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ABSTRACT

The incidence of cardiovascular disease is substantially increased in patients with type 1 diabetes compared
to the general population. Robust evidence from the randomized Diabetes Control and Complications
Trial (DCCT) and the long-term epidemiologic surveillance of its participants suggest that tight glycemic
control by means of intensive insulin treatment is efficacious both in primary and secondary prevention
of cardiovascular disease. New antidiabetic agents with proven cardiorenal benefit in patients with type
2 diabetes, such as Glucagen-Like Polypeptide-1 Receptor Agonists (GLP-1RA) and Sodium-Glucose co-
Transporter-2 Inhibitors (SGLT-2inh), have been tested as adjunctive to insulin treatment in a few clinical
trials in patients with type 1 diabetes. Despite their favorable effect on risk factors for atherosclerotic
disease, such as body weight and blood pressure, the lack of evidence for a direct effect on cardiovascular
outcomes and an increased risk for serious adverse events, such as diabetic ketoacidosis, limit their use
in patients with type 1 diabetes. New metrics of glycemia, alterations in diabetes classification and preci-
sion medicine may contribute in an individualized approach of cardiovascular risk prevention in patients
with diabetes.

KEY WORDS: Type 1 diabetes, cardiovascular risk, GLP-1RA, SGLT-2inh, adjunctive treatment

INTRODUCTION classes of antidiabetic medications, such as Glucagen-Like
Polypeptide-1 Receptor Agonists (GLP-1RA) and Sodium-
Glucose co-Transporter-2 Inhibitors (SGLT-2inh), seem to
substantially reduce cardiovascular and renal outcomes
in T2 patients, beyond their antidiabetic effect1. However,
evidence concerning the safety and efficacy of these
classes of antidiabetic drugs in patients with type 1 dia-
betes (T1 patients) is extremely limited. In this narrative
review we try to explore the relationship between Type
1 diabetes and CVD focusing on clinical data that could
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Cardiovascular disease (CVD) is the leading cause of
death in patients with Diabetes Mellitus (DM). Recent
data from Cardiovascular Outcome Trials (CVQOTs) in pa-
tients with type 2 diabetes (T2 patients) have changed
treatment algorithm targeting primarily to the preven-
tion of cardiorenal complications of the disease. Newer
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Cardiovascular outcomes
in T1 patients-Epidemiology

Observational studies in T1 males report a 3-3.6 fold
increased risk for Acute Myocardial Infarction (AMI), stroke,
need for coronary artery revascularization, or sudden cardi-
ovascular death compared to the general male population.
Similarly, women with Type 1 diabetes run a 5.9-7.6 fold
higher risk for any of the above cardiovascular outcomes
compared to those without diabetes?3. In a large Swedish
cohort the risk for non-traumatic lower limb amputation
was reported up to 86 fold increased in T1 patients com-
pared to the general population®.

Well defined cardiovascular risk (CVR) factors such
as hypertension, smoking, subclinical inflammation, mi-
croalbuminuria and sub-optimal glycemic control are
strongly related to adverse cardiovascular events both
in T1 and T2 patients. On the contrary, insulin resistance
and dyslipidemia seem to contribute less to the total CVR
inT1 than in T2 patients®.

Coronary Arteries Disease (CAD) is the most prevalent
macrovascular complication in patients with T1. Mortality
from CAD is higher in men and increases substantially after
the age of 40 with rates up to 6-8% within 14-18 years of
surveillance®’. Ischemic stroke, although less prevalent
than CAD, is another“hard” cardiovascular outcome with
a reported annual rate in EURODIAB study up to 0.74%,
2-3 fold higher than in general population®. Several patho-
physiologic mechanisms have been proposed in numer-
ous mechanistic and clinical trials in order to explain the
relationship between T1 diabetes and CVD. A detailed
analysis of these data has been done elsewhere and is
beyond the purposes of this review?®.

