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ABSTRACT
Introduction  Large numbers of patients with type 2 
diabetes receive treatment with a sodium-glucose co-
transporter-2 inhibitor (SGLT2i). We investigated whether 
the cardiorenal preventative effects found in clinical 
trials are also seen in clinical practice where patient 
characteristics and adherence to treatment differ.
Research design and methods  Using UK primary 
care electronic health records, we followed two cohorts 
of patients with type 2 diabetes prescribed metformin: 
SGLT2is (N=12 978) and a matched comparator of 
patients not using an SGLT2i at the start of follow-up 
(N=44 286). Independent follow-ups were performed to 
identify the study outcomes: cardiovascular (CV) composite 
(comprising non-fatal myocardial infarction (MI)/ischemic 
stroke (IS) requiring hospitalization and CV death), severe 
renal disease, and all-cause mortality. Cox regression was 
used to estimate adjusted HRs.
Results  Mean follow-up was 2.3 years (SGLT2i cohort) 
and 2.1 years (comparison cohort). Mean age was 59.6 
years (SD ±10.2, SGLT2i cohort) and 60.4 years (SD ±10.0, 
comparison cohort). SGLT2i new users were associated 
with a reduced risk of the CV composite (HR 0.75, 95% CI: 
0.61 to 0.93), severe renal disease (HR 0.55, 95% CI: 0.46 
to 0.67), and all-cause mortality (HR 0.56, 95% CI: 0.49 to 
0.63), with risk reductions similar irrespective of baseline 
chronic kidney disease. Reduced risks were seen for IS 
(HR 0.51, 95% CI: 0.36 to 0.74) but not MI (HR 0.98, 95% 
CI: 0.74 to 1.28). Results were consistent in sensitivity 
analyses.
Conclusions  In this population-based study, SGLT2is were 
associated with significant CV, renal and survival benefits 
among individuals with type 2 diabetes on metformin; the 
CV benefit was driven by a reduced risk of ischemic stroke.

INTRODUCTION
Sodium-glucose co-transporter-2 inhibi-
tors (SGLT2is) are a relatively new class of 
glucose-lowering medication that are increas-
ingly being used to treat patients with type 
2 diabetes. Although initially introduced as 
second-line treatment after metformin,1 these 
drugs have also shown efficacy in treating 

patients with renal and cardiovascular (CV) 
conditions. Large CV randomized controlled 
trials (RCTs) have shown that SGLT2is reduce 
the risk of hospitalization due to heart failure 
or CV death in patients with type 2 diabetes 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ In randomized controlled trials (RCTs), sodium-glucose 
co-transporter-2 inhibitors (SGLT2is) have shown good 
efficacy in reducing the risk of adverse cardiovascular 
(CV) and renal events in patients with type 2 diabetes.

	⇒ These benefits of SGLT2is have also been seen in ob-
servational studies, but have shown uncertainty around 
the evidence for benefits on myocardial infarction (MI).

	⇒ RCTs and observational studies differ in the charac-
teristics of patients studied and in their adherence to 
treatment.

WHAT THIS STUDY ADDS
	⇒ In this matched retrospective cohort study among 
patients with type 2 diabetes using metformin, those 
who started an SGLT2i had significantly reduced risks 
of all-cause mortality (44% risk reduction), severe renal 
disease (50% risk reduction), a CV composite outcome 
(non-fatal MI/ischemic stroke requiring hospitalization/
CV death; 25% risk reduction) and ischemic stroke 
(49% risk reduction) compared with those who did not 
start an SGLT2i. The risk of non-fatal MI was not signifi-
cantly different between groups.

	⇒ While clinical trials have shown a beneficial effect of 
SGLT2is in reducing risk of heart failure and CV events, 
our findings, based on observational data, help to un-
derstand that ischemic stroke (and not MI) is the likely 
driver of the reduction in CV events.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ These results confirm that the benefits of SGLT2i in 
patients with type 2 diabetes observed in clinical tri-
als are applicable to populations at low CV risk in real-
world settings, thereby supporting an increasing role of 
SGLT2i in diabetes care.
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by 23%.2 Accordingly, SGLT2is are now recommended in 
the European Society of Cardiology guidelines as a first-
line treatment option for patients with type 2 diabetes 
who are either drug naïve or on metformin, and with 
atherosclerotic CV disease or at high CV risk.3 Further-
more, in April 2021, the US Food and Drug Administra-
tion approved the use of SGLT2is to treat chronic kidney 
disease (CKD) in patients with or without type 2 diabetes.4

Some studies have explored the extent to which the 
effects of SGLT2is found in RCTs are seen in clinical prac-
tice.5–10 These have also generally found clear evidence 
that SGLT2is are associated with a reduced risk of mortality 
and adverse CV/renal outcomes when compared with 
other glucose-lowering drugs, although evidence relating 
to myocardial infarction (MI) is less certain.5 9 Specif-
ically, a recent large study failed to observe any reduc-
tion in MI risk associated with SGLT2i use.10 We aimed 
to provide further evidence on this topic by investigating 
whether the benefits of SGLT2is on adverse CV and renal 
outcomes, and mortality, in patients with type 2 diabetes, 
that are seen in clinical trials, can be reproduced in an 
observational study from the UK among patients taking 
metformin.

