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Abstract

Background—Large trials have shown sodium glucose co-transporter-2 (SGLT2) inhibitors
reduce risk of kidney and cardiovascular outcomes in patients with heart failure and chronic
kidney disease (CKD), but were not powered to assess outcomes in patients with and without
diabetes separately.

Methods—We did a meta-analysis of large placebo-controlled SGLT2 inhibitor trials
(PROSPERO:CRD42022351618). The main outcomes were kidney disease progression
(standardised to a definition of a sustained =50% decline in estimated glomerular filtration rate
(eGFR), end-stage kidney disease, or death from kidney failure), acute kidney injury (AKI),
mortality and the composite of cardiovascular death or hospitalisation for heart failure.

Findings—13 trials involving a total of 90,413 participants were included (15,605 [17%] without
diabetes; trial average baseline eGFR range: 37-85 ml/min/1-73m?2). Compared with placebo,
allocation to an SGLT2 inhibitor reduced the risk of kidney disease progression by 37% (relative
risk [RR] 0-63, 95% confidence interval 0-58-0-69) with similar RRs in patients with and without
diabetes (heterogeneity p=0-31). In the 4 CKD trials, RRs were similar irrespective of primary
kidney diagnoses (heterogeneity p=0-67). SGLT2 inhibitors reduced the risk of AKI by 23%

(0-77, 0-70-0-84) and the risk of cardiovascular death or hospitalisation for heart failure by 23%
(0-77, 0:74-0-81), again with similar effects in those with and without diabetes (heterogeneity p
values=0-12 and 0-67, respectively. Allocation to an SGLT2 inhibitor did not significantly reduce
the risk of non-cardiovascular death (0-94, 0-88-1-02), with similar RRs in patients with or without
diabetes. For all outcomes, results were also broadly similar irrespective of trial-average baseline
eGFR (all trend tests p>0-05). In the trial populations studied to date, the absolute benefits of
SGLT2-inhibition outweigh any serious hazards.

Interpretation—The totality of the randomised data supports the use of SGLT2 inhibitors to
modify risk of kidney disease progression and AKI, not only in patients with type 2 diabetes, but
also in patients with CKD or heart failure irrespective of diabetes status, primary kidney disease or
kidney function.

Funding—MRC-UK&KRUK.

Keywords
sodium glucose co-transporter-2 inhibitors; CKD, AKI, randomised trials

Introduction

Large placebo-controlled trials have demonstrated that sodium glucose co-transporter-2
(SGLT2) inhibitors reduce the risk of cardiovascular disease, and particularly hospitalisation
for heart failure, in patients with type 2 diabetes at high risk of atherosclerotic cardiovascular
disease (ASCVD), heart failure, or chronic kidney disease (CKD). There is good evidence

to support SGLT2 inhibitors as a foundational therapy to prevent cardiovascular death or
hospitalisation for heart failure in patients with heart failure irrespective of history of prior
diabetes or ejection fraction. (1-5) Large trials have also shown that SGLT2 inhibitors

Lancet. Author manuscript; available in PMC 2022 November 17.
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reduce the risk of kidney disease progression in patients with type 2 diabetes and proteinuric
CKD, (1, 6-8) but there were relatively few patients with CKD without diabetes in the three
previously reported CKD trials. (1) CREDENCE and SCORED exclusively studied patients
with CKD with type 2 diabetes, (7, 9) and the DAPA-CKOD trial in patients with proteinuric
CKD reported just 109 kidney disease progression outcomes in patients without diabetes. (1,
8, 10) Although evidence on the effect of SGLT2 inhibitors on kidney disease progression

in patients without diabetes is also available from the heart failure trials - where decreased
kidney function was common - previous meta-analysis had limited power as there were only
98 kidney disease progression outcomes in participants without diabetes in such trials. (1,
11)

Two recent placebo-controlled SGLT2 inhibitor trials provide important new information on
the effects of kidney disease progression and other outcomes in patients without diabetes.
DELIVER randomised 6263 patients with stable heart failure and an ejection fraction >40%,
including 3457 (55%) of patients without diabetes (mean estimated glomerular filtration

rate [eGFR] 61 mL/min/1-73m?2), (4) and EMPA-KIDNEY randomised 6609 patients with
CKD at risk of progression (mean eGFR 37 mL/min/1-73m?2), including 3569 (54%) without
diabetes. (12) Although there is geographic variation, globally the majority of people with
CKD do not have diabetes. (13, 14) There is therefore a need to incorporate these data and
perform an updated meta-analysis to summarise definitively the relative and absolute effects
of SGLT2 inhibitors on kidney disease progression and other outcomes according to whether
or not trial participants had diabetes.

Another limitation of previous meta-analyses has been the inability to standardise between-
trial differences in thresholds of eGFR decline used to define categorical kidney disease
progression composite outcomes (Webtable 1). (1, 6) We therefore aimed to perform a
collaborative meta-analysis assessing the effects of SGLT2 inhibitors on kidney disease
progression according to a standardised outcome definition, as well as effects on acute
kidney injury (AKI), mortality, heart failure and key safety outcomes by diabetes status.
Secondarily, we aimed to assess whether the relative effects of SGLT2 inhibitors on
outcomes are modified by mean baseline kidney function (at a trial level) or by primary
kidney diagnosis.

Literature search and data extraction

Our outline protocol was registered in the International Prospective Register of Systematic
Reviews (PROSPERO) on 51 August 2022 (CRD42022351618). The Preferred Reporting
Items for Systematic Reviews and Meta-Analysis (PRISMA) statement was followed. A
systematic search of MEDLINE and Embase databases via OVID was performed to cover
the period of inception to 5" September 2022. Trials were eligible if they were double-blind
and placebo-controlled, performed in adults, and large (defined as =500 participants in each
arm, thereby minimising any potential for publication bias to distort findings) and at least 6
months in duration. Titles and abstracts were initially screened, with subsequent screening
of full texts and risk of bias assessments (using Version 2 of the Cochrane Risk-of-Bias

tool (15)) completed independently by two authors (see Webmethods). For each included

Lancet. Author manuscript; available in PMC 2022 November 17.
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trial, data were extracted from the principal (3, 4, 7-9, 16-23) and relevant subsidiary
peer-reviewed publications (10, 11, 24-40).

