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ABSTRACT

Type 1 diabetes mellitus (T1DM) is associated
with premature cardiovascular disease (CVD),
but the underlying mechanisms remain poorly
understood. The American Diabetes Association
and the European Association for the Study of
Diabetes recently updated their position state-
ment on the management of type 2 diabetes
mellitus (T2DM) to include additional focus on
cardiovascular risk; improved management of
risk factors in T1DM is also needed. There are
important differences in the pathophysiology of
CVD in T1DM and T2DM. Hyperglycaemia

appears to have a more profound effect on car-
diovascular risk in T1DM than T2DM, and other
risk factors appear to cause a synergistic rather
than additive effect, so achievement of treat-
ment targets for all recognized risk factors is
crucial to reducing cardiovascular risk. Here we
discuss the evidence for addressing established
cardiovascular risk factors, candidate biomark-
ers and surrogate measurements, and possible
interventions.
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INTRODUCTION

Type 1 diabetes mellitus (T1DM) is associated
with an almost threefold higher mortality than
the general population [1]. Premature
atherosclerosis is the main driver of this excess
mortality for both men and women, with car-
diovascular events occurring more than a dec-
ade earlier [2]. A recent meta-analysis
estimated the standardized mortality ratio
attributable to cardiovascular disease (CVD) to
be 5.7 for men and 11.3 for women with
T1DM [3].

Importantly the relative risk does not appear
to be related to disease duration. The incidence
of CVD is approximately 1–2% per year even
among young adults with T1DM [4]. Recent
data from Sweden show up to a tenfold elevated
risk of cardiovascular mortality in T1DM
according to glycaemic control, and up to an
eightfold increase in risk at various ages, com-
pared with the general population [5]. By the
age of 45 years, more than 70% of men and 50%
of women with T1DM have developed coronary
artery calcification (CAC) [6].

Although the correlation between diabetes
and CVD is well established, the underlying
mechanisms remain poorly understood.

Early studies of cardiovascular mortality in
T1DM suggested that risk only significantly
increases after the development of nephropa-
thy, which coincides with a marked deteriora-
tion of the lipid profile and blood pressure (BP)
[7]. A standardized mortality ratio of up to
39-fold has been reported in patients with
T1DM and significant renal disease [5]. While
features such as the presence of nephropathy or
retinopathy identify higher risk groups, the use
of other biomarkers of risk and indeed the
indication for enhanced treatment is often not
appreciated.

The American Diabetes Association (ADA)
and the European Association for the Study of
Diabetes (EASD) recently updated their position
statement on the management of type 2 dia-
betes (T2DM) in adults, to include additional
focus on cardiovascular risk factor management
[8]. A similar approach in T1DM seems entirely
reasonable.

Improved management of traditional car-
diovascular risk factors has led to remarkable
improvements in survival, with a 29% reduc-
tion in the relative risk of death over a 10-year
period [9], such that the overall relative risk for
CVD is now 2.3 for men and 3.0 for women
[10]. This relative risk was previously reported as
being 3.6 in men and 7.7 in women [4]. The
excess relative risk in women with T1DM is not
explained by changes in known cardiovascular
risk factors [11]. In contrast to the general
population therefore, female sex should not be
considered to offer protection against CVD [12].
It is important that clinicians recognise that
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men and women with T1DM now have a similar
absolute risk of CVD [13].

This article is based on previously conducted
studies and does not contain any studies with
human participants or animals performed by
any of the authors.

ESTABLISHED RISK FACTORS

The acceleration of atherosclerosis in T1DM is
likely to result from many pathways (Fig. 1),
including effects from inflammation, dyslipi-
daemia, hypertension and nephropathy [14].
Known risk factors seem to operate differently
in T1DM, suggesting a difference in the patho-
physiology of CVD [3]. The United Kingdom
Prospective Diabetes Study (UKPDS) risk engine
has been shown to underestimate the risk of

CVD in T1DM [15]. Risk calculator engines do
not usually account for glycaemic control, the
duration of diabetes or presence of microvas-
cular complications (Fig. 2).