RESEARCH DESIGN AND METHODS
Study design and data source
We undertook a population-based comparative cohort 
study using data from the IQVIA Medical Research 
Data-UK (IMRD-UK) primary care database, formerly 
known as The Health Improvement Network. The data-
base contains the anonymized electronic health records 
(EHRs) of approximately 6% of the UK population11 
and the data held are representative of the UK in terms 
of age, sex and geographic distribution.12 Clinical and 
prescribing information is entered by primary care prac-
titioners (PCPs) as part of routine patient care. Medical 
events (including diagnoses, hospital referrals, etc) are 
recorded using Read codes,13 with a free-text field that 
enables manual data entry for the addition of further 
details. Demographics, lifestyle factors and results of 
laboratory tests, including those for renal function 
(eg, serum creatinine (SCr) values), are also recorded. 
Data from secondary care are entered into the patient’s 
primary care record retrospectively, and all prescriptions 
are automatically recorded upon issue.

Source population and cohort identification
Identification of the SGLT2i and comparison cohorts 
is shown in online supplemental figure 1. The source 
population included all individuals aged 20–89 years 
with a diagnosis of type 2 diabetes in the IMRD-UK and 
on treatment with metformin during the study inclusion 
period (January 1, 2013–December 31, 2018). Individ-
uals in the source population were also required to have 
been registered with their PCP for at least 2 years and 
with no previous recorded prescription for an SGLT2i. 
From this source population, we identified patients 

with a first SGLT2i prescription issued during the study 
period (N=19 300); the date of issue was the start date. 
For each member of the SGLT2i cohort, we used risk-set 
sampling to randomly select up to four individuals who 
had not been issued an SGLT2i prescription on the start 
date, matched on age, sex, frequency of PCP visits in the 
previous year, and previous use of other types of glucose-
lowering medication, if any (sulfonylureas, dipeptidyl 
peptidase-4 inhibitors (DPP4is), glucagon-like peptide 1 
receptor (GLP-1) agonists, or insulin)—this cohort was 
the ‘comparison cohort’ (online supplemental figure 
2). Sampling was sequential without replacement, there-
fore the risk-set for a member of the SGLT2i cohort 
could include individuals who were non-users of SGLT2i 
at that time but who could receive a first prescription 
for an SGLT2i at a later stage. When an individual was 
sampled (either as an SGLT2i initiator or as a matched 
non-initiator), they left the source population and were 
no longer eligible for sampling in future matched sets. 
There were 12 978 individuals in the SGLT2i cohort and 
44 286 individuals in the comparison cohort. The start 
date for each member of the comparison cohort was the 
same as the state date for its matched SGLT2i initiator.

Follow-up and study outcomes
Individuals in the two study cohorts were followed from 
the start date until the earliest of: the study outcome, 
death, age 90 years, or the end of the follow-up period 
(December 31, 2019). Separate follow-ups were 
performed for each outcome of interest, excluding indi-
viduals with a record of that outcome before the start 
date. We evaluated three study outcomes: a composite 
CV outcome, severe renal disease, and all cause-mortality. 
The composite CV outcome included non-fatal MI, non-
fatal ischemic stroke (IS) requiring hospitalization, and 
CV death. Severe renal disease was defined as an esti-
mated glomerular filtration rate (eGFR) value <30 mL/
min/1.73 m2 (based on either eGFR values entered 
directly or eGFR values calculated from recorded SCr 
values using the CKD-EPI formula), or a Read code for 
end-stage renal disease (ESRD), renal replacement or 
dialysis.

