


2 Cardiovascular Protection From Dysglycemia

reduction of a composite of cardiovas-
culardeath, myocardial infarction, angina
pectoris or coronary revascularization (16),
and nephropathy (17). The beneficial im-
pact of glucose lowering in patients with
type 2 diabetes was first reported by the UK
Prospective Diabetes Study (UKPDS) in
1998 (18). Intensified early glycemic con-
trolin newly diagnosed diabetes by means
of insulin, sulphonylurea, or metformin
compared with conventional treatment
(diet at that time) led to a decrease of
microvascular complications and seemed
to decrease macrovascular events during
extended periods of follow-up, even after
the study intervention had stopped, an
impact that was labeled the legacy effect
(19). Both DCCT and UKPDS must be
considered as landmark investigations.
That insulin is mandatory in patients with
type 1 diabetes is undoubted. Today, the
UKPDS findings should be interpreted in
consideration of the conditions in which
this trial was conducted. Back then, avail-
able background treatment did not com-
prise statins and modern blood pressure—
reducing drugs, and acetylsalicylic acid
had not been introduced as an antith-
rombotic agent in patients with cardio-
vascular disease. Thus, improved control
of hyperglycemia was the only available
preventive pharmacological alternative.
In light of the observed association be-
tween increasing HbA; . levels and cardio-
vascular complications, it was appealing
to counteract the most apparent pertur-
bation in patients with type 2 diabetes:
hyperglycemia. However, subsequent at-
tempts to decrease cardiovascular com-
plications by means of strict glucose
control in addition to a contemporary
background therapy in patients with type
2 diabetes failed to protect from pre-
mature mortality and macrovascular com-
plications, besides a small decrease in
myocardial infarctions in one study, as
reviewed by Turnbull et al. (20), Rodriguez-
Gutiérrez and Montori (21), and Rydén
et al. (22). Over time, we learned that the
relation is more complex and still only
partly understood.

ON THE RELATION BETWEEN
TYPE 2 DIABETES AND
CARDIOVASCULAR DISEASE

Acute Coronary Syndromes

That hyperglycemia could be a link be-
tween diabetes and myocardial infarction
was suggested by Levine (23) and Cruick-
shank (24) in 1929 and 1931, respectively.

Before the introduction of enzymatic in-
dicators of myocardial injury, an increase
in blood glucose was used as a diagnostic
criterion of myocardial infarction as a
cause of acute chest pain. The associ-
ation between high blood glucose and
acute myocardial infarction has since
been confirmed in several studies. As
summarized by Opie and Stubbs (25) in
1976, the degree of hyperglycemia was
considered to be related to the severity
of the infarction and the underlying hor-
monal changes as a result of stress, inducing
an increased secretion of catecholamines
and glucagon. That elevated plasma glucose
during acute coronary syndromes may be a
marker of disturbed glucose metabolism in
need of treatment was originally not sus-
pected for several reasons, such as limited-
size populations, the lack of established
diagnostic criteria, and the short-lived
observations (26). By studying the impact
of an elevated admission plasma glucose
in patients with myocardial infarction
without known diabetes, Norhammar
et al. (27) concluded that glucose level
seemed to be anindependent predictor
of long-term outcome, favoring the as-
sumption that admission hyperglycemia
might be not only a consequence of acute
stress conditions but also an indicator of
abnormal glucose tolerance.

Unrevealed Glucose Perturbations and
Cardiovascular Disease

This observation led to the Glucose in
Myocardial Infarction (GAMI) study, which
tested the hypotheses that glucose abnor-
malities are common in patients with an
acute myocardial infarction, that the glu-
cometabolic condition can be identified
early after the acute event, and that newly
detected glucose abnormalities predict long-
term prognosis. Patients with a myocar-
dial infarction without known diabetes
(n = 168) and control subjects (n = 185)
without myocardial infarction and dia-
betes were subjected to an oral glucose
tolerance test (OGTT). This revealed that
33% of the patients had type 2 diabetes
and 34% had IGT, leaving 33% with a
normal glucose metabolism. The corre-
sponding proportions in the control pop-
ulation were 11%, 24%, and 65% (28,29).
These results were subsequently con-
firmed in other populations, including
patients with both acute and stable cor-
onary artery disease (e.g., from Europe
and China). The Euro Heart Survey (30), in
which 4,901 patients with acute and
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stable coronary artery disease were in-
vestigated with an OGTT, revealed that a
minority (29%) were normoglycemic, while
43% had diabetes (known 31%, newly
detected 12%), IGT (25%), or impaired
fasting glucose (3%). In China, Hu et al.
(31) performed an OGTT in 2,263 patients
with stable coronary artery disease of
whom 36% were normoglycemic, 27%
had newly detected diabetes, and 37%
had IGT. Similar proportions of unrevealed
glucose perturbations have also been docu-
mented in patients with peripheral and
cerebral artery disease (32). The GAMI
population was followed over a median
time of 11.6 years (33): Both newly detected
type 2 diabetes and IGT were associated
with a considerably worse cardiovascular
prognosis than that seen among pa-
tients with a normal glucose metabo-
lism. The dismal prognostic implication
of newly detected IGT among patients
with acute coronary syndromes (Fig. 1)
has also been confirmed by George et al.
(34) and Chattopadhyay et al. (35).