In an analysis of the Pittsburgh Epidemiol-
ogy of Diabetes Complications (EDC) Study
baseline glycated haemoglobin (HbA1c), dura-
tion of diabetes, lower insulin doses, impaired
renal function, increased albumin excretion,
higher diastolic BP and lipid profile were all
predictive of CVD [16]. The Steno Type 1 Risk
Engine for the prediction of a first cardiovas-
cular event in T1DM includes ten risk factors:
age, sex, diabetes duration and HbA1c, systolic
BP, low-density lipoprotein (LDL) cholesterol,
glomerular filtration rate and albuminuria, and
smoking and exercise [17]. Age appears to be by
far the most significant factor, followed by time-
weighted mean HbA1c [18]. Development of

Fig. 1 Summary of mechanisms underlying cardiovascular
disease in type 1 diabetes. Hyperglycaemia results in
enhanced formation of AGEs and an adverse lipid profile
with high levels of atherogenic IDL and dysfunctional
HDL. There is a resultant impairment in reverse choles-
terol transport and anti-inflammatory properties of HDL.
Low insulin levels and hyperglycaemia further contribute

to the systemic inflammatory process which is central to
vascular endothelial dysfunction and atherosclerosis. AGE
advanced glycation end products, HDL high-density
lipoprotein, IDL intermediate-density lipoprotein, LDL
low-density lipoprotein, oxLDL oxidised low-density
lipoprotein, ROS reactive oxygen species
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T1DM before 10 years of age is associated with a
30-fold increased risk of CVD in early adult-
hood; women with onset of T1DM before
10 years of age have a 90-fold increased risk of
acute myocardial infarction over the same per-
iod [19].

Hyperglycaemia appears to have a more
profound effect on cardiovascular risk in T1DM
than T2DM. A recent study from the Swedish
National Diabetes Register showed that indi-
viduals with T1DM who have an HbA1c of
52 mmol/mol or lower still have a risk of death
from cardiovascular causes twice as high as the
risk in the general population; the risks are
several times higher among patients with
higher HbA1c concentrations [5]. HbA1c may
also relate more strongly to fatal rather than
nonfatal CVD events [20]. The Diabetes Con-
trol and Complications Trial (DCCT) and its
Epidemiology of Diabetes Interventions and

Complications (EDIC) post-randomisation fol-
low-up demonstrated the beneficial effects of
an average of 6.5 years of intensive versus
conventional diabetes therapy on CVD risk
[21].

The presence of diabetes mellitus in con-
junction with other risk factors appears to cause
a synergistic rather than additive additional risk
[22]. Hyperglycaemia in animals with strepto-
zotocin-induced diabetes mellitus results in
atherosclerotic lesion formation, which can be
prevented by intensive insulin therapy, while
accelerated atherosclerosis develops in the set-
ting of hypercholesterolaemia [23].

A large observational study of people with
T1DM in Swedish clinical practice showed that
each 1 mmol/l increase in LDL cholesterol
translates into a 9% elevated risk of CVD in
individuals without lipid-lowering medication,
but LDL cholesterol does not appear to be a

Fig. 2 Cardiovascular risk engines: Steno T1—https://steno.shinyapps.io/T1RiskEngine/; UKPDS—https://www.dtu.ox.
ac.uk/riskengine/; QRISK3—https://qrisk.org/three/
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good marker of cardiovascular risk in primary
prevention in patients with T1DM [24]. The
EURODIAB Prospective Complications Study of
T1DM also found that LDL cholesterol was not
predictive of CVD [25]. Nevertheless, the ADA
Standards of Medical Care in Diabetes suggests
LDL cholesterol C 2.6 mmol/l as a marker of
increased cardiovascular risk [26].

Importantly, the apparently normal serum
cholesterol concentrations frequently observed
in T1DM hide an atherogenic lipid profile, with
increased intermediate-density lipoprotein and
small dense low-density lipoprotein (sdLDL),
and dysfunctional high-density lipoprotein
(HDL) [27]. HDL cholesterol levels are often
normal or even high unless glycaemic control is
poor or nephropathy has developed [28].
Hypertriglyceridaemia may also occur, and the
risk associated with it is stronger than in the
general population [29].

LDL particle size, its glycation and oxidation
are all associated with endothelial dysfunction
and CVD [30]. sdLDL penetrates the arterial wall
more easily than large buoyant LDL, is more
susceptible to oxidative stress, has a prolonged
plasma half-life and has a reduced binding
affinity for LDL receptors [31]. These character-
istics would all be expected to contribute to
increased atherogenicity. There is considerable
evidence implicating lipid peroxidation and
oxidative modification of LDL in atherosclerotic
lesion development [32], but non-enzymatic
glycation of LDL may be just as important.
sdLDL is more readily glycated than larger more
buoyant LDL both in vivo and in vitro, possibly
because a higher proportion of the apolipopro-
tein B (apoB) molecule is exposed to glucose
[33].