The main pre-specified efficacy outcome was a composite kidney disease progression
outcome defined as a sustained >50% eGFR decline from randomisation, end-stage kidney
disease (ESKD, i.e. start of maintenance dialysis or receipt of a kidney transplant), a
sustained low eGFR (usually <15 mL/min/1-73m2) or death from kidney failure (Webtable
1 provides details). For eight trials this kidney disease progression outcome was unavailable
publicly, so individual trial investigators provided a re-analysis of eGFR data to derive this
meta-analysis’ pre-selected composite kidney disease progression outcome as well as any
other unavailable outcomes of interest (3, 4, 7, 8, 12, 17, 21, 41) (excluding the short
duration SOLOIST-WHF trial (18)). Previously reported results mean we now consider
AKI an efficacy outcome (rather than a safety outcome). AKI was defined by its specific
MedDRA Preferred Term, wherever possible. Other efficacy outcomes were the composite
of hospitalisation for heart failure or cardiovascular death (excluding urgent heart failure
visits to enable standardisation across trials), cardiovascular mortality (based on individual
trial definitions), non-cardiovascular mortality, and all-cause mortality. Safety outcomes
were focused on key medical complications that previous meta-analyses have indicated
are potentially caused by SGLT2 inhibition: ketoacidosis and lower limb amputation (1)
with information on lower limb amputation particularly sought because the CANVAS

trial reported a significant excess among participants allocated SGLT2 inhibition. (20)
Additional information on urinary tract infections (all and restricted to the subset which are
serious), mycotic genital infections, severe hypoglycaemia and bone fractures are included
for completeness (Webtable 2 provides details of derivation of each outcome by trial).

For the CKD trials, subgroups by investigator-reported primary kidney diagnosis were
grouped as pre-specified in DAPA-CKD and EMPA-KIDNEY into: diabetic kidney
disease/nephropathy; ischaemic and hypertensive kidney disease; glomerular disease (also
known as glomerulonepbhritis); and other/unknown combined. (10, 12) CREDENCE
excluded suspected non-diabetic kidney disease, and so all participants were considered

to have diabetic kidney disease. (7) Based on previous DAPA-CKD publications, (28,

29) exploratory analyses were also conducted by subtype of glomerular disease: IgA
nephropathy versus focal segmental glomerulosclerosis versus other glomerulonephritides.

Statistical analysis

Analyses were performed separately in patients with and without diabetes at baseline
(except for analyses by primary kidney diagnosis). Wherever possible, diabetes-specific

(or other primary kidney diagnosis-specific) effects of treatment were obtained from Cox
models reported in trial publications. Where unavailable (see Webtable 2), log RRs and the
associated standard errors (SEs) were estimated from the numbers of events and participants
in each arm. Inverse-variance-weighted averages of log hazard ratios/RRs were then used

to estimate the treatment effects in each patient group and overall. (42, 43) This information-
weighted-average approach has the desirable property that, at the point of randomisation,
every participant has the same opportunity to contribute the same amount of statistical

Lancet. Author manuscript; available in PMC 2022 November 17.
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information to the meta-analysis as every other participant, without making any assumptions
about the nature of any true heterogeneity in results between the trials.

Standard chi-square tests for heterogeneity were used to assess whether treatment effects
differed between those with and without diabetes at recruitment, by trial population (based
on primary eligibility [Table 1]), and by primary kidney diagnosis. In figures, trials were
ordered by their mean baseline eGFR levels and effect modification by kidney function was
assessed by a standard test for trend in the set of ordered results. For trials reporting median
eGFR and its interquartile range, mean and standard deviation values were estimated. (44) A
sensitivity analysis reordering trials by median baseline level of albuminuria was conducted.

Absolute benefits and harms of SGLT2 inhibitors versus placebo per 1000 patient-years of
treatment were estimated by diabetes status for each patient group. Absolute effects were
estimated by applying the diabetes status-specific RRs, or their 95% confidence limits,

to the corresponding mean event rates in the placebo arms (first event only). As in our
previous report, (1) data from SOLOIST-WHF were excluded from these analyses due to the
extremely high absolute risks in this trial in patients with a recent hospitalisation for heart
failure. (18) All analyses were performed in SAS version 9.4 (SAS Institute, Cary NY, USA)
and R v3.6.2.

Role of funding source

Results

The funders had no role in meta-analysis design, analysis, interpretation, writing of the
report, or the decision to submit for publication. The senior author accepts full responsibility
for the content of the paper.

Eligible trial characteristics

Literature searches identified 15 large trials (Webfigure 1). Two trials, one of 1402
participants with type 1 diabetes (inTandem3) and one of 1250 people hospitalised with
Coronavirus-19 (DARE-19) were excluded from meta-analyses as follow-up was too short.
(1, 23, 45) The remaining 13 trials involved a total of 90,413 randomised patients. All were
judged to be at low risk of bias (Webtable 3).

Four trials involving 42,568 patients included people with type 2 diabetes and high-ASCVD
risk, five trials involving 21,947 patients included people with heart failure (11,305 with

and 10,642 without diabetes), and four trials involving 25,898 patients included people

with CKD (20,931 with and 4967 without diabetes) (Table 1/Webtable 4). Average eGFR
ranged from 74-85 mL/min/1-73m? in the type 2 diabetes high-ASCVD risk trials, from
50-66 mL/min/1-73m? in the heart failure trials, and from 37-56 mL/min/1-73m? in the CKD
trials. Median follow-up was longest for the type 2 diabetes high-ASCVD risk trials (range:
2.4-4.2 years), intermediate for the CKD trials (range: 1-3-2:6 years) and shortest for the
heart failure trials (range 0-8-2-2 years).

Lancet. Author manuscript; available in PMC 2022 November 17.
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Effects on kidney disease outcomes

Compared with placebo, allocation to an SGLT2 inhibitor reduced the risk of kidney disease
progression by 37% overall (RR 0-63, 95%CI 0-58-0-69; Figure 1). The RR for the kidney
failure subcomponent of this outcome overall was 0.67 (0-59-0-77, Webfigure 2). For kidney
disease progression, there were similar relative risk reductions in patients with diabetes
(0-62, 0-56-0-68) and patients without diabetes (0-69, 0-57-0-82) (heterogeneity p=0-31).
There was no evidence that the relative risk reduction varied depending on average baseline
eGFR, either in those with diabetes (trend p=0-87) or those without diabetes (trend p=0-86;
Figure 1). Nor was there a significant trend in a sensitivity analysis in which trials were
reordered by trial median baseline urine albumin-to-creatinine ratio (trend p=1.00 and-0-47
respectively, Webfigure 3).