How to reduce CVR in T1 patients - Evidence
from Interventional Studies

In Diabetes Control and Complications Trial (DCCT)
1,441 T1 patients were randomized to receive intensive
insulin treatment with multiple daily insulin injections or
insulin pump targeting fasting plasma glucose 70-120mg/
dl and postprandial glucose <180mg/dl, or conventional
insulin treatment with 1-2 daily insulin injections aiming
to avoid hypoglycemia and hyperglycemia®. After median
follow-up of 6.5 years, patients in the intensive treatment
group had significantly lower HbA1c compared to those
on conventional treatment (7.4% vs 9.1%, p<0.001). Tight
glycemic control resulted in significantly lower rates of
microvascular complications (retinopathy, nephropathy
and neuropathy) in patients on intensive insulin treat-
ment. Nevertheless, there was no statistically significant
difference between the two groups in the incidence of
cardiovascular events.

104

K. Kitsios, et al

After the end of the interventional study all the partici-
pants of the DCCT were offered intensive insulin treatment
and up to 93% of them were followed epidemiologically
under their personal doctor’s supervision for more than
ten years in the Diabetes Control and Complications Trial,
Epidemiology of Diabetes Interventions and Complica-
tions (DCCT/EDIC) study. The primary end point was a
composite of non-fatal AMI, non-fatal stroke, death from
cardiovascular causes, confirmed angina and need for
coronary arteries revascularization'®. After mean follow-
up of 17 years, patients initially randomized in the DCCT
to receive intensive insulin treatment had 42% lower risk
for the composite primary outcome (95% Cl: 9%-63%,
p=0.02), and 57% lower risk for non-fatal AMI, non-fatal
stroke and death from cardiovascular causes (95% Cl:12%-
79%, p=0.02) compared to those initially randomized to
conventional treatment. At the end of the DCCT/EDIC
glycemic control did not differ between the initial DCCT
groups (HbA1c:7.8% vs 7.9%). Nevertheless, each 10%
reduction of HbA1c during the DCCT was related to 20%
reduction of CVR.

Furthermore, data from the extended 30 years-long
surveillance of DCCT patients underscore the importance
of tight glycemic control, even for a short period of time,
and of “metabolic memory”in effectively reducing CVR".
Three decades after the DCCT, T1 patients initially rand-
omized in intensive insulin treatment had a significantly
30% lower risk for any cardiovascular disease (95% Cl:
7%-48%, p=0.016) and numerically 32% lower risk for the
composite of non-fatal AMI, non- fatal stroke and death
from cardiovascular causes (95% Cl: -3%-56%, p=0.07)
compared to the conventional treatment group.

Recently, Bebu et al analyzing data from DCCT/EDIC
study identified risk factors related to the first and to sub-
sequent cardiovascular eventsin T1 patients'2. Glycemia is
reported to be the most important modifiable risk factor for
both the first cardiovascular event (defined as death from
cardiovascular causes, congestive heart failure, non-fatal
AMI, angina, need for coronary arteries revascularization)
[CVD:HR 1.38(95% Cl 1.21,1.56 ) for each 1% increase of
HbA1c; MACE: HR 1.54 (95% Cl 1.30,1,82)] and subsequent
events [CVD: incidence ratio[IR]: 1.28(95% CI 1.09,1.51);
MACE:IR 1.89 (95% Cl 1.36,2.61)]. Therefore, tight glycemic
control by means of intensive insulin treatment seems to
be highly effective both for the primary and secondary
prevention of CVD in T1 patients.

Adjunctive Treatments in Type 1 Diabetes

Several antidiabetic drugs used in the treatment of
T2 diabetes have been tested in randomized trials as add
on therapy to insulin in T1patients, including agents with
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proven cardioprotective effectin T2 patients, such as GLP-
1RA and SGLT-2inh'3. However, most of these trials were
of short duration and explored the efficacy and safety
of these factors in T1 patients. None had cardiovascular
events as outcomes and some of them reported the effect
of these treatments on well established risk factors for
CVD such as atherosclerosis, blood pressure and weight.