In risk prediction models for patients with
T1DM, total cholesterol and HDL cholesterol
are more important than LDL cholesterol in
predicting adverse cardiovascular outcomes
[34]. In a recent large observational study car-
diovascular risk in T1DM was predicted by total
cholesterol/HDL cholesterol, and non-HDL
cholesterol but not LDL cholesterol [24]. In the
INTERHEART study the non-fasting apoB/
apolipoprotein AI (apoAI) ratio was a better

predictor of myocardial infarction than any
single lipid or apolipoprotein concentration, or
any other combination or ratio of measure-
ments [35]. In the Finnish Diabetic Nephropa-
thy Study a broad spectrum of lipid variables
was evaluated, and the apoB/apoAI ratio was
found to be the best predictor for women with
normoalbuminuria and acceptable glycaemic
control, whereas apoB levels were the best pre-
dictor in patients with macroalbuminuria [36].

In patients with T1DM with good glycaemic
control, insulin upregulates lipoprotein lipase,
increasing the production of small HDL parti-
cles [37], frequently to higher than normal HDL
cholesterol levels [38]. HDL cholesterol in dia-
betes has thus not arisen physiologically; HDL
dysfunction is suggested by the observation that
these high HDL cholesterol levels do not appear
to offer protection against CVD [39, 40]. A
recent study in T1DM suggested that HDL
cholesterol loses its protective effect above
1.3 mmol/l in women, with very high HDL
cholesterol levels associated with a higher risk
of CVD in both men and women [41].

A recent temporal analysis showed hyper-
tension to be the major unaddressed risk factor
for major diabetes complications [42]. The loss
of female protection in diabetes may be related
to less aggressive care with lower achievement
of recommended risk factor levels in women
than in men [43]. Diabetic nephropathy dra-
matically increases the risk of CVD [44]. A
recent study found a similar incidence of CVD
among men and women after adjustment for
the higher prevalence of diabetic nephropathy
in men [13].

A recent long-term follow-up of patients
registered in the Swedish National Diabetes
Register found no effect from improved man-
agement of established risk factors on hospital-
izations for heart failure in patients with T1DM,
whereas patients with T2DM had a greater
event-rate reduction than their matched con-
trols, suggesting that some processes con-
tributing to heart failure risk are not addressed
by current clinical care for patients with T1DM
[9].
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CANDIDATE BIOMARKERS
OF CARDIOVASCULAR RISK

Although cardiovascular risk may not be evi-
dent from the standard lipid profile, both apoB
and apolipoprotein CIII have been linked with
nephropathy and atherosclerosis, and these
effects may be enhanced in T1DM [45]. The
concentration of dysfunctional HDL particles is
increased in T1DM, and a shift in apolipopro-
tein M and its ligand sphingosine 1-phosphate
between HDL particles in women with T1DM is
associated with impaired anti-inflammatory
effects [46].

Elevated lipoprotein (a) [Lp(a)] is an inde-
pendent genetically determined causal risk fac-
tor for atherosclerotic CVD [47]. The influence
of T1DM on Lp(a) is not clear, but a prospective
observational study suggested that Lp(a) levels
greater than 30 mg/dl might be of value in
predicting cardiovascular events in patients
with T1DM [48]. Interestingly, intensive treat-
ment in the DCCT was associated with
decreased Lp(a) as well as apoB [49].

The changes in LDL particle size and its gly-
cation and oxidation described above are asso-
ciated with endothelial dysfunction and CVD
[30]. Endothelial injury and dysfunction are a
common link for all cardiovascular risk factors
[50]. Activation of oxidative stress by hypergly-
caemia plays a major role in the pathogenesis of
complications in diabetes [51]. Oxidized LDL
inhibits endothelium-dependent vasorelaxation
through decreased nitric oxide bioavailability
[52].

Insulin itself has been associated with both
protective and adverse effects on vascular
endothelium, and it is worth noting that treat-
ment with subcutaneous insulin results in
higher peripheral insulin concentrations than
are seen with only endogenously secreted
insulin [53]. Similarly, aberrant insulin sig-
nalling promotes endothelial dysfunction
through decreased endothelial nitric oxide
synthase activity [54], stimulating leucocyte
and platelet adhesion, thrombosis and inflam-
mation [55]. Elevated concentrations of plas-
minogen activator inhibitor-1 antigen, von
Willebrand factor-antigen, fibrinogen and

clotting factors and lower levels of protein C
may also contribute to CVD [56].