Other patient variables
Information on other patient variables was determined 
relative to the start date. We obtained data on patient 
demographics (age and sex), lifestyle variables, comor-
bidities, co-medications and healthcare use. For life-
style variables (body mass index, smoking, and alcohol 
intake), the most recent available record before the start 
date was obtained; individuals with no data in their EHR 
were allocated to a category ‘missing’ for that variable. 
Comorbidities were identified anytime before the start 
date, and included CV disease and risk factors, cerebro-
vascular, respiratory, gastrointestinal, and neurological 
disease, diabetes-related complications (nephropathy 
and neuropathy), and major bleeding. We determined 
baseline renal function using the most recently recorded 
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eGFR value in the year before the start date. We also 
determined baseline glycated hemoglobin (HbA1c), and 
albumin-to-creatinine ratio, based on the most recent 
value recorded in the year before the start date, as well 
as frailty using the electronic frailty index based on an 
algorithm developed and validated in the IMRD-UK 
database.14 Co-medication use was determined from 
prescriptions issued before the start date, and included 
non-SGLT2i glucose-lowering medications (insulin, 
metformin, sulfonylureas, thiazolidinediones, megli-
tinides, GLP-1 agonists, and DPP4is), and other relevant 
medications. Polypharmacy was defined as the number 
of different medications issued in the previous year. We 
also determined healthcare use based on the number of 
primary care visits, referrals, and hospitalization in the 
year before the start date.

Statistical analysis
Baseline characteristics of the study cohorts were 
described using frequency counts and percentages for 
categorical variables and means with SD for continuous 
variables. Incidence rates of the study outcomes were 
calculated by dividing the number of observed cases by 
the respective total person-time, with 95% CIs estimated 
assuming a Poisson distribution. We fitted separate Cox 
proportional hazards regression models to estimate 
the HR for the outcome associated with SGLT2i use 
(vs comparator), adjusted for all covariates as potential 
confounders, including CV and other comorbidities, 
co-medications, healthcare use, and lifestyle factors (see 
online supplemental table 1). We used three different 
strategies of analysis. First, we performed an intention-
to-treat (ITT) analysis where we assumed that expo-
sure status (SGLT2i or comparator) remained the same 
throughout follow-up—this approach was considered as 
the main analysis. Second, we performed an on-treat-
ment (OT) analysis where we censored individuals if and 
when their initial exposure changed (ie, discontinued 
SGLT2i for individuals in the SGLT2i cohort or initiated 
SGLT2i for individuals in the comparison cohort). Third, 
we carried out an as-treated (AT) analysis where person-
time was classified according to actual SGLT2i exposure 
during follow-up irrespective of the study cohort (that 
was based on initial exposure at the start date). Exposure 
to SGLT2i in the AT analysis was categorised in relation to 
the time window after the end of the last SGLT2i consecu-
tive prescription: current use (<30 days), recent use (between 
30 and 90 days), past use (91–365 days), and non-use (>365 
days, or no previous prescription). We performed sensi-
tivity analyses where we restricted analyses to individuals 
with eGFR values recorded in the year before the start 
of follow-up, and stratified results by CKD status at the 
start date, and by whether the start date was before or 
after the publication of the EMPAREG-OUTCOME 
Study in 2015.15 As differential mortality could influ-
ence the results, we performed further sensitivity anal-
yses using Fine and Gray models to calculate adjusted 
subdistribution HRs (SHRs) where death was considered 

a competing risk for the CV/renal outcomes.16 Finally, we 
also performed an alternative analysis using inverse prob-
ability of treatment weighting using propensity scores to 
adjust for potential confounders.17 Analyses were under-
taken using Stata V.12.1 (Statacorp).

RESULTS
Table  1 shows the characteristics of the two study 
cohorts at the start of follow-up. The proportions of 
the different drug use in the SGLT2i cohort were: 
dapagliflozin (61.1%), empagliflozin (24.1%) and 
canagliflozin (14.8%). Mean age and sex distribution 
were similar in the SGLT2i cohort (59.6 years (SD 
±10.2), 39.1% female) and comparison cohort (60.4 
years (SD ±10.0), 39.1% female), as was the preva-
lence of CV diseases, diabetes-related complications, 
and frailty. However, notable differences were seen in 
the prevalence of CKD (9.0% in the SGLT2i cohort 
and 15.9% in the comparison cohort), previous use 
of GLP-1 agonists (15.4% among initiators of SGLT2i 
compared with 10.6% among non-initiators), and the 
proportion of patients with HbA1c over 8% at base-
line (78.9% in the SGLT2i cohort and 34.9% in the 
comparison cohort). For each study outcome, the 
mean follow-up was 2.3 years for the SGLT2i cohort 
and 2.1 years for the comparison cohort.

