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Abstract 
In cardiovascular (CV) diabetology a “one-size fits-
all” approach needs caution as vasculopathy and CV 
manifestations in patients with type 2 diabetes (T2D) 
with short disease duration are different as compared 
to those with longer duration. This is of relevance when 

interpreting results of CV outcome trials as responses 
to any intervention aimed to reduce CV risk might be 
different in patients with established vasculopathy as 
compared to those without, where also the duration 
of the intervention may play a role. Additionally, the 
mode-of-action of the intervention and its assumed 
time to peak CV risk modulation need to be taken 
into account: an intervention with possibly immediate 
effects, like on blood pressure or other direct functional 
dynamic parameters such as endothelial function or 
renal hemodynamics, could likely provide a meaningful 
impact on CV outcomes over a shorter time span than 
interventions that primarily target pathways that work 
on atherosclerotic processes, organ-remodelling, or 
vessel integrity. We are now faced with CV outcome 
results to interpret from a plethora of outcomes trials in 
T2D, some of which are testing the CV risk modulation 
predominantly beyond glucose lowering, e.g. , as is 
the case for several trials testing the newer therapy 
classes di-peptidyl peptidase-4 inhibitors, glucagon-
like protein-1 receptor analogues and sodium glucose 
co-transporter-2 inhibitors, and this paper reviews the 
data that support a call for a multiaxial approach to 
interpret these results. 
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Core tip: Vasculopathy and cardiovascular (CV) mani
festations in patients with type 2 diabetes differ 
dependent on disease duration. This literature review 
supports that it is necessary to contextualize results of 
CV outcome trials in diabetes to diabetes duration as 
well as duration and mode of action of the intervention, 
which may be of particular relevance for those inter
ventions that primarily target pathways related to 
atherosclerotic processes, organ-remodelling, or vessel 
integrity. Several CV outcome trials testing newer 
therapy classes (i.e. , di-peptidyl peptidase-4 inhibitors, 
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glucagon-like protein-1 receptor analogues and sodium 
glucose co-transporter-2 inhibitors) are now due to 
report and a multiaxial approach to interpret these 
results is needed. 
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INTERPRETATION OF CARDIOVASCULAR 
OUTCOME TRIALS IN TYPE 2 DIABETES 
The human mind is a master in pattern recognitions. 
A flip-side to this profound ability in predicting cause-
and-effects surfaces however in dealing with complex 
questions where a “one-size fits-all” approach not 
necessarily longer applies. Cardiovascular (CV) diabe
tology is one example of a complex system where a 
“one-size fits-all” approach needs caution. For example, 
vasculopathy and CV manifestations in patients with 
type 2 diabetes (T2D) with short disease duration 
are different as compared to those with longer T2D 
duration. Further, the response to any intervention 
aimed to reduce CV risk might be different in patients 
with established vasculopathy as compared to those 
without, where also the duration of the intervention 
may play a role for a successful risk reduction. The 
last point is however also dependent on the mode-of-
action of the intervention, since an intervention with 
possibly immediate effects, like on blood pressure or 
other direct functional dynamic parameters such as 
endothelial function or renal hemodynamics, likely could 
provide a meaningful impact on outcomes over a shorter 
time span than interventions that primarily targets 
pathways that work on atherosclerotic processes, organ-
remodelling, or vessel integrity. These are all important 
considerations that need to be taken into account when 
we soon will be faced with results to interpret from a 
plethora of outcomes trials in T2D, some of which are 
testing the CV risk modulation potential predominantly 
beyond glucose lowering, e.g., as is the case for the 
newer therapy classes di-peptidyl peptidase (DPP)-4 
inhibitors, glucagon-like protein-1 receptor analogues 
and sodium glucose co-transporter-2 inhibitors (Figure 
1).

