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Abstract

Aims: Whether to recommend specifically the glucose-lowering therapies with car-

diovascular benefit only in secondary prevention, or also in patients with multiple risk

factors (MRF) but without established atherosclerotic cardiovascular disease

(ASCVD), is controversial across the guidelines for diabetes.

Materials and Methods: We performed a meta-analysis of clinical trials with major

adverse cardiovascular events (MACE) as an outcome.

Results: The definitions of ASCVD and MRF were heterogeneous across trials; never-

theless, the incidence of MACE was 2.8-fold higher in people with ASCVD in trials

with sodium-glucose cotransporter 2 inhibitors (SGLT2is), and 3.9-fold in trials with

glucagon-like peptide-1 receptor agonists (GLP-1 RA). Both SGLT2i and GLP-1 RA

were associated with a significant reduction in the incidence of MACE in people with

previous ASCVD [inverse variance-odds ratio 0.91, 95% confidence interval (0.86:

0.97) for SGLT2i, Mantel-Haenszel odds ratio 0.85, 95% confidence interval (0.81:

0.90) for GLP-1 RA], whereas no significant reduction was detected in those without;

on the other hand, no significant difference in effect was found between the two

groups as well. The sample of patients without ASCVD enrolled in clinical trials is

insufficient to draw reliable conclusions in this population; however, even assuming

the same benefit detected in people with ASCVD also in those with MRF, the num-

ber needed to treat would differ (35 for secondary, 99 for primary prevention of a

MACE with a SGLT2i; 21 for secondary, 82 for primary prevention with a GLP-1 RA,

respectively), given the difference in absolute cardiovascular risk at baseline.

Conclusion: The distinction between patients with ASCVD and those without

ASCVD and MRF appears therefore justified by available evidence.
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1 | INTRODUCTION

Evidence from randomized trials shows that different glucose-

lowering agents have differential effects on cardiovascular morbidity

and mortality in people with type 2 diabetes mellitus.1 Patients at

higher cardiovascular risk can have a greater benefit from the reduc-

tion of such risk; consequently, many guidelines recommend different

drug algorithms for the treatment of type 2 diabetes, based on the

cardiovascular risk of patients.2–4 In particular, drugs with proven car-

diovascular benefit, such as sodium-glucose cotransporter 2 inhibitors

(SGLT2is) and/or glucagon-like peptide-1 receptor agonists (GLP-1

RAs), are usually recommended as first-line treatments in patients at

highest risk.2–5

The definition of high-risk patients in guidelines is very heteroge-

neous. Some guidelines recommend the specific choice of glucose-

lowering drugs with proven cardiovascular benefit only in patients

with established cardiovascular disease (CVD), i.e. in secondary

prevention,4 whereas others recommend the same treatment also in

patients without previous cardiovascular events, but at high risk,2,3,5

albeit with a different strength of recommendation.6 The definition of

high-risk subjects in primary prevention is also variable across guide-

lines. The European Society of Cardiology (ESC) defines as high-risk or

very high-risk subjects all those with either one additional risk factor

other than diabetes, target organ damage (i.e. microvascular complica-

tions of diabetes), or a duration of diabetes greater than 10 years.3

Conversely, the American Diabetes Association (ADA)/European

Association for the Study of Diabetes (EASD) position statement

defines as high-risk patients those aged over 55 years with at least

two additional risk factors.5

2 | DRUGS FOR DIABETES IN PRIMARY
AND SECONDARY PREVENTION OF
CARDIOVASCULAR DISEASE

Most available evidence on the cardiovascular effects of glucose-

lowering drugs is derived from cardiovascular safety studies, usually

performed to comply with regulatory requirements. In fact, because

the concern of an association between specific glucose-lowering

drugs, such as thiazolidinediones, and adverse cardiovascular out-

comes, in 2008 the US Food and Drug Administration (FDA) issued a

guidance, requiring the demonstration that all new diabetes drugs do

not increase the incidence of major cardiovascular events (MACE;

