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ABSTRACT

Aim: To assess the effect of all the approved classes of medications for type 2 diabetes on Major Adverse Cardiovascular events
(MACE) and all-cause mortality.

Methods: We performed a pairwise and network meta-analysis, including randomised controlled trials with a duration of at
least 40weeks, comparing medications versus placebo or an active comparator, in which MACE and deaths were adjudicated.
Results: We included 93 studies. In pairwise meta-analyses, versus all comparators, GLP-1 receptor agonists (GLP1RA), SGLT-2
inhibitors (SGLT21i), metformin and pioglitazone were associated with a significant reduction of MACE and sulfonylureas with
increased MACE. Furthermore, tirzepatide, SGLT2i and GLP1RA were associated with a significantly reduced all-cause mor-
tality. In the principal (frequentist) network meta-analysis, metformin (OR 0.69, 95% CI 0.53-0.89), SGLT2i (0.82, 0.75-0.90),
GLP1RA (0.87, 0.83-0.92) and tirzepatide (0.82, 0.72-0.93) were associated with a significant reduction of MACE versus pla-
cebo; no effect was observed for insulin, DPP4 inhibitors (DPP4i) or sulfonylureas. Tirzepatide (0.72, 0.64-0.82), SGLT2i (0.85,
0.80-0.91) and GLP1RA (0.85, 0.80-0.91) were associated with a significantly reduced mortality versus placebo; no effect was
detected for other drugs. The sensitivity (Bayesian) analysis did not confirm the significance of results for pioglitazone on MACE.
The certainty of evidence was moderate-to-high for GLP1RA, SGLT2i, Tirzepatide, DPP4i; low for metformin; low-to-moderate
for other drugs.

Conclusion: SGLT2i, GLP1RA, tirzepatide and (with lower quality of evidence) pioglitazone and metformin are associated with
a reduced incidence of cardiovascular events; tirzepatide, SGLT2i and GLP1RA are also associated with a reduced all-cause

mortality.

1 | Introduction

The treatment of type 2 diabetes is aimed at reducing the risk
of acute and chronic complications of hyperglycemia. Among
those, cardiovascular disease is a major cause of death and
disability. Beyond the possible benefits of glycemic control on

cardiovascular risk [1], the choice of glucose-lowering medica-
tions is a major determinant of cardiovascular outcomes [2]. In
fact, randomised controlled trials, often originally designed for
the assessment of the long-term safety of specific medications,
have shown that some classes of drugs are able to reduce cardio-
vascular morbidity and mortality in patients with type 2 diabetes.
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In particular, metformin [3], Sodium-Glucose Transporter 2 in-
hibitors (SGLT2i) and Glucagon-like peptide 1 Receptor agonists
(GLP1RA) have been reported to reduce the incidence of major
adverse cardiovascular events (MACE) in people with type 2
diabetes mellitus [4-6]. The effect of pioglitazone, which could
reduce MACE but increases the risk of hospitalisation for heart
failure, is still debated [7, 8], whereas Dipeptidyl Peptidase-4 in-
hibitors (DPP4i) and insulin do not appear to have any relevant
effect on cardiovascular risk [9]. Conversely, sulfonylureas may
increase the risk for MACE [10].

