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Diabetes & CVD: Time for a multifactorial 
approach 

Prof. John E Deanfield, MD - University College London, 
United Kingdom

To set the stage, professor Deanfield called diabetes 
‘probably the biggest threat to the population’s future 
cardiovascular health’. It is a sobering fact that a 50-year-
old with diabetes, but without history of cardiovascular 
disease (CVD), has a life expectancy six years less than 
a counterpart without diabetes [1]. Over the last few 
years, we have improved at managing the glycemic 
complications of diabetes, such as hyperglycemic 
deaths. Cardiovascular (CV) admission rate and the CV 
complications of diabetes have, however, gone down only 
modestly [2]. This remains a big challenge. 

The risk for our patients with diabetes in terms of CV 
complications begins before they get frank diabetes. 
This so-called pre-diabetic phase was nicely shown by 
the Nurses’ Health Study from the United States, which 
followed over 100,000 women for 20 years. The results 
not only showed that if the nurses were diabetic at 
baseline, their relative risk of myocardial infarction (MI) 
or stroke was five times higher as compared to if they 
did not have diabetes. Interestingly, if they suffered a CV 
event after diabetes diagnosis, their risk was 3.7 times 
higher, but if they got an event before they had diabetes, 
their risk was 2.8 times higher. This suggests that the CV 
impact of dysfunctional glycemic control is already seen 
before the development of diabetes [3]. 
This population is increasingly seen in cardiology practice 
these days. A Swedish study revealed that about one 
third of patients admitted with an acute MI had diabetes, 
another third had prediabetes with impaired glucose 
tolerance, and the remaining third had normal glucose 
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tolerance at the time of their MI [4]. Unsurprisingly, 
patients with normal glucose tolerance showed better 
event-free survival (up to 13 years of follow-up). Survival 
in patients with impaired glucose tolerance, but without 
diabetes, was decreased, to a similar extent as in patients 
with diabetes [4]. 

Management needs to be directed at reducing and 
delaying CV complications in T2DM patients with and 
without CVD and in those with prediabetes.  

Another study from Sweden really emphasized the 
opportunity to manage multiple CV risk factors in these 
patients and to produce a significant improvement in their 
clinical outcome. This very large registry-based study in 
more than a quarter of a million people with type 2 diabetes 
(T2DM) looked at five potential risk factors [5]. Data showed 
that if the diabetic persons had all of those risk factors at 
good level, their risk in terms of MI risk and CV complications 
was actually not higher than that of the general population. 
On the other hand, if risk factor control was less optimal, 
blood pressure (BP), cholesterol, and abnormal glucose 
control negatively affected risk of acute MI, stroke, and 
heart failure [5]. Another recent study not only emphasized 
the risk that originates from having risk factors, but also the 
opportunity our patients have in terms of improving their 
CV outcome by adopting a healthier lifestyle. This Chinese 
study showed that the higher the number of low-risk lifestyle 
factors, the more protection against future CVD and CV 
mortality was seen [6].

These insights have induced a change in our approach 
to diabetes: we no longer only focus on improving 
blood glucose control. Already in 1971, diabetologists 
acknowledged that the complications of diabetes are not 
preventable simply by control of blood sugar, but that 
much more is needed to get optimal results for patients 
[7]. Rather than seeing diabetes as a condition that causes 
CVD, we should consider diabetes as a state of enhanced 
CV risk. Thus, by modifying the CV risk factors we can 
achieve substantial benefits for our patients. Management 
therefore needs to be directed at reducing and delaying 
CV complications in T2DM patients with and without CVD 
and in those with prediabetes. The impact of modifying 
cholesterol and BP in our patients is substantial. For instance, 
the CARDS Study reported that atorvastatin 10mg lowered 
the cumulative hazard of MI and CV death by almost 40% 
within five years in T2DM patients, as compared with control 
glucose-lowering medication [8]. 