In the double-blind REducing with MetfOrmin Vas-
cular Adverse Lesions (REMOVAL) trial 428 patients with
T1 diabets for more than 5 years, older than 40 years
and with at least 3 risk factors for CVD were randomized
to receive metformin 2000mg daily or placebo™. The
primary endpoint was the progression of common ca-
rotid artery Intima-Media Thickness (cIMT). After three
years, treatment with metformin had no effect on the
progression of atherosclerosis as measured with the
cIMT. In the phase lll, randomized, double-blind, placebo-
controlled trial Dapagliflozin Evaluation in Patients with
Inadequately Controlled Type 1 Diabetes (DEPICT-1) 833
T1 patients were randomized to receive dapagliflozin, an
SGLT-2inh, 5mg or 10mg daily or placebo. After 52 weeks
of intervention patients randomized to dapagliflozin had
a 2.95% and 4.54% decrease in weight with 5mg and
10mg respectively compared to those randomized to
placebo. Among patients with history of hypertension
Systolic Blood Pressure (SBP) was significantly reduced
by 5.38mmHg with dapagliflozin 10mg. In another phase
lll, double-blind, placebo-controlled trial, European inTan-
dem?2 Study, 782 T1 patients were randomized to receive
a dual SGLT-2, SGLT-Tinh, sotagliflozin, at daily doses of
200mg and 400mg or placebo. After 52 weeks patients
randomized to sotagliflozin had a significant weight loss
of 2.18Kg and 2.92Kg with 200mg and 400mg respectively
compared to those on placebo. SBP was significanlty re-
duced by 4.1mmHg with 400mg sotagliflozin in patients
with history of hypertension. Although, dapagliflozin and
sotagliflozin have been approved by some regulatory au-
thorities as add-on treatment for overweight T1 patients
with sub-optimal glycemic control on insulin alone, the
increased risk of diabetic ketoacidosis limits their use in
everyday clinical practice. In a recent systematic review
and network meta-analysis of randomized trials compar-
ing adjunctive treatments in T1 patients Avgerinos et al
report 4.35Kg and 3.85Kg weight decrease with GLP-1RA
exenatide and liraglutide, respectively compared to pla-
cebo and 3.6Kg, 3.48Kg and 3.14Kg weight loss with the
SGLT-2inh canagliflozin, dapagliflozin and empagliflozin,
respectively compared to placebo, results comparable to
those observed with the same agents in T2 patients. Sig-
nificant reduction of SBP by 3.61TmmHg, 3.39mmHg and
3.27mmHg is also reported with empagliflozin, liraglutide
and dapagliflozin, respectively compared to placebo™.
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On the contrary, the reduction in HbA1c observed with
empagliflozin, dapagliflozin liraglutide and exenatide is
of lesser extent than in T2 patients.

Addressing cardiovascular risk factors
in T1 patients-Guidelines

There is lack of evidence from high quality randomized
clinical trials for the treatment of hypertension and dyslipi-
demiainT1 patients. Therapeutic targets and pharmaceutic
treatments with proven cardiovascular benefit are based
mainly on data extrapolation from large randomized
interventional trials and meta-analyses in T2 patients'’.
Recently, ad hoc designed, web available calculators for
the 10-years CVR in patients with T1 have been developed
1820 The use of such tools allows for an individual based
approach for treatment targets.

ForT1 patients without other CVR factors and 10-year
CVR<15% a Blood Pressure(BP) target<140/90mmHg
seems to be reasonable, while for those with 10-year
CVR>15% or established CVD a BP target<130/80mmHg
may offer additional benefit in preventing CVD. Angio-
tensin Converting Enzyme inhibitors (ACE-inh) or An-
giotensin Il receptor blockers are first-line treatments
for hypertension in patients with T1, especially for those
with albuminuria. Nevertheless, since these agents are
contraindicated in pregnancy, their use in women with
diabetes in reproductive age should be cautious.