Suitable data on reported AKI were available from all included trials (Webtable 2).
Compared with placebo, allocation to an SGLT2 inhibitor reduced the risk of AKI by 23%
overall (0:77, 0-70-0-84), again with similar reductions observed in patients with diabetes
(0-79, 0-72-0-88) and patients without diabetes (0-66, 0-54-0-81) (heterogeneity p=0-12).
There was no strong evidence for differences in the relative effects by average baseline
eGFR (trend p=0-02 in patients with diabetes and p=0-66 for patients without diabetes;
Figure 1).

In the CKD trials, the RRs for kidney disease progression were similar when analyses were
split by primary kidney diagnosis (heterogeneity p=0-67; Figure 2). In the four trials that
included patients with diabetic kidney disease, SGLT2 inhibitors reduced the risk of kidney
disease progression by 40% (0-60, 0-53-0-69). Data from patients with non-diabetic causes
of CKD were available from DAPA-CKD and EMPA-KIDNEY. SGLT?2 inhibitors reduced
the risk of kidney disease progression by 30% (0-70, 0-50-1-00) in patients with ischaemic
and/or hypertensive kidney disease, by 40% (0-60, 0-46-0-78) in patients with glomerular
diseases, and by 26% (0-74, 0-51-1-08) in patients with other kidney diseases/unknown
causes. When glomerular diseases were further split into disease subcategories, there was
no evidence of heterogeneity between patients with IgA nephropathy, focal segmental
glomerular sclerosis or other glomerulonephritis (heterogeneity p=0-30; Webfigure 5).

Effects on heart failure and mortality outcomes

Overall, compared with placebo, allocation to an SGLT2 inhibitor reduced the risk of

the composite of cardiovascular death or hospitalisation for heart failure by 23% (RR
0-77, 0-74-0-81; Figure 3). The RRs were similar irrespective of a history of diabetes
(0-77, 0-73-0-81 in patients with diabetes and 0-79, 0-72-0-87 in those without diabetes;
heterogeneity p=0:-67; Figure 3 and Webfigure 6). Allocation to an SGLT2 inhibitor
reduced the risk of cardiovascular death by 14% (0-86, 0-81-0-92), again with similar
effects observed in those with diabetes (0-86, 0-80-0-92) and those without diabetes (0-88,
0-78-1-01; heterogeneity p=0-68). Allocation to an SGLT2 inhibitor did not significantly
reduce the risk of non-cardiovascular death (0-94, 0-88-1-02), with similar RRs in patients
with or without diabetes. There was no evidence that the effects on heart failure or mortality
outcomes differed when trial results were ordered by average baseline eGFR (all trend
p>0-05; Webfigures 6&7).
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Effects on ketoacidosis, lower limb amputation and other safety outcomes

In patients with diabetes, the absolute risk of ketoacidosis was low (~0.2 per 1000 patient
years in placebo arms). The RR for ketoacidosis in patients with diabetes, compared with
placebo, allocated to an SGLT2 inhibitor was 2-12 (1-49-3-04) and there was no evidence

that this differed when trial results were ordered by average baseline eGFR (trend p=0-69;
Webfigure 8). There was only one event of ketoacidosis among patients without diabetes

during ~30,000 participant years of follow-up.

In the CANVAS trial, allocation to an SGLT2 inhibitor was associated with a doubling in
risk of lower limb amputation (6.3 vs 3.4 per 1000 patients year; Webfigure 9). However

in the other 12 trials, allocation to an SGLT2 inhibitor was not significantly associated with
lower limb amputation (RR 1:06, 0-93-1.21); Figure 4; heterogeneity p for CANVAS vs
other 12 trials <0.001). Across all trials, therefore, allocation to an SGLT2 inhibitor was
associated with a 15% increase in the risk of lower limb amputation (RR 1-15, 1-02-1-30).
Compared with patients with diabetes, the risk of lower limb amputation was much lower
among patients without diabetes. There was no evidence that the RRs for amputations
varied depending on average baseline eGFR (trend p>0.05; Webfigure 9). The effects of
SGLT2 inhibition on urinary tract infection (1-08, 1-02-1-15), serious urinary tract infection
(1-07, 0-90-1-27), mycotic genital infections (3:57, 3:14-4-06), severe hypoglycaemia (0-89,
0-80-0-98) and bone fracture (1-07, 0-99-1-14) are shown in Webfigure 10.

Estimates of absolute effects of SGLT2 inhibitors

We estimated absolute rates, benefits and harms of SGLT2 inhibitors by diabetes status and
type of trial population (Figure 5). In the studied participants, the absolute risks of kidney
disease progression, AKI and cardiovascular death or hospitalisation for heart failure were,
generally, slightly lower in patients without diabetes compared to patients with diabetes.
Consequently, by population, the absolute benefits were somewhat larger for patients with
diabetes. For example, treatment for one year of 1000 patients with CKD and type 2
diabetes with an SGLT2 inhibitor was estimated to result in 11 fewer patients developing
kidney disease progression, 4 fewer patients with AKI, and 11 fewer cardiovascular deaths
or hospitalisations for heart failure, and cause ~1 episode of ketoacidosis and ~1 lower
limb amputation, respectively. The corresponding benefits in patients with CKD without
diabetes were 15 fewer patients with kidney disease progression, 5 fewer with AKI, and 2
fewer cardiovascular deaths or hospitalisations for heart failure per 1000 patient-years of
treatment, with no excess risk of ketoacidosis or amputation observed.