Composite CV outcome
Results for the composite CV outcome of non-fatal 
MI/IS or CV death are shown in table  2. The inci-
dence rate of the composite CV outcome was 46.6 
cases per 10 000 person-years (95% CI: 38.9 to 55.5) in 
the SGLT2i cohort, and 58.4 cases per 10 000 person-
years (95% CI: 53.3 to 63.8) in the comparison cohort. 
Crude incidence rates were similar between the 
SGLT2i and comparison cohorts for non-fatal MI (30.5 
vs 30.0 cases per 10 000 person-years), and notably 
different for non-fatal IS (14.3 vs 25.1 cases per 10 000 
person-years). In the ITT analysis, after adjusting for 
confounders, the SGLT2i cohort had a 25% reduced 
risk of the composite CV outcome (HR 0.75, 95% CI: 
0.61 to 0.93). A similar effect size was obtained with 
the Fine and Gray model (ITT analysis, SHR 0.77, 95% 
CI: 0.62 to 0.95) and in the AT analysis (HR 0.76, 95% 
CI: 0.61 to 0.95 for current use), while in the OT anal-
ysis, a greater reduced risk was seen (HR 0.54, 95% CI: 
0.40 to 0.74). Compared with the comparison cohort, 
the SGLT2i cohort had a 49% reduced risk of IS (HR 
0.51, 95% CI: 0.36 to 0.74) and no difference in the 
risk of MI (HR 0.98, 95% CI: 0.74 to 1.28). Similar 
results were observed in the sensitivity analyses (online 
supplemental tables 2 and 3), except for the CKD 
stratified analyses. Thus, the CV benefits seen with use 
of SGLT2is were limited to individuals free of CKD at 
the start of follow-up: HRs for the CV composite were 
0.70 (95% CI: 0.55 to 0.89) for no CKD, and 1.08 (95% 
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CI: 0.67 to 1.73) for with CKD (online supplemental 
table 4).

Severe renal disease
Results for severe renal disease are shown in table 3. The 
incidence rate of severe renal disease was 47.2 cases per 
10 000 person-years (95% CI: 39.8 to 55.7) in the SGLT2i 
cohort, and 122.1 cases per 10 000 person-years (95% 
CI:115.0 to 129.5) in the comparison cohort. In the 
ITT analysis, we observed a 45% reduced risk of severe 

Table 1  Selected characteristics of the SGLT2i initiator 
and non-SGLT2i initiator (comparison) cohorts at the start of 
follow-up

Variable

SGLT2i
N=12 978
n (%)

Non-SGLT2i 
(comparison)
N=44 286
n (%)

Age (years)

 � 18–39 380 (2.9) 975 (2.2)

 � 40–59 6179 (47.6) 20 117 (45.4)

 � 60–79 6233 (48) 22 477 (50.8)

 � ≥80 186 (1.4) 717 (1.6)

 � Mean (SD) 59.6 (10.2) 60.4 (10.0)

Sex

 � Male 7900 (60.9) 27 557 (62.2)

 � Female 5078 (39.1) 16 729 (37.8)

BMI (kg/m2)

 � <20 26 (0.2) 215 (0.5)

 � 20–24 541 (4.2) 3856 (8.7)

 � 25–29 2862 (22.1) 12 771 (28.8)

 � ≥30 9456 (72.9) 26 978 (60.9)

 � Missing 93 (0.7) 466 (1.1)

Smoking

 � Non-smoker 4929 (38) 17 059 (38.5)

 � Current smoker 1830 (14.1) 7232 (16.3)

 � Ex-smoker 6215 (47.9) 19 976 (45.1)

 � Missing 4 (0) 19 (0)

Alcohol use (units/week)

 � None 3264 (25.2) 11 403 (25.7)

 � 1–9 6246 (48.1) 20 485 (46.3)

 � 10–20 1645 (12.7) 5792 (13.1)

 � 21–41 469 (3.6) 1792 (4)

 � >41 236 (1.8) 992 (2.2)

 � Missing 1118 (8.6) 3822 (8.6)

Comorbidities

 � Myocardial infarction 804 (6.2) 3098 (7)

 � IHD 1899 (14.6) 6976 (15.8)

 � CeVD 744 (5.7) 2974 (6.7)

 � Heart failure 323 (2.5) 1576 (3.6)

 � Hyperlipidemia 4120 (31.7) 14 148 (31.9)

 � Hypertension 7881 (60.7) 27 142 (61.3)

 � Obesity 4414 (34) 12 732 (28.7)

 � CKD 1170 (9.0) 7059 (15.9)

 � Diabetic retinopathy 4028 (31) 14 090 (31.8)

 � Diabetic neuropathy 272 (2.1) 986 (2.2)

 � DKD 291 (2.2) 1062 (2.4)

Frailty

 � Fit 3999 (30.8) 13 971 (31.5)

Continued

Variable

SGLT2i
N=12 978
n (%)

Non-SGLT2i 
(comparison)
N=44 286
n (%)

 � Mild frailty 6230 (48) 19 714 (44.5)

 � Moderate frailty 2266 (17.5) 8258 (18.6)

 � Severe frailty 483 (3.7) 2343 (5.3)

HbA1c

 � >8% (>64 mmol/mol) 10 240 (78.9) 15 462 (34.9)

 � 7–8% (53–64 mmol/
mol)

2186 (16.8) 12 743 (28.8)

 � <7% (<53 mmol/mol) 410 (3.2) 13 382 (30.2)