Despite the fact that statins work so well, many patients 
remain at substantial residual CV risk, as illustrated by the 
large Heart Protection Study, in which simvastatin yielded 
a reduction of major vascular events. Interestingly, patients 
with diabetes randomized to active treatment had a higher 

risk than those who did not have diabetes and who received 
placebo [9]. This suggests a substantial residual CV risk in 
those with diabetes.  
When comparing the benefit of treating patients with 
diabetes to lower their BP, cholesterol, and blood sugar, it 
becomes clear that the impact of 0.9% lowering in glycated 
hemoglobin (HbA1c) on CV events (-2.9% during 5 years of 
treatment) is smaller than that of lowering LDL-c by 1 mmol/L 
(-8.2% in 5 years) and lowering systolic BP by 4 mmHg 
(-12.5% in 5 years)[10]. 
Additionally, some trials that used active and very intensive 
glucose lowering therapy in patients, suggested that actually 
this might be doing harm in terms of CV risk. Notably, the 
study that investigated the effect of rosiglitazone on the risk 
of MI, found an increased MI risk when using rosiglitazone 
in diabetes [11]. As a consequence, the American Food and 
Drug Administration (FDA) and the European Medicines 
Agency (EMA) released stringent new guidelines for new 
diabetes drugs, requiring that any new diabetes drug should 
demonstrate CV safety in a formal CV outcomes trial. They 
have to meet a non-inferiority criterion based on comparison 
with traditional medication.

Thus, since then, a large number of trials have been released 
that look at the CV impact of new strategies to lower blood 
glucose. Some of them can be considered real game-
changers, in terms of the way we think about CV risk and 
how we manage it in patients with diabetes. We have got 
new drugs for lowering blood sugar: the DPP-4 inhibitors and 
the GLP1 receptor agonists (GLP-1RAs), and also new drugs 
that affect glucose reabsorption from the kidney, the SGLT2 
inhibitors.    

The first trial that really surprised the field was the EMPA-REG 
OUTCOMES Trial, which evaluated the effect of the SGLT2 
inhibitor empagliflozin on CV outcomes [12]. Empagliflozin 
was associated with a substantial clinical benefit; not only 
was a reduction seen in the primary outcome (14%), but there 
was also benefit from death from CV causes (38%), death 
from any cause (32%), and very impressively a rapid benefit 
in terms of hospitalization from heart failure (35%) [12]. GLP-
1RAs came out shortly after that. The LEADER Trial evaluated 
the GLP1-RA liraglutide on CV outcomes [13]. This agent also 
met its primary outcome requirements (15% reduction), but in 
addition showed an improvement in death from any cause 
(13%). 
The pattern of benefit differed between the SGLT2 and GLP-
1RA trials, because the improvement with SGLT2 inhibition 
occurred in the first few months and year, while that of 
GLP-1RA became clear over the first three and four years of 
therapy [13]. Thus, these two classes of drugs appear to be 
working to improve CV outcomes in a different way. Studies 
are ongoing to understand their mechanisms of action. For 
now, GLP-1RAs are thought to have anti-atherogenic effects, 
and SGLT2 inhibitors may mostly exert their effects through 
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hemodynamic effects. Initial observations on combined 
use of these two classes suggest that the combination 
yields benefit to lower HbA1c and glucose control [14], but 
their combined impact on CV complications remains to be 
assessed. 

These two new drug classes have already had a big impact 
on guideline recommendations on management of T2DM. 
The new ADA 2018 guidelines, for instance, recommend that 
patients with diabetes and established atherosclerotic CVD 
are treated with agents that have been proven to reduce 
major adverse CV effects and to reduce CV mortality.  
However, many questions remain, for example whether these 
drugs are equally effective in patients without diabetes, or 
even in patients who have not yet got clinical CVD. Which 
patients will benefit most from each drug and how shall we 
be combining these drugs together in clinical practice? This 
will depend on insights gained in mechanistic research on 
these drug classes. 
Ongoing trials are assessing the effect of these agents in 
various patient groups. For instance, recent data report on 
use of the GLP-1RA semaglutide in obese persons without 
diabetes, showing impressive results in terms of weight loss 
with semaglutide over a one-year period [15]. This is very 
exciting concerning opportunities to treat overweight people 
who are on the trajectory to getting diabetes.  