In an observational study in T1 patients without CVD,
lipid lowering with the use of statins was related to sig-
nificant decrease in the incidence of CVD and death?'. A
moderate intensity statin is proposed for all patients with
T1 above the age of 40 as well as for those in the age 20-39
with additional risk factors for Atherosclerotic Cardiovas-
cular Disease (ASCVD) or 10-year CVR>10%. In patients
with established CVD a high intensity statin is indicated for
secondary prevention. Recently, in a joint committee, the
European Society of Cardiology (ESC) and the European
Association for the Study of Diabetes (EASD) classified
patients with diabetes into three categories according to
the CVR proposing different therapeutic targets for LDL
cholesterol for each one of these classes?. Very high risk
patients are those with established CVD or target-organ
damage(defined as albuminuria, eGFR<30ml/min/1.73m?2,
Left Ventricle Hypertrophy or retinopathy)or three or
more risk factors(age, hypertension, dyslipidemia, smok-
ing, obesity) or early initiated T1 diabetes with >20years
disease duration. In these patients LDL<55mg/dl and at
least 50% reduction of the baseline LDL should be the
appropriate therapeutic targets. High risk patients are
those with diabetes duration>10 years and at least one
more additional CVR factor without target-organ dam-
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age. LDL<70mg/dl and at least 50% reduction of initial
LDL should be the lipid targets for this category. Finally,
T1 patients below the age of 35 and T2 <50 years old
with diabetes duration<10years and without other CVR
factors are classified as moderate risk and should target
LDL<100mg/dl. A moderate or high intensity statin is
the first-line treatment for achieving LDL targets both
in T1 and T2 patients based mainly on data from large
clinical trials in T2 patients reporting substantial benefit
in preventing CVD with the use of these agents. Data
from additional treatment with ezetimibe or Proprotein
Convertase Subtilisin/Kexin type 9 (PCSK9) inhibitors
to meet therapeutic targets are extremely limited in T1
patients. Statins should be used cautiously in women
with diabetes in reproductive age since their use is con-
traindicated in pregnancy.

Antiplatelet agents such as aspirin and clopidogrel
should be used for secondary prevention in patients with
T1 diabetes and history of CVD. The use of these factors
for primary prevention remains controversial and there is
lack of evidence to support their use in T1 patients without
CVD. Increased physical activity should be encouraged in
T1 patients although there is lack of evidence to support
beneficial effect on CVR. Smoking cessation should be
also strongly recommended?:.

Conclusions-Future perspectives

T1 patients run increased risk for CVD. Based on the
results of the DCCT/EDIC study optimal glycemic control
with intensive insulin treatment is beneficial in reduc-
ing the risk for long term cardiovascular adverse events
both in patients with and without history of CVD. Newer
antidiabetic agents with proven cardiovascular benefit in
T2 patients, such as dapagliflozin, sotagliflozin, empagli-
flozin, canagliflozin and liraglutide, have been tested in
randomized clinical trials as add on treatment to insulin in
T1 patients. However, there is lack of evidence for cardio-
vascular outcomes from the use of such medicationsinT1
patients, although some of them seem to have beneficial
effects on CVR factors such as body weight and BP. More
randomized clinical trials with prespecified cardiovascular
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outcomes are needed to explore potential benefits from
the use of these agents in T1 patients.

The assessment of glycemic control in DCCT and other
interventional studies in T1 patients was based almost
exclusively on HbA1c.The relationship of HbA1c with both
microvascular and macrovascular complications of dia-
betes is well established and its use as therapeutic target
remains the cornerstone in diabetes treatment. Recently,
the wide use of continuous glucose monitoring systems
and the increasing demand for systematic evaluation of
the obtained data both for clinical and investigational pur-
poses has led to the development of new metrics, such as
the time in which glucose value ranges within 70-180mg/
dl [Time In Range (TIR)], and new therapeutic targets
based on these metrics. Analyzing data from 7-point self-
monitoring of blood glucose from participants in DCCT,
investigators reported a strong negative relationship
between TIR and incidence of both retinopathy and mi-
croalbuminuria. They estimated a mean 10-12% difference
in TIR between patients with and without microvascular
complications, reflecting a mean 1.0-1.4% difference in
HbA1c and 2.5 more hours spent daily in the euglycemic
range?. Since cardiovascular events were very limited in
DCCT there is no evidence about the relationship of TIR
with macrovascular complications. More interventional
trials with TIR as primary outcome for glycemic control
assessment are expected to elucidate in the future the
impact of 24h glycemia and glucose variation on CVR and
to explore different treatment interventions targeting to
effectively reduce this risk.