THE RELEVANCE OF CONTEXTUALIZING 
OUTCOME TRIAL RESULTS TO T2D 
DURATION AND PRESENCE OR ABSENCE 
OF CV COMPLICATIONS? 
T2D is a progressive complex metabolic disease[1] 
leading to disturbances in several pathways (e.g., 

hyperglycemia, insulin resistance, inflammation, oxi
dation, endothelial dysfunction, dysfunctional adiposity) 
involved in vasculo-biopathology and CV complications[2]. 
With this in mind, what could possibly explain differing 
impact on CV risk of an intervention given early in 
the T2D disease course vs late? One element relates 
to that longer-standing T2D is associated with silent 
vasculopathy, as illustrated by e.g., approximately 
20% of clinically asymptomatic patients with T2D 
having significant coronary artery disease, either by 
invasive coronary angiography[3] or by photon emission-
computed tomography myocardial perfusion imaging[4].
Further, since longer duration of the disease and 
advancing age typically lead to an accumulation of 
subclinical [such as vascular stiffness[5], coronary artery 
calcifications (CAC)[6], or myocardial dysfunction[7]] 
or clinical manifestations of CV complications (i.e., 
myocardial infarction), or microvascular complications 
(which is an emerging risk factor for CV complications[8]), 
it might be conceivable that if the patient population 
being studied has advanced vasculopathy, the likelihood 
to influence the disease course could be lower. In 
particular if end-stage complications have manifested, 
e.g., as observed in patients on dialysis where statins 
apparently do not reduce CV risk[9], since these patients 
may be less sensitive to improvement in CV risk factors. 

In longer-term outcome trials in T2D, where different 
strategies to intensively improve glucose control were 
tested, this point, to a certain degree, was illustrated 
by different results on outcomes as observed in the 
United Kingdom Prospective Diabetes Study (UKPDS); 
a study[10] that recruited newly diagnosed patients with 
T2D with a low CV disease burden, and the ORIGIN 
trial[11], which recruited patients with 5-6 years of 
diabetes duration of whom approximately 60% had 
prior CV complications (Figure 2). Although both studies 
achieved meaningful differences in glucose control 
between treatment arms, only those patients with newly 
diagnosed T2D without prevalent CV disease in UKPDS, 
achieved outcome benefits. Whether this was related 
to the short diabetes duration and low vasculopathy 
burden at the start of the intervention, a long treatment 
duration, or mode of action of the different interventions, 
is not known. The potential differing response to 
preventive therapies in patients with short vs long 
standing diabetes was also illustrated in a subanalysis 
of the recent CV outcome trial comparing outcomes 
of placebo or alogliptin superimposed on standard of 
care in patients with T2D and acute coronary syndrome 
(the EXAMINE trial)[12]. Overall the glycemic differences 
between the treatment arms were small and the primary 
outcome was neutral, however, patients with shorter 
diabetes duration (i.e., less than 5 years) had reduced 
risk [hazard ratio (HR) = 0.74 (95%CI: 0.54, 1.01)] 
for the composite primary CV endpoint as compared 
to those with longer disease duration [5-10 years HR 
= 0.81 (95%CI: 0.58, 1.13); > 10 years HR = 1.22 
(95%CI: 0.98, 1.53); interaction with treatment P-value 
0.014]. Another interesting observation in the context 
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of degree of vasculopathy as a potential determinant for 
the effect of an intervention stems from the veterans 
affairs diabetes trial (VADT)[13]. The VADT tested whether 
intensive glucose control (targeted/achieved HbA1c < 
6.0%/6.9%) vs conventional (targeted/achieved HbA1c 
< 9.0%/8.9%) could reduce CV risk in 1791 patients 
with long-standing T2D[13]. Although intensive glucose-
lowering therapy did not significantly reduce CV events 
in the study cohort as a whole, there was evidence 
that the response was modified by baseline CAC. 
They observed, e.g., that among those randomized to 
intensive treatment, in the subgroup with CAC > 100, 
11 of 62 individuals had events, while only 1 of 52 
individuals with CAC ≤ 100 had an event (significant 
risk reduction), indicating that intensive glucose lowering 
reduced CV events only in those with less extensive 
calcified coronary atherosclerosis[14].