 � Missing 142 (1.1) 2699 (6.1)

ACR (mg/g)

 � Normal (≤30) 5856 (45.1) 18 593 (42)

 � Microalbuminuria 
(>30–<300)

1715 (13.2) 4932 (11.1)

 � Macroalbuminuria 
(≥300)

211 (1.6) 842 (1.9)

 � Missing 5196 (40) 19 919 (45)

PCP visits*

 � 0–12 2807 (21.6) 11 068 (25)

 � 13–24 6607 (50.9) 21 499 (48.5)

 � 25–34 2242 (17.3) 7198 (16.3)

 � ≥35 1322 (10.2) 4521 (10.2)

eGFR (mL/min/1.73 m2)

 � <15 0 (0) 3 (0)

 � 15–29 1 (0) 148 (0.3)

 � 30–44 75 (0.6) 1262 (2.8)

 � 45–59 550 (4.2) 3648 (8.2)

 � 60–89 5711 (44) 17 701 (40)

 � ≥90 6339 (48.8) 18 216 (41.1)

 � Missing 302 (2.3) 3308 (7.5)

*In the year before the start date (start of follow-up).
ACR, albumin-to-creatinine ratio; BMI, body mass index; CeVD, 
cerebrovascular disease; CKD, chronic kidney disease; DKD, 
diabetic kidney disease; eGFR, estimated glomerular filtration 
rate; HbA1c, glycated hemoglobin; IHD, ischemic heart disease; 
PCP, primary care practitioner; SGLT2i, sodium-glucose co-
transporter-2 inhibitor.

Table 1  Continued

https://dx.doi.org/10.1136/bmjdrc-2022-003072
https://dx.doi.org/10.1136/bmjdrc-2022-003072


5BMJ Open Diab Res Care 2023;11:e003072. doi:10.1136/bmjdrc-2022-003072

Epidemiology/Health services research

renal disease in the SGLT2i cohort, after adjusting for 
confounders (HR 0.55, 95% CI: 0.46 to 0.67). The esti-
mate from the Fine and Gray model was virtually identical 

(ITT analysis, SHR 0.57, 95% CI: 0.47 to 0.69). Risk esti-
mates were lower in both the OT analysis (HR 0.34, 95% 
CI: 0.25 to 0.47) and the AT analysis (current use, HR 0.31, 

Table 2  Fully adjusted HRs (95% CI) for MI, IS and the CV composite outcomes associated with SGLT2i initiation versus 
non-SGLT2i initiation in patients with type 2 diabetes on metformin

SGLT2i exposure Individuals Person-years Cases
IR per 10 000 
person-years

Adjusted HR 
(95% CI)* P value*

CV composite

 � ITT

  �  Non-initiator 39 744 82 416 481 58.4 1.0 (ref)

  �  SGLT2i initiator 11 811 27 242 127 46.6 0.75 (0.61 to 0.93) 0.01

 � OT

  �  Non-initiator 39 744 74 382 439 59.0 1.0 (ref)

  �  SGLT2i initiator 11 811 15 316 48 31.3 0.54 (0.40 to 0.74) <0.01

 � AT

  �  Non-use 42 166 78 149 455 58.2 1.0 (ref)

  �  Current use of SGLT2i 16 860 26 897 115 42.8 0.76 (0.61 to 0.95) 0.02

  �  Recent use of SGLT2i 8843 1424 14 98.3 1.62 (0.95 to 2.78) 0.08

  �  Past use of SGLT2i 5429 3188 24 75.3 1.19 (0.78 to 1.81) 0.41

Myocardial infarction

 � ITT

  �  Non-initiator 39 744 82 416 247 30.0 1.0 (ref)

  �  SGLT2i initiator 11 811 27 242 83 30.5 0.98 (0.74 to 1.28) 0.86

 � OT

  �  Non-initiator 39 744 74 382 226 30.4 1.0 (ref)

  �  SGLT2i initiator 11 811 15 316 31 20.2 0.67 (0.45 to 0.99) 0.05

 � AT 42 166 78 149 235 30.1 1.0 (ref)

  �  Non-use

  �  Current use of SGLT2i 16 860 26 897 75 27.9 0.94 (0.71 to 1.25) 0.67

  �  Recent use of SGLT2i 8843 1424 9 63.2 1.92 (0.97 to 3.77) 0.06

  �  Past use of SGLT2i 5429 3188 11 34.5 1.05 (0.57 to 1.94) 0.88

Ischemic stroke

 � ITT

  �  Non-initiator 39 744 82 416 207 25.1 1.0 (ref)

  �  SGLT2i initiator 11 811 27 242 39 14.3 0.51 (0.36 to 0.74) <0.01

 � OT

  �  Non-initiator 39 744 74 382 187 25.1 1.0 (ref)