Discussion

Large placebo-controlled trials of SGLT2 inhibitors have randomised patients with type 2
diabetes, CKD and heart failure, but no trial was specifically powered to assess kidney

or cardiovascular effects in patients without diabetes. Our key objective was to perform

a collaborative meta-analysis incorporating all of the available evidence from all large
SGLT2 inhibitor trials in CKD, heart failure, and type 2 diabetes at high cardiovascular
risk populations to compare definitively their effects on risk of a standardised definition
of kidney disease progression, AKI and other key outcomes in patients with and without
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diabetes. Analyses include information from ~90,000 trial participants, including ~16,000
people without diabetes. Using a definition based on =50% sustained decline in eGFR
from randomisation, the need to start maintenance dialysis or receive a kidney transplant,
sustained low eGFR, or death from kidney disease, our results demonstrate that SGLT2
inhibitors reduce the risk of kidney disease progression by about two-fifths and AKI by
about one-quarter, and do so similarly in patients with and without diabetes. Patients with
a wide range of kidney function have been studied in the reported trials, and despite
attenuation of the effects of SGLT2 inhibitors on glycosuria with lower kidney function,
(46) there was no suggestion kidney benefits were attenuated when trials were ordered

by average baseline kidney function. SGLT2 inhibitors also appear safe at low levels of
kidney function down to at least 20 ml/min/1-73m2, with patients without diabetes being at
particularly low risk of ketoacidosis or amputation (whether they are receiving an SGLT2
inhibitor or not). In all the trial populations studied to date, the absolute benefits of SGLT2-
inhibition considerably outweigh any serious hazards.

The outcome of a sustained =50% decline in eGFR from randomisation has been widely
used to explore effects on kidney disease progression in subanalyses of the DAPA-CKD
trial. (1, 8, 10, 28, 29). This definition appears to be more specific for progression to kidney
failure than a sustained =40% decline in eGFR for interventions with a negative “acute

dip” effect on eGFR, like SGLT2 inhibitors (47-49). The optimal percentage decline in
eGFR used to assess kidney disease progression is a trade-off between specificity (increased
by larger percentage declines) and outcome event rate (increased by smaller percentage
declines). DAPA-CKD suggested the effects of dapagliflozin on kidney disease progression
were similar in participants with diabetic kidney disease/nephropathy, glomerular diseases,
ischaemic or hypertensive CKD, and CKD of other or unknown cause considered separately.
(10, 12) Furthermore, the DAPA-CKD investigators have reported results for 270 patients
with 1gA nephropathy, the commonest cause of glomerulonephritis worldwide, and reported
kidney benefits in this particular subgroup (based on 25 kidney disease progression events).
(28) Analyses from EMPA-KIDNEY include a further 817 patients with 1gA nephropathy
and 80 kidney disease progression outcomes. The current meta-analysis shows that the
benefits of SGLT2 inhibitors on kidney disease progression extend to patients irrespective
of diabetes status (Figure 1) and in patients with CKD irrespective of their primary cause of
kidney disease (Figure 2).

Based on the average risk in different trial populations we estimated that for every 1000
patients with CKD treated for one year with an SGLT2 inhibitor, 11 and 15 first kidney
disease progression events would be prevented in patients with and without diabetes,
respectively. Such treatment also resulted in an estimated 4-5 fewer AKI events in both
patients with and without diabetes. Individual trials have shown that kidney benefits translate
into important reductions in the need for dialysis or kidney transplantation (7, 8) (Webfigure
2), and the cardiovascular and kidney benefits appear to be cost saving in diabetic CKD.
(50) We found no good evidence that the kidney benefits were modified by the average

level of kidney function studied in the trials. Importantly, efficacy and safety data from
EMPA-KIDNEY and DAPA-CKD combined include information on nearly 3000 patients
with an eGFR between 20-30 mL/min/1.73m2. A total of 489 kidney disease progression
outcomes accrued in those with an eGFR <30 mL/min/1-73m? in those two trials. (7, 8,
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51) Although some clinical practice guidelines have started recommending use of SGLT2
inhibitors in type 2 diabetes at eGFRs down to 20 mL/min/1.73m? (based on grade B levels
of evidence), (52, 53) many other recommendations limit initiation to those with eGFR
above 25 or 30 mL/min/1-73m2. (54-56) As patients with decreased eGFR are at the highest
absolute risk of kidney disease progression, (57) our findings should encourage the initiation
of SGLT2 inhibitors in patients with CKD down to an eGFR of 20 mL/min/1.73m?2 with
continued use below this level. Furthermore, several hundred participants in the CKD trials
had an eGFR below this level both at randomisation (Table 1) or during follow-up, so there
is indirect evidence to support nephrologists considering initiation of SGLT2 inhibitors in
selected patients with an eGFR below 20 mL/min/1.73m2.

This meta-analysis has a number of strengths: it addresses the lack of standardisation of
kidney disease progression outcomes in previous meta-analyses and takes into account

all of the available large-scale randomised evidence from ~90,000 people recruited into

the 13 relevant large placebo-controlled SGLT2 inhibitor clinical trials. The inclusion

of new EMPA-KIDNEY and DELIVER data has more than doubled the number of
outcomes previously available for kidney disease progression in patients without diabetes.
(1) Nevertheless, some limitations remain. First, we found limited numbers of cardiovascular
deaths and heart failure hospitalisations in patients with CKD without diabetes: 103 deaths
from cardiovascular disease or hospitalisation for heart failure, and 51 cardiovascular deaths.
Secondly, adjudication of AKI was not performed in the majority of trials. Thirdly individual
participant-level data from all the trials are not yet available, precluding detailed analyses

of the rate of change of eGFR (an accepted surrogate of kidney disease progression).

(58) Such analyses may provide sufficient power to assess effects of SGLT2 inhibitors

in those with slowly progressive CKD where there are more limited data (e.g. patients

with CKD with no albuminuria). Fourthly, the efficacy and safety of SGLT2 inhibitors in
people with established kidney failure (i.e. requiring dialysis or kidney transplant) remains
to be evaluated, (59) and there are insufficient data to assess the effects on kidney and
cardiovascular clinical outcomes for patients with other kidney diagnoses excluded from

the CKD trials (e.g. polycystic kidney disease) and for patients with type 1 diabetes (see
Web Methods for inTandem3 data). (23, 60) Lastly, our absolute effect estimates are specific
to the recruited trial populations. RRs are more generalisable, and so, in routine clinical
practice, absolute effects of SGLT2 inhibitors could be estimated for an individual by
calculating their absolute risk for an event using an established risk score and then applying
the RRs for the relevant outcome from the present meta-analysis.