defined as the composite endpoint of non-fatal myocardial infarction,

non-fatal stroke and cardiovascular mortality, with the optional addi-

tion of unstable angina), with an upper limit of 95% confidence inter-

val (CI) not greater than 1.3. Such a result could be obtained either

through pooled analyses of phase II-III trials, or through specifically

designed placebo-controlled cardiovascular safety trials performed in

high-risk patients. Such trials could be performed after drug marketing

in the case that phase II-III trials did not show an increase of cardio-

vascular events, with an upper limit of CI not exceeding 1.8.7 An

amendment of the FDA guidance in 2020 explicitly stated the need to

enrol in phase II-III studies a relevant number of patients with either

established CVD, renal disease, or advanced age.8

The FDA guidance prompted a substantial number of cardiovas-

cular safety trials with new drugs for type 2 diabetes, with MACE as

the principal endpoint, often designed as non-inferiority studies ver-

sus placebo. The enrolment of very high-risk subjects, required by reg-

ulatory authorities to obtain a more reliable assessment of safety, was

also functional to contain the number of patients enrolled and the

duration of trials, while preserving a sufficient statistical power

because of the high number of observed events. As a strategy for

selecting patients at very high cardiovascular risk, many trials enrolled

only subjects with established CVD.9–12 Other trials also included a

subgroup of patients without previous cardiovascular events, but with

multiple risk factors; however, those subgroups in primary prevention

accounted only for a minority (and sometimes only for a small frac-

tion) of events in each trial.13–21

In all available trials, subgroup analyses, performed either as pre-

specified or as post-hoc analyses, did not show significant reductions

of MACE with either GLP-1 RA or SGLT2-i in patients without estab-

lished CVD,11,13–19,21 whereas a significant reduction was often

detected in patients with established CVD.11,13,14,16,19,21 Notably, the

sample size of a trial is calculated based on the principal endpoint in

the whole sample; any subgroup analysis is therefore inherently

under-powered, having only exploratory purposes. In this specific

case, the small number of events recorded in primary prevention sub-

groups is far from reaching an adequate statistical power. On the

other hand, analyses exploring differences in risk for MACE between

subjects in primary or secondary prevention failed to detect statisti-

cally significant differences in effect across subgroups.16,18 However,

the lack of evidence on differences between subgroups is not evi-

dence of the absence of such differences: the small number of events

in primary prevention subgroups, while insufficient for establishing

the difference between drug and placebo in the subgroup, is also

insufficient to assess the differences in effects between subgroups

reliably.

When the samples enrolled in individual trials are insufficient for

drawing a clear conclusion, the combination of all available trials in a

meta-analysis can increase the statistical power, and therefore the

reliability of results.

3 | EVIDENCE OF CARDIOVASCULAR
EFFECTS OF GLUCOSE-LOWERING DRUGS IN
PRIMARY AND SECONDARY PREVENTION

To this purpose, we performed a meta-analysis, as a part of a broader

systematic review, which was registered on the PROSPERO22 website

(CRD42022310017). The search string was updated to 5 April 2023,

and limited to classes of anti-hyperglycaemic drugs of proven CVD

benefit (i.e. GLP-1 RA, SGLT2i, pioglitazone and metformin1). The

endpoint was the incidence of MACE. We included all randomized

controlled trials with a duration of follow-up of at least 52 weeks, in

which any SGLT2i or GLP-1 RA, or metformin or pioglitazone, was
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compared with either placebo or active comparators in adults with

established T2DM, provided that they reported the formal external

adjudication of events, and that they reported separate results for

people with and without atherosclerotic CVD (ASCVD). Mantel-

Haenszel odds ratios (MH-ORs) with 95% CIs were calculated for all

outcomes defined above, on an intention-to-treat basis, when the

number of events were available; when only ORs were available,

inverse variance odds ratios (IV-ORs) were used. Heterogeneity was

assessed using I2 statistics. A fixed-effects model was applied and a

random-effects analysis was used a sensitivity analysis. All analyses

specified above were performed using Review Manager 5.4.1 (The

Cochrane Collaboration) and SPSS 28.0.1.0 (IBM SPSS Statistics).

The four available trials performed in patients with ASCVD for

SGLT2i, enrolling 29 564 subjects, showed a significant reduction in

the incidence of MACE [IV-OR 0.91, 95% CI (0.86, 0.97)]. Only two

trials reported the incidence of MACE in people without ASCVD

(N = 10 186), with no significant effect of SGLT2i [IV-OR 1.01, 95%

CI (0.87, 1.16)]. The difference in effects of SGLT2i between sub-

groups was not statistically significant (p = .12; Figure 1). Identical

results were obtained with a random-effects model [IV-OR 0.89 (0.83,

0.95) and 1.01 (0.87, 1.16) in patients with and without ASVCD,

respectively; p = .88 for subgroup difference].

For GLP-1 RA, 10 and eight trials were available for people with

and without ASCVD, respectively. The number of patients enrolled

was 49 587 and 19 102 with and without ASCVD, respectively.