  �  SGLT2i initiator 11 811 15 316 14 9.1 0.37 (0.21 to 0.65) <0.01

 � AT

  �  Non-use 42 166 78 149 194 24.8 1.0 (ref)

  �  Current use of SGLT2i 16 860 26 897 37 13.8 0.57 (0.39 to 0.83) <0.01

  �  Recent use of SGLT2i 8843 1424 4 28.1 1.11 (0.41 to 3.01) 0.84

  �  Past use of SGLT2i 5429 3188 11 34.5 1.24 (0.66 to 2.31) 0.50

Note that while ITT and OT categories are mutually exclusive, individuals might contribute to multiple AT categories during follow-up. 
Therefore, the sum of individuals contributing to each AT category exceeds the total number of individuals in the initial study cohorts.
*Adjusted estimates obtained using a Cox proportional hazards regression model including all variables in online supplemental table 1.
AT, as-treated; CV, cardiovascular; IR, incidence rate; IS, ischemic stroke; ITT, intention-to-treat; MI, myocardial infarction; OT, on-treatment; 
SGLT2i, sodium-glucose co-transporter-2 inhibitor.

https://dx.doi.org/10.1136/bmjdrc-2022-003072


6 BMJ Open Diab Res Care 2023;11:e003072. doi:10.1136/bmjdrc-2022-003072

Epidemiology/Health services research

95% CI: 0.24 to 0.40). Incidence rates of severe renal 
disease varied by baseline CKD status, being 28.8 and 
40.4 per 10 000 person-years in the SGLT2i and compar-
ison cohorts free of CKD, compared with 232.3 and 594.6 
per 10 000 person-years in the SGLT2i and comparison 
cohorts with CKD. HRs, however, were similar irrespec-
tive of baseline CKD status (online supplemental table 
4). Similar results were observed in all other sensitivity 
analyses (online supplemental tables 2 and 3).

All-cause mortality
Results for all-cause mortality are shown in table 4. The 
mortality rate was 10.1 per 1000 person-years (95% CI: 9.0 
to 11.3) in the SGLT2i cohort, and 19.4 per 1000 person-
years (95% CI: 18.5 to 20.3) in the comparison cohort. 
After adjustment for confounders, we observed a 44% 
reduced mortality among the SGLT2i cohort (HR 0.56, 
95% CI: 0.49 to 0.63). The reduced risk of death among 
the SGLT2i cohort was also seen in the OT analysis (HR 

Table 3  Fully adjusted HRs (95% CI) for severe renal disease associated with SGLT2i initiation versus non-SGLT2i initiation 
in patients with type 2 diabetes on metformin

SGLT2i exposure N Person-years
Severe renal 
disease cases

IR per 10 000 
person-years

Adjusted HR
(95% CI)* P value*

ITT

 � Non-initiator 43 852 90 437 1104 122.1 1.0 (ref)

 � SGLT2i initiator 12 957 30 062 142 47.2 0.55 (0.46 to 0.67) <0.01

OT

 � Non-initiator 43 852 81 643 1076 131.8 1.0 (ref)

 � SGLT2i initiator 12 957 16 933 43 25.4 0.34 (0.25 to 0.47) <0.01

AT

 � Non-use 46 522 85 758 1131 131.9 1.0 (ref)

 � Current use of SGLT2i 18 469 29 681 72 24.3 0.31 (0.24 to 0.40) <0.01

 � Recent use of SGLT2i 9706 1565 10 63.9 0.70 (0.38 to 1.32) 0.27

 � Past use of SGLT2i 5963 3495 33 94.4 0.82 (0.58 to 1.17) 0.28

Note that while ITT and OT categories are mutually exclusive, individuals might contribute to multiple AT categories during follow-up. 
Therefore, the sum of individuals contributing to each AT category exceeds the total number of individuals in the initial study cohorts.
*Adjusted estimates obtained using a Cox proportional hazards regression model including all variables in online supplemental table 1.
AT, as-treated; IR, incidence rate; ITT, intention-to-treat; OT, on-treatment; SGLT2i, sodium-glucose co-transporter-2 inhibitor.