So, we have a new era for CV management in diabetic 
patients. Diabetologists and cardiologists now have to 
come together to collaborate on the care of these patients. 
We have the opportunity to help the patients, not just with 
BP and cholesterol lowering, but also with these two new 
classes of drugs which are glucose-lowering drugs, with not 
yet fully understood CV benefits.

GLP-1 receptor agonists: The 
cardiovascular benefits beyond glucose 
control

Dr. Filip K. Knop, MD, PhD – University of Copenhagen, 
Denmark

Dr. Knop first wanted to refresh everybody’s knowledge on 
the glucose-dependent pancreatic effects of glucagon-like 
peptide 1 (GLP-1) on both insulin and glucagon secretion. 
In healthy subjects, ingesting 25 mg glucose will lead to 
a glucose excursion as a result of small-intestinal glucose 
absorption. The resulting elevated plasma glucose level 
is the major signal to the pancreatic beta cells to secrete 
insulin. Insulin then facilitates glucose uptake by tissues, thus 
lowering plasma glucose levels. In healthy persons, a higher 
glucose load gives rise to the exact same glucose excursion 
as was seen upon ingestion of 25 mg [16]. This is the result 
of a bigger insulin response. But, contrary to what we were 

taught, this means that elevated plasma glucose is in fact 
not the major determinant of insulin secretion, as different 
insulin responses are seen after identical glucose excursions. 
This can be explained by the incretin hormones that are 
secreted from the enteroendocrine cells in our gut. Glucose-
dependent insulinotropic polypeptide (GIP) is secreted from 
the proximal part of the intestine, while GLP-1 is secreted 
from the small intestine, more distally. The level of both 
hormones is very low in the fasting state, and it rises several-
folds in response to ingestion of a meal. GIP and GLP-1 
control post-prandial glucose excursions. One of their many 
functions is to stimulate insulin secretion from the pancreatic 
beta cells upon oral glucose ingestion. Thus, in healthy 
persons, this incretin effect helps control the plasma glucose 
excursion, irrespective of the amount of glucose ingested. 

In T2DM patients, however, plasma glucose levels remain 
higher after oral glucose ingestion, and the incretin effect is 
significantly reduced [17]. Infusing GLP-1 intravenously can 
normalize the hyperglycemic state of T2DM patients, via 
increased insulin secretion and lower glucagon secretion 
from the pancreatic islets. Interestingly, the effects on insulin 
and glucagon secretion cease to exist upon normalization of 
glucose levels, indicating that GLP-1 only affects pancreatic 
islet hormones when glucose levels are high [18]. 
That means that the risk of inducing hypoglycemia is low with 
GLP-1RA treatment, as shown in the LEADER CV outcomes 
trial evaluating liraglutide (HR: 0.80, 95%CI: 0.74-0.88 for 
confirmed hypoglycemia, HR: 0.69, 95%CI: 0.51-0.93 for 
severe hypoglycemia) [13]. In a study that measured glucose 
levels over a 19-hour period, T2DM patients showed a 
characteristic hyperglycemic state both during fasting and 
after a meal, as compared to healthy subjects. After GLP-1 
infusion, glucose levels of the T2DM patients completely 
normalized to levels seen in healthy subjects [19].
 
GLP-1 lowers blood glucose via different mechanisms, 
including strictly glucose-dependent effects on 
pancreatic islets, which minimizes the risk of 
hypoglycemia.  

