 20/25 e+ 0.38(0.13-0.91)  0.04 0.06
Meta-analysis 111507 112/147 | 0.63 (0.44-0.89) 0.01 0.07 88430 45/49 o 0.50(0.28-0.92)  0.02 0.04
CCAE 49 599 57/29 ol 1.41 (0.82-2.46) 0.22 017 36 939 18/9 o 1.83(0.70-5.32)  0.24 0.21
SGLT2 inhibitor vs MDCD 5881 1/9 o 0.50 (0.13-1.59) 0.27 0.34 3442 174 ——e— 1.00 (0.04-25.27) >0.99 0.97
metformin MDCR 9488 1/9 —eo— 0.75 (0.15-3.40) 0.72 0.79 7860 5/6 —e— 0.25(0.01-1.69)  0.27 0.30
Optum 33537 45/22 e 1.69 (0.86-3.45) 0.14 0.10 25753 16/9 e 2.00(0.78-5.74)  0.17 0.14
Meta-analysis 98 505 124 /69 [ ] 1.26 (0.82-1.96) 0.29 0.20 73994 40/28 e 1.60(0.82-3.12)  0.17 0.12
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FIGURE 2 Hazard ratio of DKA for new users of SGLT2 inhibitors versus comparator AHAs with censoring at the initiation of non-index AHAs

and discontinuation of the index AHA.

Abbreviations: AHA, antihyperglycemic agent; CCAE, IBM® MarketScan® Commercial Database; Cl, confidence interval; DKA, diabetic
ketoacidosis; DPP-4, dipeptidyl peptidase-4; GLP-1, glucagon-like peptide-1; HR, hazard ratio; MDCD, IBM® MarketScan® Multi-State Medicaid
Database; MDCR, IBM® MarketScan® Medicare Supplemental Database; Optum, Optum® De-identified Clinformatics® Data Mart Database;
SGLT2, sodium glucose co-transporter 2; SU, sulfonylurea; T2DM, type 2 diabetes mellitus; TZD, thiazolidinedione.

*Either no cases in the target and/or comparator cohort or number of cases were too few for the model to converge

for T2DM aimed to remove potential late-onset autoimmune diabetes,
even at the expense of excluding some true T2DM patients. However,
because our definition of T2DM was based on algorithms of diagnosis
codes and prescription claims, we cannot completely rule out all
potential misdiagnoses.

The unadjusted incidence rates of DKA were several-fold higher in
patients with prior use of insulin and those with a history of DKA. A
greater proportion of new users of SGLT2 inhibitors who had incident
DKA events already had an insulin prescription before the index date
compared with new users of comparator AHAs who had incident DKA
events, except for GLP-1 receptor agonists. This observation suggests
that new users of SGLT2 inhibitors who subsequently developed DKA
likely had more advanced diabetes with both insulin resistance and
insulin deficiency at index. In our comparative analyses, the risk of
DKA among new users of SGLT2 inhibitors was increased compared
with new users of one AHA class that stimulates insulin release from
B-cells, but decreased compared with the new users of insulin.
Together, these findings support the hypothesis that in SGLT2 inhibi-
tor users, diminished B-cell function could fail to suppress hepatic
ketogenesis and peripheral lipolysis, subsequently leading to DKA
development, particularly in the presence of acute conditions that

increase insulin demand (eg, infection, surgery).

Real-world evidence on the occurrence of DKA among patients
treated with SGLT2 inhibitors remains largely in case studies and
adverse event reports with limited comparative analyses. One study
that used the Danish National Patient Registry found no increase in
the incidence of DKA with SGLT2 inhibitors

as monotherapy or

when used
combination therapy compared with no
pharmacological therapy.® Two retrospective cohort studies using
population-based claims databases to compare the risk of DKA with
SGLT2 inhibitors and DPP-4 inhibitors found an increased risk of
DKA (HR [95% Cl]: 2.2 [1.4-3.6]) among new users of SGLT2 inhibitors
in the United States,?® but not in South Korea.” Another previous
study using the CCAE claims database, which was also used in the cur-
rent study, compared the incidence of DKA among over 30 000 new
users of canagliflozin versus new users of non-SGLT2 inhibitor AHAs
who were 1:1 matched on PS, and showed that the HR (95% Cl) of
DKA were 1.91 (0.94-4.11) and 1.13 (0.43-3.00) using the broad and
narrow definitions of T2DM, respectively.?”

The current study strengthens the real-world evidence by its use
of four large claims databases, which are likely representative of
routine clinical practice for US patients with insurance coverage, and
comprehensive analyses comparing SGLT2 inhibitors as a class, as well

as by individual agent, with multiple comparators. Nevertheless, this
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study is subject to the limitations of all claims database research. First,
as claims data are collected for administrative purposes, no standard-
ized methodology was implemented in the source record to validate
exposures, outcomes, or baseline covariates. In particular, due to
limited availability and likely biased collection of laboratory data,
DKA cases identified from claims diagnoses could not be verified using
lab test results, nor categorized into typical or atypical DKA. Thus, it is
possible that closer scrutiny of DKA by clinicians concerned about this
risk in patients taking SGLT2 inhibitors could lead to observation of
more clinical diagnoses of DKA in SGLT2 inhibitor users. Second, bias
due to missing data and unmeasured confounding is possible, although
the use of negative control outcomes suggested little to no systematic
error. Finally, sample sizes for several pairwise comparisons were
relatively small; thus, the HR estimates should be interpreted with
caution.

In this claims database study, an increased risk of DKA was
observed for new users of SGLT2 inhibitors compared with new users
of other classes of AHAs when T2DM was defined broadly. When
T2DM was defined narrowly to exclude possible misdiagnosed
patients, an increased risk of DKA with SGLT2 inhibitors was observed
compared with SU.
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