Hyperglycaemia induces the non-enzymatic
glycation of proteins, resulting in the formation
of advanced glycation end products (AGE),
including the predominant carboxymethyl
lysine, which interact with the arterial wall
through specific receptors, including receptors
for AGE (RAGE), contributing to atherosclerosis
[57]. Increased AGE have been shown to be
associated with rupture-prone plaques and
incident CVD in individuals with T1DM
[58, 59].

Cystatin C is well established in the assess-
ment of renal function and nephropathy in
T1DM, but recent interest has centred on its
potential value in cardiovascular risk assess-
ment [60]. Epidemiological studies show a
strong association between circulating cystatin
C and the development of CVD independent of
renal function [61]. Serum uromodulin appears
to have renal protective properties; higher levels
also appear to be associated with reduced coro-
nary artery calcification [62].

Recent data suggest that altered regulation of
extracellular matrix remodelling by matrix
metalloproteinases (MMPs) could contribute to
CVD in T1DM [63]. Higher MMP-2 levels are
independently associated with incident cardio-
vascular events in T1DM, an effect attenuated
after adjustment for glomerular filtration rate
[64].

Atherosclerosis is a systemic, low-grade
inflammatory disease [50]. Biomarkers of
inflammation may aid in predicting cardiovas-
cular risk. Vascular endothelial dysfunction and
inflammation are features of T1DM [65].
Increased glucose variability in T1DM leads to
endothelial dysfunction and accelerated
atherosclerosis, independently of average glu-
cose concentrations, probably through
increased oxidative stress [66]. An increase in
inflammatory cytokines contributes to plaque
instability, and their accumulation is believed
to cause endothelial injury and altered coagu-
lation in patients with T1DM [67].

Elevated high sensitivity C-reactive protein
(hsCRP) may reflect systemic inflammation but
may also directly contribute to atherosclerosis
[68]. In a large meta-analysis of prospective
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studies CRP was strongly associated with the
risk of CVD and ischaemic stroke in people
without any history of vascular disease [69].
Higher plasma CRP concentrations correlate
with markers of endothelial dysfunction in
T1DM, even in the absence of CVD [70]. Cardiac
autoimmunity has also recently been linked
with inflammation, with cardiac autoantibodies
associated with both elevated hsCRP levels and
CVD outcomes in T1DM [71].

Large prospective studies have not demon-
strated increased mortality related to hypogly-
caemia in patients with T1DM, but a recent
retrospective cohort study using the Clinical
Practice Research Datalink database reported a
hazard ratio for all-cause mortality of 1.98 in
patients with T1DM who had experienced at
least one episode of severe hypoglycaemia [1].

SURROGATE MEASUREMENTS
OF ATHEROSCLEROSIS: SCREENING
AND DETECTION

Diabetic retinopathy is an independent predic-
tor of cardiovascular events and all-cause mor-
tality in T1DM [72]. Importantly, severe forms
are associated with CAC even in the absence of
symptoms [73]. The significance of this associ-
ation is not always appreciated.

The resting 12-lead electrocardiogram (ECG)
is the most accessible test for CVD, and new
ECG abnormalities were found to be common
over follow-up in the EDIC study [74]. Age,
HbA1c, systolic BP and smoking were reported
to be independent risk factors for the develop-
ment of new major ECG abnormalities. There
could therefore be a role for the ECG in identi-
fying patients with T1DM who might benefit
from closer follow-up.

Carotid intima–media thickness (CIMT) is a
good surrogate marker of atherosclerosis and an
independent predictor of cardiovascular events
[75]. CIMT is increased in people with T1DM
[76]. Severity of atherosclerosis in T1DM as
measured by carotid ultrasound has been cor-
related with age, hypertension, LDL subfrac-
tions and particle number, LDL and HDL
cholesterol, apoB, smoking and retinopathy
[77]. CIMT progression in the EDIC trial was

associated with age, systolic BP, smoking, the
LDL/HDL ratio, urinary albumin excretion rate
and HbA1c [78]. Increased CIMT has also been
associated with insulin resistance [79]. sdLDL
has been shown to be closely associated with
CIMT, and more so than other lipid parameters,
including LDL, apoB, total cholesterol, HDL and
apoAI levels [80].