In conclusion, our meta-analysis of all the large placebo-controlled SGLT2 inhibitor trials
has shown that SGLT2 inhibitors safely reduce risk of kidney disease progression, AKI,
cardiovascular death and hospitalisation for heart failure in patients with CKD or heart
failure, irrespective of diabetes status. On a relative scale, these benefits are similar in
patients with and without diabetes and appeared to be evident across the wide range of
kidney function studied. Combining the two large trials in CKD populations to recruit
patients with non-diabetic causes of kidney disease (EMPA-KIDNEY and DAPA-CKD), we
also found relative benefits on kidney disease progression appeared similar across the range
of primary kidney diagnoses studied. Large trials support a central role for SGLT2 inhibitors
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as disease-modifying therapy for treatment of CKD, irrespective of diabetes status, primary
kidney diagnosis, or level of kidney function.
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Research in Context
Evidence before this study

Our previous meta-analysis reported in 2021 included 11 large placebo-controlled trials
conducted in a range of different at-risk populations, and demonstrated that overall,
sodium glucose co-transporter-2 (SGLT?2) inhibitors reduced risk of kidney disease
progression and the composite of cardiovascular death or hospitalisation for heart
failure, both by about one-quarter. Relative risks were remarkably consistent across these
different types of patient groups. However, data were much more limited in patients
without diabetes who were eligible for inclusion in only one of the reported trials in
patients with chronic kidney disease (CKD), and three trials in patients with heart failure.
Estimates of the effects of SGLT2 inhibitors on kidney disease progression in patients
without diabetes were based on only ~100 events from the CKD trial and ~100 events
from the heart failure trials. This limits the quality of evidence on which to make clinical
practice recommendations. The impact of diabetes on the effects of SGLT2 inhibitors on
AKI, mortality and safety outcomes was also not explored.

Added value of this study

The majority of people with CKD do not have diabetes, so more information about
SGLT2 inhibitors in this patient group has particular public health importance. Since
2021, two placebo-controlled SGLT2 inhibitor trials (EMPA-KIDNEY & DELIVER)
have studied a large number of people without diabetes. EMPA-KIDNEY recruited 6609
patients with CKD including 3569 patients without diabetes, while DELIVER recruited
6263 patients with heart failure with mildly reduced or preserved (>40%) ejection
fraction including 3457 patients without diabetes. Incorporating data from these trials
and standardising outcome definitions, this updated meta-analysis definitively shows that
in patients with CKD or heart failure (where CKD was common), SGLT2 inhibitors
safely reduced the relative risks of kidney disease progression by about 40% and AKI by
nearly a quarter, irrespective of diabetes status. Benefits on kidney disease progression
also appeared similar across the full range of studied kidney function, and appeared
unmodified by primary kidney diagnosis.

Implications of all the available evidence

This meta-analysis provides high-quality evidence to support guideline recommendations
for use of SGLT2 inhibitors as a foundational therapy to reduce risks of kidney disease
progression and AKI not only in at-risk patients with type 2 diabetes, but also in patients
who have CKD or heart failure (irrespective of diabetes status, primary kidney diagnosis,
or level of kidney function).
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(mL/min/1.73m?)

KIDNEY DISEASE PROGRESSION

Events/participants Rate per 1000

patient years Relative risk

Page 20

ACUTE KIDNEY INJURY

Events/participants Rate per 1000
patient years

SGLT2i Placebo SGLT2iPlacebo

Relative risk
(95% CI)

Diabetes

DECLARE-TIMI 58 85
CANVAS Program 77
VERTIS CV 76
EMPA-REG OUTCOME 74
DAPA-HF 63

EMPEROR-REDUCED 61
EMPEROR-PRESERVED 60

DELIVER 60
CREDENCE 56
SOLOIST-WHF 51
SCORED 44
DAPA-CKD 44
EMPA-KIDNEY 36
Subtotal: DIABETES 67
No diabetes

DAPA-HF 68
EMPEROR-REDUCED 63
DELIVER 63
EMPEROR-PRESERVED 62
DAPA-CKD 42
EMPA-KIDNEY 39

Subtotal: NO DIABETES 56

TOTAL: OVERALL 65

SGLT2i  Placebo SGLT2iPlacebo (95% Cl)
56/8582  102/8578 1.6 3.0 — 0.55 (0.39, 0.76)
80/5795  81/4347 36 5.8 — 0.61(0.45, 0.83)
49/5499 3212747 26 3.4 ——m——  0.76(0.49, 1.19)
51/4645  47/2323 40 7.6 — . 0.51(0.35, 0.76)
18/1075  24/1064 12 16 - 0.73 (0.39, 1.34)
13/927 23/929 13 24 0.52 (0.26, 1.03)
38/1466  44/1472 15 18 ——m——  082(053,1.27)
331578 371572 95 11 ——m—— 0.87(0.54, 1.39)
153/2202  230/2199 27 41 - 0.64 (0.52, 0.79)
NA/NA NA/NA
37/5292  52/5292 50 7.0 —im—1  0.71(0.46,1.08)
103/1455 173/1451 35 60 = 0.57 (0.45, 0.73)
108/1525  175/1515 36 59 = 0.55 (0.44, 0.71)
739/40041 1020/33489 S 0.62 (0.56, 0.68) 7
101298  15/1307 50 8.0 0.67 (0.30, 1.49)
5/936 10/938 52 10 0.50 (0.17, 1.48)
171551 17/1557 50 49 1.01(0.51,1.97)
1211531 18/1519 45 69 0.68 (0.33, 1.40)
39/697 70701 29 53 —a 0.51(0.34, 0.75)
1191779 1571790 35 47 - 0.74 (0.59, 0.95)
202/7792  287/7812 < 0.69 (0.57, 0.82)
941/47833 1307/41301 - 0.63 (0.58, 0.69) 9
—_—
0.25 05 075 1 15

SGLT2i better Placebo better

Trend across trials sorted by eGFR:
Diabetes p=0.87;
No diabetes p=0.86;

Heterogeneity by diabetes status: p=0.31

125/8574 1758569 3.5 4.9 —m 0.69 (0.55, 0.87)
3055790 284344 16 25 — w1 066(039,1.11)
4215493 222745 25 27 — > 095(057,1.59)
45/4687 3712333 25 62 —m—— | 0.41(0.27, 0.63)
311073 391063 19 24 — ®— 079(050,1.25)