GLP-1 RA treatment was associated with a significant reduction of

MACE in people with ASCVD [MH-OR 0.85, 95% CI (0.81, 0.90)], but

not in those without ASCVD [MH-OR 0.94, 95% CI (0.83, 1.06)].

However, the difference in the effects of GLP-1 RA between the two

subgroups was not statistically significant, with p = .17 (Figure 2).

Similar results were obtained using a random-effects analysis, with

MH-OR 0.85, 95% CI (0.77, 0.93) in those with ASCVD, and MH-OR

0.94, 95% CI (0.83, 1.06) in those without.

For pioglitazone, the only trial separately reporting data on MACE

in patients without ASCVD is the TOSCA study23; a post-hoc analysis

on patients without ASCVD did not show any difference in MACE

between pioglitazone and sulphonylurea [OR 0.99 (0.73-1.34)] in

2693 patients. Conversely, in the only available trial reporting data on

patients with ASCVD, the PROACTIVE study,24 pioglitazone was

associated with a significant reduction of MACE [hazard ratio 0.84

(0.72-0.98)]. Similar results [MH-OR: 0.84 (0.72, 0.99)] were obtained

when a further study enrolling patients with mild coronary disease25

was combined with the PROACTIVE study.

The retrieval of data on metformin was more problematic. The

UKPDS enrolled a small fraction of patients with ASCVD, but did not

report separate analyses for patients with or without ASCVD.26 The

SPREAD-DIMCAD27 trial, which randomized people with diabetes

and ASCVD to metformin or glipizide, detected a non-significant trend

toward a reduction of MACE in metformin arm [OR M-H, 0.45, 95%

CI (0.18, 1.15)].

Overall, available evidence is insufficient to show a significant

reduction in the incidence of MACE in patients without ASCVD with

any class of drugs for diabetes. However, this could depend on the

insufficient size of samples enrolled in clinical trials. Even for GLP-1

RA, which were studied in relatively larger samples of patients in pri-

mary prevention, the total number of events reported in subjects

without ASCVD (i.e. 1235) had a power of 18.8% to detect as statisti-

cally significant a 10% reduction of cardiovascular events; this post-

hoc power calculation was performed using a one-sample z-test.28

Based on the observed incidence of MACE in placebo arms of primary

F IGURE 1 Incidence of major adverse cardiovascular events in randomized controlled trials performed on SGLT2 inhibitors in people with
MRFs for cardiovascular disease or in people with established ASCVD; IV odds ratios with 95% CI. ASCVD, atherosclerotic cardiovascular
disease; CI, confidence interval; IV, inverse-variance; MRF, multiple risk factors; SGLT, sodium-glucose cotransporter 2 inhibitor.
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prevention subgroups of available trials, a hypothetical placebo-

controlled trial performed in patients with multiple risk factors, but

without known ASCVD, designed to show a superiority of a GLP-1

RA with a 10% reduction of MACE (90% power, p = .05, 1:1 randomi-

zation) would need the enrolment of 46 670 patients, with a duration

of treatment of 5 years. The need of very large samples for the

assessment of cardiovascular effects of drugs for diabetes in patients

without previous cardiovascular events, even when selecting only

individuals with multiple risk factors, is a good reason for the prefer-

ential enrolment of subjects with ASCVD in cardiovascular trials.

On the other hand, we should be aware that most available

evidence on the cardiovascular effects of glucose-lowering drugs is

derived from trials originally designed for safety purposes, following

regulatory requirements.7 In fact, even for trials with superiority

endpoints,18 the main characteristics of the study had to comply with

the FDA guidance.7 As the original purpose of the study was the

assessment of safety, trials included the patients at highest risk of

adverse events, rather than those potentially receiving the greater

benefit from therapy.29 In addition, most of those studies enrolled a

large number of participants, to reach the expected number of events

in a relatively short time, thus confirming the safety of treatment as

soon as possible; the duration of observation, however, could have

been insufficient for the detection of longer-term effects.29 In particu-

lar, anti-atherogenic effects of other drugs used for cardiovascular

protection, such as statins, are scarcely evident in the first 2 years of

treatment30,31; many cardiovascular trials in diabetes have a mean

duration of follow-up ≤2 years,16,17,20,21 potentially underestimating

efficacy.