GLP-1 has effects beyond glucose metabolism, as GLP-1 
receptors (GLP-1R) are also present in other organs [20]. 
For instance, in the rodent and monkey brain, GLP-1R is 
abundantly expressed in many regions, including areas 
of importance for appetite control [21]. An experiment in 
which labelled liraglutide was infused in peripheral veins, 
demonstrated that GLP-1RA indeed bound to GLP-1R in the 
brain [22]. 
Secondly, GLP-1 also affects the heart. In Apo-E knock-
out mice with early, low-burden atherosclerotic lesions, 
liraglutide reduced lipid deposition and lowered the intima 
media ratio. Giving also a GLP-1 receptor antagonist (Ex-
939) counteracted the effect of liraglutide, suggesting that 
the GLP-1RA has a direct effect on plaque formation [23]. 
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Another GLP-1RA, semaglutide, was tested in LDL receptor 
knock-out mice, which are prone to develop atherosclerotic 
lesions in response to a Western diet. With increasing doses 
of semaglutide, the mice lost more body weight. Moreover, 
the semaglutide-treated mice showed lower aortic plaque 
lesion area size, as compared with vehicle-treated mice. 
This suggests that the GLP-1RA has a direct effect on plaque 
lesion formation, independent of the body weight reducing 
effect of semaglutide [24]. 
Lastly, GLP-1RA may affect macrophage phenotype. 
Macrophages play a role in formation of atherosclerotic 
plaque lesions. The precursors of macrophages can 
be directed towards pro-atherogenic macrophages, or 
toward a pro-resolving state that has beneficial effects on 
atherosclerotic lesions. It has been shown that liraglutide 
can drive the macrophage cell fate towards pro-resolving 
macrophages [25]. This might be important in the 
atherosclerotic lesion reduction as induced by GLP-1RA. 
 
In addition to its effects on insulin and glucagon, the 
reduction of appetite via GLP-1R activation in the brain, 
GLP-1 also lowers gastric emptying. Thus, via these indirect 
effects, and its direct effects on arteries in the heart, GLP-1 
affects several markers of CVD, namely glucose, BP, lipids, 
and also overweight. CV outcome studies have investigated 
whether these effects actually translate into a hard endpoint 
such as major adverse cardiovascular events. The ELIXA 
[lixisenatide, 26], LEADER [liraglutide, 13], SUSTAIN 6 
[semaglutide, 27] and EXSCEL [exenatide, 28] trials, have 
now been completed. Liraglutide and semaglutide showed 
a positive effect on outcomes, suggesting that GLP-1RA 
treatment reduces CV risk in patients with T2DM and at high 
risk of CVD. 

To finish off, Knop gave some suggestions on how to benefit 
from GLP-1RA in these patients. A GLP1RA with proven 
benefits in terms of CVD should be used. It is important 
to realize that GLP-1 lowers blood glucose via different 
mechanisms, including strictly glucose-dependent effects on 
pancreatic islets, which minimizes the risk of hypoglycemia. 
The effect of GLP-1 on the brain results in body weight 
loss. Also of interest is the fact that GLP-1 seems to reduce 
systolic blood pressure, most likely through a natriuretic 
effect in the kidneys. The reduction in BP is accompanied by 
a small but significant increase in heart rate, with unknown 
implications to date. The most frequent side effects of 
GLP-1RA are mild gastrointestinal side effects with nausea 
being the most predominant. Most GLP-1RAs can be used in 
patients with chronic kidney disease with EGFR down to 30 
mL/min/1.73m2. GLP-1RAs have few interactions with other 
glucose-lowering drugs, and can for instance be combined 
with SGLT2 inhibitors without any problems. There are only 
very few contraindications to GLP-1RA use and most of these 
are due to lack of knowledge.

Translating GLP-1 trial outcomes to 
cardiology practice: Which patients will 
benefit? 

