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ABSTRACT

Objectives:: Using a systematic meta-analysis, we investigated if patients with type 2 diabetes (T2D) and
with varying baseline blood pressure (BP) differ in the cardiorenal benefits received from sodium-
glucose co-transporter 2 inhibitors (SGLT-2is) and glucagon-like peptide 1 receptor agonists (GLP-1RAs).
Design: Randomized, placebo-controlled, cardiovascular outcome trials (CVOTs) of SGLT-2is and GLP-1RAs
were identified from MEDLINE, Embase, and the Cochrane Library up to April 2024. Hazard ratios (HRs)
with 95% Cls were pooled. The differential treatment effect by baseline BP category within each trial
was estimated as the ratio of the HR (RHR) and pooled. Results: Seventeen publications based on 9
unigue CVOTs (4 SGLT-2is and 5 GLP-1RAs) were eligible. In participants with normal baseline BP,
comparing SGLT-2is with placebo, the HRs (95% Cls) were 0.88 (0.79-0.97) for major adverse cardiovascular
events (MACE), 0.73 (0.59-0.91) for heart failure (HF) hospitalization, 0.78 (0.65-0.94) for composite CVD
death/HF hospitalization, and 0.55 (0.41-0.73) for composite renal outcome. The corresponding estimates
for participants with higher baseline BP were 0.88 (0.81-0.96), 0.67 (0.57-0.79), 0.73 (0.65-0.82), and 0.61
(0.48-0.77), respectively. In participants with normal baseline BP, GLP-RAs had no strong effect on MACE,
stroke and nephropathy, but reduced stroke and nephropathy risk in those with higher baseline BP.
Estimated RHRs showed no statistical evidence that baseline BP modified the cardiorenal benefits of
SGLT-2is and GLP-1RAs. Conclusions: In patients with T2D, the cardiorenal benefits of treatment with
SGLT2-Is and GLP1-RAs were similar in patients with normal baseline BP compared to those with a
higher baseline BP. :

Introduction and hypertension [5]. Blood pressure control is very para-
mount, as optimal control has been robustly linked to reduc-
tions in adverse cardiovascular and renal outcomes [6,7]. The
cornerstone of achieving optimal blood pressure targets has
traditionally rested upon standard antihypertensive agents,

such as renin-angiotensin-aldosterone system (RAAS) inhibi-

Type 2 diabetes (T2D) represents a significant global health
challenge, with its incidence rising alarmingly in recent
decades. Alongside its metabolic disturbances, T2D confers
an increased risk of both macrovascular and microvascular

complications. Elevated blood pressure or hypertension is a
common comorbidity in individuals with T2D; it has been
reported that elevated blood pressure occurs in 50-80% of
patients with T2D [1,2]. Hypertension is a strong and inde-
pendent risk factor for vascular complications. The combi-
nation of hypertension and diabetes heightens the risk of
macrovascular and microvascular complications than those
with either condition in isolation [3,4].

Optimal management of T2D extends beyond glycaemic
control. It necessitates comprehensive risk factor management,
particularly cardiovascular determinants such as dyslipidaemia

tors, beta-blockers, calcium-channel blockers, and diuretics;
these therapies mainly focus on blood pressure reduction [8].
Emerging from the shadows of conventional diabetes care are
the sodium-glucose cotransporter-2 inhibitors (SGLT-2is) and
glucagon-like peptide-1 receptor agonists (GLP-1RAs). These
agents are not just known for their glycaemic efficacy but
also for their potential in reducing the risk of adverse cardio-
vascular outcomes [9-12]. Their cardiovascular benefits are
believed to stem from non-glycaemic pleiotropic effects on
the cardiovascular system. These include ameliorating insulin
resistance, inducing weight loss, improving lipid profiles, and
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direct salutary actions on cardiac and vascular endothelial
function [13]. Notably, a reduction in blood pressure has also
been observed [10,11,13], suggesting a multifactorial benefit
that could be especially relevant for those with co-existing
hypertension. These newer agents have been consistently
demonstrated to produce modest to substantial reductions in
blood pressure [14,15]. The SGLT-2is act by blocking the
reuptake of sodium and glucose in the proximal tubules and
may cause reductions in blood pressure via reductions in
intravascular volume, weight loss, electrolyte reabsorption,
lowering of uric acid, and decrease in arterial stiffness [16,17].
The blood pressure lowering effects of GLP-1RAs may also be
via several pathways including natriuresis and weight loss
[18,19].

It is well known that both optimal blood pressure con-
trol and these newer antidiabetic agents independently
attenuate the risk of cardiovascular and kidney complica-
tions. It has been reported that GLP-1RAs and SGLT-2is
produce greater reductions in blood pressure in those with
higher baseline blood pressure [20,21]. Regardless of base-
line comorbidities, glycaemic control, or cardiovascular
risk, SGLT-2is and GLP-1RAs offer consistent cardiovascu-
lar and kidney benefits [22,23]. Despite this, the extent to
which the treatment benefits of SGLT-2is and GLP-1RAs
differ by baseline blood pressure control is not clear. It
will also be clinically relevant to know if patients with
adequate or inadequate control of blood pressure at base-
line can be safely treated with these agents. Though a
number of cardiovascular outcome trials (CVOTs) of
SGLT-2is and GLP-1RAs have reported outcomes among
subgroups of patients with varying baseline blood pres-
sure, the evidence has been inconsistent across these trials.
Hence, there is a need to synthesise the data. Using a sys-
tematic meta-analysis of CVOTs of SGLT-2is and GLP-1RAs
in T2D, the aim of this study is to investigate if patient
populations with varying baseline blood pressure differ in
the cardiovascular and kidney benefits received from
SGLT-2is and GLP-1RAs.

Materials and methods
Data sources and search strategy

This systematic review and meta-analysis adhered to a pre-
determined protocol and was registered in the PROSPERO
prospective register of systematic reviews under the identi-
fier CRD42023474599. The study was reported in accor-
dance with the PRISMA guidelines, detailed in Supplementary
material 1. Our team executed a comprehensive search of
databases including MEDLINE, Embase, and the Cochrane
Library, spanning their inception to 15 April 2024, without
imposing language constraints. This search merged free-text
queries and MeSH terms pertinent to T2D, SGLT-2is,
GLP-1RAs, baseline blood pressure and CVD and kidney
outcomes. We specifically utilized an RCT design filter in
our search strategy. A detailed breakdown of our search
algorithm can be found in Supplementary material 2. The
initial screening of titles and abstracts from the retrieved
citations was undertaken by one researcher (SKK) to assess

their suitability for inclusion. This phase employed Rayyan,
an online bibliographic software designed to streamline the
screening  process  through  semi-automation  [24].
Subsequently, full-text articles deemed potentially relevant
were acquired and assessed, a task collaboratively under-
taken by two researchers (SKK and RSD). Any disagree-
ments on the inclusion of a study or article were settled
through discussions. To capture any potentially overlooked
studies during the systematic search, we manually scoured
the reference lists of pertinent studies and review articles.
Furthermore, citing references were cross-checked using the
Web of Science.

Study selection and eligibility criteria

Studies eligible for inclusion were randomized, placebo-
controlled cardiovascular outcome trials (CVOTs) examin-
ing either SGLT-2is or GLP-1RAs in adult patients with
T2D. There were no restrictions regarding comorbidities or
background medications used by patients. These studies
needed to have provided data on cardiovascular and/or
kidney outcomes stratified by baseline blood pressure cat-
egories. Our pre-established cardiovascular outcomes
included: (i) major adverse cardiovascular events (MACE)
defined as the composite of death from cardiovascular
causes, nonfatal myocardial infarction (MI), or nonfatal
stroke (composite cardiovascular outcome); (ii) individual
components of MACE; (iii) heart failure (HF) hospitaliza-
tion; (iv) composite of CVD death or HF hospitalization;
(v) other vascular outcomes as reported by the studies; and
(vi) all-cause mortality. For kidney outcomes, we
pre-specified: (i) composite outcome of end-stage kidney
disease, doubling of creatinine level or death from renal
causes (composite renal outcome); (ii) individual compo-
nents of composite renal outcome; (iii) other renal out-
comes (e.g. nephropathy); and (iv) composite renal and
cardiovascular outcome.

Data extraction

We employed a data collection form that had been designed
and utilized in prior reviews [25-27]. This form was
adapted to fit the needs of our current analysis. The pri-
mary extraction of data from the qualified studies was con-
ducted by an experienced reviewer (SKK), while a secondary
verification for precision using the source articles was
undertaken by another reviewer (RSD). Any discrepancies
that arose during this phase were addressed on discussion.
Where available, and classified by baseline blood pressure
categories, we extracted the following data: date of publica-
tion; geographical location; study participants details, such
as average age, gender distribution, and duration of T2D at
the outset; study design characteristics like randomization
procedures, allocation concealment tactics, blinding meth-
odology, and follow-up durations; detailed information on
the intervention and control groups; and relevant outcomes,
and their hazard ratios (HRs) with 95% confidence inter-
vals (CIs). In instances where studies presented forest plots
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without explicitly indicating the HRs and the associated
95% ClIs, we resorted to using Plotdigitizer. This online tool
facilitates the extraction of data directly from graphical rep-
resentations, converting image data into a numerical for-
mat. The tool is accessible at https://plotdigitizer.com/app

Risk of bias and certainty of evidence

To assess the risk of bias in each included trial, we
employed the Cochrane Collaboration’s risk of bias tool
[28]. This instrument evaluates seven potential sources of
bias: random sequence generation, allocation concealment,
blinding of participants and personnel, blinding of out-
come assessment, incomplete outcome data, selective
reporting, and other potential biases. Based on these crite-
ria, each study was categorized as having a low, unclear, or
high risk of bias. To rate the certainty of the evidence for
each outcome, we utilized the Grading of Recommendations
Assessment, Development and Evaluation (GRADEpro)
tool (https://gdt.gradepro.org), which considers factors like
study limitations, effect inconsistency, precision, relevance,
and publication bias [29]. The certainty of the evidence
was classified into one of four categories: high, moderate,
low, or very low.

Statistical analysis

For all time-to-event outcomes, we employed HRs with 95%
CIs as our summary measures of effect. To account for the
impact of heterogeneity, random-effects models were
employed in aggregating the HRs [30]. When suitable,
fixed-effects models were also applied in parallel analyses.
When studies published more than one estimate of the asso-
ciation according to several blood pressure subgroups (e.g.
SBP <120 and SBP 130-139mmHg), a within-group sum-
mary estimate was obtained using a fixed effect analysis.
The degree of statistical heterogeneity among studies was
determined using standard chi-square tests complemented
by the I? statistic [31,32]. In our pre-specified protocol, we
intended to: (i) explore for sources of heterogeneity using
stratified analysis and random effects meta-regression and
(ii) assess for small study effects (e.g. publication bias) using
formal tests such as Beggs funnel plots [33] and Egger’s
regression symmetry test [34]. However, these steps could
not be undertaken because each outcome stratified by base-
line blood pressure categories relied on aggregated analyses
from fewer than 10 studies. We estimated the differential
treatment effects (i.e. interaction coefficients) by baseline
blood pressure category within each RCT as the ratio of the
HRs (RHR) [35]; then RHRs were combined across RCTs
[36]. An RHR <1 (i.e. a smaller hazard ratio in patients
with normal baseline blood pressure vs. those with elevated
baseline blood pressure) indicates a greater treatment effect
in participants with normal baseline blood pressure. We
regarded all tests as two-tailed, and any resulting p-values at
or below 0.05 were deemed statistically significant. All anal-
yses were conducted using Stata version MP 16 (Stata Corp,
College Station, Texas).
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Results
Study identification and selection

Figure 1 shows the study selection process. The search of
relevant databases and manual scanning of reference lists of
relevant studies identified 164 potentially relevant citations.
After the initial screening of titles and abstracts, 44 articles
remained for full text evaluation. Following detailed evalua-
tion, 27 articles were excluded because (i) outcomes were
not relevant (n=15), (ii) outcomes by blood pressure cate-
gories were not reported (n=8); (iii) they were reviews
(n=3); and (iv) populations were not relevant (n=1). The
remaining 17 articles comprising 9 distinct CVOTs met the
inclusion criteria and were included in the review
[10,11,37-51].

Study characteristics and risk of bias

The 9 CVOTs were published between 2015 and 2022 and
conducted in multiple countries (ranging from 20-42 coun-
tries). Overall, the included studies involved 68,600 partici-
pants diagnosed with T2D. Baseline characteristics are
reported in Table 1. Among these trials, 4 compared
SGLT-2is with placebo (38,723 participants, SGLT-2i=21,266,
placebo = 17,457) and 5 compared GLP-1RAs with placebo
(involving 29,877 participants, GLP-1RA = 14,931, placebo
= 14,946). Based on the available data, we used the follow-
ing blood pressure stratification as reported by the eligible
studies: (i) normal baseline blood pressure or adequate
blood pressure control (e.g. systolic blood pressure (SBP)
<140mmHg and/or diastolic blood pressure (DBP) <90) and
(ii) elevated baseline blood pressure or inadequate blood
pressure control (e.g. SBP 2>140mmHg and/or DBP
>90mmHg). The average duration since T2D diagnosis
before inclusion into the trials ranged from 9.5 to 15.8 years.
Study participants were being managed on standard treat-
ment therapies including background antihyperglycemic and
antihypertensive medications before inclusion into the trial.
Metformin was the most commonly used antihyperglycemic
agent across trials, with usage ranging from 57.9% to 84.9%.
Insulin use varied significantly, with 23.7% to 65.9% of
patients receiving insulin therapy. Sulfonylureas were also
widely used, with usage rates ranging from 27.8% to 50.6%.
Regarding antihypertensive therapy, most patients were on
at least one antihypertensive agent, with RAAS inhibitors
(angiotensin-converting enzyme inhibitors/angiotensin recep-
tor blockers) being the most frequently used, ranging from
50.3% to >99% across the trials. Beta-blockers and diuretics
were also commonly prescribed, with usage rates of 40.1%
to 65.2% for beta-blockers and 32.6% to 46.9% for diuretics.
Other antihypertensive classes such as calcium channel
blockers and mineralocorticoid receptor antagonists were
less frequently used (Supplementary material 2). The mean/
median age of participants ranged from 63 to 67years. The
mean/median duration of follow-up ranged from 1.3 to
5.4years. Using the Cochrane Collaboration tool, all trials
demonstrated low risk of bias in all domains (Supplementary
material 4).
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Figure 1. Selection of studies included in the meta-analysis.

SGLT-2is and outcomes stratified by baseline blood
pressure

In participants with normal baseline blood pressure, alloca-
tion to SGLT-2is compared with placebo was associated with
a significant reduction in MACE, CVD death, HF hospital-
ization, composite of CVD death or HF hospitalization,
nephropathy, composite renal outcome, and composite renal
or CVD outcome: HRs (95% CIs) of 0.88 (0.79-0.97), 0.67
(0.50-0.90), 0.73 (0.59-0.91), 0.78 (0.65-0.94), 0.59 (0.50-0.70),
0.55 (0.41-0.73) and 0.57 (0.39-0.83), respectively (Figure
2A). There was no significant evidence of an effect on
stroke and atrial fibrillation: HRs (95% CIs) of 0.93
(0.72-1.19) and 0.91 (0.71-1.16), respectively.

In participants with elevated baseline blood pressure,
allocation to SGLT-2is compared with placebo was associ-
ated with a significant reduction in MACE, CVD death, HF
hospitalization, composite of CVD death or HF hospitaliza-
tion, atrial fibrillation, nephropathy, composite renal out-
come, and composite renal or CVD outcome: HRs (95%
CIs) of 0.88 (0.81-0.96), 0.56 (0.40-0.79), 0.67 (0.57-0.79),
0.73 (0.65-0.82), 0.73 (0.59-0.91), 0.63 (0.52-0.76), 0.61
(0.48-0.77) and 0.73 (0.61-0.88), respectively (Figure 2B).
There was no significant evidence of an effect on stroke: HR
(95% CI) of 0.95 (0.76-1.18).
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The overall results showed no statistical evidence that
baseline blood pressure modified the cardiovascular and
kidney benefits of SGLT-2is; the RHRs (95% Cls) for MACE,
HF hospitalization, composite of CVD death or HF hospi-
talization, stroke, and composite renal outcome were 0.99
(0.93-1.05), 1.05 (0.85-1.31), 1.05 (0.92-1.21), 0.99 (0.90-1.09)
and 0.83 (0.57-1.21), respectively (Figure 3). Single study
results showed a larger beneficial effect of SGLT-2is on
nephropathy and the composite renal and CVD outcome in
patients with normal baseline blood pressure, with a larger
beneficial effect on CVD death and atrial fibrillation in
patients with elevated baseline blood pressure.

GLP-1RAs and outcomes stratified by baseline blood
pressure

In participants with normal baseline blood pressure, there
was no evidence of an effect on MACE, stroke and nephrop-
athy when GLP-1RA was compared with placebo: HRs (95%
CIs) of 0.97 (0.78-1.22), 0.85 (0.65-1.12) and 0.61 (0.27-1.35),
respectively (Figure 4A).

In participants with elevated baseline blood pressure,
allocation to GLP-1RAs compared with placebo was associ-
ated with a significant reduction in stroke and nephropathy,
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condition

eGFR > 30
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Wanner, 2016; Zinman, 2017
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Radholm, 2018; Zhou, 2019
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Effect and Action in Diabetes: Evaluation of Cardiovascular Outcome Results; PIONEER, Peptide Innovation for Early Diabetes Treatment; REWIND, Researching Cardiovascular Events with a Weekly Incretin in Diabetes;
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Table 1. Baseline characteristics of CVOTs (2015-2022).

Author, year of publication
Zinman, 2015; Fitchett, 2016;

SGLT-2is
Leiter, 2020; Strain, 2022

Gerstein, 2020
Strain, 2022
Ruff, 2022

GLP-1RAs
Leiter, 2020
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with no evidence of an effect on MACE: HRs (95% ClIs) of
0.65 (0.51-0.84), 0.74 (0.63-0.86) and 0.91 (0.68-1.21),
respectively (Figure 4B).

There was no statistical evidence that baseline blood
pressure modified the cardiovascular and kidney benefits of
GLP-1RAs; the RHRs (95% CIs) for MACE, stroke and
nephropathy were 0.96 (0.66-1.40), 1.19 (0.86-1.66) and 0.76
(0.38-1.54), respectively (Figure 5).

GRADE summary of findings

In addition to MACE, we selected other outcomes based on
their importance and how frequently they were reported by
studies. The GRADE certainty of the evidence ranged from
high to very low (Supplementary material 5).

Discussion

In pooled analysis of 9 unique randomized, placebo-controlled,
CVOTs of SGLT-2is and GLP-1RAs in patients with T2D,
we evaluated the cardiovascular and kidney efficacy of these
novel agents stratified according to baseline blood pressure.
The present analyses show that SGLT-2is and GLP-1RAs
provide similar benefits on major cardiorenal outcomes
across baseline blood pressure categories. Furthermore, there
was no statistical evidence that baseline blood pressure
modified their cardiovascular and kidney benefits. Single
trial results showed potentially larger effect of SGLT-2is on
nephropathy and the composite renal or CVD outcome in
patients with normal baseline blood pressure, with a larger
effect on CVD death and atrial fibrillation in patients with
elevated baseline blood pressure. However, these single trial
interaction results need to be interpreted with caution given
well-known limitations such as inadequate statistical
power [52].

Our review of the literature shows this is the first aggre-
gate analysis to evaluate the cardiorenal efficacy of SGLT-2is
and GLP-1RAs in T2D according to baseline blood pressure
categories. However, a recent systematic review and
meta-analysis by Rodriguez-Valadez and colleagues [23]
investigated whether patients (with or without T2D) with
varying baseline cardiovascular risks differed in cardiovascu-
lar and renal benefits from SGLT-2is and GLP-1RAs. Their
results showed that the relative effects of novel drugs are
preserved across baseline cardiovascular risk, whereas abso-
lute benefits increase at higher risks, particularly with
respect to HF [23]. Our study specifically investigated base-
line blood pressure as a determinant of treatment efficacy
and the analysis based on CVOTs of SGLT-2is showed that
baseline blood pressure did not significantly modify the
effect of SGLT-2is on HF hospitalization.

In this pooled analysis, cardiorenal benefits were observed
in patients both with and without adequate blood pressure
control at baseline. These findings contribute to the growing
body of evidence demonstrating the cardiovascular and kid-
ney efficacy of SGLT-2is and GLP-1RAs across a spectrum
of risk factors including lipids [53,54], body mass index [55]
and now blood pressure. The findings significantly expand
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A. Normal Baseline Blood Pressure

Outcome and SGLT2 Placebo HR (85% Cl)
Author, year Total N Total N
MACE *l
Wivictt, 2019 2088 3155 0.90(0.75, 1.05)
Ye, 2021 522 518 —'_-1!_- 0.72(0.49, 1.08)
Nesl, 2017 NR NR 0.88(0.74, 1.04)
Zinman, 2015 2907 1299 ‘g 0.88(0.72, 1.07)
I-squared =0.0%, p=0.82 0.88(0.79, 0.97)
CVD death
Zinman, 2015 2907 1299 g 0.67 (0.50, 0.50)
0.67 (0.50, 0.50)
HF hospitalization .
Ye, 2021 522 518 — & 0.52(0.29, 0.94)
Furtsdo, 2020 3088 3155 - 0.82(0.61, 1.13)
Fitchett, 2016 2907 1299 % 0.71(0.51, 0.89)
lsquared =0.0%, p= 0.37 0.72(0.59, 0.91)
CVD death or HF hospitalization \
Ye, 2021 52 518 —— 0.55(0.28, 0.85)
Wivictt, 2019 2088 3155 T 0.94(0.75, 1.15)
Fitchett, 2016 2907 1299 E_ 0.71(0.58, 0.90)
Radhcim, 2018 NR NR 3 0.84(0.68, 1.05)
I-squared = 52.1%, p =0.099 0.78(0.65, 0.94)
Stroke "
Zinman, 2017 2907 1299 ] Rl 121(0.81, 1.79)
Zhou, 2019 NR NR —*' 0.85(0.62, 1.18)
Zhou, 2021 NR NR —2[— 0.77(0.49, 1.21)
lsquared =25.2%, p =0.28 > 0.93(0.72, 1.19)
Atnalfibrillation
Zelniker, 2020 2088 2155 g' 091(0.71, 1.16)
> 0.91(0.71, 1.18)
Nephropathy
Wanner, 2016 2648 1287 g 0.59(0.50, 0.71)
0.59(0.50, 0.70)
Composite renal outcome .
Perkovic, 2018 NR NR 0.40 (0.18, 0.88)
Ye, 2021 522 518 0.53(0.22, 0.85)
Furtado, 2020 2088 3155 0.681(0.40, 0.53)
I-squared =0.0%, p= 0.84 0.55(0.41, 0.73)
Composite renal and CVD outcome
Ye, 2021 522 518 $ 057 (0.29, 0.82)
0.57(0.29, 0.83)
| | 1 1

A 2 45 71 15 25

Favours SGLT-2i Favours Placebo

Figure 2. Risk for cardiorenal outcomes stratified by baseline blood pressure comparing SGLT-2is with placebo. (A) Normal baseline blood pressure; (B) Elevated
baseline blood pressure Cl, confidence interval (bars); CVD, cardiovascular disease; HR, hazard ratio; MACE, major adverse cardiovascular events; NR, not reported;

SGLT-2i, sodium—-glucose co-transporter 2 inhibitor.

the widespread utilization of SGLT-2is and GLP-1RAs. Prior
research has indicated their considerable advantages in both
obese and non-obese individuals [55], patients with and
without diabetes [56], and individuals who exhibit low or
high levels of albuminuria [57]. However, while these novel
agents have shown significant efficacy in RCTs, it is import-
ant to recognize the potential gap between efficacy in RCTs
and effectiveness in real-world settings, particularly in older
and more complex patient populations typically seen in pri-
mary care. Randomized controlled trials often enrol rela-
tively younger populations (mean age 60-65years) with

fewer comorbidities and less polypharmacy compared to the
average diabetes population in primary care, which tends to
be older and more burdened with multiple chronic condi-
tions. Additionally, while the cardiometabolic benefits of
SGLT-2is and GLP-1RAs, such as weight loss, improved
lipid profiles, and modest reductions in blood pressure
[10,11,13], are promising, their broader application in pri-
mary care requires careful consideration of factors such as
patient safety, cost-effectiveness, and the potential challenges
of managing polypharmacy. The generalizability of these
findings to older and more complex populations must be



B. Elevated Baseline Blood Pressure

Outcome and

Author, year SGLT-2i Placebo
Total N Total N

MACE

Wivictt, 2019 5494 5423

Ye, 2021 1680 1681

Nesl, 2017 NR NR

Zinman, 2015 1780 924

l-squared =0.0%, p=0.57

CVD death

Zinman, 2015 1780 924

HF hospitalization

Ye, 2021 1680 1681

Furtsdo, 2020 5494 5423

Fitchett, 2016 1780 924

l-squared =0.0%, p=0.723

CVD death or HF hospitalization

Ye, 2021 1€80 1681

Wivictt, 2019 5494 5423

Fitchett, 2016 1780 924

Radhcim, 2018 NR NR

|I-squared =1268%,p =0.23

Stroke

Zinman, 2017 1780 924

Zhou, 2019 NR NR

Zhou, 2021 NR NR

lsquared =0.0%, p=0.51

Atnal fibrillation

Zelniker, 2020 5494 5423

Nephropathy

Wanner, 2018 1476 794

Composite renal outcome

Perkovic, 2018 NR NR

Ye, 2021 1680 1€81

Furtado, 2020 5494 5423

l-squared =40.1%, p =0.19

Composite renal and CVD outcome

Ye, 2021 1€80 1681

Favours SGLT-2i

Figure 2. Continued.

approached with caution, and real-world studies will be nec-
essary to confirm their effectiveness and safety in these
groups. Therefore, while these agents offer important bene-
fits, their use in primary care should be guided by a bal-
anced assessment of their advantages and potential
limitations.

When interpreting these data, one needs to consider the
fact that participants in these trials were also on background
antihypertensive therapy such as RAAS inhibitors. However,
it has been previously shown that the cardiorenal benefits of
SGLT-2is and GLP-1RAs are similar in users and non-users
of RAAS inhibitors [26,41], which suggest that the cardiorenal
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0.58(0.40, 0.79)
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1.12(0.78, 1.64)
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0.72(0.59, 0.91)
0.73(0.59, 0.91)

082(0.52, 0.78)
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0.72(0.61, 0.88)
0.72(0.61, 0.88)
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.25 4 7 1

| | | | l
15 25

Favours Placebo

benefits of these novel agents may be additive to the effects
of these antihypertensive agents. The current findings are
important for patients with elevated blood pressure and
those whose hypertension may be difficult to control with
standard therapies. Although no difference was observed
between patients with high and low baseline blood pressure,
the fact that similar cardiorenal benefits were observed
across groups suggests that these agents may reduce the
need for additional blood pressure medications. This could
potentially enhance patient adherence and reduce the overall
burden of polypharmacy. While these agents could still be
considered as adjunctive therapies for blood pressure
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Nommal vs Elevated Baseline BP

Outcome and RHR (95% CI)
Author, year
MACE
Wiviott, 2019 L 0.96 (0.95, 0.97)
Ye, 2021 - 0.89 (0.85, 0.94)
Neal, 2017 - 1.05 (1.03, 1.06)
Zinman, 2015 L 1.06 (1.04, 1.08)
I-squared = 98.1%, p = 0.000) <p 0.99 (0.93, 1.05)
CVD death
Zinman, 2015 g 1.20 (1.14, 1.26)
1.20 (1.14, 1.26)
HF hospitalization ,
Ye, 2021 —&— | 0.76 (0.68, 0.88)
Furtado, 2020 | = 1.20 (1.16, 1.25)
Fitchett, 2016 - 1.25 (1.16, 1.34)
lsquared = 96.5%, p = 0.000) ] 1.05 (0.85, 1.31)
CVD death or HF hospitalization ;
Ye, 2021 - | 0.73 (0.69, 0.78)
Wiviott, 2019 | L) 1.18 (1.15, 1.20)
Fitchett, 2016 | = 1.20 (1.16, 1.25)
Radholm, 2018 u 1.17 (1.14, 1.20)
lsquared = 98.7%, p = 0.000) < 1.05 (0.92, 1.21)
Stroke
Zinman, 2017 - 1.08 (1.00, 1.17)
Zhou, 2019 0.93 (0.89, 0.99)
Zhou, 2021 0.97 (0.87, 1.09)
l-squared = 79.1%, p = 0.008) <> 0.99 (0.90, 1.09)
Atral fibrillation
Zelniker, 2020 g 1.25 (1.21,1.28)
1.25 (1.22,1.29)
Nephropathy
Wanner, 2016 m| 0.94 (0.92, 0.95)
y 0.94 (0.93, 0.96)
Composite renal outcome ,
Perkovic, 2018 —— 0.61 (0.47, 0.77)
:e' 22212020 ! - o.gg (H; o.g})
urtado, 1.20 (1.12,1.27)
l-squared = 98.2%, p = 0.000) /¢> 0.83 (0.57, 1.21)
Composite renal and CVD outcome
Ye, 2021 g 0.78 (0.75, 0.82)
0.78 (0.75, 0.82)
| | |
.45 7 1 1.45

Favours normal BP

Favours elevated BP

Figure 3. Differential cardiorenal treatment effect of SGLT-2is by baseline blood pressure. BP, blood pressure; Cl, confidence interval (bars); CVD, cardiovascular
disease; HF, heart failure; HR, hazard ratio; MACE, major adverse cardiovascular events; RHR, ratio of hazard ratio; SGLT-2i, sodium-glucose co-transporter 2 inhib-
itors. An RHR <1 (i.e., a smaller hazard ratio in participants with normal blood pressure vs. those with elevated blood pressure at baseline) indicates a greater

treatment effect in participants with normal baseline blood pressure.

reduction, their primary value may lie in simplifying the
treatment regimen for patients with T2D, while contributing
to the reduction of cardiovascular and kidney risks.

There are several other strengths in addition to the
ones mentioned previously. Unlike prior studies that
assessed cardiovascular risk across various subgroups, our
analysis specifically stratifies patients based on baseline
blood pressure. This allows for an in-depth understanding
of whether baseline blood pressure influences the cardio-
renal benefits of SGLT-2is and GLP-1RAs in T2D patients.
To the best of our knowledge, we included all known

CVOTs in T2D that had reported outcomes by baseline
pressure. We corresponded with the investigators of these
CVOTs to ensure we included any trial that reported these
data via additional publications. Given the challenges of
interpreting trial-specific subgroup analysis and the limited
power to detect interactions [52], we estimated trial-specific
interactions (ratio of hazard ratios) and combined them
using a meta-analytic approach. This methodology over-
comes the challenges of trial-specific subgroup analysis
and helps in the identification of who is most likely to
benefit from a specific treatment [36]. The following
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A.Normal Baseline Blood Pressure B. Elevated Baseline Blood Pressure
Outcome and GLP-1RA  Placebo HR (95% CI) Outcome and GLP1RA  Placebo HR (95% Cl)
Author, year TotaN  Total N Author, year Total N Total N
MACE MACE
Leiter, 2020 (LEADER) NR NR 1.00 (0.75, 1.32) Leiter, 2020 (LEADER) NR NR -l:- 0.84 (0.75, 0.94)
Ruff, 2022 1175 1171 —— 0.99 (0.64, 1.53) Ruff, 2022 900 910 IT—%——  1.46(0.96, 2.21)
Leiter, 2020 (SUSTAIN-6) NR NR — 0.79 (0.40, 1.56) Leiter, 2020 (SUSTAIN-6 NR NR —aL 0.72(0.55, 0.94)
l-squared= 0.0%, p = 0.82 <: 0.97 (0.78, 1.22) I-squared = 74.9%, p = 0.018 <:: 0.91(0.68, 1.21)
Stroke Stroke
Strain, 2022 NR NR e 0.67(0.37, 1.21) Strain, 2022 NR NR — = 0.67 (0.40, 1.11)
Gerstein, 2020 2953 2956 —— 0.91(0.67, 1.23) Gerstein, 2020 1996 1996 —_— 0.65 (0.49, 0.86)
I-squared = 0.0%, p = 0.37 <: 0.85(0.65, 1.12) |-squared = 0.0%, p = 0.92 <> 0.65 (0.51, 0.84)
Nephropathy Nephropathy )
Leiter, 2020 (LEADER) NR NR —— 0.81(0.48, 1.36) Leiter, 2020 (LEADER) NR NR - 0.76 (0.64, 0.90)
Leiter, 2020 (SUSTAIN-6)  NR NR r 0.34 (0.11, 1.05) Leiter, 2020 (SUSTAIN-6) ~ NR NR = 0.66 (0.47, 0.92)
— = -
I-squared = 46.7%, p = 0.17 — 0.61(0.27, 1.35) -squared = 0.0%, p = 0.46 < 074 (0.63, 0.85)
T T T T T T T T T T T T
R 25 45 7 1 15 25 A 25 45 7 1 15 25
Favours GLP-1RA Favours Placebo Favours GLP-1RA Favours Placebo

Figure 4. Risk for cardiorenal outcomes stratified by baseline blood pressure comparing GLP-1RAs with placebo. (A) Normal baseline blood pressure; (B) Elevated
baseline blood pressure Cl, confidence interval (bars); HR, hazard ratio; GLP-1RAs, glucagon-like peptide 1 receptor agonist; MACE, major adverse cardiovascular
events; NR, not reported.

Normal vs Elevated Baseline BP

Outcome and RHR (95% Cl)
Author, year

MACE

Leiter, 2020 (LEADER) | = 1.19(1.16, 1.22)
Ruff, 2022 - E 0.68 (0.62, 0.74)
Leiter, 2020 (SUSTAIN-6) E-—l— 1.10(0.96, 1.26)

Subgroup <> 0.96 (0.66, 140)

Stroke

Strain, 2022 —'—: 1.00(0.86, 1.17)
Gerstein, 2020 i - 1.40 (1.34, 1.46)
Subgroup <i1> 1.19 (0.86, 1.66)
Nephropathy

Leiter, 2020 (LEADER) : i 1.07 (0.99, 1.15)
Leiter, 2020 (SUSTAIN-6) —_— E 0.52(0.36, 0.73)

Subgroup <Lj> 0.76 (0.38, 1.54)

T ! ! I !
.25 4 .65 1 15 25

Favours normal BP  Favours elevated BP

Figure 5. Differential cardiorenal treatment effect of GLP-1RAs by baseline blood pressure. BP, blood pressure; Cl, confidence interval (bars); GLP-1RAs, glucagon-like
peptide 1 receptor agonists; MACE, major adverse cardiovascular events; RHR, ratio of hazard ratio. An RHR <1 (i.e., a smaller hazard ratio in participants with
normal blood pressure vs. those with elevated blood pressure at baseline) indicates a greater treatment effect in participants with normal baseline blood
pressure.
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limitations need to be considered in the interpretation of
the results. First, of the 15 published placebo-controlled
CVOTs of SGLT-2is and GLP-1RAs, 9 CVOTs (based on
17 publications) were identified to have reported outcomes
by baseline blood pressure. We contacted investigators of
the original trials to request additional data based on
post-hoc analyses. However, none provided additional data
beyond what had been reported in subsequent publications
of the original trials. Due to the relatively few studies,
there was limited data availability for the blood pressure
categories, especially for trials of SGLT-2is which mostly
reported mean SBP levels of <140mmHg, suggesting a
predominantly well-controlled blood pressure population.
This might raise concerns about adequate statistical power
to make broader inferences for patients with higher blood
pressure levels. However, it’s important to highlight that
our analysis demonstrated consistent findings across all
outcome measures, even within this context. Furthermore,
the precision of our results is bolstered by mostly narrow
95% Cls observed, suggesting a lower likelihood of inade-
quate statistical power adversely impacting our conclu-
sions. The limited number of trials also precluded accurate
estimation of between-study heterogeneity, exploration of
sources of heterogeneity, sensitivity analyses and assess-
ment of small study effects. One of the inherent limita-
tions in our meta-analysis, as with many such studies, is
the variability in methodologies across the individual trials
included, particularly in the measurement of blood pres-
sure. This heterogeneity, while a common feature in
meta-analyses, can potentially influence the interpretation
of the combined data. Furthermore, considering the diverse
patient populations and treatment settings in the original
studies, there may be underlying differences in patient
demographics, disease severities, and healthcare practices
that could affect the generalizability of our findings. The
studies included in our analysis did not report outcome
data separately for patients with normal blood pressure
who were or were not on blood pressure-lowering therapy,
hence, we were unable to conduct separate analyses in
these distinct patient subgroups. These data would have
been invaluable in further elucidating the impact of con-
comitant blood pressure therapies on cardiorenal out-
comes. The blood pressure cutoffs used in the included
studies were based on the thresholds commonly reported
in those trials (e.g. SBP <140 mmHg or DBP <90 mmHg),
rather than the stricter targets recommended in current
guidelines for high-risk patients, such as <130/80 mmHg.
Though we pre-specified a long list of cardiovascular and
kidney outcomes, most studies only reported a breakdown
of the primary outcome (MACE) with a few reporting kid-
ney outcomes. Our pooled data are based on results from
trial-specific subgroup analysis. Furthermore, interaction
estimates were not corrected for multiple testing given the
limited number of studies. Finally, there was substantial
heterogeneity across trials for some outcomes, which
makes pooling somewhat controversial. Findings need to
be interpreted with caution in the context of these limita-
tions and access to individual level data from all published
CVOTs may help clarify the current findings.

Conclusions

Pooled evidence from CVOTs of T2D demonstrates similar
cardiorenal benefits of treatment with SGLT-2is and
GLP-1RAs in patients with normal baseline blood pressure
compared to those with a higher baseline blood pressure.

Disclosure statement

SS is in receipt of speaker honoraria from AstraZeneca, Boehringer
Ingelheim, Janssen, Lill, MSD, Abbott, Novo Nordisk, SB
Communications, OmniaMed Communications, Roche, Napp
Pharmaceuticals, NB Medical, and Amgen; advisory board honoraria
from AstraZeneca, Lilly, Boehringer Ingelheim, Janssen, Abbott, MSD,
Novo Nordisk, Takeda, and Sanofi; educational grants from Boehringer
Ingelheim, Lilly, Novo Nordisk, and Takeda; and conference registra-
tion and subsistence from Boehringer Ingelheim, Janssen, Lilly, Novo
Nordisk, Abbott, and Takeda. No other potential conflicts of interest
relevant to this article were reported.

Author contributions

SKK conceived the study, conducted the systematic searches, was
involved in the screening, data extraction, data analysis and drafted the
article. SS, RSD, IKB, and AO were involved in screening, data
extraction, data interpretation and provided critical feedback on subse-
quent versions of the article.

Data sharing statement

All extracted data are available upon request to the correspond-
ing author.

Funding

This research is funded by the National Institute for Health and Care
Research (NIHR) Leicester Biomedical Research Centre (BRC). The
views expressed are those of the author(s) and not necessarily those of
the NIHR or the Department of Health and Social Care. The funders
had no role in study design, data collection and analysis, decision to
publish or preparation of the manuscript. The funders had no role in
design and conduct of the study; collection, management, analysis, and
interpretation of the data; and preparation, review, or approval of the
manuscript.

ORCID

Setor K. Kunutsor http://orcid.org/0000-0002-2625-0273

References

[1] Cheung BM, Li C. Diabetes and hypertension: is there a com-
mon metabolic pathway? Curr Atheroscler Rep. 2012;14(2):160-
166. doi: 10.1007/s11883-012-0227-2.

[2] Wei GS, Coady SA, Goff DC, Jr., et al. Blood pressure and the
risk of developing diabetes in African Americans and Whites:
ARIC, CARDIA, and the Framingham Heart Study. Diabetes
Care. 2011;34(4):873-879. doi: 10.2337/dc10-1786.

[3] Ninomiya T, Kubo M, Doi Y, et al. Impact of metabolic syn-
drome on the development of cardiovascular disease in a gener-
al Japanese population: the Hisayama study. Stroke. 2007;
38(7):2063-2069. doi: 10.1161/STROKEAHA.106.479642.


https://doi.org/10.1007/s11883-012-0227-2
https://doi.org/10.2337/dc10-1786
https://doi.org/10.1161/STROKEAHA.106.479642

(5]

6]

(9]

(10]

(11]

(12]

(13]

(14]

[15]

(16]

(17]

(19]

[20]

(21]

Solini A, Penno G, Bonora E, et al. Diverging association of re-
duced glomerular filtration rate and albuminuria with coronary
and noncoronary events in patients with type 2 diabetes: the renal
insufficiency and cardiovascular events (RIACE) Italian multicenter
study. Diabetes Care. 2012;35(1):143-149. doi: 10.2337/dc11-1380.
ElSayed NA, Aleppo G, Aroda VR, et al. 1. Improving care and
promoting health in populations: standards of care in
diabetes-2023. Diabetes Care. 2023;46(Supple 1):S10-S18. doi:
10.2337/dc23-S001.

Ettehad D, Emdin CA, Kiran A, et al. Blood pressure lowering
for prevention of cardiovascular disease and death: a systematic
review and meta-analysis. Lancet. 2016;387(10022):957-967. doi:
10.1016/S0140-6736(15)01225-8.

Blood Pressure Lowering Treatment Trialists C. Pharmacological
blood pressure lowering for primary and secondary prevention of
cardiovascular disease across different levels of blood pressure: an
individual  participant-level ~ data  meta-analysis.  Lancet.
2021;397:1625-1636.

Przezak A, Bielka W, Pawlik A. Hypertension and type 2
diabetes-the novel treatment possibilities. Int ] Mol Sci.
2022;23(12):23. doi: 10.3390/ijms23126500.

American Diabetes A. 8. Pharmacologic approaches to glycemic
treatment: standards of medical care in diabetes-2018. Diabetes
Care. 2018;41:573-S85.

Zinman B, Wanner C, Lachin JM, et al. Empagliflozin, cardiovas-
cular outcomes, and mortality in type 2 diabetes. N Engl ] Med.
2015;373(22):2117-2128. doi: 10.1056/NEJMoal504720.

Neal B, Perkovic V, Matthews DR. Canagliflozin and cardiovas-
cular and renal events in type 2 diabetes. N Engl ] Med.
2017;377(21):2099-2657. doi: 10.1056/NEJMoal611925.

Marso SP, Bain SC, Consoli A, et al. Semaglutide and cardiovas-
cular outcomes in patients with type 2 diabetes. N Engl ] Med.
2016;375(19):1834-1844. doi: 10.1056/NEJMoal607141.
Andrikou E, Tsioufis C, Andrikou I, et al. GLP-1 receptor ago-
nists and cardiovascular outcome trials: An update. Hellenic |
Cardiol. 2019;60(6):347-351. doi: 10.1016/j.hjc.2018.11.008.
Sjostrom CD, Johansson P, Ptaszynska A, et al. Dapagliflozin
lowers blood pressure in hypertensive and non-hypertensive pa-
tients with type 2 diabetes. Diab Vasc Dis Res. 2015;12(5):352-
358. doi: 10.1177/1479164115585298.

Ma H, Lin YH, Dai LZ, et al. Efficacy and safety of GLP-1 re-
ceptor agonists versus SGLT-2 inhibitors in overweight/obese pa-
tients with or without diabetes mellitus: a systematic review and
network meta-analysis. BMJ Open. 2023;13(3):e061807. doi:
10.1136/bmjopen-2022-061807.

Heerspink HJ, Perkins BA, Fitchett DH, et al. Sodium glucose
cotransporter 2 inhibitors in the treatment of diabetes mellitus:
cardiovascular and kidney effects, potential mechanisms, and

clinical applications. Circulation. 2016;134(10):752-772. doi:
10.1161/CIRCULATIONAHA.116.021887.
Sternlicht H, Bakris GL. Blood pressure lowering and

sodium-glucose co-transporter 2 inhibitors (SGLT2is): More than
osmotic diuresis. Curr Hypertens Rep. 2019;21(2):12. doi:
10.1007/s11906-019-0920-4.

Nauck MA, Meier JJ, Cavender MA, et al. Cardiovascular actions
and clinical outcomes with glucagon-like peptide-1 receptor ago-
nists and  dipeptidyl peptidase-4  inhibitors.  Circulation.
2017;136(9):849-870. doi: 10.1161/CIRCULATIONAHA.117.028136.
Lingvay I, Mosenzon O, Brown K, et al. Systolic blood pressure
reduction with tirzepatide in patients with type 2 diabetes: in-
sights from SURPASS clinical program. Cardiovasc Diabetol.
2023;22:66. doi: 10.1186/s12933-023-01797-5.

Wijkman MO, Dena M, Dahlgvist S, et al. Predictors and cor-
relates of systolic blood pressure reduction with liraglutide treat-
ment in patients with type 2 diabetes. J Clin Hypertens
(Greenwich). 2019;21(1):105-115. doi: 10.1111/jch.13447.
Ribeiro-Silva JC, Tavares CAM, Girardi ACC. The blood pressure
lowering effects of glucagon-like peptide-1 receptor agonists: A
mini-review of the potential mechanisms. Curr Opin Pharmacol.
2023;69:102355. doi: 10.1016/j.coph.2023.102355.

[22]

(23]

(24]

[25]

(27]

(30]

(31]

(32]

(33]

(34]

(40]

SCANDINAVIAN CARDIOVASCULAR JOURNAL 11

American Diabetes Association Professional Practice C. 10.
Cardiovascular disease and risk management: standards of med-
ical care in diabetes-2022. Diabetes Care. 2022;45:5144-S174.
Rodriguez-Valadez JM, Tahsin M, Fleischmann KE, et al
Cardiovascular and renal benefits of novel diabetes drugs by
baseline cardiovascular risk: a systematic review, meta-analysis,
and meta-regression. Diabetes Care. 2023;46(6):1300-1310. doi:
10.2337/dc22-0772.

Ouzzani M, Hammady H, Fedorowicz Z, et al. Rayyan-a web
and mobile app for systematic reviews. Syst Rev. 2016;5(1):210.
doi: 10.1186/s13643-016-0384-4.

Kunutsor SK, Seidu S, Khunti K. Statins and primary prevention
of venous thromboembolism: a systematic review and meta-
analysis. Lancet Haematol. 2017;4(2):e83-e93. doi: 10.1016/
$2352-3026(16)30184-3.

Seidu S, Kunutsor SK, Topsever P, et al. Benefits and harms of
sodium-glucose ~ co-transporter-2 inhibitors (SGLT2-I) and
renin-angiotensin-aldosterone system inhibitors (RAAS-I) versus
SGLT2-Is alone in patients with type 2 diabetes: A systematic
review and meta-analysis of randomized controlled trials.
Endocrinol Diabetes Metab. 2022;5(1):e00303. doi: 10.1002/
edm2.303.

Seidu S, Willis H, Kunutsor SK, et al. Intensive versus standard
blood pressure control in older persons with or without diabetes: a
systematic review and meta-analysis of randomised controlled trials.
J R Soc Med. 2023;116(4):133-143. doi: 10.1177/01410768231156997.
Higgins JP, Altman DG, Gotzsche PC, et al. The Cochrane
Collaboration’s tool for assessing risk of bias in randomised tri-
als. Bmj. 2011;343(oct18 2):d5928. doi: 10.1136/bmj.d5928.
Guyatt G, Oxman AD, Akl EA, et al. GRADE guidelines: 1.
Introduction-GRADE evidence profiles and summary of findings
tables. J Clin Epidemiol. 2011;64(4):383-394. doi: 10.1016/j.
jclinepi.2010.04.026.

DerSimonian R, Laird N. Meta-analysis in clinical trials. Control
Clin Trials. 1986;7(3):177-188. doi: 10.1016/0197-2456(86)90046-2.
Higgins JP, Thompson SG, Deeks JJ, et al. Measuring inconsisten-
cy in meta-analyses. BM]J. 2003;327(7414):557-560. doi: 10.1136/
bmj.327.7414.557.

Higgins JP, Thompson SG. Quantifying heterogeneity in a
meta-analysis. Stat Med. 2002;21(11):1539-1558. doi: 10.1002/
sim.1186.

Begg CB, Mazumdar M. Operating characteristics of a rank cor-
relation test for publication bias. Biometrics. 1994;50(4):1088-
1101. doi: 10.2307/2533446.

Egger M, Davey Smith G, Schneider M, et al. Bias in meta-analysis
detected by a simple, graphical test. BM]J. 1997;315(7109):629—
634. doi: 10.1136/bmj.315.7109.629.

Altman DG, Bland JM. Interaction revisited: the difference be-
tween two estimates. BMJ. 2003;326(7382):219-219. doi: 10.1136/
bm;j.326.7382.219.

Fisher DJ, Carpenter JR, Morris TP, et al. Meta-analytical meth-
ods to identify who benefits most from treatments: daft, deluded,
or deft approach? BMJ. 2017;356:j573. doi: 10.1136/bmj.j573.
Fitchett D, Zinman B, Wanner C, et al. Heart failure outcomes
with empagliflozin in patients with type 2 diabetes at high car-
diovascular risk: results of the EMPA-REG OUTCOME(R) trial.
Eur Heart J. 2016;37(19):1526-1534. doi: 10.1093/eurheartj/
ehv728.

Wiviott SD, Raz I, Bonaca MP, et al. Dapagliflozin and cardio-
vascular outcomes in type 2 diabetes. N Engl ] Med.
2019;380(4):347-357. doi: 10.1056/NEJMoal1812389.

Furtado R, Raz I, Goodrich EL, et al. Efficacy and safety of da-
pagliflozin according to baseline blood pressure — observations
from DECLARE-TIMI 58 Trlial. European Heart J. 2020;41
(Supplement_2):ehaa946.3063. doi: 10.1093/ehjci/ehaa946.3063.
Ye N, Jardine MJ, Oshima M, et al. Blood pressure effects of
canagliflozin and clinical outcomes in type 2 diabetes and chron-
ic kidney disease: insights from the CREDENCE trial. Circulation.
2021;143(18):1735-1749.  doi:  10.1161/CIRCULATIONAHA.
120.048740.


https://doi.org/10.2337/dc11-1380
https://doi.org/10.2337/dc23-S001
https://doi.org/10.1016/S0140-6736(15)01225-8
https://doi.org/10.3390/ijms23126500
https://doi.org/10.1056/NEJMoa1504720
https://doi.org/10.1056/NEJMoa1611925
https://doi.org/10.1056/NEJMoa1607141
https://doi.org/10.1016/j.hjc.2018.11.008
https://doi.org/10.1177/1479164115585298
https://doi.org/10.1136/bmjopen-2022-061807
https://doi.org/10.1161/CIRCULATIONAHA.116.021887
https://doi.org/10.1007/s11906-019-0920-4
https://doi.org/10.1161/CIRCULATIONAHA.117.028136
https://doi.org/10.1186/s12933-023-01797-5
https://doi.org/10.1111/jch.13447
https://doi.org/10.1016/j.coph.2023.102355
https://doi.org/10.2337/dc22-0772
https://doi.org/10.1186/s13643-016-0384-4
https://doi.org/10.1016/S2352-3026(16)30184-3
https://doi.org/10.1016/S2352-3026(16)30184-3
https://doi.org/10.1002/edm2.303
https://doi.org/10.1002/edm2.303
https://doi.org/10.1177/01410768231156997
https://doi.org/10.1136/bmj.d5928
https://doi.org/10.1016/j.jclinepi.2010.04.026
https://doi.org/10.1016/j.jclinepi.2010.04.026
https://doi.org/10.1016/0197-2456(86)90046-2
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1002/sim.1186
https://doi.org/10.1002/sim.1186
https://doi.org/10.2307/2533446
https://doi.org/10.1136/bmj.315.7109.629
https://doi.org/10.1136/bmj.326.7382.219
https://doi.org/10.1136/bmj.326.7382.219
https://doi.org/10.1136/bmj.j573
https://doi.org/10.1093/eurheartj/ehv728
https://doi.org/10.1093/eurheartj/ehv728
https://doi.org/10.1056/NEJMoa1812389
https://doi.org/10.1093/ehjci/ehaa946.3063
https://doi.org/10.1161/CIRCULATIONAHA.120.048740
https://doi.org/10.1161/CIRCULATIONAHA.120.048740

12 e S. K. KUNUTSOR ET AL.

[41]

[42]

[43]

[44]

[45]

[46]

(47]

(48]

[49]

Leiter LA, Bain SC, Bhatt DL, et al. The effect of glucagon-like
peptide-1 receptor agonists liraglutide and semaglutide on cardiovas-
cular and renal outcomes across baseline blood pressure categories:
Analysis of the LEADER and SUSTAIN 6 trials. Diabetes Obes
Metab. 2020;22(9):1690-1695. doi: 10.1111/dom.14079.

Ruff CT, Baron M, Im K, et al. Subcutaneous infusion of exen-
atide and cardiovascular outcomes in type 2 diabetes: a
non-inferiority  randomized controlled trial. Nat Med.
2022;28(1):89-95. doi: 10.1038/s41591-021-01584-3.

Wanner C, Inzucchi SE, Lachin JM, et al. Empagliflozin and pro-
gression of kidney disease in type 2 diabetes. N Engl ] Med.
2016;375(4):323-334. doi: 10.1056/NEJMoal515920.

Perkovic V, de Zeeuw D, Mahaffey KW, et al. Canagliflozin and
renal outcomes in type 2 diabetes: results from the CANVAS
Program randomised clinical trials. Lancet Diabetes Endocrinol.
2018;6(9):691-704. doi: 10.1016/S2213-8587(18)30141-4.
Radholm K, Figtree G, Perkovic V, et al. Canagliflozin and
heart failure in type 2 diabetes mellitus: results from the
CANVAS program. Circulation. 2018;138:458-468. doi: 10.1161/
CIRCULATIONAHA.118.034222.

Strain WD, Frenkel O, James MA, et al. Effects of semaglutide
on stroke subtypes in type 2 diabetes: post hoc analysis of the
randomized SUSTAIN 6 and PIONEER 6. Stroke. 2022;53(9):2749—
2757. doi: 10.1161/STROKEAHA.121.037775.

Gerstein HC, Hart R, Colhoun HM, et al. The effect of dulaglu-
tide on stroke: an exploratory analysis of the REWIND trial.
Lancet Diabetes Endocrinol. 2020;8(2):106-114. doi: 10.1016/
$2213-8587(19)30423-1.

Zinman B, Inzucchi SE, Lachin JM, et al. Empagliflozin and
cerebrovascular events in patients with type 2 diabetes mellitus at
high cardiovascular risk. Stroke. 2017;48(5):1218-1225. doi:
10.1161/STROKEAHA.116.015756.

Zhou Z, Lindley RI, Radholm K, et al. Canagliflozin and stroke
in type 2 diabetes mellitus. Stroke. 2019;50(2):396-404. doi:
10.1161/STROKEAHA.118.023009.

(50]

[52]

(54]

[56]

Zelniker TA, Bonaca MP, Furtado RHM, et al. Effect of dapagliflozin
on atrial fibrillation in patients with type 2 diabetes mellitus: insights
from the DECLARE-TIMI 58 trial. Circulation. 2020;141(15):1227~
1234. doi: 10.1161/CIRCULATIONAHA.119.044183.

Zhou Z, Jardine MJ, Li Q, et al. Effect of SGLT2 inhibitors on
stroke and atrial fibrillation in diabetic kidney disease: results
from the CREDENCE trial and meta-analysis. Stroke.
2021;52(5):1545-1556. doi: 10.1161/STROKEAHA.120.031623.
Kent DM, Paulus JK, van Klaveren D, et al. The predictive
approaches to treatment effect heterogeneity (PATH) state-
ment. Ann Intern Med. 2020;172(1):35-45. doi: 10.7326/M18-
3667.

Verma S, Leiter LA, Mazer CD, et al. Liraglutide reduces cardio-
vascular events and mortality in type 2 diabetes mellitus inde-
pendently of baseline low-density lipoprotein cholesterol levels
and statin use. Circulation. 2018;138(15):1605-1607. doi: 10.1161/
CIRCULATIONAHA.118.036862.

Rakipovski G, Rolin B, Nohr J, et al. The GLP-1 analogs liraglu-
tide and semaglutide reduce atherosclerosis in ApoE(-/-) and
LDLr(-/-) mice by a mechanism that includes inflammatory
pathways. JACC Basic Transl Sci. 2018;3:844-857. doi: 10.1016/j.
jacbts.2018.09.004.

Verma S, McGuire DK, Bain SC, et al. Effects of glucagon-like
peptide-1 receptor agonists liraglutide and semaglutide on car-
diovascular and renal outcomes across body mass index catego-
ries in type 2 diabetes: results of the LEADER and SUSTAIN 6
trials. Diabetes Obesity Metabolism. 2020;22(12):2487-2492. doi:
10.1111/dom.14160.

McMurray JJV, Solomon SD, Inzucchi SE, et al. Dapagliflozin in
patients with heart failure and reduced ejection fraction. N
Engl ] Med. 2019;381(21):1995-2008. doi: 10.1056/NEJMoal9
11303.

Heerspink HJL, Stefinsson BV, Correa-Rotter R, et al
Dapagliflozin in patients with chronic kidney disease. N Engl |
Med. 2020;383(15):1436-1446. doi: 10.1056/NEJMo0a2024816.


https://doi.org/10.1111/dom.14079
https://doi.org/10.1038/s41591-021-01584-3
https://doi.org/10.1056/NEJMoa1515920
https://doi.org/10.1016/S2213-8587(18)30141-4
https://doi.org/10.1161/CIRCULATIONAHA.118.034222
https://doi.org/10.1161/CIRCULATIONAHA.118.034222
https://doi.org/10.1161/STROKEAHA.121.037775
https://doi.org/10.1016/S2213-8587(19)30423-1
https://doi.org/10.1016/S2213-8587(19)30423-1
https://doi.org/10.1161/STROKEAHA.116.015756
https://doi.org/10.1161/STROKEAHA.118.023009
https://doi.org/10.1161/CIRCULATIONAHA.119.044183
https://doi.org/10.1161/STROKEAHA.120.031623
https://doi.org/10.7326/M18-3667
https://doi.org/10.7326/M18-3667
https://doi.org/10.1161/CIRCULATIONAHA.118.036862
https://doi.org/10.1161/CIRCULATIONAHA.118.036862
https://doi.org/10.1016/j.jacbts.2018.09.004
https://doi.org/10.1016/j.jacbts.2018.09.004
https://doi.org/10.1111/dom.14160
https://doi.org/10.1056/NEJMoa1911303
https://doi.org/10.1056/NEJMoa1911303
https://doi.org/10.1056/NEJMoa2024816

	Cardiovascular and kidney benefits of SGLT-2is and GLP-1RAs according to baseline blood pressure in type 2 diabetes: a systematic meta-analysis of cardiovascular outcome trials
	ABSTRACT
	Introduction
	Materials and methods
	Data sources and search strategy
	Study selection and eligibility criteria
	Data extraction
	Risk of bias and certainty of evidence
	Statistical analysis

	Results
	Study identification and selection
	Study characteristics and risk of bias
	SGLT-2is and outcomes stratified by baseline blood pressure
	GLP-1RAs and outcomes stratified by baseline blood pressure
	GRADE summary of findings

	Discussion
	Conclusions
	Disclosure statement
	Author contributions
	Data sharing statement
	Funding
	ORCID
	References