A further issue of cardiovascular trials in diabetes is the definition

of the principal outcome. The FDA guidance recommends a composite

endpoint of non-fatal myocardial infarction, non-fatal stroke and car-

diovascular mortality, with the possible addition of unstable angina.7

Such composite, although facilitating the collection of a relatively

large number of incident events, combines heterogeneous pathologi-

cal conditions, which could be differentially affected by treatments. In

fact, the biology of cerebrovascular endothelium is partly different

from that of coronary endothelial cells32; in addition, the peculiar

haemodynamic condition of coronary arteries, with myocardial

F IGURE 2 Incidence of major adverse cardiovascular events in randomized controlled trials performed on GLP-1 RA in people with MRF for
cardiovascular disease or in people with established ASCVD; MH odds ratios with 95% CIs. ASCVD, atherosclerotic cardiovascular disease; CI,
confidence interval; GLP-1 RA, glucagon-like peptide-1 receptor agonist; M-H, Mantel-Haenzel; MRF, multiple risk factors.
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contraction affecting intravascular pressure, is very different from that

of carotid and cerebral arteries. Furthermore, the incidence of myo-

cardial ischaemia is moderated by myocardial oxygen consumption,

which is much more variable than cerebral oxygen consumption.33,34

Consequently, different agents could have differential effects on

either coronary or cerebrovascular events, which are not discrimi-

nated in analyses on MACE, as defined above. In particular, pioglita-

zone could have greater beneficial effects on cerebrovascular events,

with fewer benefits on ischaemic heart disease,35 possibly for the

increase of myocardial oxygen consumption determined by fluid

retention and increase pre-load.36 Conversely, SGLT2is seem to have

greater effects on coronary, rather than cerebrovascular, events.37

4 | DEFINITION OF PRIMARY AND
SECONDARY PREVENTION: AN OPEN ISSUE

The preferential or exclusive enrolment of patients with ASCVD in

cardiovascular outcome trials in diabetes is justified for two reasons:

first, as regulatory authorities require those trials for the assessment

of safety, the enrolment of subjects with established CVD, who could

be at higher risk of cardiovascular adverse events, appears logical. In

addition, the selection of patients with ASCVD allows the identifica-

tion of a population with a very high incidence of MACE, thus limiting

the size of required samples.

However, the definition of ASCVD is significantly heterogeneous

across cardiovascular safety trials in diabetes (Table 1). Although some

events (e.g. myocardial infarction) are listed among criteria for defining

ASCVD in all studies, others, such as peripheral artery disease or heart

failure, are included in the definition of ASCVD only in some cases.

This means that some patients, which were included in the secondary

prevention groups in a trial, would have been included in the primary

prevention cohort if they had been enrolled in a different trial. This is

not surprising, as the ASCVD category in trial protocols was created

as an operational tool aimed at identifying patients at very high car-

diovascular risk, more than at describing an actual nosological entity.

Whatever the definition used in each trial, the category of

ASCVD appears to be very heterogeneous. First, it usually includes

both patients with ischaemic heart disease and cerebrovascular dis-

ease, which are biologically different.32 In addition, this category usu-

ally includes both patients with and without endovascular

revascularization procedures. In patients who underwent a percutane-

ous angioplasty, a relevant fraction of new cardiovascular events will

be represented by re-stenosis, which is often primarily a fibroproli-

ferative phenomenon,38 different from primary atherosclerosis. It is

conceivable that, in patients in secondary prevention, different agents

could have a differential efficacy in preventing cardiovascular events

with diverse pathogenesis.

Despite these limitations, the use of ASCVD among inclusion cri-

teria was a very effective means of selecting patients at high risk.

Based on the reported number of events, the projected 5-year cumu-

lative incidence of MACE in placebo arms of trials with GLP-1 RA was

8.2% and 31.9% in primary and secondary prevention cohorts,

whereas the corresponding figures for SGLT2i were 7.8% and 21.9%,

respectively. Therefore, when exploring potential differences in effi-

cacy of drugs in primary or secondary prevention of CVD, we are

comparing the effects of treatment in populations with widely differ-

ent cardiovascular risk.