Finally, the wide heterogeneity within patients ini-
tially classified as type 1 or type 2 diabetics in terms of
phenotype, genetic characteristics, insulin resistance and
individualized risk for micro and macrovascular compli-
cation underscores the need for a new classification of
diabetes?®. As a step towards precision medicine such a
novel classification will focus primarily on individualized
assessment of cardiovascular risk and tailored interven-
tions to effectively reduce it.
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NEPINHWH

Takyxapwdng AtapfAtng tumou 1 kat Kapdlakog Kivéuvog:
Bpaxeia avaockonnon

Kwvotavtivog Kitolog, Xplotiva-Mapia TpakatéAAn, Mapia Zapnytavvn,
Avaotacia Kuplalidou, Owtiog Apoutaidng, Kwvotavtivog Mactpoyitdvvng,
BaoiAeloc Kwtong

I’ MaBoAoyikr KAivikiy AT1G, I'N Mamayswpyiou, Oscoalovikn, EAAdda

H emintwon tng kapdlayyelakrg vooou gival onuavtikd avénuévn os aoBeveic pe Xakxapwon Awafntn tumou
1 (ZA1) og oxéon pe Tov Yeviko MAnBuouod. Aedopéva amd tnv tuxatomoinuévn KAVIKn dokiury DCCT, kat
MaKpPOXPOVIa EMONUIOAOYIKA TTAPAKOAOUONON TWV CUMUETEXOVTWY OE AUTH TTIPOOPEPOUV IoXUPEC EVOEIEEIC
OTL 0 AUOTNPOG YAUKAIUIKOG ENEYXOG LE TNV EVTATIKOTIOINKEVN IVOOUAIVOBEpameia gival amOTEAEOUATIKOG
TOOO OTNV TIPWTOYEVI 000 Kal oTn deutepoyevry TPOANYN Tou Kapdiayyelakou Kivéuvou. Nedtepot avtidi-
apntikoi mapayovteg pe anmodebelypéva KapdlovePpika o@ENn o€ aobeveig pe Takyxapwdn Aaprtn tomou
2, 6mwg ot GLP-T1RA kat ot SGLT-2inh, éxouv dokipaotei wg Bepameia mPooBrikng oTnV (voouAivn o€ AiyeG
KAWVIKEG SoKIpEG o€ aoBeveic pe ZA1. Mapd Tnv euvoikn emidpacn Toug og TaPAYovTEG KapSIayYEIOKOU KIv-
SUvou, OTIWC To CWHATIKO BAPOC Kal N apTNELAKN TTieon, N ENePN SeSopéviv Yia APECEC KAPOIAYYEIAKES
ekPBaocelc kal 0o auénuévog Kivouvoc yla cof3apéc avemBuunteg evépyeleg, OTwe n Stafntik keto&éwon,
neplopiCouv tn xprion toug o€ acBeveic pe A1.NeodTepol YAUKalpIKoi SEIKTES, TPOTIOTIOINOELG 0TNV Tal-
vounon tou S1aBRTN Kal N TPk TN akpiBElag avapéveTal va OUVEIOPEPOUV UEANOVTIKA OTnV e€aToul-
KEUMEVN eKTiUNON Kat TPpOANYN tou kapdlayyelakol KivdUvou otoug acBeveic pe Xakxapwdn Awafnn.

AEZEIX KAEIAIA: AiaBritng tomou 1, kapdiayyeiakog Kivéuvog, GLP-1RA, SGLT-2 avactoAeic, Ospanesia

MPooONKNG oTNV IVOoUAivn
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