Table 4  Fully adjusted HRs (95% CI) for all-cause mortality associated with SGLT2i initiation versus non-SGLT2i initiation in 
patients with type 2 diabetes on metformin

SGLT2i exposure Individuals Person-years Deaths
IR per 1000 
person-years

Adjusted HR 
(95% CI)* P value*

ITT

 � Non-initiator 44 286 92 756 1796 19.36 1.0 (ref)

 � SGLT2i initiator 12 978 30 286 307 10.14 0.56 (0.49 to 0.63) <0.01

OT

 � Non-initiator 44 286 83 900 1732 20.64 1.0 (ref)

 � SGLT2i initiator 12 978 16 969 102 6.01 0.34 (0.27 to 0.42) <0.01

AT

 � Non-use 47 008 88 154 1810 20.53 1.0 (ref)

 � Current use of SGLT2i 18 513 29 758 176 5.91 0.35 (0.30 to 0.41) <0.01

 � Recent use of SGLT2i 9772 1579 30 19 1.08 (0.75 to 1.55) 0.69

 � Past use of SGLT2i 6028 3550 87 24.5 1.21 (0.97 to 1.51) 0.09

Note that while ITT and OT categories are mutually exclusive, individuals might contribute to multiple AT categories during follow-up. Thus, 
the sum of individuals contributing to each AT category exceeds the total number of individuals in the initial study cohorts.
*Adjusted estimates obtained using a Cox proportional hazards regression model including all variables in online supplemental table 1.
AT, as-treated; IR, incidence rate; ITT, intention-to-treat; OT, on-treatment; SGLT2i, sodium-glucose co-transporter-2 inhibitor.
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0.34, 95% CI: 0.27 to 0.42) and the AT analysis (current 
use, HR 0.35, 95% CI: 0.30 to 0.41). Mortality rates in the 
SGLT2i and comparison cohorts were 9.2 and 15.1 per 
1000 person-years, respectively, among individuals free 
of CKD, compared with 21.1 and 41.3 per 1000 person-
years, respectively, in individuals with CKD; however, HRs 
were similar in the stratified analysis by baseline CKD 
status (online supplemental table 2). Similar results were 
observed in all other sensitivity analyses (online supple-
mental tables 3 and 4).

DISCUSSION
In this population-based study of patients with type 
2 diabetes using metformin, use of SGLT2is was asso-
ciated with a 25% reduced risk of the composite CV 
outcome when compared with non-SGLT2i use, which 
was driven by a reduced risk of IS. Use of SGLT2is was 
also associated with a clear 44% reduction in the risk 
of all-cause mortality, and an almost 50% reduction 
in the risk of severe renal disease. Because CKD was 
less frequent among initiators of SGLT2i, confounding 
could explain the observed decreased renal risk. 
However, we were able to observe identical effects irre-
spective of baseline CKD status, a noteworthy finding 
considering the large differences in background risk 
between these groups.

Overall, our findings are consistent with the CV and 
renal benefits of SGLT2is seen both in RCTs that apply 
strict eligibility criteria, and previous observational 
studies. Of note, by design, we explored CV benefits 
among individuals without previous CV disease, just 
as the renal benefits were explored among individ-
uals free of severe renal disease at baseline. There-
fore, it is important to highlight that our study was 
able to observe notable risk reductions among rela-
tively young patients (ie, mean age of 60 years) at low 
CV risk. A recent meta-analysis based on six placebo-
controlled RCTs found that SGLT2is were associated 
with a 10% reduction in the risk of major adverse 
CV events, and a 38% reduced risk of adverse kidney 
outcomes.18 A meta-analysis of cohort studies found 
SGLT2is to be associated with an 11% reduced risk of 
non-fatal IS versus DPP4is, a non-significant 7% reduc-
tion in the risk of MI, and 26% reduced risk of all-
cause mortality.19 In that study, the magnitude of the 
risk reductions was increased to 21% for stroke and 
37% for all-cause mortality when pooling OT estimates 
rather than those from their ITT analysis, in line with 
the lower HRs seen in our OT analyses. A recent large 
international cohort study using data from claims, 
medical records and national registries reported a 51% 
reduced risk of renal events among individuals initi-
ating SGLT2is versus other glucose-lowering drugs.5 
In another previous cohort study that compared 
SGLT2is with DPP4is using UK primary EHRs, Idris et 
al10 found the former to be associated with reduced 
risks of around 30% for all-cause mortality, 25% for 

CKD hospitalization in patients with no history of CV/
renal disease, and 51% for CKD hospitalization in 
those with, or at high risk of, CV disease; no reduction 
in risk seen for MI. In the USA, Xie et al9 reported a 
19% reduced risk of all-cause mortality among users 
of metformin taking SGLT2is versus sulfonylureas as 
add-on therapy. Interestingly, our study did not show 
any CV benefits of SGLT2i among individuals with CKD 
at baseline. Further research is needed to confirm this 
observation.