F IGURE 3 Meta regression for median effect size of glucagon-like peptide-1 receptor agonist on MACE and incidence of MACE in placebo
group in randomized controlled trials performed on glucagon-like peptide-1 receptor agonist in people with MRF for cardiovascular disease or in
people with established ASCVD. ASCVD, atherosclerotic cardiovascular diseaseMACE, major adverse cardiovascular events; MRF, multiple risk
factors.
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The class of drugs with the larger number of available trials is

that of GLP-1 RAs. For this category, we performed a metaregres-

sion, considering separately the primary and secondary prevention

cohorts, and plotting the effect of treatment on the incidence of

MACE (expressed as relative risk reduction) versus yearly incidence

of events in the placebo arm, which is an index of baseline cardio-

vascular risk (Figure 3). There is no evidence of differences in the

efficacy of GLP-1 RA on MACE associated with differences in base-

line risk (p = .77). However, there is also no indication of differ-

ences between patients with or without ASCVD in relative risk

reductions obtained with GLP-1 RA, independent of baseline

cardiovascular risk.

5 | HIGH RISK MEANS HIGH BENEFIT:
DEFINITION OF HIGH CARDIOVASCULAR
RISK AS A GUIDE FOR THE SELECTION OF
DRUGS WITH CARDIOVASCULAR BENEFITS

In summary, although there is no definitive demonstration of efficacy

in reducing MACE in primary prevention for any class of drugs for dia-

betes, there is also no evidence that the effects of drugs on relative

risk reduction are different between patients with or without ASCVD.

In addition, the definition of ASCVD is widely heterogeneous across

trials, indicating that the distinction between primary and secondary

prevention could be an artificial tool to identify patients at very high

risk, rather than the description of an actual biological dichotomy.

Consequently, the position of Scientific Societies gathering in a single

‘high-risk’ category patients with ASCVD and those with additional

risk factors3,5,6 appears justified.

On the other hand, despite its heterogeneity, the ASCVD category

is very effective in the discrimination of very high-risk subjects. Nota-

bly, patients without ASCVD included in cardiovascular trials with

GLP-1 RA or SGLT2i were enrolled only when showing multiple risk

factors, although with some differences across trials (Table 2). Inclu-

sion criteria in primary prevention cohorts of those trials resemble the

definition of high-risk patients suggested by the ADA/EASD

Consensus,5 while the ESC guideline provides a much wider definition,

thus including a large number of patients at lower risk.3 The reduction

of absolute risk with any treatment depends on the relative risk reduc-

tion and on the absolute risk at baseline. Consequently, the use of a

treatment with cardiovascular benefit in populations at lower risk pro-

duces a smaller absolute effect on the incidence of MACE. This can be

easily highlighted by calculating the number needed to treat, i.e. the

number of patients to be treated with a drug to prevent one major car-

diovascular event. Here we perform such a calculation, applying the

effect of GLP-1 RA and SGLT2i observed in clinical trials to the 5-year

incidence of MACE, calculated based on the observed incidence of

events in control groups of aforementioned randomized trials.

Assuming that the relative risk reduction with GLP-1 RA is the

same (i.e. �15%) in patients with and without ASCVD, the 5-year

number needed to treat in secondary prevention would be

21, whereas in primary prevention in patients with multiple riskT
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factors it would be 82. The corresponding figures for SGLT2i, consid-

ering the differences in baseline absolute risk in cohorts enrolled in

available trials, and assuming a 9% relative risk reduction, would be

51 and 143 for secondary and primary prevention, respectively.

As the formulation of treatment guidelines requires an assess-

ment of risk/benefit and cost/effectiveness ratios, which are based on

absolute, rather than relative, risks, the distinction between patients

with ASCVD and those without ASCVD and with MRF,4 appears justi-

fied by available evidence. The choice of drugs recommended as first-

line treatments in each one of those two categories may differ based

on the available resources and on the relevance attributed to issues of

equity in access.

6 | CONCLUSIONS

A methodologically rigorous assessment of available evidence leads to

the conclusion that, at present, there is no clear demonstration of

efficacy for the prevention of MACE in patients with diabetes and

without established ASCVD with any class of glucose-lowering drugs.

At the same time, available evidence suggests that, in people with dia-

betes, there is no major difference in relative risk reduction with

GLP-1 RA and SGLT2i between patients with ASCVD and those with-

out ASCVD and with MRF. On the other hand, baseline absolute risk

in cohorts enrolled in clinical trials is much higher in the ASCVD than

in the MRF subgroups; consequently, even in the case that relative

risk reduction with drug treatment was independent of ASCVD, the

expected effect of GLP-1 RA and SGLT2i on absolute risk would be

considerably greater in patients with ASCVD. The distinction between

primary and secondary prevention, although questionable, is a useful

tool in the management of diabetes mellitus, to identify a very high-

risk population, possibly deserving a specific therapeutic approach for

cardiovascular risk reduction.
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