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ABSTRACT

BACKGROUND: Regulatory agencies warn
about the risk of acute kidney injury (AKI)
after the initiation of sodium-glucose
cotransporter-2 (SGLT2) inhibitors. Our
objective was to quantify the 90-day risk of
AKI in older adults after initiation of SGLT2
inhibitors in routine clinical practice.

METHODS: We conducted a population-
based retrospective cohort study in
Ontario, Canada, involving adults with
diabetes who were aged 66 years or
older and who were newly dispensed
either an SGLT2 inhibitor or a dipeptidyl
peptidase-4 (DPP4) inhibitor in an out-
patient setting between 2015 and 2017.
We used inverse probability of treat-
ment weighting based on a propensity

score to balance the 2 groups on mea-
sured baseline characteristics. The
primary outcome was 90-day risk of a
hospital encounter (i.e., visit to the
emergency department or admission
to hospital) with AKI, which we defined
by a 50% or greater increase in the con-
centration of serum creatinine from the
baseline value or an absolute increase
of at least 27 umol/L after an SGLT2 or
DDP4 inhibitor was dispensed. We
obtained weighted risk ratios using
modified Poisson regression and
weighted risk differences using bino-
mial regression.

RESULTS: We included 39094 patients
with a median age of 70 (interquartile

range 68-74) years in the study. Rela-
tive to new use of a DPP4 inhibitor, initi-
ation of a SGLT2 inhibitor was associ-
ated with a lower 90-day risk of a
hospital encounter with AKI: 216 events
in 19611 patients (1.10%) versus
388 events in 19483 patients (1.99%);
weighted risk ratio 0.79 (95% confi-
dence interval 0.64-0.98).

INTERPRETATION: In routine care of
older adults, new use of SGLT2 inhibitors
compared with use of DPP4 inhibitors
was associated with a lower risk of AKI.
Together with previous evidence, our
findings suggest that regulatory warn-
ings about AKI risk with SGLT2 inhibitors
is unwarranted.

odium-glucose cotransporter-2 (SGLT2) inhibitors
S became available to treat type 2 diabetes in Canada in

2014. There are 4 SGLT2 inhibitors available: cana-
gliflozin, dapagliflozin, empagliflozin and ertugliflozin.! In addi-
tion to effectively lowering blood glucose levels, they also pre-
vent adverse cardiovascular events.?

In October 2015 and June 2016 (summarized in Appendix 1A,
available at www.cmaj.ca/lookup/suppl/doi:10.1503/cmaj
.191283/-/DC1) Health Canada and the United States Food and Drug
Administration issued safety warnings about the risk of acute kidney
injury (AKI) after initiation of canagliflozin and dapagliflozin, based
on evidence from case reports.®” These safety warnings led to
changes in the drug product monographs to include information

about the risk of AKI shortly after initiation. There is a plausible
mechanism for AKI induced by SGLT2 inhibitors. By interfering with
the co-uptake of glucose and sodium in the proximal nephron,
SGLT2 inhibitors can increase sodium delivery to the distal nephron,
which can result in afferent arteriole vasoconstriction and an associ-
ated reduction in estimated glomerular filtration rate (eGFR).5-1
Even so, recent clinical trials and results from 3 population-based
studies suggest either no increase or a decrease in AKI risk after initi-
ation of SGLT2 inhibitors (summarized in Appendix 1B).2->813-15
Current guidance for clinicians on appropriate use of SGLT2
inhibitors in routine clinical practice includes counselling patients
not to take the drug during an acute illness.* However, patients in
routine clinical practice are generally monitored less often and have
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more comorbidity than patients in clinical trials.'” This may result in
a potential underestimate of safety, as has been observed with limb
amputation in some observational studies of SGLT2 inhibitors.>18

We conducted this study to examine the 90-day risk of a hospital
encounter (defined as a visit to the emergency department or admis-
sion to hospital) for AKI in older adults with diabetes who were newly
dispensed an SGLT2 inhibitor or a dipeptidyl peptidase-4 (DPP4)
inhibitor in an outpatient setting. We selected the DPP4 inhibitor as a
comparator drug to reduce concerns about confounding by indica-
tion because DPP4 inhibitors are also frequently used in addition to
insulin or metformin for diabetes care but, unlike SGLT2 inhibitors,
they have no known risk of AK|.1%2

Methods

Study design, setting and population

We conducted a population-based retrospective cohort study of
adults aged 66 years or older in Ontario, Canada, between July 1,
2015, and Sept. 30, 2017. We used linked health care databases at
ICES, a not-for-profit research institute. At present, Ontario has
more than 14 million residents, 17% of whom are aged 65 years or
older.?! Ontario residents are covered by publicly funded health
insurance for hospital and physician care (Ontario Health Insur-
ance Plan [OHIP]). Those 65 years of age and older receive pre-
scription drug coverage through the Ontario Drug Benefit program
(about 2.4 million residents).?! We have used these data sources to
study associations between other drugs and the risk of AKI.?2 In
this study we followed reporting guidelines for observational phar-
macoepidemiology studies (Appendix 1C).%

Sources of data

Data sets used for this study are presented in Appendix 1D, and
information about which variables came from each data set can
be found in Appendix 1E. These data sets were linked using
unique encoded identifiers and analyzed at ICES.