The evidence base for assessing the effects of drugs for type 2 di-
abetes on cardiovascular outcomes evolves with the progressive
accumulation of new trials. In recent years, the development of
new drugs (most notably, the dual GLP1/GIP receptor agonist
tirzepatide) and the publication of results of new trials on other
already available drugs have changed the general landscape.
Notably, although most trials compare an active drug with a
placebo, some studies are head-to-head comparisons between
active drugs. In particular, the largest trial with adjudicated
cardiovascular outcomes performed with tirzepatide is a com-
parison versus dulaglutide, which had already demonstrated
cardiovascular benefits [11]. In this context, the use of tradi-
tional meta-analyses can be misleading, underestimating po-
tential benefits if trials versus active comparators are included
and reducing the evidence base if they are excluded. A Network
Meta-Analysis (NMA), allowing multiple comparisons with the
inclusion of both placebo- and active comparator-controlled tri-
als, can overcome such issues, providing a comprehensive sum-
mary of current evidence [12]. However, results of NMA need to
be considered with some caution, because differences in charac-
teristics of enrolled samples and/or trial procedures across dif-
ferent studies can produce distortions in indirect comparisons.
A living systematic review with NMA, including all classes of
drugs for type 2 diabetes and assessing their effects on cardio-
vascular events and all-cause mortality [13], does not yet include
the recently published cardiovascular outcome trial with tirze-
patide [11], not allowing a reliable estimate of the effects of this
agent on cardiovascular morbidity and mortality. In addition,
that living systematic review is not specifically aimed at assess-
ing cardiovascular outcomes, considering a wider range of end-
points; consequently, it includes shorter-term trials (useful for
metabolic outcomes, but potentially attenuating differences on
cardiovascular endpoints) and drugs specifically aimed at other
conditions associated with diabetes, such as finerenone. The
present NMA is specifically designed for summarising all cur-
rent evidence on the effect of drugs for type 2 diabetes on MACE
and all-cause mortality, also providing data for tirzepatide.

2 | Methods

This NMA was reported following the criteria of Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement [14]. The protocol of the present meta-
analysis was published on the PROSPERO website (https://
www.crd.york.ac.uk/prospero/#recordDetails; registration
number: CRD420261290664).

TheprincipalendpointwasMACE, acomposite of Cardiovascular
Death, nonfatal myocardial infarction and nonfatal stroke. The

secondary endpoints are all-cause mortality, nonfatal stroke and
nonfatal myocardial infarction.

2.1 | Search Strategy

A Medline, Embase and Cochrane central search was performed
up to January 31, 2026; detailed information on the search strat-
egy and keywords used is reported in Table S1. Animal stud-
ies were excluded, whereas no language or date restriction was
imposed.

2.2 | Inclusion Criteria

We included all randomised controlled trials with a duration of
40weeks or longer performed in adults (>18years) with estab-
lished type 2 diabetes mellitus, in which any glucose-lowering
drug approved by the European Medicines Agency (EMA) as
a treatment for type 2 diabetes mellitus was compared with
placebo or any other EMA-approved glucose-lowering drug
and cardiovascular events and deaths were independently ad-
judicated by an external committee. Studies were included in-
dependent of blinding. The choice of a 40-week duration as an
inclusion criterion is somewhat arbitrary (like any other thresh-
old in that respect) and it allows for a duration of treatment of at
least 6 months after drug titration, for those agents needing pro-
gressive up-titration at the beginning of treatment. This thresh-
old was chosen as a reasonable compromise between the need
to exclude shorter-term trials, which could blunt differences be-
tween drug classes for cardiovascular endpoints and the need to
retrieve a sufficiently large number of trials, with relevant sam-
ple sizes to increase the reliability of comparisons.

We excluded trials in which the control arm consisted of two or
more different drugs (either as predefined combination thera-
pies or as two different treatments prescribed separately to each
or different subjects) and no data on subgroups were provided,
aswell as trials in which intervention and comparator arms con-
sisted of different doses of the same drug.

2.3 | Data Extraction

Information on the baseline characteristics of the enrolled sam-
ples and the incidence of MACE and all-cause mortality was
extracted from the principal publication when available; when
needed, secondary publications and the ClinicalTrials.gov regis-
try were used to retrieve missing information, in the hierarchi-
cal order reported above. Four authors (A.L., C.M., G.A.S., V.V.)
performed data extraction independently and conflicts were re-
solved by a fifth investigator (E.M.).

The risk of bias was assessed using the Cochrane recommended
ROB2.0 tool to determine the risk of bias in Randomised
Controlled Trials and with CINeMA software to assess bias in
meta-analysis. The risk of bias was described and evaluated in
five specific domains: randomisation process, deviations from
intended interventions, missing outcome data, measurement of
the outcome, selection of the reported result; a further domain
encompassing all the previous was specified as ‘overall bias’.
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The results of these domains were graded as ‘low’ risk of bias,
‘high’ risk of bias or ‘uncertain’ risk of bias.