Lars Rydén, MD – Karolinska Institute, Stockholm, Sweden

Before speaking of which patients will likely benefit from 
GLP-1RA therapy, Rydén briefly summed up what we know 
about this type of therapy. Incretin-based glucose lowering 
comes in two options, either by inhibiting the DPP-4 enzyme 
or giving a GLP-1RA. Various forms of GLP-1RA exist, some 
short-acting, others long-acting, some are exendin-4 
based, and others are more human analogues of the GLP-1 
molecule. Effects of the different compounds can vary due to 
their time of action and their source of origin [29].

In order to know which patients may benefit from this class 
of drugs, we need to look at the trial populations. The 
first exendin-based compound tested was lixisenatide, in 
the ELIXA trial [26]. ELIXA included about 6,000 patients 
with T2DM, all with a relatively recent coronary syndrome.  
They were treated with lixisenatide, in addition to ordinary 
treatment for BP, hypertension, lipids and even other 
glucose-lowering drugs, compared to placebo added to 
conventional treatment. Follow-up was around two years. By 
the end of the study there was not a big difference in HbA1c 
between the two treatment arms (7.4% with lixisenatide vs. 
7.6% with placebo). Likewise, there was no impact on CV 
mortality, MI, or stroke (HR: 1.02, 95%CI: 0.89-1.17) [26]. Thus, 
lixisenatide is a safe drug from a CV point of view, but it does 
not really rescue the patient from future events. The larger 
EXSCEL study evaluating exenatide was published more 
recently [28]. It included about 14,700 and lasted about five 
years. Again, no significant impact on the endpoint of MACE, 
including MI, stroke or CV mortality was seen stroke (HR: 
0.91, 95%CI: 0.83-1.00, P<0.001 for non-inferiority, P=0.06 for 
superiority). 

The human-based GLP-1RAs liraglutide and semaglutide 
show a different picture. The first one to be reported on is 
liraglutide (LEADER trial) [13]. Almost 10,000 patients were 
studied for a follow-up of up to 3.8 years. There was some 
difference in HbA1c by the end of the trial (~7.7% vs. ~8.0% 
with liraglutide vs. placebo). And a beneficial effect on the 
combined CV outcome was seen (HR: 0.87, 95%CI: 0.78-
0.97, P<0.001 for non-inferiority, P=0.01 for superiority) [13]. 
Semaglutide was studied in the SUSTAIN 6 trial [27], in a 
population of over 3,000 T2DM patients with CVD, with 
the same principles of study. The difference in HbA1c was 
somewhat greater (~7.3% vs. 8.3%) than in the other trials. 
Again there was a substantial reduction in CV endpoints (HR: 
0.74, 95%CI: 0.58-0.95, P<0.001 for non-inferiority, P=0.02 for 
superiority). 
Thus, LEADER and SUSTAIN 6 represent two trials that were 
favorable from a CV point of view and compared to the 
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others. Looking at the LEADER study [13] in a bit more detail, 
it can be noted that many patients had had an MI or were 
at very high CV risk. Their BP was fairly well-regulated and 
about one fifth of the population had heart failure. Diabetes 
duration was approximately 13 years, and patients were 
on average 64 years old. The majority were male, which is 
common in these populations. Both the placebo patients 
and the liraglutide-treated patients were well treated with 
glucose-lowering drugs. Recommendations by the trialists 
stated that glucose should be kept relatively well controlled, 
and BP as well, and lipids and anti-platelet therapy well 
practiced. Thus, in this well-treated group, liraglutide therapy 
beyond standard treatment could further reduce CV events. 
Importantly, the results were very consistent. Subgroups in 
this population, whether based on gender, age, body weight 
or another patient characteristic, had the same beneficial 
outcome with very few exceptions. One exception was 
formed by people who were older and who actually were a 
little less ill (no CVD yet) than the others. Having insulin from 
the beginning or during the study did not have any impact 
on outcomes; the impact of liraglutide was similar in patients 
with insulin at baseline, and even with insulin instituted during 
the study. 
Annual evaluation of microvascular events in LEADER 
revealed a decrease of events in liraglutide-treated patients. 
In addition, HbA1c, body weight, systolic BP, and lipids all 
show a favorable impact. It is reasonable to assume that all 
of these factors have importance for the beneficial outcome. 
But we do not know exactly which of these, or any other 
impact of GLP-1RA, is the truly important thing. 
Heart rate has the interest of cardiologists, because a rise 
is generally not a good thing. With liraglutide, heart rate 
increased with a few beats per minute, but this did not cause 
any harm. And the beneficial effects of liraglutide were seen 
despite this small increase in heart rate. 
In summary, liraglutide showed an absolute risk reduction 
in the three-point MACE of 1.9% and a relative reduction of 
13%. CV death was reduced by 22%, all-cause death by 15%, 
microvascular complications by 16% and renal complications 
by 22%.
 