260927 33929 21 27 — W 077(046,128)
6011466  84/1472 20 28 - om 0.69 (0.50, 0.97)
5011578 521572 17 15 i lms 113(0.78,1.63)
86/2200  98/2197 17 20 — @ 085(064,1.13)

25/605 27/611 55 59 ——Iﬁ 0.94 (0.55, 1.59)

116/5291  111/5286 16 16 —f— 1.04(0.81,1.35)
48/1455  69/1451 15 22 — . 0.66 (0.46, 0.96)
73/1525 0.88 (0.64, 1.20)

811515 24 27 —
>

66/40664 856/34087 0.79 (0.72, 0.88)

1811295 3011305 9.9 16 = 0.60 (0.34, 1.08)
20/936 34/938 16 28 » 0.56 (0.32, 0.98)
301551 4711558 8.8 14 — 0.64 (0.41, 1.02)
371531 471519 12 15 — @1 080(052123)
16/697 21701 11 15 » 0.75 (0.39, 1.43)
341779 541790 10 16 — 063 (0.41,0.97)
155/7789  233/7811 <= 0.66 (0.54, 0.81)
21/48453 1089/41898 DS 0.77 (0.70, 0.84)
—_—
0.25 05 075 1 15

SGLT2i better Placebo better

Trend across trials sorted by eGFR:
Diabetes p=0.02;
No diabetes p=0.66;

Heterogeneity by diabetes status: p=0.12

Kidney disease progression: analyses are based upon a sustained 250% decline in eGFR from randomisation, end-stage kidney disease or death from kidney failure in all presented trials (see Webtable 1 for outcome
definition details). Acute kidney injury definitions for each trial are provided in Webtable 2. Cl = confidence interval. eGFR = estimated glomerular filtration rate. SGLT2i = sodium-glucose co-transporter-2 inhibitor.

Figure 1. Effect of SGLT2 inhibitors on KIDNEY DISEASE outcomes, by diabetes status
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Average  Eyents/participants Rate per 1000

baseline eGFR patient years Relative risk

(ML/min/1.73m*)  gGLT2i  Placebo SGLT2iPlacebo (95% CI)
Diabetic kidney disease/nephropathy
CREDENCE 56 153/2202  230/2199 27 41 —— 0.64 (0.52, 0.79)
SCORED 44 3715292 52/5292 5.0 7.0 —— 0.71 (0.46, 1.08)
DAPA-CKD 43 93/1271  157/1239 36 64 —— 0.55(0.43,0.71)
EMPA-KIDNEY 36 85/1032  133/1025 42 67 —— 0.56 (0.43, 0.74)
Subtotal 46  368/9797  572/9755 > 0.60 (0.53, 0.69)
Ischaemic and hypertensive kidney disease
DAPA-CKD 43 18/324 26/363 28 37 —_— 0.74 (0.40, 1.36)
EMPA-KIDNEY 35 37/706 52/739 27 37 —a— 0.69 (0.45, 1.05)
Subtotal 38 55/1030 78/1102 e 0.70 (0.50, 1.00)
Glomerular disease
DAPA-CKD 43 21/343 46/352 33 70 —— 0.43 (0.26, 0.72)
EMPA-KIDNEY 42 69/853 95/816 44 64 —i— 0.68 (0.50, 0.93)
Subtotal 42 90/1196  141/1168 -_— 0.60 (0.46, 0.78)
Other disease/unknown
DAPA-CKD 43 10/214 14/198 25 37 = 0.81 (0.35, 1.83)
EMPA-KIDNEY 36 36/713 52/725 26 36 —a— 0.72 (0.47,1.10)
Subtotal 38 46/927 66/923 -_— e 0.74 (0.51, 1.08)
ANY DIAGNOSIS
CREDENCE 56  153/2202  230/2199 27 41 —— 0.64 (0.52, 0.79)
SCORED 44 3715292 52/5292 5.0 7.0 +— 0.71 (0.46, 1.08)
DAPA-CKD 43 142/2152  243/2152 33 58 —.-— 0.56 (0.45, 0.68)
EMPA-KIDNEY 37  227/3304  332/3305 36 52 —.— 0.64 (0.54, 0.76)
TOTAL 44 559/12950 857/12948 0 0.62 (0.56, 0.69)

0.25 05 075 1 15
SGLT2i better Placebo better

Heterogeneity across groups of primary kidney disease: p=0.67

Trend across trials sorted by eGFR for any diagnosis: p=0.88
Relative risk (95% Cl) in the diabetic kidney disease/nephropathy subgroup excluding SCORED is 0.59 (0.52-0.68). See Webfigure 5 for effects in IgA

nephropathy, focal segmental glomerulosclerosis and other glomerular diseases considered separately. Cl = confidence interval. eGFR =estimated
glomerular filtration rate. SGLT2i = sodium-glucose co-transporter-2 inhibitor.

Figure 2. Effect of SGLT2 inhibitors on KIDNEY DISEASE PROGRESSION, by presumed
primary kidney disease (CKD trials only)
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CARDIOVASCULAR DEATH or
HOSPITALISATION FOR HEART FAILURE