2.4 | Statistical Analysis

Mantel-Haenzel Odds Ratio for categorical variables were cal-
culated, using random effect models. We performed an NMA
for all the outcomes listed above, to verify differences across
individual glucose-lowering strategies concerning their ef-
fects on primary and secondary endpoints. These analyses
allow indirect comparisons when direct trials are unavailable,
using differences from common comparators and then com-
bining direct and indirect comparisons for a final estimate of
effects. The reference category was placebo. The NMA was
performed within a pairwise modelling framework using the
Meta Insight software. H values were calculated to evaluate
consistency between direct and indirect evidence; p>0.05
for inconsistency indicates non-significant inconsistency of
treatment effects. Publication bias was assessed through the
visual analysis of funnel plots; when publication bias was not
ruled out through funnel plot, the Egger's test was performed,
using Comprehensive Meta-analysis. All other analyses were
performed using Review Manager (RevMan), Version 5.3
(Copenhagen: The Nordic Cochrane Centre, The Cochrane
Collaboration, 2014).

3 | Results
3.1 | Retrieved Trials

The search of Medline, Embase and Cochrane databases al-
lowed the identification of 13503 items; after excluding 13164
studies by reading the title and the abstract, 247 further tri-
als were excluded after reviewing the full text (See Figure S1,
Table S2). We therefore retrieved 93 trials fulfilling all inclusion
criteria (two of which were included in the same paper) [3]. The
principal characteristics of trials included in the analysis are re-
ported in Table S3.

The quality of studies was generally satisfactory (Figures S2
and S3), with five studies in which potential issues with
randomisation could not be ruled out and seven studies in
which deviation from the intended intervention could not be
excluded.

3.2 | Principal Outcome: MACE
3.21 | Traditional Meta-Analyses (By Class)

The visual analysis of funnel plots ruled out publication bias
for trials performed with all drug classes, except for sulfony-
lureas (Figure S4). This finding was confirmed by the Egger's
test, which showed a significant publication bias only for sulfo-
nylureas (p=0.02, Figure S4). In comparisons versus all com-
parators, GLP1RA, SGLT2i, metformin and pioglitazone, but
not tirzepatide, were associated with a significant reduction of
MACE (Figures S5-S9). For GLP1RA, the effect was signifi-
cant for trials versus placebo, but not versus active comparators

(Figure S5). For SGLT2i, the result was largely driven by trials vs.
placebo (Figure S6) and for tirzepatide by trials versus GLPIRA
(Figure S9). DPP4i and insulin were neutral in respect to cardio-
vascular risk (Figures S10 and S11), whereas sulfonylureas were
associated with a significant increase in MACE (Figure S12).

3.2.2 | Network Meta-Analysis

The analysis included 85 studies (82 two-arm studies and 3
multi-arm studies, of which 4 had zero events and 16 had at least
one zero-event arm) assessed 9 interventions (8 drug classes and
placebo), overall including 21174 MACE in 247193 patients.
Out of 36 possible pairwise comparisons, 22 comparisons with
direct data were retrieved (Figure 1). GLP1RA were investi-
gated in 32 studies, DPP4i in 28, sulfonylureas in 14, SGLT2i
and insulin in 13 studies each, tirzepatide in 12, pioglitazone in
10, whereas only 4 studies used metformin; most of the trials
(46) were versus placebo (Figure 1). In the principal (frequen-
tist) analysis, metformin (OR 0.68, 95% CI 0.51-0.92), SGLT2i
(OR 0.82, 0.75-0.90), GLP1RA (OR 0.88, 0.83-0.93), tirzepatide
(OR 0.83, 0.72-0.96) and pioglitazone (OR 0.85, 0.73-0.98) were
associated with a significant reduction of MACE in respect to
placebo, whereas no effect was observed for insulin, DPP4i, or
sulfonylureas (Figure 2A).