Prognostic Implications

The first reports of an accumulation of
acute myocardial infarctions and the un-
favorable prognosis in patients with di-
abetes were published by Biorck et al. (36)
in 1958 and Sievers et al. (37) in 1961. They
noted that diabetes was about five times
more common in patients with myocar-
dial infarction than in the general pop-
ulation, irrespective of age and sex, and
that these patients had a poor prognosis.
Kannel and McGee (38) are usually re-
ferred to as the pioneers in this field, but
their data from the Framingham study
appeared 25 years later. Several inves-
tigators confirmed the dismal prognosis
of patients with diabetes and myocardial
infarction in scattered populations in the
precoronary care era. In the 1980s, Malm-
berg and Rydén (39) presented an un-
selected, consecutive series of 341 patients
with myocardial infarction of whom 24%
had a history of diabetes. They concluded
that both in-hospital (25% vs. 16%; P <
0.02) and 1-year (53% vs. 28%; P < 0.001)
mortality were higher in patients with
diabetes than in those without. Thus,
patients with myocardial infarction were
common and had a poor prognosis despite
the by-then—introduced improvements in
coronary care. The gap in 1-year mortality
between patients with and without di-
abetes was 52%. As can be exemplified
by data from the Swedish coronary care
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Figure 1—Kaplan-Meier curves. A: The GAM I trial showing time to a first major adverse cardiovascular event (cardiovascular death, nonfatal myocardial
infarction, stroke, and severe heart failure) in patients by glucose tolerance group (normal glucose tolerance [NGT], blue; IGT, brown; diabetes mellitus
[DM], pink) (log-rank overall P = 0.0046). Reprinted with permission from Ritsinger et al. (33). B: The Yorkshire study showing time to a first major
adverse cardiovascular event. Reprinted with permission from George et al. (34).

unit registry (40), there has been a sub-
stantial improvement in 1-year survival
for patients with and without diabetes,
butthe gapis still of the same magnitude

(48% in 2018) (Fig. 2). This gap, which
does not seem to be inevitable, is prob-
ably explained by three major factors:
insufficient knowledge of the glycemic

state in populations at risk, insufficient
management of people with dysgly-
cemia, and remaining gaps in knowl-
edge, including a lack of the perfect
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tool to normalize insulin resistance
and dysglycemia.

INADEQUATE SCREENING

Macrovascular disease develops during
several years before the diagnosis of
type 2 diabetes according to the concept
of a dysglycemic cardiovascular contin-
uum (Fig. 3). Thus, it is reasonable to
consider hyperglycemia as a continu-
ously increasing cardiovascular risk fac-
tor that commences before the fasting
and postprandial thresholds for overt
diabetes (41-43). On the basis of this
assumption, contemporary guidelines
recommend screening for glucose per-
turbations in patients with cardiovas-
cular disease (44). This recommendation
is based on the fact that dysglycemia is
harmful before the onset of diabetes, that
dichotomizing a continuous risk variable is
incorrect, and that previously undetected
dysglycemia is common among patients
with cardiovascular disease.

As it seems from Swedish (40) and U.S.
data (45), we are facing an increasing
number non-ST elevation myocardial
infarctions in our coronary care units.
Many of them are overweight patients
with insulin resistance, dysglycemia, and
dyslipidemia. The GAMI study revealed
that the metabolic profile of the patients
with acute coronary syndromes differed
significantly from that seen in matched
control subjects without myocardial
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infarction in the following respects: lower
HDL, higher triglycerides, higher fasting
and postload plasma glucose, higher lep-
tin, higher adiponectin and proinsulin
levels, and a compromised 3-cell func-
tion with an attenuated first phase of
insulin release (29,46). This underlines the
necessity to screen patients who have
suffered an acute coronary syndrome for
dysglycemia. Unrevealed dysglycemia is
also common in other cardiovascular con-
ditions, such as cerebral and peripheral
artery disease (32) and heart failure
(47,48).

The prevalence of dysglycemia varies
among different populations, something
that has to be taken into consideration
when choosing the screening tool and
the most appropriate screening method.
An OGTT is presently the only method
that is able to detect both IGT and di-
abetes. The use of a fasting glucose, and
especially of HbA;. alone, is insufficient
since a negative result does not rule out
dysglycemia, which might prolong the
time until the dysglycemic condition is
discovered, thereby postponing the es-
tablishment of preventive strategies to
forestall complications (49,50). Moreover,
the postload glucose provides important
prognostic information with regard to the
risk for future cardiovascular events be-
yond that based on fasting glucose or
HbA; . (50). The OGTT has been criticized
since it necessitates an overnight fast and
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Figure 2—Trend in 1-year mortality in Swedish patients with myocardial infarctioninrelation to the
presence of diabetes or not. All ages 1995-2018. Reprinted with permission from SWEDEHEART

(40).
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is considered to be time consuming and
lacking reproducibility (51). This seems
hard to embrace in light of the magnitude
of the information obtained. With such
information it not only is possible to
discover previously unrevealed IGT and
diabetes but also offers patients with
diabetes access to glucose-lowering agents
with a cardioprotective effect (52,53).
The repeatability of the OGTT has been
tested over a period of 1 yearin the GAMI
cohort and was very high. Of all patients
with myocardial infarction diagnosed with
type 2 diabetes after an OGTT at the time
of hospital discharge, 93% were still clas-
sified as such or as having IGT after
12 months. Inthesame manner, 60% of
the patients classified as normal at dis-
charge remained normal after 12 months,
although 12% had developed type 2 di-
abetes (54). Screening can be simplified by
the use of accurate point-of-care equip-
ment, such as the HemoCue (55), which
provides an immediate answer, thereby
saving time and costs.

In populations with a lower risk for
glucose perturbations, screening can be
initiated by means of a risk score ques-
tionnaire, such as the Finnish Diabetes
Risk Score (FINDRISC), adding a fasting
glucose in cases of a high score and an
OGTT when still in doubt about glycemic
state (56). Especially, one should con-
sider screening people with a high risk of
dysglycemia, such as those with a strong
family history of type 2 diabetes, gesta-
tional diabetes (52), and periodontitis
(57).

There are major differences in the
access of the recommended screening
tests for diabetes globally (58), but even
in countries with unlimited access test-
ing facilities, screening is not at all prac-
ticed as recommended. According to
experiences from The European Action
on Secondary and Primary Prevention by
Intervention to Reduce Events (EURO-
ASPIRE) V, which recruited 8,261 patients
with coronary artery disease from 27
countries from 2016 to 2017, 30% had a
history of diabetes. Screening for glu-
cose perturbations as recommended by
the guidelines had often not been per-
formed as part of the clinical routine in
patients unaware of their glucometa-
bolic state. As a part of the study, when
4,440 patients without known diabetes
were subjected to an OGTT, the pres-
ence of dysglycemia (known plus newly
detected IGT or diabetes) increased to
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Adapted with permission from Laakso and Kuusisto (41).