Computed tomography coronary angiogra-
phy (CTCA) is increasingly employed to detect
CVD. A recent study demonstrated a high
prevalence of undiagnosed obstructive coronary
artery disease in patients with T1DM of long
duration, with an association with mean HbA1c
[81]. CTCA can also be used to generate CAC
scores. Patients with T1DM with both elevated
apoB and non-HDL cholesterol have greater
CAC [82]. Progression of CAC is also strongly
associated with HbA1c and glycaemic variability
[83]. A recent analysis of CAC scores in patients
with T1DM suggested an association of higher
scores with severe hypoglycaemia [84].

REDUCING CARDIOVASCULAR RISK

Glucose-lowering therapy, statin use, BP control
and lifestyle interventions including smoking
cessation have improved outcomes, but indi-
viduals with T1DM continue to have a markedly
elevated risk of cardiovascular events and death
compared with the general population [5]. This
is in contrast to T2DM, where not smoking and
effective HbA1c, LDL, BP and albuminuria
management are associated with little or no
excess mortality compared with the general
population [85].

Hyperglycaemia is well established as an
independent risk factor for CVD; this risk can be
reduced in patients with T1DM if strict gly-
caemic control can be maintained [21]. Over a
mean follow-up of 28 years, the DCCT and its
observational follow-up, the EDIC study,
demonstrated that an average of 6.5 years of
intensive diabetes therapy, resulting in a mean
HbA1c of 7% (53 mmol/mol), reduced the risk
of any CVD event by 30% compared with con-
ventional therapy, which resulted in a mean
HbA1c of 9% (75 mmol/mol) [86]. Importantly,
these benefits take years to manifest, but persist.
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Among people with T1DM use of insulin pump
therapy is associated with lower cardiovascular
mortality than treatment with multiple daily
insulin injections [87]. As discussed above, this
effect may be at least partially related to
improved endothelial function through
reduced glucose variability [88]. Hypoglycaemia
is an independent risk factor for CVD, particu-
larly among high-risk individuals, and efforts
should be made to reduce events [89].

Improved glycaemic control generally has
favourable effects on lipoprotein levels in dia-
betes, with a reduction in cholesterol and
triglyceride levels through decreased circulating
very-low-density lipoprotein and by increased
catabolism of LDL through reduced glycation
and upregulation of LDL receptors [90, 91]. A
significant proportion of the cardiovascular
benefit associated with intensive glucose-low-
ering is likely related to effects on lipoprotein
metabolism rather than directly through altered
glycaemia [92, 93].

The efficacy of lowering LDL cholesterol in
reducing cardiovascular morbidity and mortal-
ity is well established [94]. There is strong and
convincing evidence that cholesterol-lowering
is at least as effective in reducing CVD in
patients with diabetes as in the general popu-
lation [95–97]. However, the number of people
with T1DM in these studies is limited. In meta-
analyses from the Cholesterol Treatment Trial-
ists’ Collaborators, only 1466 of the 18,686
people with diabetes were diagnosed with
T1DM [97]. The first evidence that people with
T1DM might benefit from statin therapy came
from the 615 patients with T1DM in the Heart
Protection Study, where simvastatin treatment
was associated with a 24%, albeit non-signifi-
cant, event rate reduction [98]. Subsequent
studies have confirmed that primary prevention
with lipid-lowering medications reduces car-
diovascular and all-cause mortality, CVD,
stroke, coronary heart disease and acute
myocardial infarction among individuals with
T1DM [99].

National Institute for Health and Care
Excellence (NICE) guidance advises clinicians to
offer statin treatment for primary prevention to
adults with T1DM who are over 40 years, have
had diabetes for more than 10 years, or have

established nephropathy or other cardiovascu-
lar risk factors [100]. ADA guidelines recom-
mend consideration of statin therapy of
moderate intensity, in addition to lifestyle
therapy, for all patients with T1DM aged
40 years or older; in younger patients, treatment
should be considered if the cardiovascular risk is
deemed to be elevated because of the presence
of cardiovascular risk factors and a high-dose
statin recommended in the case of overt CVD
[26].

The Improved Reduction of Outcomes:
Vytorin Efficacy International Trial (IMPROVE-
IT) found value in the use of ezetimibe to fur-
ther reduce LDL-cholesterol, with a greater car-
diovascular benefit among patients with
diabetes mellitus [101]. Patients with T1DM
would be expected to draw as much benefit
from LDL-lowering with proprotein convertase
subtilisin/kexin type 9 (PCSK9) inhibitors as the
general population [102].

Omega-3 (n-3) fatty acid supplementation
does not appear to have any cardiovascular
benefit in patients with diabetes [103], although
the Reduction of Cardiovascular Events with
Icosapent Ethyl-Intervention Trial (REDUCE-IT)
recently demonstrated that higher doses of
formulations with higher ratios of eicosapen-
tanoic acid to docosahexaenoic acid do reduce
cardiovascular events in patients with elevated
triglyceride levels [104].

NICE recommends interventions to achieve
a BP of 135/85 mmHg unless albuminuria or
features of the metabolic syndrome are also
present, in which case the target should be
130/80 mmHg. First-line therapy should be
with angiotensin converting enzyme (ACE)
inhibitors or angiotensin receptor blockers
(ARBs) [105]. The ADA recommends that most
patients with diabetes and hypertension should
be treated to a systolic BP goal of\ 140 mmHg
and a diastolic BP goal of\90 mmHg, with the
same target of 130/80 mmHg for individuals at
high risk of CVD. Initial treatment is recom-
mended with any antihypertensive demon-
strated to reduce cardiovascular events in
patients with diabetes: ACE inhibitors, ARBs,
thiazide-like diuretics or dihydropyridine cal-
cium channel blockers [26]. Both micro- or
macroalbuminuria and impaired glomerular
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filtration rate are independent risk factors for
CVD [106]. For patients with albuminuria, ini-
tial treatment should include an ACE inhibitor
or ARB [107].

Current recommendations for blood pressure
and lipid modification in T1DM are shown in
Table 1 [26, 100, 105, 108, 109].

Increased body mass index has not been
established as a strong risk factor for CVD or
mortality in T1DM, but ‘excessive’ weight gain
during the DCCT was associated with a delayed
increase in cardiovascular events, which offset
the benefit derived from intensive glycaemic
control [110]. Although no clinical trials have

Table 1 Current recommendations for blood pressure and lipid modification in T1DM

American Diabetes Association (ADA)

2018

Offer statin treatment to:

All patients aged[ 40 years

Patients aged\ 40 years with additional risk factors

European Society of Cardiology (ESC)

2016

Offer statin treatment to:

All patients[ 40 years unless short duration of diabetes & no other risk

factors

Younger patients with multiple risk factors or evidence of end organ damage

(albuminuria, low eGFR, proliferative retinopathy or neuropathy)

Joint British Societies (JBS) 2014 Offer statin treatment to:

All patients aged C 50 years

Patients aged 40–50 years unless duration of diabetes\ 5 years

Patients aged 30–40 years with duration of diabetes[ 20 years/HbA1c

[ 75 mmol/mol/persistent albuminuria[ 30 mg/day or eGFR\ 60 ml/

min/proliferative retinopathy/treated hypertension/current smoking/

autonomic neuropathy/total cholesterol[ 5 mmol/l with reduced

HDL/central obesity/family history of premature CVD

Patients aged 18–30 years if persistent albuminuria

National Institute for Health and Care

Excellence (NICE) 2014

Offer statin treatment to:

All patients[ 40 years

Patients with diabetes[ 10 years/established nephropathy/other CVD risk

factors

Blood pressure management Recommendation in type 1 diabetes

ADA 2018 Intervene at 140/90 mmHg; a target of 130/80 mmHg may be appropriate

for individuals at higher risk

ESC 2016 Target 130/80 mmHg, or 120/75–80 mmHg in patients\ 40 years with

persistent microalbuminuria

JBS 2014 Maintain at 130/80 mmHg, with consideration of lower values in patients

aged\ 40 years with persistent microalbuminuria

NICE 2015 Intervene at 135/85 mmHg, or 130/80 mmHg with albuminuria or features

of metabolic syndrome

Diabetes Ther (2019) 10:773–789 781



demonstrated that physical activity reduces
cardiovascular events in T1DM, improvements
in glycaemia, dyslipidaemia, BP and endothelial
dysfunction have all been reported [111, 112].
Efforts should therefore be made to promote
and reinforce lifestyle management recom-
mendations. This should include consideration
as to whether hypoglycaemia, or fear of hypo-
glycaemia, presents a barrier to implementing
these measures [22].