In direct comparisons, metformin was superior to sulfony-
lureas; SGLT2i and pioglitazone were superior to placebo,
whereas GLP1RA was superior to placebo, DPP4i and insulin
(Table 1). Conversely, tirzepatide was not statistically different
from any comparator, including placebo. In indirect (network)
comparisons, metformin, SGLT2i, GLP1RA and tirzepatide
were all superior to placebo, DPP4i, insulin and sulfony-
lureas, whereas pioglitazone was superior to insulin and sul-
fonylureas only and DPP4i to sulfonylureas only (Table 1). In
the sensitivity (Bayesian) analysis, metformin, GLP1RA and
SGLT2i and tirzepatide remained associated with a signifi-
cant reduction of MACE versus placebo, whereas results with
pioglitazone were not statistically significant (Figure S13). A
significant inconsistency was observed only for the compar-
ison of metformin vs. SGLT2i (with metformin superior in
direct comparison but not in indirect comparison and NMA,
Figure S14).

The overall within-study risk of bias, assessed using the
Cochrane risk-of-bias tool, was low for most comparisons con-
tributing to the network. Some concerns were identified in spe-
cific contrasts, particularly those involving metformin and, to
a lesser extent, many comparisons involving insulin, sulfony-
lureas, or pioglitazone, mainly due to limitations in allocation
concealment and outcome reporting (Figure S15). These con-
cerns had a limited impact on the overall network estimates and
were incorporated into the CINeMA framework when rating the
certainty of evidence (Figure S16).

The confidence of evidence was rated high or moderate for all
comparisons including GLP1RA, except those with metformin
for which the confidence rating was low; it was also rated high
for SGLT2i and tirzepatide, quality was high for all compari-
sons except pioglitazone, GLP1IRA and metformin (moderate),
whereas for metformin the certainty of the evidence was mostly
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FIGURE1
(B and C) Node size is proportional to the number of included patients, width of lines between nodes is proportional to the number of included trials.

| Network plot for Major Adverse Cardiovascular events. (A) The numbers on the nodes are the number of trials for each comparison.

(C) The proportion of green and Yellow in the nodes reflects the within-trial risk of bias.
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FIGURE 2 | frequentist Meta-analysis, forest plots: Difference in the incidence of Major Adverse Cardiovascular events (A), All-cause mortality
(B), Non-Fatal Myocardial infarction (C), Non-Fatal Stroke (D) between Diabetes drugs classes and placebo; CI, confidence interval; OR, odds ratio.

rated as low or moderate. Confidence for comparison between
insulin and placebo or active comparators was mostly moder-
ate and high for GLP1RA and tirzepatide; moderate to high for

pioglitazone; for comparisons between sulfonylureas and pla-
cebo, insulin, DPP4i or pioglitazone confidence was moderate,
whereas it was low for comparison between sulfonylureas and
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metformin or insulin and high for comparisons between sulfo-
nylureas and GLP1RA, SGLT2i and tirzepatide (Figure S16).

3.3 | All-Cause Mortality
3.3.1 | Traditional Meta-Analyses (By Class)

Funnel plots did not detect a significant publication bias
(Figure S17). Tirzepatide, SGLT2i and GLP1RA, but not met-
formin, were associated with a significant reduction of all-
cause mortality (Figures S18-S20). Results for tirzepatide
were largely driven by active-comparator-controlled studies,
with over 90% of the total result determined by the SURPASS-
CVOT study versus GLP1RA (Figure S20), whereas the result
of SGLT2i was largely driven by placebo-controlled studies
(Figure S19). For GLP1RA, the reduction of mortality was
statistically significant in placebo-controlled studies, but not
in trials vs. active comparators, where the sample size was
smaller; the estimated effect on mortality in active compar-
ator trials was similar to that of placebo-controlled studies
and the difference across subgroups of trials was not statis-
tically significant (Figure S15). DPP4i, pioglitazone, insulin

and sulfonylureas did not show significant effects on all-cause
mortality (Figures S21-S24).

3.3.2 | Network Meta-Analysis

The analysis included 91 studies (89 two-arm studies and
two three-arm studies, of which 13 had zero events and 25
had at least one zero-event arm), which assessed 10 inter-
ventions (nine drug classes and placebo), overall including
18101 deaths in 256455 patients. Out of 45 possible pairwise
comparisons, 23 comparisons with direct data were retrieved
(Figure S25). Tirzepatide (OR 0.72, 0.64-0.82), SGLT2i (OR
0.85,0.80-0.91) and GLP1RA (OR 0.87,0.82-0.92) were associ-
ated with a significant reduction of all-cause mortality versus
placebo. No effect was observed for other drugs (Figure 2B).
In direct comparisons, tirzepatide was superior to GLP1RA
and GLP1RA were superior to insulin, DPP4i and sulfony-
lureas (Table 2). In indirect comparisons, tirzepatide was su-
perior to all other drugs with the only exception of metformin
and acarbose; SGLT2i and GLP1RA were superior to insulin,
DPP4i and sulfonylureas (Table 2). In the sensitivity analysis
(Bayesian meta-analysis), Tirzepatide, GLP1IRA and SGLT2i

TABLE1 | Frequentist treatment effect: Summary forest plots direct comparisons (in black) and indirect comparisons (in grey) between diabetes

drug classes in the incidence of Major Adverse Cardiovascular Events (dir. =direct).

1.Metformin
Vs Tirzepatide
- 0.84[0.63t01.12) "
2 Tirzepatide
Vs SGLTZi Vs SGLT2i
- 0.840.64;1.10] H ~ 100(0.851.16]
-dir1.27[0.05;31.51) -
3) SGLT2i
Vs Pioglitazone Vs Pioglitazone vs Pioglitazone
- 0.81(0.61;1.09] H - 097007 1.18] H |- 09708210116
a
Vs GLP1-Ra Vs GLP1-Ra vs GLP1-Ra vs GLP1-Ra
- 0.81[0.61;1.02] H 0.94(0.83101.05) L] - 0.94[0.85t01.04] ¥ -0.97[0.82t0 1.14]
Dir. 052 (06210 1.05)
- din1.320053103.25]
5.GLP1RA
s DPP4I Vs DPP4T Vs DPP4T vs DPP4I vs DPP4i
- 0.69[0.53;0.89] il - 0.82[0.71;0.94) H - 082(0.73;091) ¥ - 0.84[0.72;0.99] - 0.87(0.80;0.95] ¥
- din0.87[0.13;1.08] - dir.0.37[0.13;1.08)
6. DPP4i
Vs insulin Vsinsulin Vsinsulin Vs insulin Vsinsulin vs insulin
- 0.68 [0.52;0.89] H - 0.81[0.70;0.94] H - 0.81[0.72;0.92] H - 0.84[0.70;1.00] - 0.87[0.77;0.96] L] 0.99(0.88;1.11] '
- dir.0.88[0.62;1.25] - dir. 0.70[0.54;1.00] -dir1.0610.74;151) 7. Insulin
vsSU vsSU vsSU vsSU vsSU vsSU vsSU
- 0.66 [0.51;0.87] H - 079 [0.67;0.93] H - 0.85[0.77;0.93] L] - 0.82(0.69;0.97] - 0.84[0.75;0.95] (] 0:97[087:1.08] ] -0.7(0.86:1.11) [
dir.0.53 [0.29 t0 0.96] - dir058[030to111) dir.091[0.68;1.22] ~dir.080[0.54;1.19] ~di.0.34 [0.811.09) dr.0.58 [0.81;1.18) ! 8.5U

TABLE 2 | Frequentist treatment effect: Summary forest plots direct comparisons (in black) and indirect comparisons (in grey) between diabetes

drug classes in overall mortality (dir. =direct).

1. Tirzepatide

vsSGLT2
- 0.85(0.74;0.97]

2.5GLT2i
Vs GLP1-Ra

Vs GLP1-Ra
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- 098(0.90;1.07)
- Dir077(0193.16)
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were associated with a significant reduction of all-cause mor-
tality versus placebo, whereas results with other drugs were
not statistically significant (Figure S26). No inconsistency was
found for any comparison (Figure S27).

The overall within-study risk of bias, assessed using the
Cochrane risk-of-bias tool, was low for most comparisons con-
tributing to the network. Some concerns were identified in sev-
eral specific contrasts, particularly those involving metformin,
insulin, sulfonylureas, or pioglitazone (Figure S28). These
concerns had a limited impact on the network estimates. The
certainty of evidence for all-cause mortality, evaluated using
the CINeMA framework, is presented in Figure S29. Overall,
confidence in the estimates was low for all comparisons in-
volving acarbose, due to imprecision, as only one trial per-
formed with acarbose was available, whereas it was high for
most comparisons involving GLP1RA, SGLT2i and tirzepatide
versus placebo and most active comparators, with the excep-
tion of some lower certainty that we observed in specific cases,
mainly driven by imprecision and within-study bias, especially
regarding the UKPDS trials [3, 15]. Evidence for acarbose was
consistently rated as low certainty due to imprecision. For
GLPIRA, certainty was generally high, with moderate ratings
in comparisons versus placebo, metformin, or pioglitazone.
For metformin, certainty ranged from low (notably versus
tirzepatide or sulfonylureas, mainly due to imprecision and
inconsistency) to high (versus DPP4i), with most other com-
parisons rated as moderate. Certainty of evidence for SGLT2i
and tirzepatide was high for most comparisons, except for
comparisons involving metformin or pioglitazone, which were
rated as moderate. Evidence for insulin and sulfonylureas was
generally of moderate certainty, with lower confidence in com-
parisons involving metformin and higher certainty in com-
parisons versus GLP1RA, SGLT2i and tirzepatide. Similarly,
comparisons involving pioglitazone were mostly supported by
moderate certainty, except for higher confidence estimates in
selected contrasts. Downgrading of certainty was primarily
driven by imprecision and, to a lesser extent, inconsistency,
rather than within-study risk of bias.

3.4 | Components of MACE
3.4.1 | Nonfatal Myocardial Infarction

In the 21 available pairwise comparisons in 61 studies, as-
sessing eight drug classes and placebo, 196031 patients were
enrolled and 7987 non-fatal myocardial infarctions were
reported. Out of 36 possible pairwise comparisons, 21 com-
parisons with direct data were retrieved. In the principal
(frequentist) analysis, SGLT2i, GLP1RA and tirzepatide were
associated with a lower incidence of myocardial infarction,
whereas no significant effect was observed for pioglitazone,
DPP4i, insulin, metformin and sulfonylureas. In indirect
comparisons, tirzepatide was associated with a lower inci-
dence of myocardial infarction than DPP4i and sulfonylureas;
GLP1RA were associated with a lower incidence of myocar-
dial infarction than DPP4i; SGLT2i were associated with a
lower incidence of myocardial infarction than sulfonylureas
(Figure S30).

3.4.2 | Non-Fatal Stroke

The NMA included 56 studies, which assessed eight drug classes
and placebo, overall including 3320 non-fatal strokes in 155019
patients. Out of 36 possible pairwise comparisons, 19 with di-
rect data were retrieved. GLP1RA were associated with a lower
incidence of non-fatal stroke than placebo (Figure 2D), SGLT2i
and sulfonylureas and pioglitazone in comparison with sulfo-
nylureas, whereas all the other glucose-lowering drug classes
were not associated with any significant effect on the incidence
of non-fatal stroke (Figure S31).

4 | Discussion

The present NMA confirms, on a wider evidence base includ-
ing indirect comparisons, the beneficial effects of SGLT2i and
GLP1RA on cardiovascular risk and all-cause mortality in pa-
tients with type 2 diabetes, already reported in traditional meta-
analyses of placebo-controlled trials [4-6]. Notably, both classes
are superior not only to placebo, but also to several classes of
active drugs, such as DPP4i, sulfonylureas and insulin. A signifi-
cant reduction in the incidence of nonfatal myocardial infarction
is observed for both classes, confirming previous meta-analyses
[5, 6], whereas the effect on the risk of nonfatal stroke is signifi-
cant only for GLP1RA. It can be speculated that the mechanisms
responsible for the reduction of cardiovascular risk with either
SGLT2i or GLP1RA are partly divergent: although both classes
have positive effects on some cardiovascular risk factors, such
as blood pressure, blood glucose and body weight [16], GLP1RA
could have direct protective effects on vascular walls via the in-
teraction with the endothelial GLP1 receptor, leading to the pre-
vention of atherogenesis [17]. On the other hand, SGLT2i could
have a more specific cardiac effect, determined by a reduction of
pre- and post-load and consequent decrease in oxygen consump-
tion [18, 19], as well as by enhanced oxygen supply and a shift in
substrate metabolism [20].

The assessment of the effects of tirzepatide on cardiovascular
risk is methodologically challenging, since the larger available
trial assessing cardiovascular outcomes [11] is a non-inferiority
trial versus an active comparator, dulaglutide, with proven
cardiovascular benefit [21]. The present NMA shows a signif-
icant reduction of cardiovascular risk versus placebo, insulin,
DPP4i and sulfonylureas, similar to that observed for SGLT2i
and GLP1RA. This result should be interpreted cautiously since
it was obtained mainly through indirect comparisons. The re-
duction of risk versus placebo was significant for myocardial
infarction, but not for stroke; however, for the latter, the relative
paucity of available data for tirzepatide, generating wide confi-
dence intervals, could have contributed to the result. Notably, the
overall reduction of MACE was not greater than with GLP1RA,
suggesting that the stimulation of GIP receptor [22] does not play
a major role in cardiovascular prevention [23]. Tirzepatide was
also associated with a wide reduction in all-cause mortality ver-
sus placebo; with this drug, mortality was significantly lower
not only than with DPP4i, insulin and sulfonylureas, but also in
comparison with pioglitazone, SGLT2i and GLP1RA. The result
is largely driven by the direct comparison with dulaglutide [11].
It can be speculated that the greater reduction of hyperglycemia
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and/or the more pronounced weight loss in comparison with
other drugs, including GLP1RA [24], contributes to an improve-
ment in the prognosis of cardiovascular events, thus reducing
cardiovascular and all-cause mortality.

The positive effect of metformin on cardiovascular risk [4, 25]
is confirmed by the present NMA, with significant differences
from placebo, DPP4i, sulfonylureas and insulin. On the other
hand, data on mortality are not significant. The assessment of
the effects of metformin is based on a small number of studies
with limited sample size, mostly performed many years ago. In
fact, metformin is rarely chosen as a comparator for newer drugs
assessing cardiovascular outcomes, maybe because of the high
expectations for its effects on cardiovascular risk. The lower
quality of parent trials reduces the reliability of the results of
metformin on MACE and all-cause mortality.

Pioglitazone had been previously reported to reduce the inci-
dence of MACE, while increasing the risk of hospitalisations for
heart failure [7]. In the present pairwise meta-analysis, pioglita-
zone had a significant effect versus all comparators, confirming
previous results [8]. In NMA, the beneficial effect of pioglita-
zone was observed in comparison with placebo, DPP4i, insulin
and sulfonylureas, although it was more nuanced, as it was not
confirmed by the Bayesian sensitivity analysis. It may be spec-
ulated that the antiatherogenic effect of pioglitazone, demon-
strated by clinical trials [26] was partly countered by the effects
on fluid retention, determining increased myocardial oxygen
consumption [27]. Notably, a trial showing a reduction in the
risk of stroke determined by treatment with pioglitazone could
not be included in the meta-analysis because it enrolled patients
without diabetes [28].

The neutrality of DPP4i with respect to cardiovascular morbid-
ity and all-cause mortality is confirmed by the present NMA [9],
as well as the effects of insulin, which neither increases nor de-
creases the incidence of MACE and mortality and is also in line
with previous reports [29, 30].

The paucity of data does not allow an accurate assessment of the
effects of acarbose.

Previous meta-analyses of clinical trials had reported a signif-
icant increase in the incidence of MACE and all-cause mortal-
ity associated with sulfonylureas [10, 25]. The present pairwise
meta-analysis confirms that sulfonylureas are associated with
an increased risk of cardiovascular events. This phenomenon
can be attributed to the interaction of the drugs of this class
with ATP-dependent potassium channels in cardiomyocytes
and cerebral tissues, augmenting the susceptibility to ischemic
damage [31, 32] and/or to an increased risk of hypoglycemia
[33]. Conversely, in contrast to previous pairwise meta-analyses
[4, 10], in this NMA the observed association between sulfony-
lureas and the increase in cardiovascular events and all-cause
mortality did not reach statistical significance. It is possible that
previous results were partly determined by comparisons with
active drugs which reduce cardiovascular events and mortality,
such as SGLT2i, GLP1RA, pioglitazone and possibly metformin.
Furthermore, our choice to exclude all trials not adjudicating
MACE may also have determined a difference in results. A sig-
nificant publication bias has been detected for sulfonylureas in

our pairwise meta-analysis, warranting caution in the interpre-
tation of results. In addition, the possibility of bias determined
by the relatively lower quality of some of the available trials with
sulfonylureas should be considered. Furthermore, indirect com-
parisons in NMA could be affected by residual bias determined
by the heterogeneity of trials, potentially explaining differences
from pairwise metanalyses.

The results of the present NMA are largely, but not entirely, con-
vergent with those of a recently published analysis, which shares
most of the same methods [13]. However, the present analysis in-
cludes some recent large-scale trials, such as the cardiovascular
outcome study with tirzepatide [11], which were not yet avail-
able when the previous NMA was performed. In addition, this
NMA does not include finerenone, which is not indicated for
type 2 diabetes, but only for diabetic nephropathy. Furthermore,
we excluded short-term (24-40weeks) trials and studies without
formal adjudication of cardiovascular events, which can induce
background noise, possibly attenuating differences in outcomes
across treatments.

The strengths of the present analysis include the overall consid-
eration of all drugs indicated for type 2 diabetes, including only
trials with adjudication for events for greater certainty of diagno-
sis. The relatively high number of direct comparisons between
active drugs adds robustness to the analysis. Further strengths
are the large size of the enrolled samples, the high quality of a
large majority of included trials and the low inconsistency across
most comparisons. On the other hand, some weaknesses should
be recognised. The analysis of drug classes could overlook po-
tential differences across molecules within the same class with
respect to cardiovascular risk. Some of the older drugs were
assessed mainly based on results of smaller and lower-quality
trials. In addition, not all direct comparisons were available
and indirect comparisons estimated by NMA always need to be
considered with some caution, as they could be affected by dif-
ferences in trial design and case mix. In particular, differences
in disease duration, glucose control and comorbidities, as well
as differences in concurrent treatments in patients enrolled in
different trials, could produce distortions which are difficult to
eliminate through statistical analysis. Therefore, direct (pair-
wise) comparisons, where available for appropriate sample size,
should be considered more reliable than indirect comparisons.
Notably, most of the evidence on the effects of different drugs on
cardiovascular events and all-cause mortality are derived from
cardiovascular outcome trials, which enrolled patients with es-
tablished cardiovascular disease or with multiple risk factors;
the applicability of those results to patients at lower cardiovas-
cular risk remains uncertain.

Another methodological issue is the possible impact of differ-
ences in glucose control between treatment arms on the in-
cidence of MACE [2]. In fact, HbAlc levels are significantly
different between treatment arms in all placebo-controlled trials
with metabolic outcomes and in a large majority cardiovascular
outcome trials, with between-group differences greater than 1%
in some instances [11, 34]. Therefore, the positive results with
some classes of drugs cannot be automatically interpreted as the
demonstration of cardiovascular protection independent of glu-
cose control. On the other hand, the reduction of glucose levels,
together with the favourable effects on other risk factors (e.g.,
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blood pressure, body weight, etc.) could be one of the mecha-
nisms underlying the cardiovascular benefits of some classes
of drugs. If this is the case, the design of most cardiovascular
outcome trials, which established a rescue therapy for patients
above reasonable glucose targets, limiting between-group dif-
ferences in glucose control, could have produced an actual
underestimation of the efficacy of some classes of drugs for car-
diovascular prevention in type 2 diabetes.

In conclusion, available data from randomised trials show that
SGLT2i, GLP1RA, tirzepatide and (with a lower quality of evi-
dence) metformin and pioglitazone are associated with a reduc-
tion of the incidence of cardiovascular events; SGLT2i, GLP1RA
and tirzepatide are also associated with a reduced all-cause
mortality.
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