Page 22

CARDIOVASCULAR DEATH

. Mean Events/participants o Events/participants .
baseline eGFR Relative risk Relative risk
(mL/min/1.73m’) SGLT2i Placebo (95% CI) SGLT2i Placebo (95% CI)
Diabetes
High atherosclerotic CV risk trials 80 1490/24563  1232/18005 -.» 0.80 (0.74,0.86)  1026/24563 755/18005 -.- 0.86 (0.78, 0.95)
Stable heart failure trials 61 923/5046 1154/5037 E 3 0.77 (0.71, 0.84) 468/5046 527/5037 —- 0.88 (0.78, 0.99)
Chronic kidney disease trials 45  643/10474  847/10457 - 0.74 (0.66,0.82)  363/10474  434/10457 —— 0.83 (0.72, 0.95)
Subtotal: DIABETES 67  3056/40691 3233/34113 <> 0.77 (0.73, 0.81)  1908/40691 1774/34113 <> 0.86 (0.80, 0.92)
No diabetes
Stable heart failure trials 64 710/5316 890/5322 -.- 0.78 (0.70, 0.86) 396/5316 452/5322 — 0.88 (0.77, 1.00)
Chronic kidney disease trials 40 50/2476 53/2491 ——I— 0.95 (0.65, 1.40) 26/2476 25/2491 m—> 1.04 (0.59, 1.83)
Subtotal: NO DIABETES 56 760/7792 943/7813 0 0.79 (0.72, 0.87) 4227792 47717813 <> 0.88 (0.78, 1.01)
TOTAL: OVERALL 65 3816/48483  4176/41926 0 0.77 (0.74, 0.81) 2330/48483 2251/41926 0 0.86 (0.81, 0.92)
= 0 & T % 75 rr
0.5 075 1 12515 0.5 075 1 12515
SGLT2i better Placebo better SGLT2i better Placebo better
Heterogeneity by diabetes status: p=0.67 Heterogeneity by diabetes status: p=0.68
NON-CARDIOVASCULAR DEATH ANY DEATH
Mean
baseline eGFR Events/participants Relative risk Events/participants Relative risk
(mL/min/1.73m’) SGLT2i Placebo (95% CI) SGLT2i Placebo (95% CI)
Diabetes
High atherosclerotic CV risk trials 80 572/24557  461/18003 — 0.88(0.78,1.00)  1671/24563  1299/18005 . 0.87 (0.81, 0.94)
Stable heart failure trials 61 317/5046 316/5037 i 1.00 (0.86, 1.16) 785/5046 843/5037 -.{- 0.93 (0.84, 1.02)
Chronic kidney disease trials 45 230/10474  240/10457 0.94(0.79,1.12)  599/10474  683/10457 - 0.87 (0.78, 0.97)
Subtotal: DIABETES 67  1133/40685  1035/34111 < 0.93 (0.85,1.01)  3120/40691  2901/34113 <> 0.88 (0.84, 0.93)
No diabetes
Stable heart failure trials 64 263/5316 251/5322 —— 1.05 (0.88, 1.24) 659/5316 703/5322 - 0.94 (0.85, 1.05)
Chronic kidney disease trials 40 38/2476 52/2491 €<—m—— 0.74 (0.49, 1.14) 64/2476 77/2491 ——— 0.84 (0.60, 1.18)
Subtotal: NO DIABETES 56 301/7792 303/7813 = 1.00 (0.85, 1.17) 723/7792 780/7813 <:>> 0.93 (0.84, 1.03)
TOTAL: OVERALL 65 1434/48477 1338/41924 i 0.94 (0.88, 1.02) 3843/48483 3681/41926 0 0.89 (0.85, 0.94)
TS r T T kK rm T
0.5 075 1 12515 0.5 075 1 12515

Cardiovascular death or hospitalisation for heart failure outcomes exclude urgent heart failure visits. See Webtable 2 for outcome data sources by trial. Data from SOLOIST-WHF included in totals but excluded from the stable
heart failure trials group as it included patients with acute decompensated heart failure. See Webfigures 6 & 7 for analyses of effects on heart failure and mortality by trial. Cl = confidence interval. GFR = estimated glomerular

filtration rate. SGLT2i = sodium-glucose co-transporter-2 inhibitor.

SGLT2i better Placebo better
Heterogeneity by diabetes status: p=0.43

SGLT2i better Placebo better
Heterogeneity by diabetes status: p=0.36

Figure 3. Effect of SGLT2 inhibitors on HEART FAILURE and MORTALITY outcomes, by

diabetes status
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KETOACIDOSIS LOWER LIMB AMPUTATION
Mean  Eyents/participants Events/participants
baseline eGFR Relative risk Relative risk
(mL/min/1.73m%)  sg12i Placebo (95% ClI) SGLT2i Placebo (95% CI)
Diabetes .
High atherosclerotic CV risk trials 80  63/24549 20/17994 —— 244 (1.44,4.12) 462/24544 248/17991 . 1.25(1.07, 1.47)
Stable heart failure trials 61 9/5043 5/5032 1.31(0.43,4.02) 54/5043 60/5032 0.89 (0.62, 1.30)
Chronic kidney disease trials 45  46/10469 18/10448 —@— 2.40(1.36,4.25) 160/10469 151/10448 4’; 1.05 (0.84, 1.32)
Subtotal: DIABETES 67 120/40666 47/34085 = 2.12(1.49, 3.04) 680/40661 460/34082 0 1.15 (1.02, 1.30)
No diabetes
Stable heart failure trials 64 0/5313 0/5318 7/5313 10/5318 ————&%—1—— 0.73 (0.27, 1.97)
Chronic kidney disease trials 40 1/2475 0/2489 5/2475 3/2489 ——1—=—> 1.90(043,8.32)
Subtotal: NO DIABETES 56 1/7788 0/7807 12/7788 13/7807 —_— 0.98 (0.43, 2.25)
TOTAL: OVERALL 65 692/48449 473/41889 \d 1.15 (1.02, 1.30)
TOTAL: OVERALL (excluding CANVAS)* 64 552/42659 426/37545 »> 1.06 (0.93, 1.21)
rm T T rr T T
025 05 1 2 345 025 05 1 2 345
SGLT2i better  Placebo better SGLT2i better  Placebo better

Heterogeneity by diabetes status: p=0.71

SOLOIST-WHF included in totals but excluded from the stable heart failure trials group as it included patients with acute decompensated heart failure. See Webfigures 8 & 9 for analyses of effects on ketoacidosis and lower
limb amputation by trial. *The hypothesis that SGLT2 inhibition might increase the risk of lower limb amputation was first raised by results from the CANVAS trial. The subtotal excluding CANVAS therefore reflects the combined
results from the independent set of hypothesis-testing trials. Cl = confidence interval. eGFR = estimated glomerular filtration rate. SGLT2i = sodium-glucose co-transporter-2 inhibitor.

Figure 4. Effect of SGLT2 inhibitors on KETOACIDOSIS and LOWER LIMB AMPUTATION,
by diabetes status
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*— Too few ketoacidosis events to estimate absolute effects. Patient group specific absolute effects estimated by applying the diabetes subgroup specific relative risk to
the average event rate in the placebo arms (first event only). Relative risks for lower limb amputation included CANVAS. Standard errors (SE) in the numbers of events

avoided or caused estimated from uncertainty in the relative risks. Additionally, two (0.5) fewer myocardial infarctions per 1000 pt years were observed in the diabetes

and high atherosclerotic cardiovascular risk group. eGFR = estimated glomerular filtration rate. SGLT2i = sodium-glucose co-transporter-2 inhibitor.

Figure 5. Absolute benefits and harms of SGLT2 inhibitors per 1000 patient years of treatment,
by diabetes status and patient group
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Table 1
Summary of included trials
Mean Median
. : Median  Proportion  Proportion SD
oot & Sty size  follow- with with heart *(EGF)R' oy Key eligibility criteri
33;;) ym(drug aly € up, diabetes n failure n mL/mi ZCRary ey elig y criternia
years (%) (%) n/ ma/a
173m2 M99
Type 2 diabetes at high ASCVD risk
Type 2 diabetes
Age 40y + history
of coronary, cerebral
or peripheral vascular
disease OR age
DECLARE-TIMI 58 17160 131 A .
e 17160 4.2 1724 (10) 85 (16) ) =55y in men/=60y in
(dapagliflozin 10mg) (100) (6.0-43.6) women with at least 1
CV risk factor
Creatinine clearance
260 mL/min
Type 2 diabetes
History of coronary,
cerebral or peripheral
(anaglifozin® 10142 24 10142 ueL(14)  TT(RY 23 vascular disease OR
100-300mg) ’ (100) (6.7-42.1) age >50y with at least
9 2 CV risk factors
eGFR =30
Type 2 diabetes
History of coronary,
VERTIS CV .
P 19.0 cerebral or peripheral
Eﬁgt)ugllﬂozm 5or 15 8246 3.0 8246 (100) 1958 (24) 76 (21) (6.0-68.0) vascular disease
eGFR =30
Type 2 diabetes
EMPA-REG History of coronary,
OUTCOME 17.7 cerebral or peripheral
(empagliflozin 10mg or 7020 31 7020 (100) 706 (10) 74(21) (7.1-72.5) vascular disease
25mg)
eGFR =30
Heart failure
Symptomatic chronic
HF (class 11-1V)
with LVEF <40%
(i.e. reduced ejection
fraction) o NT-
DAPA-HF *
. 4744 15 2139 (45 4744 (100) 66(19) NA proBNP =600 pg/mL
(dapagliflozin 10mg) (45) 5 6GFR 30 0
Appropriate doses of
medical therapy & use
of medical devices
Class II-1V chronic
EMPEROR-REDUCED 221 HF with LVEF <40%
(empagliflozin 10mg) 3130 13 1856 (50) 3730 (100) 62(22) (8.0-81.3) (i.e. reduced ejection
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Patient group Trial
acronym(drug & daily
dose)

Median

Size follow-

years

Proportion
with
diabetes n
(%)

Mean
Proportion  (SD)
with heart eGFR,
failure n mL/mi
(%) n/

1.73m?

Median
(IQR)
urinary
ACR,
mg/g

Key eligibility criteria

NT-proBNP above
a certain threshold
(stratified by LVEF)

Appropriate doses of
medical therapy and
use of medical devices

EMPEROR-
PRESERVED
(empagliflozin 10mg)

5988 2.2

2938 (49)

5988 (100) 61 (20)

21.0
(8.0-71.6)

Symptomatic chronic
HF (class 11-1V) with
LVEF >40%

Echocardiographic
evidence of structural
heart disease or
hospitalisation for
heart failure in the last
year

NT-proBNP >300
pg/mL (or >900
pg/mL if in AF)

eGFR 220

No recent coronary
event

DELIVER
(dapagliflozin 10mg)

6263 2.3

3150 (50)”

6263 (100) 61 (19)

NA

Symptomatic HF
(class 11-1V) with
LVEF >40%
(ambulatory or
hospitalised)

Echocardiographic
evidence of structural
heart disease

NT-proBNP 2300
pg/mL (or =600
pg/mL if in AF)

SOLOIST-WHF
(sotagliflozin
200-400mg)

1222 038

1222 (100)

1222 (100) an®

NA

Hospitalised for HF
requiring intravenous
therapy (i.e. a HF
population with a
wide range of LVEFs)

Type 2 diabetes
eGFR 230

No recent coronary
event

Chronic kidney disease

CREDENCE
(canagliflozin 100mg)

4401 2.6

4401 (100)

652 (15) 56 (18)

927
(463-1833)
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Mean Median
Median  Proportion  Proportion  (SD) (I0R)
EOF!!OW' \c,ivigrt;etes N ‘f';'itlﬂrgeﬁrt ;GLSE]} urinary Key eligibility criteria
years (%) (%) o AR
173m> M99

Patient group Trial
acronym(drug & daily  Size
dose)

. Excluded suspected
non-diabetic kidney
disease

. Type 2 diabetes

10584 m - . eGFR 25-60

3283 (31
(100) GD qy®  ar4e .« Atleast1CV risk
factor

SCORED (sotagliflozin

200-400mg) 10584 13

. eGFR 25-75
. UACR 200-5000 mg/g

. Stable maximally
tolerated RAS
blockade, unless
documented

DAPA-CKD 949 intolerance

(dapagliflozin 10mg) 4304 24 2906 (68) 468 (11) 43 (12) (477-1885)
. Excluded polycystic
kidney disease,
lupus nephritis,
or anti-neutrophil
cytoplasmic antibody-
associated vasculitis.

. eGFR 20-45 or
eGFR 45-90 with
UACR =200 mg/g at

screening

EMPA- ini i
o 37.3 329 . Clinically appropriate
KIDNEY (empagliflozin 6609 2.0 3040 (46) ' 658 (10) (14) (49-1069) RAS blockade, unless
10mg) not indicated or not
tolerated

. Excluded polycystic
kidney disease

Jt254 participants with an eGFR<20mL/min/1.73m2 at randomisation and 68 with type 1 diabetes.
*
Includes patients with HbAlc 26.5% at enrolment.
flncludes patients with HbA1c =6.5% at baseline or history and/or prevalent use of a glucose-lowering agent.

$The mean and SD were estimated from reported median and IQR.

AF = atrial fibrillation; ASCVD = atherosclerotic cardiovascular disease; CV = cardiovascular; eGFR = estimated glomerular filtration rate

(mL/min/1.73m2); HF = heart failure; LVEF = left ventricular ejection fraction; NT-proBNP = N-terminal prohormone brain natriuretic peptide;
RAS = renin angiotensin system; uACR = urinary albumin:creatinine ratio.
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