WHY IS IT IMPORTANT TO 
CONTEXTUALIZE OUTCOME 
TRIAL RESULTS TO DURATION OF 
INTERVENTION?
In order for an intervention to reduce CV risk it has 

to interfere with the cascade of events that lead 
to complications. Since T2D is a CV risk entity by 
itself, where CV risk typically is further magnified in 
the presence of CV complications, any intervention 
that targets outcomes like myocardial infarction or 
hospitalization for angina pectoris primary related to 
atherosclerosis, likely have to be of sufficient duration 
since the biopathological processes typically might 
evolve over decades[15,16]. Although the targeted study 
outcome as well as the mode of action of the inter
vention certainly plays an important role here, one 
important question is when the effects of an intervention 
are assumed to peak. This was illustrated, for example, 
by the PRO active trial[17], comparing pioglitazone vs 
placebo as secondary CV prevention: at study end the 
primary endpoint just missed the significance level, but 
as the survival curves separated in favour of pioglitazone 
towards study end, it was speculated that the trial 
result could have looked different if the trial had run 
longer[18]. At this point it is only speculations if the two 
other recent neutral outcome trials involving DPP-4 
is, a class that in animal studies have been implied to 
reduce several pathways leading to atherosclerosis[19], 
namely SAVOR-TIMI53[20], EXAMINE[12], and TECOS[21] 
would have showed different results if ran longer than 
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Figure 1  Anticipated ending of outcome trials in type 2 diabetes and their primary outcomes and patient/event numbers involving di-peptidyl peptidase-4 
inhibitors, glucagon-like protein-1 receptor analogues and sodium glucose co-transporter-2 inhibitors. Superscript note indicate study drug(s) in testing. 
All trials are placebo controlled except CAROLINA® that compared vs the sulfonylurea glimepiride. 1Saxagliptin, Astra Zeneca; 2Alogliptin, Takeda; 3Sitagliptin, 
Merck; 4Linagliptin, Boehringer Ingelheim/Eli Lilly; 5Lixisenatide, Sanofi Aventis; 6Liraglutide, Novo Nordisk; 7Semaglutide, Novo Nordisk; 8Exenatide, Astra Zeneca; 
9Dulaglutide, Eli Lilly; 10Empagliflozin, Boehringer Ingelheim/Eli Lilly; 11Canagliflozin, J and J; 12Dapagliflozin, Astra Zeneca; 13Omarigliptin (once weekly tablet), Merck; 
14ITCA 650 [once/twice yearly exenatide via subcutaneous mini-pump (Duros device)], Intarcia Therapeutics. DPP-4: Di-peptidyl peptidase-4; GLP-1: Glucagon-
like protein-1; SGLT-2: Sodium glucose co-transporter-2; MACE3: Composite endpoint of cardiovascular death, non-fatal myocardial infarction and non-fatal stroke; 
MACE4: MACE3 plus hospitalized unstable angina pectoris; MACE5: MACE4 plus hospitalized congestive heart failure.
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their median duration of respectively 2.1, 1.5 and 2.8 
years. Obviously this needs further clarification in trials 
of longer duration. 

RESULTS OF CV OUTCOME TRIALS IN 
T2D NEED TO BE INTERPRETED IN A 
MULTIDIMENSIONAL FRAME
Over the next years, with several CV outcome trials 
due to report (Figure 1)[22-29], an opportunity for great 
learnings is at our doorsteps. Since some trials might 
even contribute to paradigm shifts in our approach to 
T2D management, it is important to contextualize the 
results to the study populations in scope taking into 
account T2D disease duration, degree of vasculopathy, 
duration of the intervention, and the mode of action of 
the intervention (Figure 2). Only this will fully support 
and facilitate an optimized patient centered approach to 
T2D care and CV risk management[30]. 
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