The GLP-1RAs that have shown positive results in the 
outcome trials are more human-like and have a long 
duration of action.  

Now turning to the SUSTAIN 6 study that evaluated 
semaglutide [27], we can see that the patient population 
was quite similar to the one in LEADER. While the primary 
endpoint also showed a decrease in SUSTAIN 6, here this 
was mostly due to reductions in non-fatal MI and stroke, 
with little effect on CV death. MI, stroke, and the necessity 
for revascularization, all events related to atherosclerosis 
or progression thereof, were favorably impacted by 
semaglutide, while heart failure and mortality were not. Thus, 
these outcomes may reflect a decrease in the progress 

of atherosclerosis rather than any immediate effect of 
semaglutide. The study was not very long, thus it may take 
longer to show an effect on mortality. 
Retinopathy was actually increased in the semaglutide 
group in SUSTAIN 6. Combining this observation with the 
LEADER findings, there is an indication that retinopathy may 
be increased with GLP-1RA. It may relate to the immediate, 
quite substantial improvement in glycemic control, which is 
known in people with established retinopathy to deteriorate 
the condition. A huge meta-analysis [30] in an American 
insurance database compared incretins, DPP-4 inhibitors, 
and GLP-1RA with regard to retinopathy. That analysis gave 
no indication that these incretins increase retinopathy. 
Semaglutide did not cause hypoglycemia, the side effect 
that gets most of the attention. Pancreatitis and pancreatic 
cancer were not increased in any of these studies with tens 
of thousands of patients. 

A remaining question is why these differences are seen 
between GLP-1RA trials. Differences in study populations 
may play a role: ELIXA was conducted in patients with T2DM 
and recent acute coronary syndrome, and the proportion 
of patients with CVD and only CV risk factors differs. The 
REWIND trial, evaluating dulaglutide, which will be published 
in June in 2019, has a low proportion of people with 
established CVD compared to the other trials [31]. Another 
factor may be use of non-study medications, different dosing 
of other therapies, and difference in glycemic control. For 
instance, glycemic control with semaglutide was somewhat 
better than with liraglutide or other GLP-1RAs. The GLP-1RA 
backbone may also play a role, with the exendin-4-based 
differing from the human analogs, as may the duration of 
action. The molecular structure of different GLP-1RAs and 
their half-life vary considerably. The GLP-1RAs that have 
shown positive results in the outcome trials are more human-
like and have a long duration of action.
Another remaining question is whether GLP-1RAs will be 
effective in less ill patients, so the results of REWIND are 
of great interest. PIONEER-6 will provide insights on an 
oral form of semaglutide, which is currently being tested 
in people with impaired glucose tolerance, prediabetes. 
Semaglutide is also being tested in obese people (SELECT 
study) with CVD manifestations but without diabetes, with the 
hypothesis that we could reduce CV events.  
 
The impact these studies have had on guidelines is 
considerable and vast. Many recently updated T2DM 
guidelines worldwide included therapy with GLP-1RAs, 
because the world really loved to see drugs that could 
improve the prognosis in people with diabetes. Ongoing 
studies will further inform us on the use of these agents.
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