More than 460 million persons worldwide are 
currently living with diabetes, with type 2 accounting 
for around 90% of cases, and prevalence projected to 
increase.20 Furthermore, many individuals have pre-
diabetes or undetected hyperglycemia at the level of 
diabetes. Renal complications are strongly associated 
with an increased risk of stroke, MI, heart failure and 
mortality in persons with type 2 diabetes,21–24 and a 
key goal for diabetes care is to reduce organ injury 
and obtain a life expectancy similar to persons without 
diabetes.25 It is therefore crucial to consider various 
treatment options based on the current evidence 
base, in addition to treatment costs.26 Among large 
RCTs of novel glucose-lowering agents on CV/renal 
outcomes, different treatments have shown divergent 
effects.27–31 Although no trial has performed a head-to-
head comparison, several trials of DPP4is have failed 
to show any preventive renal effects.27 For GLP-1 
analogs, a renal preventive effect of around 15%–20% 
has been shown, mainly due to effects on macroal-
buminuria, but with no or little effect on renal func-
tion/ESRD.28 29 In contrast, SGLT2is have shown renal 
preventive effects, both in trials and real-world studies, 
and our present study suggests this effect is inde-
pendent from baseline CKD status. As SGLT2is have 
also demonstrated a cardiorenal preventive effect in 
persons without diabetes, and in those with renal func-
tion <45 mL/min/1.73 m2 where the glucose-lowering 
effect is reduced, these beneficial effects must act via 
other mechanisms.32 One likely mechanism is through 
lowering of the intraglomerular pressure, which is 
essential for preventing further renal progression.32 
Moreover, renal complications are associated with 
increased activation of the renin–angiotensin–aldoste-
rone system, altered metabolism and increased inflam-
mation—all detrimental for CV complications.33 34

Although SGLT2is show a preventive effect on renal 
complications, it is important to note that renal func-
tion still progresses significantly in treated patients 
receiving this drug treatment.5 Furthermore, a small 
number of patients do not tolerate SGLT2is particu-
larly well. Owing to the increased risk of ESRD, CV 
disease and mortality in patients with impaired renal 
function, there is therefore a need for other comple-
mentary or alternative renal preventive treatments in 
type 2 diabetes care. Recently, finerenone, a drug that 
reduces mineralocorticoid receptor activation, has 
shown preventive effects on CKD progression and CV 
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disease in patients with type 2 diabetes and established 
CKD, and represents one such additional treatment 
option.35 36

Strengths of our study include the use of a large 
sample size from a data source representative of the 
UK general population; hence, our results have good 
generalizability. Also, as chronic disease, such as 
diabetes, is largely managed in primary care, where all 
prescriptions are automatically recorded upon issue, 
medication use is likely to be well captured. We used 
different strategies of analysis—ITT, AT, and OT—as 
often used in clinical trials, as well as Fine and Gray 
models to account for the competing risk of death, 
and these showed our findings to be robust. Further-
more, we were able to use multivariable methods to 
adjust for potential confounding stemming from 
observed baseline imbalances. Some of them, such 
as previously mentioned differences in GLP-1 agonist 
use, could have favored SGLT2i initiators had we not 
used these methods. One study limitation is the reli-
ance on recorded eGFR values to classify individuals by 
baseline CKD status and to identify severe renal events 
during follow-up. Although exposure to different 
glucose-lowering drugs could influence the frequency 
of renal function investigations, potentially biasing our 
results, virtually identical risk estimates were seen in 
the sensitivity analysis restricted to individuals whose 
renal function at baseline could be ascertained. One 
limitation is that renal function deterioration during 
follow-up could potentially affect SGLT2i use—either 
initiation or discontinuation of the drug for this very 
reason—and this would influence the results of the 
OT and AT analyses, where longitudinal change in 
drug use was considered. Also, it is not uncommon 
for people to discontinue life-extending medications 
in the last stages of life, and as we cannot exclude 
this as an explanation for the further reduced risk 
of mortality seen with current use of SGLT2is (as 
shown in the OT and AT analysis), caution is there-
fore needed when interpreting the time-dependent 
exposure mortality estimates. Also, causes of death are 
not systematically recorded in IMRD-UK, and accord-
ingly, we could only identify a small number of CV 
deaths, which was insufficient for analysis as a sepa-
rate endpoint. As noted earlier, the average follow-up 
was approximately 2 years, so evidence from this study 
regarding longer periods of use is scarce. We explored 
several endpoints using multiple strategies of anal-
ysis. While this might inflate type I error, consistency 
with previous evidence from trials and observational 
studies makes it unlikely that our results are explained 
by multiple testing. Finally, as we focused on endpoints 
within our CV composite outcome, we did not evaluate 
heart failure as explored in clinical trials.

In conclusion, our results indicate that among 
individuals with type 2 diabetes on metformin, use 
of SGLT2 is associated with significant CV, renal and 
survival benefits under normal conditions of use, 

confirming findings from RCTs on this topic. However, 
it is important to be aware of the level of unmet need 
that still exists in this patient population, as shown in 
the high incidence of CV and renal outcomes in this 
present study, especially among those with concurrent 
CKD.
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