60%, leaving only one-third of the total
population with a normal glucose me-
tabolism. Thus, without the OGTT, which
should have been performed as a routine
part of patient management (52,56) but
was not, 70% of all patients with IGT and
30% of those with newly detected di-
abetes would have remained undetected
(59) and deprived of the opportunity for
available, life-saving therapy. Sadly enough
and despite a similar survey that included
OGTT in 2012-2013 and medical reports
on the high proportions of undetected
dysglycemia, EUROASPIRE V showed no
increased undertaking of this screening
method. A probable explanation is the
scant interest in diabetes among cardi-
ologists. Hopefully, this low engagement
will be amended with the diffusion of the
novel cardioprotective glucose-lowering
agents (49). In conclusion, itis reasonable
to assume that appropriate screening
would contribute to improved treatment
of unrevealed dysglycemia in populations
at risk, thereby contributing to closing the
prognostic gap between coronary patents
with and without diabetes.

INADEQUATE MANAGEMENT

Therelation between type 2 diabetes and
cardiovascular disease is complex, involv-
ing multiple possibilities for an interac-
tion (Fig. 4). Already, UKPDS had postulated
that a quintet of potentially modifiable risk
factors for coronary artery disease exists in
patients with type 2 diabetes: increased
concentrations of LDL cholesterol, de-
creased concentrations of HDL cholesterol,
raised blood pressure, hyperglycemia, and
smoking (60). An early indication that care-
ful management could contribute to im-
proved survival of patients with type 2
diabetes and myocardial infarction came

with a registry-based Swedish study. It
was, however, also evident that such
patients were less often offered revas-
cularization therapy, acetylsalicylicacid,
and lipid-lowering treatment at discharge
(61). That early introduction of a compre-
hensive, evidence-based pharmacological
treatment, including renin-angiotensin-
aldosterone system inhibitors, (3-blockers,
statins, oral antiplatelet therapy, and early
revascularization, associated with a lower
1-year mortality in coronary patients with
type 2 diabetes approaching the level of
coronary patients without type 2 diabetes
was shown by observational analyses of
the Euro Heart Survey (62). Further proof
of the very beneficial impact of a multi-
factorial treatment has subsequently
been demonstrated by the randomized
controlled Intensified Multifactorial In-
tervention in Patients With Type 2 Di-
abetes and Microalbuminuria (STENO 2)
trial (63) and by observational analyses in
the Swedish Diabetes Registry. In the
latter, patients with type 2 diabetes with
all five risk factor variables within rec-
ommended target ranges appeared to
have little or no excess risk of death,
myocardial infarction, and stroke com-
pared with the general population (64,65).

International guidelines on how to
manage patients with type 2 diabetes
with and without coronary artery dis-
ease have been issued by major pro-
fessional organizations since 2007. These
recommendations have been updated at
several occasions to reflect progress in
knowledge and experience. The most
recent from Europe and the U.S. were
released in 2019 and 2020 (52,66,67).
Not in the least, the 2013 European
guidelines were widely distributed, en-
dorsed by 28 national societies, and

translated into 7 languages in the full
version and 12 languages in the pocket
version (L.R., personal communication).

The EUROASPIRE surveys address the
compliance with guidelines in clinical
practicein Europe. The most recent EURO-
ASPIRE V was conducted at 131 centers in
27 European countries during 2016-2017
(59). A total of 8,261 patients with an
established coronary artery disease (myo-
cardial infarction, percutaneous coronary
intervention, or coronary artery bypass
graft) were investigated 6-24 months
after the event. This delay was chosen to
enable the initiation and/or refinement
of required management. A combina-
tion of drugs from all cardioprotective
classes were prescribed to 58% of the
patients with known type 2 diabetes.
Only 55% had a blood pressure <140/90
mmHg, 37% an LDL cholesterol level
<1.8 mmol/L (69.6 mg/dL), and 55% an
HbA1. <7% (53 mmol/mol), which must
be seen as far from satisfactory. Only
one-third had been advised to attend a
diabetes clinic.

A comparison with the preceding EURO-
ASPIRE IV survey, conducted 2012-2013,
did, if anything, reveal a slight deterioration
in the adherence to guideline-recommended
management and treatment targets (68).
As already described, screening for dys-
glycemia among high-risk coronary pa-
tients with an unknown glucometabolic
state was poor. It was concluded that
urgent action is required for manage-
ment of patients with coronary artery
disease and dysglycemia, with the ex-
pectation of a substantial reduction in
risk of further cardiovascular events and
complications of diabetes as well as a
longer life expectancy.

The experiences from the EUROASPIRE
IV and V surveys are not unique. Similar
observations of an unsatisfactory sec-
ondary prevention in patients with car-
diovascular diseases have been reported
from many parts of the world (69-73).
Especially concerning is the poor access
to medications and interventions in low-
income countries, which makes it impos-
sible to reach recommended targets
(2,58).

FUTURE PERSPECTIVES

To come to grips with the unsatisfactory
management of dysglycemia as a risk
factor for cardiovascular disease man-
ifestations, there are, above all, three
factors that must be improved in the
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future: guideline adherence, increased
attention to people at risk, and simpli-
fied and hopefully better screening tools.

Guideline Adherence

It is obvious that further efforts have to
be invested in distributing knowledge of
the best available practice for patients
with cardiovascular disease and dysgly-
cemia. One obstacle is diversified care, at
least in Europe. According to EUROAS-
PIRE V, the study participants were seen
by cardiologists (80%) and/or general
practitioners (63%) or diabetologists (34%).
Only 24% had attended a diabetes school
or a diabetes educational program.
Physician-guided, nurse-led programs
have been reported as successful at least
when it comes to lifestyle-oriented ad-
aptation, the cornerstone in all manage-
ment of the current patient population
(74-76).