Low carbohydrate diets are frequently
employed with the aim of reducing glucose
excursions, but if energy intake is unchanged,
protein and fat intake will increase. Contrary to
expectations, established cardiovascular risk
factors do not seem to be affected by this diet
[113]. Higher dietary fibre consumption may,
however, be protective against CVD [114].
Adherence to dietary recommendations has also
been associated with reductions in low-grade
inflammation [115].

Anti-platelet agents are currently only rec-
ommended as a secondary prevention strategy
but may be considered for primary prevention
in individuals with T1DM who have at least one
additional major risk factor [26]. ASCEND (A
Study of Cardiovascular Events in Diabetes)
reported that daily aspirin use over 7.4 years
resulted in significantly fewer serious vascular
events but also an increased risk of major
bleeding, such that 91 patients would need to
be treated to avoid a serious vascular event, and
112 to cause major bleeding [116].

Advances in revascularization and increased
use of glucose-monitoring systemsmay also have
played a role in reducing cardiovascular events
[87], but a recent prospective observational study
of 33,333 patients with T1DM and 166,529
matched controls showed that patients with
T1DM with BP, LDL-cholesterol, smoking, albu-
minuria and HbA1c at target continue to display
a clear excess risk for acutemyocardial infarction
and heart failure compared with the general
population [117]. Importantly, each risk factor
not at target is associated with a steep increase in
excess risk. Thus, achievement of treatment tar-
gets for all recognized risk factors is crucial to
reducing cardiovascular risk in T1DM.

Further reduction in cardiovascular events in
T1DM might be achieved through the use of

glucose-lowering medications associated with
cardiovascular benefits in T2DM. Metformin
can be added to insulin therapy in overweight
or obese individuals with T1DM to reduce
insulin requirements [26]. Metformin might
also have direct effects on atherosclerosis pro-
gression, but recent data and current guidelines
do not support its use to improve glycaemic
control [118].

Glucagon like peptide-1 (GLP-1) analogues
have shown promise in their ability to both
reduce HbA1c and weight in patients with
T1DM [119]. Rates of symptomatic hypogly-
caemia and hyperglycaemia with ketosis may
however be increased. An amylin analogue,
pramlintide, is approved for use in the treat-
ment of T1DM in the USA. Pramlintide also
appears to improve glycaemic control and
reduce weight in patients with T1DM [120].
Furthermore, pramlintide use is associated with
a decrease in postprandial hyperglycaemia,
which would be expected to offer cardiovascular
benefit through reduced oxidative stress and
improved endothelial function [121].

Sodium-glucose cotransporter 2 (SGLT-2)
inhibitors in particular might prove useful as an
adjunct therapy to insulin. The mechanistic
effects linked to the cardiovascular benefits of
SGLT-2 inhibitors in T2DM have also been
documented in T1DM [122]. Dual SGLT-1/2
inhibition is associated with a greater reduction
in postprandial glucose excursions [123]. A
recent meta-analysis reported reductions in
both bolus and basal insulin doses when an
SGLT-2 inhibitor was added to insulin
monotherapy [124]. Hypoglycaemia rates are
not increased but there is an associated
increased risk of diabetic ketoacidosis. Using the
lowest available dose of SGLT inhibitor may
reduce this risk.

Beyond the use of anti-platelets, glucose, BP
and lipid-lowering medications, there may be
scope to address residual cardiovascular risk
through novel therapeutics. Whether targeting
inflammation might reduce cardiovascular
event rates is under investigation in multiple
large-scale clinical trials including promising
results from targeting interleukin-1b with the
monoclonal antibody canakinumab [125].
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CONCLUSION

Type 1 diabetes mellitus is associated with an
almost threefold higher mortality than the
general population. Although the correlation
between T1DM and CVD is well established, the
underlying mechanisms remain poorly under-
stood and the need for enhanced treatment is
often not appreciated. It is also important that
clinicians recognise that men and women with
T1DM have a similar absolute risk of CVD.
Glucose-lowering therapy, statin use, BP control
and lifestyle interventions have improved out-
comes, but individuals with T1DM continue to
have a markedly elevated risk of cardiovascular
events and death compared with the general
population. There is therefore scope to address
this residual risk through improved identifica-
tion of ‘at risk’ individuals, and novel
interventions.
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