Our data sources were complete for all study variables except
for prescriber specialty (< 10% missing), rural residence (< 0.5%
missing) and neighbourhood income quintile (< 0.5% missing).
We classified missing prescriber specialty as “missing,” missing
rural status as nonrural and imputed the third income quintile
for missing income status. Emigration from Ontario is less than
0.1% per year and was the only reason for lost follow-up.?

We created a cohort of adults aged 66 years or older in Ontario
who were newly dispensed an SGLT2 inhibitor (i.e., canagliflozin,
empagliflozin or dapagliflozin) or a DPP4 inhibitor (i.e., saxagliptin,
sitagliptin or linagliptin) between July 1, 2015 (the earliest date that
SGLT2 inhibitors were available through the Ontario Drug Benefit
Plan),?® and Sept. 30, 2017. All drugs were available as General Bene-
fit products in Ontario during the period of study. The dispensing
date of their first eligible prescription during the accrual period was
considered the cohort entry or index date. We included those aged
66 years or older to establish complete medication history and
ensure they were not in their first eligibility year for prescription drug
coverage (age 65 years). Study participants were assigned to geo-
graphic hospital catchment areas with corresponding linked labora-
tory data, using previously published methods.?® We included only

Ontarians who resided within these catchment areas to ensure accu-
rate ascertainment of outcomes, as not all hospital-based labora-
tories started contributing to Ontario Laboratories Information Sys-
tem (OLIS) at the same time and, to date, not all are contributing.

To ascertain outcomes accurately for participants in our cohort,
we ensured that participants resided within areas serviced by OLIS,
so that they would receive serum creatinine tests in hospitals cap-
tured in our data source.? In terms of accuracy and completeness,
OLIS values for serum creatinine levels are preferable compared
with diagnostic codes, and once a hospital begins contributing to
OLIS, the database should have complete capture of all test results.
For baseline serum creatinine measurement, we selected an out-
patient value (measured by outpatient community or hospital labo-
ratories) within the past year that was closest to their index date.
Patients were excluded if their baseline eGFR value was below
45 mL/min per 1.73 m2, as SGLT2 inhibitors were contraindicated in
Ontario for patients with a lower eGFR during the study period.** To
define new use, we required that patients be free of the drugs
under study for at least 180 days before the index date and evalu-
ated the first such exposure during the accrual period.

We excluded participants as follows: patients with a prescription
for more than 1 type of DPP4 or SGLT2 inhibitor on the index date to
compare mutually exclusive groups; patients residing in long-term
care residences, because these individuals are inherently different
than the general population in terms of disease and medication
management;* patients discharged from a hospital in the 2 days
before the index date, to ensure new outpatient prescriptions
because patients who start treatment in hospital typically fill
ongoing prescriptions on the discharge date or the day after; and
patients with nonstandard daily doses of drugs for treatment of dia-
betes to ensure generalizability to usual prescribing; Appendix 1F).3

Outcomes
Our primary outcome was a hospital encounter (i.e., admission to
hospital or presentation to the emergency department) with AKI,
defined by thresholds from the 2012 Kidney Disease: Improving
Global Outcomes (KDIGO) working group: a 50% or greater increase
in the concentration of serum creatinine over baseline or an abso-
lute increase of at least 27 umol/L (0.3 mg/dL).3 We considered the
baseline value to be the most recent value for serum creatinine in
the outpatient setting within the past year. We compared this base-
line value to the highest hospital-based value for serum creatinine
in the 90 days after entry into the cohort. We chose a 90-day follow-
up period based on previous evidence showing that SGLT2 inhibi-
tors lead to a decline in eGFR soon after the drug is started.>®

As secondary outcomes, we assessed admission to hospital
with AKI and a hospital encounter with moderate to severe AKI
(i.e., increase in serum creatinine level that meets the KDIGO
threshold of stage 2 or more; Appendix G).*>* We also examined
evidence of AKI restricted to the outpatient setting and in any
setting (i.e., outpatient, in hospital or emergency department).

We conducted 7 additional analyses to assess the robustness of
our results: assessing for possible surveillance bias, assessing abso-
lute and relative changes in serum levels of creatinine, conducting
subgroup analyses to understand potential risks associated with
SGLT2 inhibitors in patients at higher risk of AKI**“° (Appendix 1H),
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analyzing the 90-day risk of a hospital encounter with AKI defined
using database diagnostic codes, performing a survival analysis of
the primary outcome within 365 days of follow-up, evaluating the
90-day risk of a hospital encounter with bowel obstruction as a neg-
ative control outcome and an E-value sensitivity analysis to assess
the effect of unmeasured confounding.*#

Statistical analysis

We conducted all analyses using SAS version 9.4 (SAS Institute). We
used DPP4 inhibitors as the referent group for all analyses. We com-
pared baseline characteristics between those participants who were
newly dispensed SGLT2 and DPP4 inhibitors using standardized dif-
ferences, for which a threshold of 10% or greater was considered a
meaningful difference.*® We used inverse probability of treatment
weighting based on propensity scores, using a multivariable logistic
regression model with 97 baseline characteristics (including indica-
tions for SGLT2 inhibitor use and risk factors for AKI; Appendix 11).
We chose this weighting over propensity-score matching to achieve
the largest possible study cohort.* We used weights to estimate the
average treatment effect in the treated group (SGLT2 inhibitor
users). Patients in the reference group (DPP4 inhibitor users) were
weighted as [propensity score/(1 - propensity score)]. This method
produces a weighted pseudosample of patients in the reference
group with the same distribution of measured covariates as the
exposure group.**” We used modified Poisson regression for all pri-
mary and secondary outcomes to estimate weighted risk ratios

(RRs) and 95% confidence intervals (Cls).” We used binomial regres-
sion with an identity link function to estimate weighted risk differ-
ences (RDs) between the groups and 95% Cls. Interaction p values in
the subgroup analyses were determined by including interaction
terms in the modified Poisson regression models. We performed a
survival analysis of the primary outcome within 365 days of follow-
up using Cox proportional hazards regression, censoring on death
and treating death as a competing risk. We considered 2-tailed p val-
ues less than 0.05 statistically significant for all outcomes.

Ethics approval

The use of data in this project was authorized under section 45 of
Ontario’s Personal Health Information Protection Act, which does
not require review by a Research Ethics Board.

Results

After exclusions, we had 19611 SGLT2 inhibitor users and 19483
DPP4 inhibitor users (Figure 1 shows the cohort assembly). Forty-
eight percent (n = 9404) of SGLT2 inhibitor users were dispensed
canagliflozin, 37.3% (n = 7311) empagliflozin and 14.8% (n =
2896) dapagliflozin. The median doses were 100 (interquartile
range [IQR] 100-300) mg/d for canagliflozin, 10 (IQR 10-10) mg/d
for empagliflozin and 10 (IQR 5-10) mg/d for dapagliflozin. For
DPP4 inhibitor users, 67.2% (n = 13086) were dispensed
sitagliptin, 24.3% (n = 4726) linagliptin and 8.6% (n = 1671)

Residents of Ontario newly dispensed an SGLT2 or a DPP4
inhibitor between July 1, 2015, and Sept. 30, 2017, with the
following criteria:

Standard data cleaning steps met
Aged 66 yr or older

Residing within an area with laboratory data

Baseline serum creatinine level available

Baseline eGFR > 45 mL/min per 1.73 m’

Not dispensed either study drug in the past 180 d

N=43529

Excluded:
« Patients who were dispensed more than 1 type of DPP4 or SGLT2
inhibitor on the cohort entry date* n=1080
[« Patients residing in a long-term care residencet n=1106
« Patients discharged from hospital in the 2 days before the cohort
entry datef n=1741
« Evidence of unusual doses of the study drug§ n =508

SGLT2 inhibitor and DPP4 inhibitor users

n=39 094

SGLT2 inhibitor users
n=19611

DPP4 inhibitor users
n=19483

Figure 1: Cohort assembly for patients in the sodium-glucose cotransporter-2 (SGLT2) inhibitor user group and the comparator dipeptidyl peptidase-4
(DPP4) inhibitor user group. Note: eGFR = estimated glomerular filtration rate. *To ensure 2 mutually exclusive groups. tPatients were inherently different
than the general population in terms of medication management. $To ensure new outpatient prescriptions. §To ensure generalizability to usual prescribing.
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Table 1 (part 1 of 2): Baseline characteristics of participants who were newly dispensed sodium-glucose cotransporter-2

inhibitors and dipeptidyl peptidase-4 inhibitors in Ontario (2015-2017)

Observed data Weighted datat
No. (%) of participantst No. (%) of participantst
Using SGLT2 Using DPP4 Using SGLT2 Using DPP4
inhibitors inhibitors Standardized inhibitors inhibitors Standardized

Characteristic* n=19611 n=19483 difference,§ % n=19611 n=19775 difference,§ %
Demographic
Age, yr; mean + SD 71.4+4.9 74.1+6.3 47 71.4+4.9 71.4+5.0 1
Sex, female 7903 (40.3) 9325 (47.9) 15 7903 (40.3) 8104 (41.0) 1
Rural residence9 2192 (11.2) 2088 (10.7) 2 2192 (11.2) 2423 (12.3) 3
Neighbourhood income quintile**

1 (lowest) 4350 (22.2) 4566 (23.4) 3 4350 (22.2) 4397 (22.2) 0

2 4236 (21.6) 4390 (22.5) 2 4236 (21.6) 4328 (21.9) 1

3 4011 (20.5) 3953 (20.3) 0 4044 (20.6) 4047 (20.5) 0

4 3679 (18.8) 3513 (18.0) 2 3679 (18.8) 3683 (18.6) 1

5 (highest) 3302 (16.8) 3043 (15.6) 8 3302 (16.8) 3321(16.8) 0
Prescriber specialty
Cardiology 413 (2.1) 108 (0.6) 13 413 (2.1) 506 (2.6) 3
Endocrinology 3786 (19.3) 1475 (7.6) & 3786 (19.3) 3574 (18.1) 3
Family medicine 12798 (65.3) 15685 (80.5) 85 12798 (65.3) 12927 (65.4) 0
Internal medicine 1139 (5.8) 540 (2.8) 15 1139 (5.8) 1232 (6.2) 2
Nephrology 217 (1.1) 97 (0.5) 7 217 (1.1) 234 (1.2) 1
Other 167 (0.9) 317(1.6) 6 167 (0.9) 171 (0.9) 0
Missing 1091 (5.6) 1261 (6.5) 4 1091 (5.6) 1131 (5.7) 0
Comorbiditytt
Duration of diabetes, yr; mean + SD 13.8+6.9 12.0+7.2 25 13.8+6.9 13.8+7.1 1
Diabetic retinopathy 168 (0.9) 140 (0.7) 2 168 (0.9) 172 (0.9) 0
Diabetic neuropathy 231(1.2) 257 (1.3) 1 231(1.2) 223 (1.1) 1
Hypoglycemia 115 (0.6) 185 (0.9) 3 115(0.6) 127 (0.6) 0
Hyperglycemic emergency 82(0.4) 47(0.2) 4 75 (0.4) 47(0.2) 4
Previous acute kidney injury 351(1.8) 702 (3.6) 11 351(1.8) 395 (2.0) 1
Previous acute urinary retention 252 (1.3) 452 (2.3) 8 252 (1.3) 237(1.2) 1
Chronic lung disease 3885 (19.8) 3976 (20.4) 1 3885 (19.8) 4049 (20.5) 2
Cancer (including skin) 5586 (28.5) 5987 (30.7) 5 5586 (28.5) 5579 (28.2) 1
Stroke 270 (1.4) 556 (2.9) 10 270 (1.4) 256 (1.3) 1
Atrial fibrillation 717 (3.7) 930 (4.8) 5 717 (3.7) 702 (3.5) 1
Coronary artery bypass graft surgery 513 (2.6) 372 (1.9) 5 513 (2.6) 514 (2.6) 0
Percutaneous coronary intervention 1051 (5.4) 777 (4.0) 7 1051 (5.4) 1010 (5.1) 1
Pacemaker 543 (2.8) 561 (2.9) 1 543 (2.8) 518 (2.6) 1
Congestive heart failure 1649 (8.4) 1876 (9.6) 4 1649 (8.4) 1674 (8.5) 0
Chronic liver disease 947 (4.8) 978 (5.0) 1 947 (4.8) 916 (4.6) 1
Peripheral vascular disease 202 (1.0) 218 (1.1) 1 202 (1.0) 188 (1.0) 0
Hypertension 15302 (78.0) 13528 (69.4) 20 15302 (78.0) 15477 (78.3) 1
Previous urinary tract infection 578 (2.9) 1015 (5.2) 12 578 (2.9) 661 (3.3) 2
Charlson Comorbidity Index scoret

0 16722 (85.3) 15676 (80.5) 13 16722 (85.3) 16 998 (86.0) 2

1 943 (4.8) 1147 (5.9) 5 943 (4.8) 852 (4.3) 2

2 862 (4.4) 1044 (5.4) 5 862 (4.4) 862 (4.4) 0

5 1084 (5.5) 1616 (8.3) 11 1084 (5.5) 1063 (5.4) 0
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Table 1 (part 2 of 2): Baseline characteristics of participants who were newly dispensed sodium-glucose cotransporter-2

inhibitors and dipeptidyl peptidase-4 inhibitors in Ontario (2015-2017)

Observed data

No. (%) of participantsi

Weighted datat

No. (%) of participantsi

Using SGLT2 Using DPP4 Using SGLT2 Using DPP4
inhibitors inhibitors Standardized inhibitors inhibitors Standardized

Characteristic* n=19611 n=19483 difference,§ % n=19611 n=19775 difference,§ %
Medication§§
ACE inhibitor 7155 (36.5) 6128 (31.5) 11 7155 (36.5) 7271 (36.8) 1
ARB 4754 (24.2) 4095 (21.0) 8 4754 (24.2) 4856 (24.6) 1
ACE or ARB 11796 (60.1) 10124 (52.0) 16 11796 (60.1) 12008 (60.7) 1
ASAYY 436 (2.2) 395 (2.0) 1 436 (2.2) 497 (2.5) 2
B-Blocker 6427 (32.8) 5679 (29.1) 8 6427 (32.8) 6442 (32.6) 0
Calcium-channel blocker 6167 (31.4) 5540 (28.4) 7 6167 (31.4) 6205 (31.4) 0
NSAID*** 2076 (10.6) 1684 (8.6) 7 2076 (10.6) 2144 (10.8) 1
Statin 14887 (75.9) 12257 (62.9) 28 14887 (75.9) 15031 (76.0) 0
Proton pump inhibitor 4264 (21.7) 4137 (21.2) 1 4264 (21.7) 4352 (22.0) 1
Any diuretic 4240 (21.6) 4231 (21.7) 0 4240 (21.6) 4460 (22.6) 2
Hypoglycemic medication§$
Insulin 5229 (26.7) 2508 (12.9) 35 5229 (26.7) 5582 (28.2) 3
Acarbose 366 (1.9) 141 (0.7) 11 366 (1.9) 447 (2.3) 3
Gliclazide 6606 (33.7) 4385 (22.5) 25 6606 (33.7) 6870 (34.7) 2
Glyburide 719 (3.7) 1004 (5.2) 7 719 (3.7) 740 (3.7) 0
Metformin 15765 (80.4) 12738 (65.4) 34 15765 (80.4) 15837 (80.1) 1
Repaglinide 6(0.0) 10(0.1) 4 6(0.0) 23(0.1) 4
Rosiglitazone maleate 13(0.1) 16 (0.1) 0 13(0.1) 12 (0.1) 0
Pioglitazine 100 (0.5) 104 (0.5) 0 100 (0.5) 108 (0.5) 0
Laboratory test resultti
Baseline eGFR,§§§ mL/min/1.73 m? mean + SD 77+14 73+16 26 T7+14 T7+16 0
eGFR> 60 mL/min/1.73 m? 16 786 (86) 14 405 (74) 29 16 786 (86) 16 009 (81) 12
eGFR = 45-60 mL/min/1.73 m? 2825 (14.4) 5078 (25.9) 29 2825 (14.4) 3766 (19.0) 12
Baseline serum creatinine, umol/L; mean + SD 79.6+18.1 81.2+20.2 8 79.6+18.1 79.7+20.3 0
Potassium data available 5556 (28.3) 7072 (36.3) 17 5556 (28.3) 6110 (30.9) 6
Baseline potassium, mEq/L; mean + SD 45+0.4 4.4+0.5 13 45+0.4 45+0.4 7
Glycosylated hemoglobin available 6516 (33.2) 8071 (41.4) 17 6516 (33.2) 7288 (36.9) 8
Glycosylated hemoglobin, %; mean + SD 7.8+1.2 7.7+13 12 7.8+1.2 7.8+1.2 2
Urine ACR available 14 637 (74.6) 12381 (63.5) 24 14 637 (74.6) 14 240 (72.0) 6
Baseline ACR category, mg/mmol

Undetected 9424 (48.1) 7903 (40.6) 15 9424 (48.1) 9129 (46.2) 4

3-30 4263 (21.7) 3729 (19.1) 6 4263 (21.7) 4288 (21.7) 0

>30 950 (4.8) 749 (3.8) 5 950 (4.8) 823 (4.2) 3

Note: ACE = angiotensin-converting-enzyme, ACR = albumin-to-creatinine ratio, ARB = angiotensin receptor blocker, ASA = acetylsalicylic acid, DPP4 = dipeptidyl peptidase-4, ED = emergency

HOYUV3iS3y

department, eGFR = estimated glomerular filtration rate, NSAID = nonsteroidal anti-inflammatory drug, SD = standard deviation, SGLT2 = sodium-glucose cotransporter-2.

*Unless otherwise specified, we assessed baseline characteristics on the date that the patient filled their prescription (the cohort entry date).

tWeighted using inverse probability of treatment weighting based on propensity scores, using weights to estimate the average treatment effect in the treated group. Patients in the reference
group were weighted as [propensity score/(1 - propensity score)]. This method produces a weighted pseudosample of patients in the reference group with the same distribution of measured
covariates as the exposure group.*- When we evaluated plots of the distribution of propensity scores before and after weighting, there was sufficient overlap between the 2 groups before
weighting (summarized in Appendices 1R and 1S, available at www.cmaj.ca/lookup/suppl/doi:10.1503/cmaj.191283/-/DC1).

1Binary variables are presented as number and percentage, and continuous variables as mean + SD (exception: health care use, median [IQR]).

§The difference between the groups divided by the pooled SD: a value greater than 10% is interpreted as a meaningful difference.”

9YRural residence was defined as a population of < 10000 people. Residential information was not available for 33 (0.2%) SGLT2 inhibitor users and 18 (0.1%) DPP4 inhibitor users in the
unweighted cohort. We reclassified missing values in the unweighted cohort into the “Not rural” category during weighting.

**Income was categorized into fifths of average neighbourhood income on the cohort entry date.

T1The prevalence of comorbidities was defined using a 5-year look-back period before the cohort entry date.

ttWe calculated the Charlson Comorbidity Index score®* using 5 years of data for admissions to hospital. “No admissions to hospital” received a score of 0.

§8§Use of medications and hypoglycemic agents was evaluated in the 120-day period before the cohort entry date (the Ontario Drug Benefit program dispenses a maximum 100-day supply).
Y9Includes dispensed ASA use only; value does not account for over-the-counter ASA use.

***Excludes ASA.

tt1Total number of health care visits in the 12-month period before the cohort entry date.

$1tMost recent laboratory test results in the 1- to 365-day period before the cohort entry date.

§§§eGFR was calculated using the Chronic Kidney Disease (CKD)-Epidemiology (EPI) equation.®
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saxagliptin. Mean age of participants was 71.4 (SD 4.9) years and
7903 (40.3%) were women. Baseline creatinine was measured a
median of 28 (IQR 9-89) days before study entry in SGLT2 inhibi-
tor users and a median of 23 (IQR 8-21) days before study entry
in DPP4 inhibitor users. Table 1 provides selected baseline char-
acteristics; the full list of baseline characteristics can be found in
the table in Appendix 1J.

After weighting, groups were still imbalanced on eGFR cat-
egories, but there was no statistically or clinically meaningful dif-
ference when we assessed baseline eGFR as a continuous vari-
able. Overall, 17% of the cohort had a weighted baseline eGFR
between 45 and 60 mL/min per 1.73 m2 Otherwise, more than
120 measured baseline characteristics were similar between
SGLT2 and DPP4 inhibitor users, including diabetes parameters,
diabetes medications and health care use measures.

We determined that use of SGLT2 inhibitors was associated
with a lower 90-day risk of a hospital encounter with AKI relative
to use of DPP4 inhibitors (216 events in 19611 participants
[1.10%] versus 388 events in 19483 participants [1.99%;
weighted RR 0.79 [95% Cl 0.64 to 0.98]; weighted RD -0.29% [95%
Cl-0.57% to -0.01%]; Table 2).

Use of SGLT2 inhibitors was associated with a lower 90-day
risk of admission to hospital with AKI (149 events in 19611 par-
ticipants [0.76%] versus 291 events in 19483 participants
[1.49%]; weighted RR 0.73 [95% CI 0.56 to 0.95]; weighted RD
-0.28% [95% CI -0.53% to -0.03%]; Table 2). We found that the
relative risk of a hospital encounter with moderate-to-severe AKI

after use of SGLT2 inhibitors compared with use of DPP4 inhibi-
tors was similar to the primary outcome analysis; with fewer
events there was less precision in the estimate and the between-
group difference was not significantly different (44 events in
19611 participants [0.22%] versus 74 events in 19483 partici-
pants [0.38%] events; weighted RR 0.81 [95% CI 0.49 to 1.33]).
There was no significant difference in the risk of AKI in an out-
patient setting (573 events in 19611 participants [2.92%)] versus
609 events in 19483 participants [3.13%]; weighted RR 1.13 [95%
Cl 0.95 to 1.33]) and the risk of AKI in all settings (716 events in
19611 participants [3.65%] versus 837 events in 19483 partici-
pants [4.30%]; weighted RR 1.06 [95% Cl 0.92 to 1.22]; Table 2).

All 7 additional analyses showed that our main findings were
robust (Appendices 1K-1Q; Figure 2). Of note, a significant differ-
ence in hospital encounters with bowel obstruction between
SGLT2 inhibitor users and DPP4 inhibitor users was neither
expected nor observed: 20 events in 19611 participants taking a
SGLT2 inhibitor (0.10%) versus 36 events in 19483 participants
taking a DPP4 inhibitor (0.18%); weighted RR 1.00 (95% CI 0.49 to
2.06) (Appendix 1P).

Interpretation

In this large population-based cohort study of older adults with
diabetes, we observed that being newly dispensed an SGLT2
inhibitor was associated with a lower 90-day risk of a hospital
encounter with AKI compared with being newly dispensed a

Table 2: Primary and secondary outcomes at 90-day follow-up in participants who used sodium-glucose cotransporter-2

inhibitors compared with those who used dipeptidyl peptidase-4 inhibitors

Observed Weighted*
No. events (%) No. events (%)
Participants Participants Participants Participants
taking SGLT2 taking DPP4 taking SGLT2 taking DPP4
inhibitors inhibitors inhibitors inhibitors RRT
Outcome n=19611 n=19483 n=19611 n=19775 RD,T % (95% CI) (95% ClI) p value
Primary
Hospital encounter with AKIF 216 (1.10) 388 (1.99) 216 (1.10) 275 (1.39) -0.29 0.79 0.04
(-0.57 to -0.01) (0.64 t0 0.98)
Secondary
Admission to hospital with AKI 149 (0.76) 291 (1.49) 149 (0.76) 206 (1.04) -0.28 0.73 0.02
(~0.53 t0 -0.03) (0.56 t0 0.95)
Hospital encounter with 44(0.22) 74 (0.38) 44(0.22) 55 (0.28) -0.05 0.81 0.40
moderate-to-severe AKI§ (-0.18 t0 0.08) (0.49to 1.33)
AKl in outpatient setting only 573(2.92) 609 (3.13) 573 (2.92) 513 (2.60) 0.33 1.13 0.16
(-0.12t0 0.77) (0.95 to 1.33)
AKl in all settings 716 (3.65) 837 (4.30) 716 (3.65) 681 (3.44) 0.21 1.06 0.42

(-0.28 t0 0.70) (0.92 t0 1.22)

Note: AKI = acute kidney injury, CI = confidence interval, DPP4 = dipeptidyl peptidase-4, RD = risk difference, RR = risk ratio, SGLT2 = sodium-glucose cotransporter-2.
*Weighted using inverse probability of treatment weighting based on propensity scores, using weights to estimate the average treatment effect in the treated.

TReference group: DPP4 inhibitor users.

1Based on hospital presentation (emergency department or admission to hospital) and assessed using the results for serum creatinine level from the Ontario Laboratories Information
System. We defined this using thresholds from the 2012 Kidney disease: improving global outcomes (KDIGO) working group: an increase in serum creatinine level of 50% or greater or

an absolute increase of at least 27 umol/L compared with baseline.*

§We defined moderate-to-severe AKI according to KDIGO staging thresholds of stages 2 and 3 combined.*
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DPP4 inhibitor. These findings provide reassurance about the
safety of SGLT2 inhibitors as currently prescribed in routine care.
An explanation of this observed effect may relate to the overall
reno-protective benefits of SGLT2 inhibitors,>2-** which reduce
the amount of albuminuria and risk of progressive chronic kidney
disease.®>* The kidney is dependent on good cardiac function,
and the cardiovascular benefits of SGLT2 inhibitors may also
result in renal benefits.

Our finding of a 21% lower relative risk of AKI is consistent
with 3 published observational cohort studies.’*** Two of these
studies also used laboratory data to define AKI (albeit with
smaller sample sizes) and both found that AKI risk was more than
50% lower with SGLT2 inhibitors compared with nonusers and
DPP4 inhibitor users.!®!* The most recent observational study
with the most comparable sample size to our study found use of
SGLT2 inhibitors compared to use of GLP1 receptor agonists was
associated with a 31% reduction in AKI risk, but the result was
not statistically significant.?®

Our results are also consistent with recent large randomized
controlled trials (RCTs) where residual confounding was not a

Events/total patients at risk (%)

concern. In patients with type 2 diabetes and chronic kidney dis-
ease, the Effects of Canagliflozin on Renal and Cardiovascular Out-
comes in Participants with Diabetic Nephropathy (CREDENCE) RCT
found a trend toward lower risk of AKI in patients taking SGLT2
inhibitors compared with placebo.> A 2019 systematic review and
meta-analysis of RCTs that assessed cardiovascular or kidney out-
comes, involving more than 38723 participants, reported a statis-
tically significant 25% reduction in risk of AKI with use of SGLT2
inhibitors versus placebo.>® Another 2019 systematic review and
meta-analysis of RCTs involving more than 7000 patients with
type 2 diabetes mellitus and chronic kidney disease found a 31%
reduction in risk of AKI with use of SGLT2 inhibitors versus pla-
cebo that was not statistically significant.” Another meta-analysis
of 3 major efficacy trials of cardiovascular outcomes reported a
34% statistically significant relative risk reduction in the likeli-
hood of AKI in participants who were randomly assigned to receive
SGLT2 inhibitors versus placebo.%® The totality of this evidence
suggests that regulatory warnings from agencies such as Health
Canada and the US Food and Drug Administration about a higher
risk of AKI with SGLT2 inhibitors is unwarranted. Some prescribing

Subgroup

SGLT2 inhibitor
users

DPP4 inhibitor
users

Lower risk with
SGLT2 inhibitor use

Higher risk with
SGLT2 inhibitor use

Baseline eGFR,
mL/min/1.73 m?

=60
45to0 <60

Baseline ACE inhibitor
or ARB use

None

ACE inhibitor or ARB
Baseline diuretic use
None

Any diuretic type*
Baseline age, yr

<80

>80

Overall

164/16 786 (0.98)

52/2825 (1.84)

77/7928 (0.97)

139/11 683 (1.19)

131/15 371 (0.85)

85/4240 (2.01)

189/18 140 (1.04)

27/1471 (1.84)

216/19 611 (1.10)

193/16 009 (1.21)

82/3766 (2.18)

112/7887 (1.42)

163/11 888 (1.37)

170/15 315 (1.11)

105/4460 (2.35)

243/18 196 (1.34)

32/1579 (2.03)

275/19 775 (1.39)

1
Risk ratio p value for :
(95% ClI) interaction <«  —>
1
1
|
0.81 (0.62 to 1.06) —
0.8 X
0.85 (0.59 to0 1.22) |—I—:—|
1
1
|
1
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03 i
0.87 (0.66 to 1.15) l—'—:—'
1
1
|
1
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0.6 1
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Figure 2: Subgroup analyses for the outcome of AKI from sodium-glucose cotransporter-2 (SGLT2) inhibitor use. Note: ACE = angiotensin-converting-
enzyme inhibitor, AKI = acute kidney injury, ARB = angiotensin receptor blocker, Cl = confidence interval, DPP4 = dipeptidyl peptidase-4, eGFR = esti-
mated glomerular filtration rate, NA = not applicable. *Types of diuretics included loop, potassium sparing and thiazide.
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references also warn about a higher risk of AKI after use of SGLT2
inhibitors, which should be reconsidered.>%

Our study has several strengths. It is a large population-based
study that assessed the risk of a clinically important complica-
tion of SGLT2 inhibitor use among older adults. It also evaluated
AKI risk in Canada in association with an important medication
that is likely to be used more often in response to recent trials
showing its benefits.2*> We used laboratory values that are more
accurate in assessing AKI compared with database diagnostic
codes.’52 We selected patients who filled a prescription for a dif-
ferent class of oral hypoglycemic agents as our comparator
group to reduce confounding by indication bias that would arise
if we used patients who were not taking SGLT2 inhibitors as the
comparator group.

Limitations

There are several limitations to our study. Given the observa-
tional study design, causality cannot be inferred. Although we
chose an active comparator drug for the treatment of diabetes
and achieved good balance on 97 potential confounders, con-
founding by indication could still be present. Some confounders
could not be captured in our data sets, including smoking status,
body mass index and oral water intake, which, when poor, may
predispose to volume depletion.®*% That said, several additional
analyses were conducted, and all supported the main findings
(Appendices 1K-1Q).

Selection bias could be present in our study because DPP4
inhibitors may have been used preferentially in patients with
chronic kidney disease. When estimating eGFRs using the Chronic
Kidney Disease Epidemiology Collaboration (CKD-EPI) creatinine
equation,® we had no information about ethnicity and for the
purpose of the calculation, we assumed all patients to be white.*”

We cannot determine whether strategies such as stopping
SGLT2 inhibitors during acute illness altered the risk of AKI. We
identified prescriptions dispensed but had no information about
medication use or adherence. We included only older adults;
however, our findings are consistent with those of other studies
that included adults of all ages.*> The 2012 KDIGO guideline
includes timing elements for when measurement of serum creat-
inine level needs to be taken to meet the definition of AKI, which
we did not consider in our study.® Measurements of serum
creatinine level were done as per routine care and about half of
the participants did not have an outpatient measurement of
serum creatinine that was used in some secondary outcomes
during the 90-day follow-up period. Although we observed a sig-
nificant between-group difference in the likelihood of measure-
ment of serum creatinine in follow-up, the absolute difference
was not large, and we believe that the overall results were not
affected. After initiation of SGLT2 inhibitors, clinicians may be
more likely to check levels of serum creatinine, especially in
patients at higher risk compared with our comparator group,
which could lead to a greater risk of AKI associated with SGLT2
inhibitors. In addition, although the median continuous usage of
medications for participants in both groups was over 90 days, we
did not account for drug stoppages and switches during follow-
up. Finally, our study population was “low risk” with respect to

AKI, having well-preserved kidney function and minimal or no
albuminuria. Extrapolation of the findings to higher risk patients
should be done with caution.

Conclusion

We found that in older adults with diabetes in routine clinical
practice new initiation of an SGLT2 inhibitor compared with use
of a DPP4 inhibitor was associated with a lower 90-day risk of AKI.
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