Educational activities must be directed
toward professionals in different seg-
ments of the health care sector. It is
often hospital-based specialists, not just
cardiologists, who initiate diagnostic and
therapeutic activities, but subsequently,
patients are often referred to specialists in
primary care. Referral notes should be
explicit with regard to treatment goals
that, to be successful, have to be based on

good communication among the various
care providers, including nurses. The pa-
tients must be informed about what they
should expect with regard to treatment
targets and be a central part of the
managing team.

Increased Attention to People at Risk
The metabolic syndrome, defined as the
presence of three of five abnormal find-
ings (elevated waist circumference, ele-
vated triglycerides, reduced HDL cholesterol,
elevated blood pressure, and elevated
fasting plasma glucose), predicts cardio-
vascular disease and type 2 diabetes, as
reviewed by Nilsson et al. (77). Early
identification and lifestyle adjustments,
sometimes supplemented by pharma-
cological treatment, of patients with pre-
diabetes (IGT) can prevent or postpone
the development of type 2 diabetes andin
the long run, cardiovascular disease. Ex-
amples of such studies are the Da Qing
Study in China, the Malmo Feasibility
Study in Sweden, the Diabetes Preven-
tion Study in Finland, and the Diabetes
Prevention Program in the U.S. (78-81).
Yet, the best lifestyle intervention seems
not to be established, as suggested by the
overall outcome of the Look AHEAD (Ac-
tion for Health in Diabetes) trial (82),
which randomized overweight or obese

patients with type 2 diabetes to an
intensive lifestyle intervention or just
ordinary pharmacological therapy. On
the other hand, in the Look AHEAD study,
there was a significant reduction (hazard
ratio 0.79 [95% Cl 0.64—-0.98]; P = 0.034)
of cardiovascular events among the par-
ticipants who succeeded in reducing their
body weight by at least 10 kg during the
first year of follow-up (83). The solution is
likely individually tailored and differen-
tiated patient advice followed up by the
same health care professional.

Shahim et al. (84) tested the hypoth-
esis that if appropriately screened, the
prevalence of dysglycemia is high in peo-
ple without known diabetes and free from
cardiovascular disease on treatment for
hypertension and/or dyslipidemia. A total
of 2,395 individuals from the EUROASPIRE
IV primary care cohort recruited in 14 Eu-
ropean countries in 2014-2015 were sub-
jected to an OGTT. Thirty-nine percent of
them were dysglycemic, whereof 19% had
type 2 diabetes and 20% IGT. An attempt
to simplify the screening by starting with
the FINDRISC questionnaire failed since
already a high proportion among those
with a low to moderate risk of developing
type 2 diabetes were dysglycemic accord-
ing to the OGTT. Among various tests, a
single HbA;. was the least efficient, with a
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limited ability to detect type 2 diabetes
and inability to diagnose IGT. Fasting plasma
glucose was the best option for detecting
type 2 diabetes but could naturally not
disclose IGT. Screening with fasting plasma
glucose in all patients, followed by an OGTT
in patients with impaired fasting glucose,
was recommended as a pragmatic ap-
proach. Anad hoc—designed outcome trial
would offer people with dysglycemia to
be detected through screening lifestyle-
oriented treatment and randomizing them
to a cardioprotective glucose-lowering
drug or placebo, with future cardiovas-
cular events as outcome measures. An
alternative would be to test standard
care versus novel lifestyle approaches,
such as special dietary advice and ef-
fective exercise activities that engage
lower-extremity muscles, inhibiting sar-
copenia. Such an approach theoretically
makes more sense than, as presently,
starting treatment after a first cardio-
vascular event.

Simplified Screening

That hyperglycemia became a primary
target for treatment of patients with
diabetes is easy to understand. The more-
or-less linear relation between an increas-
ing HbA, . and cardiovascular complications
was convincing. As an example, an in-
crease of 1% in updated mean HbA;. was
associated with a 21% increase in any
diabetes-related end point, a 21% in-
crease in deaths, and a 14% increase of
myocardial infarction (85). This finding
led to a glucocentric approach—the
lower, the better—which, however, failed
at least with regard to decreasing macro-
vascular complications, as already dis-
cussed. The understanding that type 2
diabetes as a multifactorial disease in
which multifactorial treatment turned
out to be beneficial (52), together with
access to new glucose-lowering drugs,
such as glucagon-like peptide 1 receptor
agonists and sodium-glucose cotrans-
porter 2 inhibitors, with cardioprotec-
tive capabilities, changed this paradigm
(22,86). Pleiotropic effects of the new
agents are considered important, in fact
even more important, than their glucose-
lowering capabilities (87).

The concept of insulin resistance as an
important part of type 2 diabetes was
launched by Reaven (88), who suggested
that this condition might be the link
between dysglycemia and the increased
risk of myocardial infarction and stroke.

The rationale behind this hypothesis is
appealing since insulin resistance is as-
sociated not only with dysglycemic con-
ditions but also with a plethora of known
cardiovascular risk factors, such as hy-
pertension, dyslipidemia, endothelial dys-
function, inflammation, and enhanced
thrombogenesis (89-91). The concept
that a decrease in insulin resistance can
reduce cardiovascular events has been
tested with lifestyle measures, including
increased physical activity (78), and by
the use of the insulin-sensitizing drug
pioglitazone (92-94).

The HOMA index is widely used to
quantify insulin resistance and 3-cell func-
tion (95). It is based on basal plasma
glucose and basal insulin levels, both
obtained through a single blood sample.
Itis therefore attractive to further explore
whether insulin resistance expressed by
the HOMA index will diagnose glucose
perturbations as well or even delineate
particularly unfavorable abnormalities
with greater precision than tests like
HbA,. and fasting and postload glucose.
An important question is whether in-
sulin resistance expressed by the HOMA
index is a better predictor of future car-
diovascular events in patients with estab-
lished cardiovascular disease or at high
risk for such disorders than HbA,, fasting
plasma glucose, and a postload glucose.
If these assumptions are corroborated,
screening and treatment of such patients
will be much simplified and reasonably
more assimilated in daily clinical practice.
A future aspiration would be to find an
even easier accessible marker of early-
onset insulin resistance than the HOMA
index, which is proven predictive for both
the development of cardiovascular dis-
ease and type 2 diabetes.

CONCLUDING REMARKS

The present detection and management
of dysglycemia in people with or at high
risk for cardiovascular events is truly un-
satisfactory. Globally, there are major
differences. Relatively simple and afford-
able measures can improve this situation.
These are all reasons to believe that if
screening and guideline adherence are
improved, cardiovascular complications
of dysglycemia would be considerably
reduced and possibly not inevitable.

Funding. This work was supported by grants
from the Swedish Heartand Lung Foundationand

Ferrannini and Associates

the Stockholm County Council and by private
foundations.

Duality of Interest. No potential conflicts of
interest relevant to this article were reported.
Author Contributions. L.R. drafted the first
manuscript of this article. All authors read the
manuscript, and their input was taken into con-
sideration. All authors approved the final manu-
script. L.R. is the guarantor of this work and, as
such, had full access to all the datain the study and
takes responsibility for the integrity of the data
and the accuracy of the data analysis.

References

1. World Health Organization. Global Health Es-
timates 2016: Deaths by Cause, Age, Sex, by
Country and by Region, 2000-2016. Geneva,
Switzerland, World Health Organization, 2018
2. International Diabetes Federation. IDF Dia-
betes Atlas, 9th edition [Internet], 2019. Avail-
able from idf.org. Accessed 7 May 2020

3. Nathanson D, Sabale U, Eriksson JW, et al.
Healthcare cost developmentin atype 2 diabetes
patient population on glucose-lowering drug treat-
ment: a nationwide observational study 2006-2014.
Pharmacoeconom Open 2018;2:393-402

4. Banting FG, Best CC, Macleod JJ. The internal
secretion of the pancreas. Am J Physiol 1922;59:
479

5. Epstein FH. Hyperglycemia. A risk factor in cor-
onary heart disease. Circulation 1967;36:609-619
6. Rubler S, Dlugash J, Yuceoglu YZ, Kumral T,
Branwood AW, Grishman A. New type of car-
diomyopathy associated with diabetic glomer-
ulosclerosis. Am J Cardiol 1972;30:595-602

7. Garcia MJ, McNamara PM, Gordon T, Kannel
WB. Morbidity and mortality in diabetics in the
Framingham population. Sixteen year follow-up
study. Diabetes 1974;23:105-111

8. Jarret J, Keen H (Eds). Diabetes and athero-
sclerosis. In Complications of Diabetes. London,
Edward Arnold Publishers, 1975, p. 179-203
9. Deckert T, Poulsen JE, Larsen M. Prognosis of
diabetics with diabetes onset before the age of
thirty-one. I. Survival, causes of death, and com-
plications. Diabetologia 1978;14:363-370

10. Engerman R, Bloodworth JM Jr., Nelson S.
Relationship of microvascular disease in diabetes
to metabolic control. Diabetes 1977;26:760-769
11. Klein R, Klein BE, Moss SE, Davis MD, DeMets
DL. The Wisconsin epidemiologic study of diabetic
retinopathy. Il. Prevalence and risk of diabetic
retinopathy when age at diagnosis is less than
30 years. Arch Ophthalmol 1984;102:520-526
12. Kuusisto J, Mykkanen L, Pyorala K, Laakso M.
NIDDM and its metabolic control predict coro-
nary heart disease in elderly subjects. Diabetes
1994;43:960-967

13. Andersson DK, Svardsudd K. Long-term gly-
cemic control relates to mortality in type Il di-
abetes. Diabetes Care 1995;18:1534-1543

14. Gall MA, Borch-Johnsen K, Hougaard P, Nielsen
FS, Parving HH. Albuminuria and poor glycemic
control predict mortality in NIDDM. Diabetes 1995;
44:1303-1309

15. Nathan DM, Genuth S, Lachin J, et al.; Di-
abetes Control and Complications Trial Research
Group. The effect of intensive treatment of di-
abetes on the development and progression of
long-term complications in insulin-dependent di-
abetes mellitus. N Engl J Med 1993;329:977-986


http://care.diabetesjournals.org

8 Cardiovascular Protection From Dysglycemia Diabetes Care

16. Nathan DM, Cleary PA, Backlund JY, et al.; Di-
abetes Control and Complications Trial/Epidemiology
of Diabetes Interventions and Complications
(DCCT/EDIC) Study Research Group. Intensive
diabetes treatment and cardiovascular disease
in patients with type 1 diabetes. N Engl J Med
2005;353:2643-2653

17. de Boer IH; DCCT/EDIC Research Group.
Kidney disease and related findings in the diabetes
control and complications trial/epidemiology of
diabetes interventions and complications study.
Diabetes Care 2014;37:24-30

18. UK Prospective Diabetes Study (UKPDS)
Group. Effect of intensive blood-glucose con-
trol with metformin on complications in over-
weight patients with type 2 diabetes (UKPDS
34). Lancet 1998;352:854-865

19. Holman RR, Paul SK, Bethel MA, Matthews
DR, Neil HA. 10-year follow-up of intensive glucose
control in type 2 diabetes. N EnglJ Med 2008;359:
1577-1589

20. Turnbull FM, Abraira C, Anderson RJ, et al.;
Control Group. Intensive glucose control and
macrovascular outcomes in type 2 diabetes [pub-
lished correction appears in Diabetologia 2009;52:
2470]. Diabetologia 2009;52:2288-2298

21. Rodriguez-Gutiérrez R, Montori VM. Glycemic
control for patients with type 2 diabetes mellitus:
our evolving faith in the face of evidence. Circ
Cardiovasc Qual Outcomes 2016;9:504-512

22. Rydén L, Shahim B, Mellbin L. Clinical im-
plications of cardiovascular outcome trials in
type 2 diabetes: from DCCT to EMPA-REG. Clin
Ther 2016;38:1279-1287

23. Levine SA. Coronary thrombosis: its various
clinical features. Medicine (Baltimore) 1929;8:
245-418

24. Cruickshank N. Coronary thrombosis and
myocardial infarction, with glycosuria. BMJ 1931;
1:618-619

25. Opie LH, Stubbs WA. Carbohydrate metab-
olism in cardiovascular disease. Clin Endocrinol
Metab 1976;5:703-729

26. Norhammar A. Diabetes Mellitus, Glucose
Abnormalities and Acute Coronary Syndromes.
Studies on Prevalence, Risk and Impact of Treat-
ment. Stockholm, Karolinska Institutet, 2003
27. Norhammar AM, Rydén L, Malmberg K.
Admission plasma glucose. Independent risk
factor for long-term prognosis after myocar-
dial infarction even in nondiabetic patients.
Diabetes Care 1999;22:1827-1831

28. Norhammar A, Tenerz A, Nilsson G, et al.
Glucose metabolism in patients with acute myo-
cardial infarction and no previous diagnosis of
diabetes mellitus: a prospective study. Lancet
2002;359:2140-2144

29. Bartnik M, Malmberg K, Hamsten A, et al.
Abnormal glucose tolerance—a common risk
factor in patients with acute myocardial in-
farction in comparison with population-based
controls. J Intern Med 2004;256:288-297
30. Bartnik M, Rydén L, Ferrari R, et al.; Euro
Heart Survey Investigators. The prevalence of
abnormal glucose regulation in patients with
coronary artery disease across Europe. The Euro
Heart Survey on diabetes and the heart. Eur Heart
J 2004;25:1830-1890

31. HuDY, Pan CY, Yu JM; China Heart Survey Group.
The relationship between coronary artery disease and
abnormal glucose regulation in China: the China
Heart Survey. Eur Heart J 2006;27:2573-2579

32. Johansen OE, Birkeland KI, Brustad E, et al.
Undiagnosed dysglycaemia and inflammation in
cardiovascular disease. Eur J Clin Invest 2006;36:
544-551

33. Ritsinger V, Tanoglidi E, Malmberg K, et al.
Sustained prognostic implications of newly detected
glucose abnormalities in patients with acute
myocardial infarction: long-term follow-up of
the Glucose Tolerance in Patients with Acute
Myocardial Infarction cohort. Diab Vasc Dis Res
2015;12:23-32

34. George A, Bhatia RT, Buchanan GL, et al.
Impaired glucose tolerance or newly diagnosed
diabetes mellitus diagnosed during admission
adversely affects prognosis after myocardial in-
farction: an observational study. PLoS One 2015;
10:e0142045

35. Chattopadhyay S, George A, John J, Sathyapalan
T. Adjustment of the GRACE score by 2-hour post-
load glucose improves prediction of long-term major
adverse cardiac events in acute coronary syndrome
in patients without known diabetes. Eur Heart ) 2018;
39:2740-2745

36. Biorck G, Sievers J, Blomqvist G. Studies on
myocardial infarction in Malmoé 1935-1954. IlI.
Follow-up studies from a hospital material. Acta
Med Scand 1958;162:81-97

37. Sievers J, Blomqvist G, Biorck G. Studies on
myocardial infarction in Malmo 1935 to 1954. VI:
some clinical data with particular reference to
diabetes, menopause and heart rupture. Acta
Med Scand 1961;169:95-103

38. Kannel WB, McGee DL. Diabetes and car-
diovascular disease. The Framingham study. JAMA
1979;241:2035-2038

39. Malmberg K, Rydén L. Myocardial infarction
in patients with diabetes mellitus. Eur Heart J
1988;9:259-264

40. SWEDEHEART Annual report 2019 [Inter-
net], 2020. Available from https://www.ucr.uu.se/
swedeheart. Accessed 15 May 2020

41. Laakso M, Kuusisto J. Understanding patient
needs. Diabetology for cardiologists. Eur Heart J
2003;5:B5-B13

42. Coutinho M, Gerstein HC, Wang Y, Yusuf S.
The relationship between glucose and incident
cardiovascular events. A metaregression analysis
of published data from 20 studies of 95,783
individuals followed for 12.4 years. Diabetes Care
1999;22:233-240

43. SarwarN, Gao P, Seshasai SR, etal.; Emerging
Risk Factors Collaboration. Diabetes mellitus,
fasting blood glucose concentration, and risk of
vascular disease: a collaborative meta-analysis
of 102 prospective studies [published correc-
tion appears in Lancet 2010;376:958]. Lancet
2010;375:2215-2222

44. Rizzo M, Nikolic D, Patti AM, et al. GLP-1
receptor agonists and reduction of cardiome-
tabolic risk: potential underlying mechanisms.
Biochim Biophys Acta Mol Basis Dis 2018;1864:
2814-2821

45. Khera S, Kolte D, Aronow WS, et al. Non-ST-
elevation myocardial infarction in the United
States: contemporary trendsinincidence, utilization
of the early invasive strategy, and in-hospital out-
comes. J Am Heart Assoc 2014;3:e000995

46. Wallander M, Bartnik M, EfendicS, et al. Beta
cell dysfunction in patients with acute myocar-
dial infarction but without previously known
type 2 diabetes: a report from the GAMI study.
Diabetologia 2005;48:2229-2235

47. Thrainsdottir IS, Aspelund T, Thorgeirsson G,
etal. The association between glucose abnormalities
and heart failure in the population-based Rey-
kjavik study. Diabetes Care 2005;28:612-616
48. Thrainsdottir IS, Aspelund T, Gudnason V,
et al. Increasing glucose levels and BMI predict
future heart failure experience from the Rey-
kjavik Study. Eur J Heart Fail 2007;9:1051-1057
49. Gyberg V, De Bacquer D, Kotseva K, et al.;
EUROASPIRE IV Investigators. Screening for dys-
glycaemia in patients with coronary artery dis-
ease as reflected by fasting glucose, oral glucose
tolerance test, and HbAlc: a report from EURO-
ASPIRE IV--a survey from the European Society of
Cardiology. Eur Heart J 2015;36:1171-1177
50. Shahim B, De Bacquer D, De Backer G, et al.
The prognostic value of fasting plasma glucose,
two-hour postload glucose, and HbA, . in patients
with coronary artery disease: a report from EURO-
ASPIRE IV: a survey from the European Society of
Cardiology. Diabetes Care 2017;40:1233-1240
51. Sattar N, Preiss D. Screening for diabetes in
patients with cardiovascular disease: HbAlc trumps
oral glucose tolerance testing. Lancet Diabetes
Endocrinol 2016;4:560-562

52. Cosentino F, Grant PJ, Aboyans V, et al.; ESC
Scientific Document Group. 2019 ESC Guidelines
on diabetes, pre-diabetes, and cardiovascular
diseases developed in collaboration with the
EASD. Eur Heart J 2020;41:255-323

53. BonaventuraA, Carbone S, Dixon DL, Abbate
A, Montecucco F. Pharmacologic strategies to
reduce cardiovascular disease in type 2 diabetes
mellitus: focus on SGLT-2 inhibitors and GLP-1
receptor agonists. J Intern Med 2019;286:16-31
54. Wallander M, Malmberg K, Norhammar A,
Rydén L, Tenerz A. Oral glucose tolerance test:
a reliable tool for early detection of glucose
abnormalities in patients with acute myocardial
infarction in clinical practice: a report on re-
peated oral glucose tolerance tests from the
GAMI study. Diabetes Care 2008;31:36-38

55. Shahim B, Kjellstrom B, GybergV, Jennings C,
Smetanas$, Rydén L. The accuracy of point-of-care
equipment for glucose measurement in screening
for dysglycemia in patients with coronary artery
disease. Diabetes Technol Ther 2018;20:596—602
56. Rydén L, Shahim B, Standl E. On the prog-
nostic value of post-load glucose in patients with
coronary artery disease. Eur Heart J 2018;39:
2746-2748

57. Norhammar A, Kjellstrom B, Habib N, et al.
Undetected dysglycemiais animportant risk factor
for two common diseases, myocardial infarction
and periodontitis: a report from the PAROKRANK
study. Diabetes Care 2019;42:1504-1511

58. World Health Organization. Global Reporton
Diabetes [Internet], 2016. Available from https://
apps.who.int/iris/handle/10665/204871?search-
result=true&query=diabetes&scope=&rpp
=10&sort_by=score&order=desc. Accessed
16 May 2020

59. Ferrannini G, De Bacquer D, De Backer G,
etal.; EUROASPIREV collaborators. Screening for
glucose perturbations and risk factor manage-
ment in dysglycemic patients with coronary ar-
tery disease-a persistent challenge in need of
substantial improvement: a report from ESC
EORP EUROASPIRE V. Diabetes Care 2020;43:
726-733

60. Turner RC, Millns H, Neil HA, et al. Risk
factors for coronary artery disease in non-insulin


https://www.ucr.uu.se/swedeheart
https://www.ucr.uu.se/swedeheart
https://apps.who.int/iris/handle/10665/204871?search-result=true&amp;query=diabetes&amp;scope=&amp;rpp=10&amp;sort_by=score&amp;order=desc
https://apps.who.int/iris/handle/10665/204871?search-result=true&amp;query=diabetes&amp;scope=&amp;rpp=10&amp;sort_by=score&amp;order=desc
https://apps.who.int/iris/handle/10665/204871?search-result=true&amp;query=diabetes&amp;scope=&amp;rpp=10&amp;sort_by=score&amp;order=desc
https://apps.who.int/iris/handle/10665/204871?search-result=true&amp;query=diabetes&amp;scope=&amp;rpp=10&amp;sort_by=score&amp;order=desc

care.diabetesjournals.org

dependent diabetes mellitus: United Kingdom
Prospective Diabetes Study (UKPDS: 23). BMJ
1998;316:823-828

61. Norhammar A, Lindback J, Rydén L, Wallentin
L, Stenestrand U; Register of Information and
Knowledge about Swedish Heart Intensive Care
Admission (RIKS-HIA). Improved but still high short-
and long-term mortality rates after myocardial
infarction in patients with diabetes mellitus:
a time-trend report from the Swedish Register
of Information and Knowledge about Swedish
Heart Intensive Care Admission. Heart 2007;93:
1577-1583

62. AnselminoM, MalmbergK, OhrvikJ, RydénL;
Euro Heart Survey Investigators. Evidence-based
medication and revascularization: powerful tools
in the management of patients with diabetes and
coronary artery disease: a report from the Euro
Heart Survey on diabetes and the heart. Eur J
Cardiovasc Prev Rehabil 2008;15:216-223

63. Oellgaard J, Geede P, Rossing P, et al. Re-
duced risk of heart failure with intensified mul-
tifactorial intervention in individuals with type 2
diabetes and microalbuminuria: 21 years of follow-up
in the randomised Steno-2 study. Diabetologia
2018;61:1724-1733

64. Rawshani A, Rawshani A, Franzén S, et al. Mor-
tality and cardiovascular disease in type 1 and type 2
diabetes. N Engl J Med 2017;376:1407-1418

65. Rawshani A, Rawshani A, Franzén S, et al.
Risk factors, mortality, and cardiovascular out-
comes in patients with type 2 diabetes. N Engl J
Med 2018;379:633-644

66. Buse JB, Wexler DJ, Tsapas A, et al. 2019
update to: management of hyperglycemia in
type 2 diabetes, 2018. Aconsensus report by the
American Diabetes Association (ADA) and the
European Association for the Study of Diabetes
(EASD) [published correction appears in Diabe-
tes Care 2020:dc20er07]. Diabetes Care 2020;
43:487-493

67. Arnold SV, Bhatt DL, Barsness GW, et al.;
American Heart Association Council on Lifestyle
and Cardiometabolic Health and Council on Clin-
ical Cardiology. Clinical management of stable
coronary artery disease in patients with type 2
diabetes mellitus: a scientific statement from the
American Heart Association. Circulation 2020;141:
e779-e806

68. GybergV, De Bacquer D, De Backer G, et al.;
EUROASPIRE Investigators. Patients with coro-
nary artery disease and diabetes need improved
management: a report from the EUROASPIRE IV
survey: a registry from the EuroObservational
Research Programme of the European Society of
Cardiology. Cardiovasc Diabetol 2015;14:133
69. Mendis S, Abegunde D, Yusuf S, et al. WHO
study on Prevention of REcurrences of Myocar-
dial Infarction and StrokE (WHO-PREMISE). Bull
World Health Organ 2005;83:820-829

70. Mehta RH, Bhatt DL, Steg PG, et al.; REACH
Registry Investigators. Modifiable risk factors
control and its relationship with 1 year out-
comes after coronary artery bypass surgery:
insights from the REACH registry. Eur Heart J
2008;29:3052-3060

71. Gitt AK, Drexel H, Feely J, et al.; DYSIS
Investigators. Persistent lipid abnormalities
in statin-treated patients and predictors of LDL-
cholesterol goal achievement in clinical practice
in Europe and Canada. EurJ Prev Cardiol 2012;19:
221-230

72. Vedin O, Hagstrom E, Stewart R, et al.
Secondary prevention and risk factor target
achievement in a global, high-risk population
with established coronary heart disease: base-
line results from the STABILITY study. EurJ Prev
Cardiol 2013;20:678-685

73. FerrariR, Ford |, Greenlaw N, et al.; CLARIFY
Registry Investigators. Geographical variationsin
the prevalence and management of cardiovas-
cular risk factors in outpatients with CAD: data
from the contemporary CLARIFY registry. Eur J
Prev Cardiol 2015;22:1056-1065

74. Clark AM, Hartling L, Vandermeer B, McAlister
FA. Meta-analysis: secondary prevention pro-
grams for patients with coronary artery disease.
Ann Intern Med 2005;143:659-672

75. Wood DA, Kotseva K, Connolly S, et al;
EUROACTION Study Group. Nurse-coordinated
multidisciplinary, family-based cardiovascular
disease prevention programme (EUROACTION)
for patients with coronary heart disease and
asymptomatic individuals at high risk of car-
diovascular disease: a paired, cluster-randomised
controlled trial. Lancet 2008;371:1999-2012

76. Minneboo M, Lachman S, Snaterse M, et al.;
RESPONSE-2 Study Group. Community-based
lifestyle intervention in patients with coronary
artery disease: the RESPONSE-2 trial. J Am Coll
Cardiol 2017;70:318-327

77. Nilsson PM, Tuomilehto J, Rydén L. The met-
abolic syndrome - what is it and how should it be
managed? Eur J Prev Cardiol. 2019;26(Suppl.):33—
46

78. Gong Q, Zhang P, Wang J, et al.; Da Qing
Diabetes Prevention Study Group. Morbidity and
mortality after lifestyle intervention for people
with impaired glucose tolerance: 30-year results of
the Da Qing Diabetes Prevention Outcome Study.
Lancet Diabetes Endocrinol 2019;7:452-461

79. Eriksson KF, Lindgarde F. Prevention of type 2
(non-insulin-dependent) diabetes mellitus by diet
and physical exercise. The 6-year Malmo feasibility
study. Diabetologia 1991;34:891-898

80. Tuomilehto J, Lindstrom J, Eriksson JG, et al.;
Finnish Diabetes Prevention Study Group. Pre-
vention of type 2 diabetes mellitus by changes in
lifestyle among subjects with impaired glucose
tolerance. N Engl J Med 2001;344:1343-1350
81. Knowler WC, Barrett-Connor E, Fowler SE,
et al.; Diabetes Prevention Program Research
Group. Reduction in the incidence of type 2
diabetes with lifestyle intervention or metfor-
min. N Engl J Med 2002;346:393-403

82. Wing RR, Bolin P, Brancati FL, et al.; Look
AHEAD Research Group. Cardiovascular effects
of intensive lifestyle intervention in type 2 di-
abetes. N Engl J Med 2013;369:145-154

83. Gregg EW, Jakicic JM, Blackburn G, et al,;
Look AHEAD Research Group. Association of the
magnitude of weight loss and changes in physical

Ferrannini and Associates

fitness with long-term cardiovascular disease
outcomes in overweight or obese people with
type 2 diabetes: a post-hoc analysis of the Look
AHEAD randomised clinical trial. Lancet Diabe-
tes Endocrinol 2016;4:913-921

84. Shahim B, Gyberg V, De Bacquer D, et al.
Undetected dysglycaemia common in primary
care patients treated for hypertension and/or
dyslipidaemia: on the need for a screening
strategy in clinical practice. A report from
EUROASPIRE IV a registry from the EuroObser-
vational Research Programme of the European
Society of Cardiology. Cardiovasc Diabetol 2018;
17:21

85. Stratton IM, Adler Al, Neil HA, et al. Asso-
ciation of glycaemia with macrovascular and mi-
crovascular complications of type 2 diabetes
(UKPDS 35): prospective observational study.
BMJ 2000;321:405-412

86. Standl E, Schnell O, McGuire DK, Ceriello A,
Rydén L. Integration of recent evidence into
management of patients with atherosclerotic
cardiovascular disease and type 2 diabetes. Lan-
cet Diabetes Endocrinol 2017;5:391-402

87. