Original research

Renal effectiveness and safety of the
sodium-glucose cotransporter-2
inhibitors: a population-based
cohort study
Wajd Alkabbani  ,1 Arsene Zongo,2,3 Jasjeet K Minhas-Sandhu,1,4
Dean T Eurich  ,4 Baiju R Shah,5 Mhd Wasem Alsabbagh,1
John-Michael Gamble  1

To cite: Alkabbani W, Zongo A,
Minhas-Sandhu JK, et al.
Renal effectiveness and
safety of the sodium-glucose
cotransporter-2 inhibitors: a
population-based cohort study.
BMJ Open Diab Res Care
2021;9:e002496. doi:10.1136/
bmjdrc-2021-002496
►► Additional supplemental
material is published online
only. To view, please visit the
journal online (http://dx.doi.
org/10.1136/bmjdrc-2021-
002496).

Received 20 July 2021
Accepted 23 November 2021

© Author(s) (or their
employer(s)) 2021. Re-use
permitted under CC BY-NC. No
commercial re-use. See rights
and permissions. Published
by BMJ.
For numbered affiliations see
end of article.
Correspondence to
Dr John-Michael Gamble;
jm.gamble@uwaterloo.ca

ABSTRACT

Introduction To assess the comparative effectiveness and
safety of renal-related outcomes associated with sodium-
glucose cotransporter-2 inhibitors (SGLT2-i) initiation
among patients with type 2 diabetes using real-world data.
Research design and methods We conducted a
population‐based cohort study using administrative
healthcare data from Alberta (AB), Canada and primary
care data from the Clinical Practice Research Datalink
(CPRD), UK. From a cohort of new metformin users, we
identified initiators of a SGLT2-i or dipeptidyl peptidase-4
inhibitor (DPP4-i) between January 1, 2014 and March
30, 2018 (AB) or between January 1, 2013 and November
29, 2018 (CPRD). Initiators of an SGLT2-i or DPP4-i were
followed until death, disenrolment, therapy discontinuation,
or study end date. The effectiveness outcome was renal
disease progression, defined as a composite of new-
onset macroalbuminuria, serum creatinine doubling with
estimated glomerular filtration rate of ≤45 mL/min/1.73
m2, renal replacement therapy, hospital admission or death
from renal causes. The safety outcome was hospitalization
due to acute kidney injury (AKI). We adjusted for
confounding using high-dimensional propensity score
matching and estimated HRs using Cox proportional
hazards regression. Aggregate data from each database
were combined by random-effects meta‐analysis.
Results Among the 29 465 included patients (20 564 AB,
8901 CPRD), 37.5% were new SGLT2-i users in AB and
21.3% in CPRD. Compared with DPP4 initiators, SGLT2-i
initiators were associated with a reduced risk of renal
disease progression (pooled HR 0.79, 95% CI 0.62 to
1.00); however, there was no significant difference in the
risk of AKI (pooled HR 0.89, 95% CI 0.58 to 1.36). These
findings were consistent with other exposure definitions
and antidiabetic comparators.
Conclusions Our findings support a renoprotective effect
of SGLT2-i without an increased risk of AKI, compared with
clinically relevant active comparators.

INTRODUCTION
Sodium-glucose cotransporter-2 (SGLT-2)
inhibitors are a class of antihyperglycemic
medications used for type 2 diabetes management that exert their effect by altering renal

Significance of this study
What is already known about this subject?
►► Evidence from randomized clinical trials supports a

protective effect the sodium-glucose co-transporter 2
(SGLT-2) inhibitors on renal disease progression among
patients with and without type 2 diabetes, without increasing the risk of acute kidney injury (AKI).
►► Further evidence from population-
level ‘real-
world’
practice data to support the effectiveness and safety of
the SGLT-2 inhibitors is warranted.

What are the new findings?
►► Compared with other classes of antidiabetics, new use

of SGLT-2 inhibitors was associated with a 20%–40%
lower risk of renal disease progression, defined as a
composite of new-onset macroalbuminuria, serum creatinine doubling with estimated glomerular filtration rate
of ≤45 mL/min/1.73 m2, renal replacement therapy, hospital admission, or death from renal causes.
►► In five head-
to-head comparative cohorts with other
classes of antidiabetics, new use of SGLT-2 inhibitors is
not associated with an increased risk of hospitalizations
from AKI.
►► These renal effectiveness and safety findings did not differ between canagliflozin, dapagliflozin, or empagliflozin,
suggesting a class-effect.

How might these results change the focus of
research or clinical practice?
►► Consistent with findings from placebo-
controlled

randomized controlled trials, these results support a
renoprotective effect of SGLT-2 inhibitors without an increased risk of AKI, compared with active comparators.
►► This study provides reassurance to clinicians on the effectiveness and safety of SGLT-2 inhibitors in a broad
group of patients in an unrestricted routine clinical practice setting.

physiology. Specifically, these agents increase
the urinary excretion of filtered glucose by
inhibiting its reabsorption by the SGLT-
2
proteins in the proximal renal tubules.1
Evidence from clinical trials has shown SGLT-2
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inhibitors to be cardioprotective and renoprotective in a
manner that is above and beyond their glucose-lowering
effect.2–4 Several direct and indirect mechanisms have
been hypothesized to explain these clinically relevant
benefits, including improved glomerular hyperfiltration,
ketogenesis promotion, blood pressure reduction, erythropoiesis, improved cardiac energy metabolism, uric acid
and inflammation reduction, and weight loss.5–7 Furthermore, SGLT-2 inhibitors have shown to reduce the risk
of development or worsening of albuminuria, a marker
of glomerular damage.8 9 Given the burden of diabetic
nephropathy as a chronic complication of diabetes and a
leading cause of death, this renal protective effect deems
SGLT-2 inhibitors as a valuable therapeutic option and
potentially explains their increased utilization rates.10–12
Despite these demonstrated renal benefits, SGLT-
2
inhibitor use has been linked with an increased risk of
acute kidney injury (AKI) by case reports, leading to a
series of safety warnings by several regulatory bodies.13 14
This was hypothesized to be due to volume depletion
and systematic blood pressure reduction resulting
from the SGLT-2 inhibitor-induced glucosuric osmotic
diuresis.15 However, available evidence does not support
an increased risk of AKI compared with placebo or
other antidiabetic agents.16 17 In fact, a meta-analysis of
randomized controlled trials (RCTs) found a consistent
reduction in the risk of AKI among the SGLT-2 inhibitor
group compared with placebo.18
Thus far, evidence on the effect of SGLT-2 inhibitors
on renal disease progression relies almost exclusively on
evidence from RCTs.19–22 Evidence from observational
studies has used varied definitions of renal-related end
points, restricted populations, and limited follow-
up
times.23–30 As such, real-world effectiveness and safety of
SGLT-2 inhibitors requires further investigation. Herein,
we aim to provide additional real-world evidence on both
the renal effectiveness and safety of SGLT-2 inhibitors in
patients with type 2 diabetes. Specifically, we will quantify
the risk of new or worsening nephropathy and AKI associated with the initiation of SGLT-2 inhibitors compared
with clinically relevant active comparators.

RESEARCH DESIGN AND METHODS
Study design and data source
We conducted a population-based retrospective cohort
study using two population-based data sources: (1) administrative healthcare data from the province of Alberta
(AB), Canada and (2) primary care clinical data from the
UK’s Clinical Practice Research Datalink (CPRD) GOLD.
AB’s administrative databases capture population-based
universal healthcare system encounters for all AB residents (over 4 million). The CPRD contains longitudinal
data on about 5% of the UK population collected from
over 950 primary care practices, providing a representative sample that is similar to the overall UK population
in age, sex, and ethnicity.31–35 Both data sources are
2

routinely checked for accuracy through computerized
validation checks.
From both sources, de-identified individual-level longitudinal data were available for: (1) sociodemographic
(age, sex, and index of multiple deprivation (CPRD
based diagnoses using the 10th
only)); (2) hospital-
revision of the International Statistical Classification of
Diseases (ICD-10) codes; (3) medical diagnoses using
ICD-9 in AB and Read codes in CPRD; (4) outpatient
prescription medications (dispensation records from AB
and prescription records from primary care physicians
in CPRD); (5) laboratory data (eg, renal function, lipids,
blood glucose, etc) and (6) mortality data (date and cause
of death). Hospital episode and death certificate linkage
is only available for a subset of CPRD data. Additionally,
physiological information (body mass index (BMI)) and
information on health behaviors (eg, smoking) were also
retrieved from CPRD.
Study cohort
First, we identified a base cohort of adult (≥18 years) new
users of metformin as monotherapy, between January 1,
2012 (AB) or January 1, 2005 (CPRD) and the end of
study period (March 30, 2018, in AB and November 29,
2018, in CPRD). New metformin users were defined as
those with no prescription records for any antidiabetic
drug, including insulin, for 365 days prior to the initial
metformin prescription. At least 12 months of continuous data prior to the first antidiabetic agent prescription recorded during the study period was required. We
restricted the CPRD cohort to patients eligible for linkage
to hospital records through the Hospital Episodes Statistics (HES) and death certificate records through the
Office of National Statistics (ONS) (herein referred to as
HES/ONS linkage). From the base cohort, we identified
all patients initiating either an SGLT-2 inhibitor or a DPP4
inhibitor between May 1, 2014 in AB or January 1, 2013
in CPRD (corresponding to after market entry in Canada
and the UK), and the end of study period. We included
patients who have been exposed to other antidiabetic
drugs (not SGLT-2 inhibitor or DPP4 inhibitors) before
index date. Furthermore, we excluded patients who have
a previous record of diagnostic codes indicating AKI or
renal replacement (dialysis or transplant) in the 365 days
before initiation of an SGLT-2 or DPP4 inhibitor.
Exposure and outcome definitions
SGLT-2 inhibitor and DPP4 inhibitor exposure was operationalized using an as-treated exposure definition. The
index date of exposure was defined as the date of initiation of SGLT-2 inhibitor or DPP4 inhibitor. We calculated
the duration of therapy for each prescription based on
the quantity dispensed (or days’ supply if available) plus
a 30-day grace period to account for non-adherence. If
quantity was missing, we assumed a 30-day supply. For
the primary analysis, gaps between prescriptions were
allowed, although we conducted several sensitivity analysis whereby alternative exposure definitions were used.
BMJ Open Diab Res Care 2021;9:e002496. doi:10.1136/bmjdrc-2021-002496
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Discontinuation of exposure was based on the estimated
duration of the last SGLT-2 or DPP4 inhibitor prescription plus a 30-day grace period.
The primary efficacy outcome was a composite of new
or worsening nephropathy, defined as either (1) increase
from baseline, defined as the latest laboratory value
measured before index date, in 24-hour urinary excretion of albumin to >300 mg OR increase in timed collection to >200 μg/min OR increase in albumin-creatinine
ratio (ACR) to >20 mg/mmol; (2) a doubling of the
serum creatinine level from baseline, accompanied by
an estimated glomerular filtration rate (eGFR) of ≤45
mL/min/1.73 m2; (3) the initiation of renal replacement therapy, based on hospitalization records; (4) new
hospitalization for renal failure or (5) death from renal
disease. This definition was based on the (Empagliflozin)
Cardiovascular Outcome Event Trial in Type 2 Diabetes
Mellitus Patients (EMPA-REG OUTCOME) trial.20 For
laboratory test-
based end points, baseline values were
compared with one or more measures during follow-up
and the first date any lab-based end point (ie, albuminuria) criteria was met was considered the outcome event
date.
The primary safety outcome was AKI based on all
hospitalization records for one of the following ICD-10
diagnostic codes: N17.0, N17.1, N17.2, N17.8 or N17.9.
Previous studies have shown this case definition has a
specificity of >95%.36–38
Propensity score matching
To minimize potential confounding, we used propensity
score matching. We used the high dimensional propensity score algorithm39 to identify relevant potential
confounders based on five dimensions (hospitalizations,
procedures, medical diagnoses, prescription medication, and laboratory records) during the year before
index date. A sixth dimension, emergency department
visits, was also included for the AB analysis. We identified the 200 most prevalent variables in each dimension
and ranked them according to their frequency as once,
sporadic or frequent. Then, we selected 500 variables
for inclusion in estimation of propensity score, in addition to a list of 30 predefined variables (32 in CPRD),
including sex, age, year of cohort entry, prescription
drug use (ACE inhibitors, angiotensin receptor blockers,
statins, loop diuretics, thiazide diuretics, other antihypertensive drugs, other antidiabetic agents, epoetin/darbepoetin), comorbidities (myocardial infarction, stroke,
heart failure, hypertension, dyslipidemia, amputation,
diabetic ketoacidosis, fracture, chronic kidney disease),
laboratory values (hemoglobin A1c (HbA1c), eGFR,
hemoglobin, high-density lipoprotein, low-density lipoprotein, triglycerides, ACR), in addition to physiological
and lifestyle indicators (smoking, BMI) from CPRD only.
A multivariable logistic regression model was used to estimate propensity scores for initiation of an SGLT-2 inhibitor compared with a DPP4 inhibitor. SGLT-2 inhibitor
users were then matched to DPP4 inhibitors users in a
BMJ Open Diab Res Care 2021;9:e002496. doi:10.1136/bmjdrc-2021-002496

one-to-one greedy nearest-neighbor match based on the
logit of propensity score with a caliper of 0.2 times the
SD.40 41 Balance of baseline covariates after matching was
assessed using standardized differences (>10% considered unbalanced).42 We repeated the above propensity
score matching process for each secondary and sensitivity
analysis which are described below.
Primary analysis
Standard descriptive statistics were used to compare
the characteristics of SGLT-2 inhibitor users with DPP4
inhibitor users. Patients were followed from index date
until the earliest of experiencing the outcome, disenrolment, switching from SGLT-2 inhibitor to DPP4 inhibitor,
switching from DPP4 inhibitor to SGLT-2 inhibitor, death,
or cohort end date. Incidence rates per 1000 person-
years were calculated before and after propensity score
matching. The association between SGLT-2 inhibitor use
and the renal outcomes of interest was assessed using a
conditional Cox proportional hazards regression models,
stratified by matched pair, within the matched cohort. We
ran an additional multivariable conditional Cox model
adjusted for age, sex, and the use of other antidiabetic
agents in the year prior to index date. Model assumptions
including the proportional hazards assumption for each
variable was tested.43 Furthermore, we assessed for effect
modification by age, sex, diabetes duration, and A1c
level using an interaction term between exposure status
and these variables. We considered a p value <0.05 to be
statistically significant. Last, aggregate data from each
database were combined by random-effects meta‐analysis
using a profile likelihood estimator.44
Secondary and sensitivity analyses
For the secondary analyses, we repeated our primary
analysis using four alternative active comparator new-
user cohorts using the following control groups: sulfonylureas (SU), glucagon-like peptide-1 receptor agonists
(GLP1- RA), thiazolidinediones (TZD), and insulin. For
each of these analyses, a new cohort was identified, and
the propensity score matching process was conducted.
We also stratified the primary cohort (SGLT-
2 inhibitors matched to DPP4 inhibitors) based on individual
SGLT-
2 inhibitor agents (canagliflozin, dapagliflozin,
and empagliflozin). We conducted a stratified analysis
for the primary cohort based on baseline kidney function, wherein we calculated the eGFR based on an abbreviated Modification of Diet in Renal Disease (MDRD)
equation using the serum creatinine measurement most
recent before index date, if there were no serum creatinine measurement before index date, we used the first
measurement within 365 days after index date. The stratification cut-off point was eGFR <60 mL/min/1.73 m2
as impaired kidney function and ≥60 mL/min/1.73 m2
as non-impaired kidney function. Last, for our primary
cohort, we replicated our primary analysis to assess
the association for each of the five components of the
composite outcome definition.
3
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Figure 1 Flow diagram to identify initiators of sodium-glucose cotransporter-2 inhibitors (SGLT2-i) and dipeptidyl
peptidase-4 inhibitors (DPP4-i) in Alberta (A) and Clinical Practice Research Datalink (CPRD) (B). *Person may belong to >1
exclusion criteria. AKI, acute kidney injury; GLP1-RA, glucagon-like peptide-1 receptor agonists; SU, sulfonylureas; TZD,
thiazolidinediones.

To test the robustness of our results, we took two main
approaches to conduct a series of sensitivity analyses. First,
we varied the definition of our exposure where we reran
our primary analysis and secondary comparator analysis
using the following exposure definitions: (i) as-treated
exposure definition without allowing any gaps in exposure whereby we censored a person’s follow-up time at
their first gap; (ii) intention to treat exposure definitions
with a maximum follow-up of 180, 365, and 730 days; (iii)
time varying exposure definition. Second, we reran our
primary effectiveness analysis using the full CPRD GOLD
cohort, irrespective of eligibility for HES/ONS linkage.
Data availability statement
Data may be obtained from a third party and are not
publicly available. We are unable to make data available
because of third party license restrictions.
RESULTS
Study cohorts
In AB, there were 20 564 new users of SGLT-2 or DPP4
inhibitors from which 7470 matched pairs were identified (figure 1A). In CPRD, there were 8901 new users of
SGLT-2 inhibitors or DPP4 inhibitors from which 1635
matched pairs were identified (figure 1B). Patient characteristics were well balanced following propensity score
matching in both study populations (online supplemental table 1). Additionally, we were able to assess the
4

racial and ethnic backgrounds for the CPRD cohort only,
which included 75.4% white, 3.3% South Asian, 1.4%
black, 2.2% other, and 17.7% unknown for SGLT-2 inhibitors and 71.8% white, 3.2% South Asian, 2.4% black,
3.2% other, and 19.2% unknown for DPP4 inhibitors
after matching. Study cohort flow diagrams to identify
new users of SGLT-2 inhibitors or active comparator are
reported in online supplemental figures 1–4) and patient
characteristics of these cohorts are reported in online
supplemental tables 2–5).
Renal disease progression
In AB, there were a total of 157 events among SGLT-2
inhibitor users and 461 events among DPP4 inhibitor
users. On matching, there were 156 events over a mean
survival time of 3.04 years among SGLT-2 inhibitors and
212 events over a mean survival time of 2.81 years among
DPP4 inhibitor users. The adjusted incidence rates (95%
CI) per 1000 person-years were 20.90 (95% CI 17.75 to
24.45) for SGLT-2 inhibitor and 29.23 (95% CI 25.42 to
33.44) for DPP4 inhibitor users (table 1).
In CPRD, there were a total of 37 events among SGLT-2
inhibitor users and 316 events among DPP4 inhibitor
users. On matching, there were 32 events over a mean
survival time of 3 years among SGLT-2 inhibitors and 37
events over a mean survival time of 3.33 years among
DPP4 inhibitor users. The adjusted incidence rates (95%
CI) per 1000 person-years were 15.35 (10.50 to 21.66)
BMJ Open Diab Res Care 2021;9:e002496. doi:10.1136/bmjdrc-2021-002496
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Figure 2 Pooled HR for renal disease progression across databases, using matched-only Cox model without further
adjustments (A) and with further adjustment for age, sex, and previous use of other diabetes medications (B). CPRD, Clinical
Practice Research Datalink; DPP4-i, dipeptidyl peptidase-4 inhibitors; GLP1-RA, glucagon-like peptide-1 receptor agonists;
SU, sulfonylureas; TZD, thiazolidinediones.

for SGLT-2 inhibitor and 19.40 (13.66 to 26.75) for DPP4
inhibitor users (table 1).
Our random-
effects meta-
analysis of aggregate data
across databases shows SGLT-
2 inhibitor initiators are
associated with a deceased risk of renal disease progression compared with DPP4 inhibitors (pooled HR 0.79,
95% CI 0.62 to 1.00) (figure 2A). Results were consistent
in the direction and magnitude of effect, although with
less precision, after further adjustment for age, sex, and
previous use of other antidiabetic agents (pooled HR
0.79, 95% CI 0.58 to 1.08; figure 2B). Results become
more precise when we used the full GOLD CPRD cohort
(pooled HR 0.82, 95% CI 0.68 to 0.98; online supplemental figure 5).
On assessing each component of the composite
outcome separately and compared with DPP4 inhibitors, SGLT-2 inhibitors were associated with lower risk
of hospitalization for new or worsening renal failure
(pooled 0.60, 95% CI 0.39 to 0.91), but not with the risk
of increase from baseline, defined as the latest laboratory
value measured before index date, in 24-hour urinary
excretion of albumin to >300 mg OR increase in timed
collection to >200 μg/min OR increase in ACR to >20
mg/mmol (pooled 0.84, 95% CI 0.62 to 1.15). There was
insufficient power to assess the other components of the
renal composite outcome.
Results from our secondary analyses of the different
comparator cohorts also show SGLT-2 inhibitors to be
associated with a decreased risk of renal disease progression compared with SU (pooled HR 0.68, 95% CI 0.51
to 0.89) (figure 2A). However, the HRs were not significant for TZD (pooled HR 0.87, 95% CI 0.13 to 5.89),
GLP1-RA (pooled HR 0.92, 95% CI 0.57 to 1.49), and
insulin (pooled HR 0.46, 95% CI 0.19 to 1.11) (figure 2A).
These overall associations did not differ after further
6

adjustments for age, sex, and previous use of other antidiabetic agents (figure 2B).
Agent stratified analysis shows that compared with
DPP4 inhibitors, both canagliflozin (pooled HR 0.70,
95% CI 0.45 to 1.09) and dapagliflozin (pooled HR 0.80,
95% CI 0.57 to 1.15) had point estimates suggesting a
lower risk of renal worsening, however neither result was
statistically significant. Empagliflozin was not associated
with a lower risk of renal worsening (pooled HR 1.17,
95% CI 0.71 to 1.92).
After stratifying the analysis based on baseline kidney
function, the pooled HR for the primary efficacy outcome
(composite of new or worsening nephropathy) was 1.03
(95% CI 0.46 to 2.30) for the non-impaired group (≥60
mL/min/1.73 m2) and 1.15 (95% CI 0.55 to 2.43) for the
impaired group (<60 mL/min/1.73 m2).
On varying the exposure definition, results were mostly
consistent with our primary exposure definition (online
supplemental figure 6).
Acute kidney injury
In AB, there were a total of 43 AKI events among SGLT-2
inhibitor users and 155 events among DPP4 inhibitor
users. The crude incidence rates (95% CI) per 1000
person-years were 5.56 (4.02 to 7.49) for SGLT-2 inhibitor users and 10.21 (8.67 to 11.94) for DPP4 inhibitor
users. On matching, there were 42 events over a mean
survival time of 1.99 years among SGLT-2 inhibitors and
63 events over a mean survival time of 2.97 years among
DPP4 inhibitor users. The adjusted incidence rates (95%
CI) per 1000 person-years were 5.57 (4.01 to 7.52) for
SGLT-2 inhibitor and 8.56 (6.58 to 10.96) for DPP4 inhibitor users (table 1).
In CPRD, there were a total of 22 AKI events among
SGLT-2 inhibitor users and 220 events among DPP4 inhibitor users. The crude incidence rates (95% CI) per 1000
BMJ Open Diab Res Care 2021;9:e002496. doi:10.1136/bmjdrc-2021-002496
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Figure 3 Pooled HR for acute kidney injury across databases, using matched-only Cox model without further adjustments (A)
and with further adjustment for age, sex, and previous use of other diabetes medications (B). CPRD, Clinical Practice Research
Datalink; DPP4-i, dipeptidyl peptidase-4 inhibitors; GLP1-RA, glucagon-like peptide-1 receptor agonists; SU, sulfonylureas;
TZD, thiazolidinediones.

person-years were 9.16 (5.74 to 13.87) for SGLT-2 inhibitor users and 21.13 (18.43 to 24.12) for DPP4 inhibitor
users. On matching, there were 21 events over a mean
survival time of 3.04 years among SGLT-2 inhibitors and
22 events over a mean survival time of 3.37 years among
DPP4 inhibitor users. The adjusted incidence rates (95%
CI) per 1000 person-years were 9.95 (6.16 to 15.20) for
SGLT-
2 inhibitor and 11.40 (7.14 to 17.26) for DPP4
inhibitor users (table 1).
Our random-
effects meta-
analysis of aggregate data
across databases does not show SGLT-
2 inhibitors to
be associated with significant difference in AKI risk
compared with DPP4 inhibitors (pooled HR 0.89, 95% CI
0.58 to 1.36) (figure 3A) when using the matched paired
cohort without further covariate adjustment. However,
after further adjustment for age, sex, and previous use of
other antidiabetic agents SGLT-2 inhibitors were associated with a significantly decreased risk of AKI compared
with DPP4 inhibitors (pooled HR 0.74, 95% CI 0.57 to
0.96) (figure 3B).
Results from our secondary analyses of the different
comparator cohorts also show SGLT-2 inhibitors to be
associated with a decreased risk of AKI compared with
insulin (pooled HR 0.49, 95% CI 0.32 to 0.74). However,
the HRs were not significant for SU (pooled HR 0.72,
95% CI 0.44 to 1.17) and GLP1-RA (pooled HR 0.53,
95% CI 0.15 to 1.83). These overall associations did not
differ after further adjustments for age, sex, and previous
use of other antidiabetic agents (figure 3B).
Agent stratified analysis shows that compared with
DPP4 inhibitors, none of the SGLT-2 inhibitor agents
are associated with a significant difference in risk of AKI
(pooled HR 1.19, 95% CI 0.51 to 2.78 for canagliflozin;
pooled HR 0.64, 95% CI 0.34 to 1.20 for dapagliflozin;
pooled HR 1.99, 95% CI 0.43 to 9.28 for empagliflozin).
After stratifying the analysis based on baseline kidney
function, the pooled HR for AKI was 0.68 (95% CI 0.39
BMJ Open Diab Res Care 2021;9:e002496. doi:10.1136/bmjdrc-2021-002496

to 1.19) for the non-impaired group (≥60 mL/min/1.73
m2) and 1.78 (95% CI 0.49 to 6.48) for the impaired
group (<60 mL/min/1.73 m2). On varying the exposure
definition, results were consistent with our primary exposure definition (online supplemental figure 7).
DISCUSSION
Our study provides a comprehensive assessment of the
real-
world effectiveness and safety of SGLT-
2 inhibitor use for renal-related endpoints. Given the known
limitations of RCTs, including limited data on active
comparators, lack of power for safety events, and limited
generalizability, providing real-world evidence using an
observational study design provides a more comprehensive assessment of drug outcomes. Using a large sample
from both Canada and the UK, we found that patients
who initiated an SGLT-2 inhibitor were less likely to experience new or worsening nephropathy compared with
DPP4 inhibitor initiators and were not at an increased
risk of an acute kidney event. These findings add to the
body of literature supporting the renoprotective effects
of SGTL-2 inhibitors.
Evidence from RCTs has consistently demonstrated
that SGLT-2 inhibitors are associated with a reduction of
30%–46% in new or worsening nephropathy compared
with placebo.19–21 Moreover, a 2019 meta-analysis of 10
RCTs reported a statically significant lower risk of end-
stage renal disease in SGLT-2 inhibitors compared with
placebo or active comparators (Relative Risk (RR) 0.70;
95% CI 0.57 to 0.87).22 In line with these results, our
population-based observational cohort study confirm the
effectiveness and safety of SGLT-2 inhibitors in real-world
patients by reducing new renal disease or renal worsening
without significant moderation of effect by age, sex, baseline HbA1c levels, or use of other antidiabetic agents in
the previous year. We also did not detect a difference in
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the risk of the renal composite outcome (new or worsening nephropathy) or AKI on stratifying based on the
baseline kidney function.
Previous observational studies have also assessed the
renoprotective effects of SGLT-2 inhibitors, however using
different study populations, methods for confounding
control, and importantly outcome definitions.23 24 29 30
Heerspink et al found that SGLT-2 inhibitors were associated with a slower rate of eGFR decline and a lower
risk of a composite outcome (50% eGFR decline or end-
stage renal disease) compared with other antihyperglycemic medications over a mean follow-up of 14.9 months.
Pasternak et al compared new users of SGLT-2 inhibitors
to new users of DPP4 inhibitors of which SGLT-2 inhibitor users had a 58% lower risk of serious renal events.
Xie et al found SGLT-2 inhibitors to be associated with a
lower risk of a composite outcome of eGFR decline >50%,
end-stage kidney disease, or all-cause mortality compared
with SU (HR 0.68 (95% CI 0.63 to 0.74), DPP4 inhibitors
(HR 0.76 (95% CI 0.70 to 0.82), but not GLP1-RA (HR
0.95 (95% CI 0.87 to 1.04)).29 Importantly, our overall
findings are consistent with these studies. In another
study, Xie et al found new use of empagliflozin to be
associated with lower risk of major adverse kidney events
(HR 0.68 (95% CI 0.64 to 0.73)) compared with new use
of non-SGLT-2 inhibitors.30 We did not reach a similar
conclusion for empagliflozin in the agent stratified analysis, although our comparator group was restricted to
one class of antidiabetic agents rather than all other non-
SGLT-2 inhibitors.
Akin to these studies, we also used a new user design with
an active comparator and accounted for confounding
using propensity score matching. Our study differed
in several respects. First, our base cohort was limited to
new metformin monotherapy users, a clinically relevant
group that is concordant with multiple clinical practice
guidelines.45 46 Second, our study included four other
new-user active comparator cohorts beside DPP4 inhibitors. Third, we used high-dimensional propensity score
algorithm to identify hundreds of potential confounders
(in addition to those identified a priori). Fourth, we have
defined an effectiveness composite renal outcome based
on the definition that closely resembles that used in
RCTs. Lastly, our study used a different population than
previous studies, including data from North American
from AB, Canada and European data from the UK.
Within the same cohorts, we did not detect an increased
risk of AKI in accordance with evidence from clinical
trials.16 Although Perlman et al47 reported a threefold
higher odds of reporting an acute renal event for SGLT-2
inhibitor users compared with other medications using
the US FDA adverse event report system database, this
signal was not corroborated by subsequent retrospective
cohort studies.25–28 Previous cohort studies have varied
substantially in their population size27 28 and age distribution,26 length of follow-up,25 26 composition of control
group, and outcome definitions. Our analysis adds to the
existing body of evidence and provides reassurance on the
8

renal safety of SGLT-2 inhibitors and suggests that safety
warnings by regulatory bodies may not be warranted.
Limitations
Despite the multiple nuances this study adds to complement existing evidence, our study has limitations. First,
differential misclassification of exposure, which
non-
was based on prescription and dispensations records is
possible, although biasing results toward the null. Second,
both outcome definitions have not been previously
validated in these datasets; therefore introducing non-
differential misclassification of outcomes. We included
diagnostic codes used in existing literature to minimize
this issue. Third, despite using an active comparator
new user design among new users of metformin and
high dimensional propensity score matching, the risk of
unmeasured confounding cannot be ruled out. Fourth,
our study had limited power to detect effects for each
individual SGLT-2 inhibitor. Given the recent approval by
the FDA to use canagliflozin and dapagliflozin but not
empagliflozin for the treatment of CKD, future analysis
using larger datasets to explore intraclass differences in
renal effects and safety will be useful. Fifth, there was
insufficient power to assess all the components of the
renal composite outcome definition separately. Sixth, we
were only able to describe the baseline racial and ethnic
distributions of patients in CPRD only as AB lacks information on race and ethnicity. Last, we were unable to
assess either outcome among those with a baseline eGFR
of <60 mL/min/1.73 m2.
In conclusion, using population-based real-world data
from North America and Europe, this assessment of both
renal effectiveness and safety end points in the same
population, provides a comprehensive picture to support
the role of SGLT-2 inhibitors in clinical guidelines for
diabetes management. Our findings support the renoprotective effects of SGLT-2 inhibitors compared with
clinically relevant comparators. Moreover, concerns over
increased risk of AKI are not substantiated by our study
findings.
Author affiliations
1
School of Pharmacy, University of Waterloo, Kitchener, Ontario, Canada
2
Faculté de pharmacie, Université Laval, Laval, Quebec, Canada
3
CHU de Québec-Université Laval Research Center, Québec City, Québec, Canada
4
School of Public Health, University of Alberta, Edmonton, Alberta, Canada
5
Department of Medicine, Sunnybrook Health Sciences Centre, Toronto, Ontario,
Canada
Acknowledgements This study is based in part on data from the Clinical Practice
Research Datalink obtained under license from the UK Medicines and Healthcare
products Regulatory Agency. The data are provided by patients and collected by
the NHS as part of their care and support. The interpretation and conclusions
contained in this study are those of the author/s alone. Copyright (2021), re-used
with the permission of The Health & Social Care Information Centre. All rights
reserved. The OPCS Classification of Interventions and Procedures, codes, terms,
and text is Crown copyright (2016) published by Health and Social Care Information
Centre, also known as NHS Digital and licensed under the Open Government
Licence available at www.nationalarchives.gov.uk/doc/open-government-licence/
open-government-licence.htm. This study is based on data provided by The
Alberta Strategy for Patient Orientated Research (ABSPOR) SUPPORT unit, Alberta
Health, and Alberta Health Services. The interpretation and conclusions contained
BMJ Open Diab Res Care 2021;9:e002496. doi:10.1136/bmjdrc-2021-002496

BMJ Open Diab Res Care: first published as 10.1136/bmjdrc-2021-002496 on 14 December 2021. Downloaded from http://drc.bmj.com/ on January 9, 2023 by guest. Protected by copyright.

Epidemiology/Health services research

herein are those of the researchers and do not necessarily represent the views
of the Government of Alberta, Alberta Health Services, nor ABSPOR. Neither the
Government of Alberta, Alberta Health Services, nor ABSPOR expresses any
opinion in relation to this study. The data that support the findings of this study
are available from the ABSPOR (https://absporu.ca). We had full permission to
use these data, however, restrictions apply to the public availability of these data,
which are under data access agreements for the current study.
Contributors J-MG, DTE, and AZ conceived the study idea and all authors
contributed to the study design. WA and JKM-S conducted all analyses. WA and J-
MG wrote the first draft of the manuscript. All authors contributed to and approved
the final version of the article. J-MG will act as guarantor for the study.
Funding This study is funded by the Canadian Institute of Health Research (FRN
156064).
Disclaimer The funder of the study had no role in study design, data collection,
data analysis, data interpretation, or writing of the report. The corresponding author
had full access to all the data in the study and had final responsibility for the
decision to submit for publication.
Competing interests None declared.
Patient consent for publication Not applicable.
Ethics approval The study protocol was approved by the University of Alberta’s
Human Research Ethics Board (#84111), University of Waterloo’s Research Ethics
Board (#31928), and the CPRD’s Independent Scientific Advisory Committee (ISAC
18_205).
Provenance and peer review Not commissioned; externally peer reviewed.
Data availability statement Data may be obtained from a third party and are not
publicly available. We are unable to make data available because of third party
license restrictions.
Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.
Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the
use is non-commercial. See: http://c reativecommons.org/licenses/by-nc/4.0/.
ORCID iDs
Wajd Alkabbani http://orcid.org/0 000-0002-7030-0442
Dean T Eurich http://o rcid.org/0000-0003-2197-0463
John-Michael Gamble http://orcid.org/0000-0001-6891-8721

REFERENCES

1 Kalra S. Sodium glucose Co-Transporter-2 (SGLT2) inhibitors: a
review of their basic and clinical pharmacology. Diabetes Ther
2014;5:355–66.
2 Packer M. Sglt2 inhibitors produce cardiorenal benefits by promoting
adaptive cellular reprogramming to induce a state of fasting mimicry:
a paradigm shift in understanding their mechanism of action.
Diabetes Care 2020;43:508–11.
3 Zelniker TA, Wiviott SD, Raz I, et al. Sglt2 inhibitors for primary and
secondary prevention of cardiovascular and renal outcomes in type
2 diabetes: a systematic review and meta-analysis of cardiovascular
outcome trials. Lancet 2019;393:31–9.
4 Neuen BL, Young T, Heerspink HJL, et al. Sglt2 inhibitors for the
prevention of kidney failure in patients with type 2 diabetes: a
systematic review and meta-analysis. Lancet Diabetes Endocrinol
2019;7:845–54.
5 Ni L, Yuan C, Chen G, et al. SGLT2i: beyond the glucose-lowering
effect. Cardiovasc Diabetol 2020;19:98.
6 Perrone-Filardi P, Avogaro A, Bonora E, et al. Mechanisms linking
empagliflozin to cardiovascular and renal protection. Int J Cardiol
2017;241:450–6.

BMJ Open Diab Res Care 2021;9:e002496. doi:10.1136/bmjdrc-2021-002496

7 Mudaliar S, Alloju S, Henry RR. Can a shift in fuel energetics explain
the beneficial cardiorenal outcomes in the EMPA-REG outcome
study? A unifying hypothesis. Diabetes Care 2016;39:1115–22.
8 Barnett AH, Mithal A, Manassie J, et al. Efficacy and safety of
empagliflozin added to existing antidiabetes treatment in patients
with type 2 diabetes and chronic kidney disease: a randomised,
double-blind, placebo-controlled trial. Lancet Diabetes Endocrinol
2014;2:;2(5):369–84.
9 Yale J-F, Bakris G, Cariou B, et al. Efficacy and safety of
canagliflozin over 52 weeks in patients with type 2 diabetes
mellitus and chronic kidney disease. Diabetes Obes Metab
2014;16:1016–27.
10 Bang C, Mortensen MB, Lauridsen KG, et al. Trends in antidiabetic
drug utilization and expenditure in Denmark: a 22-year nationwide
study. Diabetes Obes Metab 2020;22:167–72.
11 Gor D, Gerber BS, Walton SM, et al. Antidiabetic drug use trends in
patients with type 2 diabetes mellitus and chronic kidney disease:
a cross-sectional analysis of the National health and nutrition
examination survey. J Diabetes 2020;12:385–95.
12 Eberly LA, Yang L, Eneanya ND, et al. Association of Race/
Ethnicity, gender, and socioeconomic status with sodium-glucose
cotransporter 2 inhibitor use among patients with diabetes in the
US. JAMA Netw Open 2021;4:e216139.
13 MedEffect Canada. Summary safety review-sodium glucose
cotransporter 2 (SGLT-2) Inhibitors INVOKANA (canagliflozin) and
FORXIGA (dapagliflozin)-evaluation of a potential risk of acute kidney
injury, 2015. Available: https://www.canada.ca/en/health-canada/
services/drugs-health-products/medeffect-canada/safety-reviews/
summary-safety-review-sodium-glucose-cotransporter-2-sglt2-
inhibitors-invokana-canagliflozin-forxiga-dapagliflozinl-risk.html
[Accessed 10 Mar 2021].
14 US Food and Drug Administration. FDA strengthens kidney
warnings for diabetes medicines canagliflozin (Invokana, Invokamet)
and dapagliflozin (Farxiga, Xigduo XR), 2016. Available: https://
www.fda.gov/drugs/drug-safety-and-availability/fda-drug-safety-
communication-fda-strengthens-kidney-warnings-diabetes-
medicines-canagliflozin [Accessed 10 Mar 2021].
15 Szalat A, Perlman A, Muszkat M, et al. Can SGLT2 inhibitors
cause acute renal failure? plausible role for altered glomerular
hemodynamics and medullary hypoxia. Drug Saf 2018;41:239–52.
16 Donnan JR, Grandy CA, Chibrikov E, et al. Comparative safety of the
sodium glucose co-transporter 2 (SGLT2) inhibitors: a systematic
review and meta-analysis. BMJ Open 2019;9:e022577.
17 Pelletier R, Ng K, Alkabbani W, et al. Adverse events associated
with sodium glucose co-transporter 2 inhibitors: an overview
of quantitative systematic reviews. Ther Adv Drug Saf
2021;12:204209862198913.
18 Gilbert RE, Thorpe KE. Acute kidney injury with sodium-glucose co-
transporter-2 inhibitors: a meta-analysis of cardiovascular outcome
trials. Diabetes Obes Metab 2019;21:1996–2000.
19 Perkovic V, Jardine MJ, Neal B, et al. Canagliflozin and renal
outcomes in type 2 diabetes and nephropathy. N Engl J Med
2019;380:2295–306.
20 Zinman B, Lachin JM, Inzucchi SE. Empagliflozin, cardiovascular
outcomes, and mortality in type 2 diabetes. N Engl J Med
2016;374:1094.
21 Wiviott SD, Raz I, Bonaca MP, et al. Dapagliflozin and cardiovascular
outcomes in type 2 diabetes. N Engl J Med 2019;380:347–57.
22 Bae JH, Park E-G, Kim S, et al. Effects of sodium-glucose
cotransporter 2 inhibitors on renal outcomes in patients with type
2 diabetes: a systematic review and meta-analysis of randomized
controlled trials. Sci Rep 2019;9:13009.
23 Heerspink HJL, Karasik A, Thuresson M, et al. Kidney outcomes
associated with use of SGLT2 inhibitors in real-world clinical practice
(CVD-REAL 3): a multinational observational cohort study. Lancet
Diabetes Endocrinol 2020;8:27–35.
24 Pasternak B, Wintzell V, Melbye M, et al. Use of sodium-glucose
co-transporter 2 inhibitors and risk of serious renal events:
Scandinavian cohort study. BMJ 2020;369:m1186.
25 Ueda P, Svanström H, Melbye M, et al. Sodium glucose
cotransporter 2 inhibitors and risk of serious adverse events:
nationwide register based cohort study. BMJ 2018;363:k4365.
26 Iskander C, Cherney DZ, Clemens KK, et al. Use of sodium-glucose
cotransporter-2 inhibitors and risk of acute kidney injury in older
adults with diabetes: a population-based cohort study. CMAJ
2020;192:E351–60.
27 Nadkarni GN, Ferrandino R, Chang A, et al. Acute kidney injury
in patients on SGLT2 inhibitors: a Propensity-Matched analysis.
Diabetes Care 2017;40:1479–85.
28 Rampersad C, Kraut E, Whitlock RH, et al. Acute kidney injury
events in patients with type 2 diabetes using SGLT2 inhibitors versus

9

BMJ Open Diab Res Care: first published as 10.1136/bmjdrc-2021-002496 on 14 December 2021. Downloaded from http://drc.bmj.com/ on January 9, 2023 by guest. Protected by copyright.

Epidemiology/Health services research

29

30

31
32
33
34
35
36

37

10

other glucose-lowering drugs: a retrospective cohort study. Am J
Kidney Dis 2020;76:471–9.
Xie Y, Bowe B, Gibson AK, et al. Comparative effectiveness of
SGLT2 inhibitors, GLP-1 receptor agonists, DPP-4 inhibitors, and
sulfonylureas on risk of kidney outcomes: emulation of a target trial
using health care databases. Diabetes Care 2020;43:2859–69.
Xie Y, Bowe B, Gibson AK, et al. Comparative effectiveness of the
sodium-glucose cotransporter 2 inhibitor Empagliflozin versus other
Antihyperglycemics on risk of major adverse kidney events. Diabetes
Care 2020;43:2785–95.
Herrett E, Gallagher AM, Bhaskaran K, et al. Data resource
profile: clinical practice research Datalink (CPRD). Int J Epidemiol
2015;44:827–36.
Herrett E, Thomas SL, Schoonen WM, et al. Validation and validity of
diagnoses in the general practice research database: a systematic
review. Br J Clin Pharmacol 2010;69:4–14.
Jick SS, Kaye JA, Vasilakis-Scaramozza C, et al. Validity of
the general practice research database. Pharmacotherapy
2003;23:686–9.
Khan NF, Harrison SE, Rose PW. Validity of diagnostic coding within
the general practice research database: a systematic review. Br J
Gen Pract 2010;60:e128–36.
Mathur R, Bhaskaran K, Chaturvedi N, et al. Completeness and
usability of ethnicity data in UK-based primary care and hospital
databases. J Public Health 2014;36:684–92.
Hwang YJ, Shariff SZ, Gandhi S, et al. Validity of the International
classification of diseases, tenth revision code for acute
kidney injury in elderly patients at presentation to the
emergency department and at hospital admission. BMJ Open
2012;2:e001821.
Logan R, Davey P, De Souza N, et al. Assessing the accuracy of
ICD-10 coding for measuring rates of and mortality from acute

38
39
40
41
42
43
44
45
46

47

kidney injury and the impact of electronic alerts: an observational
cohort study. Clin Kidney J 2020;13:1083–90.
Tomlinson LA, Riding AM, Payne RA, et al. The accuracy of
diagnostic coding for acute kidney injury in England - a single centre
study. BMC Nephrol 2013;14:58.
Schneeweiss S, Rassen JA, Glynn RJ, et al. High-Dimensional
propensity score adjustment in studies of treatment effects using
health care claims data. Epidemiology 2009;20:512–22.
Austin PC. A comparison of 12 algorithms for matching on the
propensity score. Stat Med 2014;33:1057–69.
Austin PC. Optimal caliper widths for propensity-score matching
when estimating differences in means and differences in proportions
in observational studies. Pharm Stat 2011;10:150–61.
Austin PC. Balance diagnostics for comparing the distribution of
baseline covariates between treatment groups in propensity-score
matched samples. Stat Med 2009;28:3083–107.
Lin DY, Wei LJ, Ying Z. Checking the COX model with cumulative
sums of martingale-based residuals. Biometrika 1993;80:557–72.
Cornell JE, Mulrow CD, Localio R, et al. Random-effects meta-
analysis of inconsistent effects: a time for change. Ann Intern Med
2014;160:267-270–70.
American Diabetes Association. 9. Pharmacologic Approaches to
Glycemic Treatment: Standards of Medical Care in Diabetes-2021.
Diabetes Care 2021;44:S111–24.
Diabetes Canada Clinical Practice Guidelines Expert Committee,
Lipscombe L, Butalia S, et al. Pharmacologic glycemic management
of type 2 diabetes in adults: 2020 update. Can J Diabetes
2020;44:575–91.
Perlman A, Heyman SN, Matok I, et al. Acute renal failure with
sodium-glucose-cotransporter-2 inhibitors: analysis of the FDA
adverse event report system database. Nutr Metab Cardiovasc Dis
2017;27:1108–13.

BMJ Open Diab Res Care 2021;9:e002496. doi:10.1136/bmjdrc-2021-002496

BMJ Open Diab Res Care: first published as 10.1136/bmjdrc-2021-002496 on 14 December 2021. Downloaded from http://drc.bmj.com/ on January 9, 2023 by guest. Protected by copyright.

Epidemiology/Health services research

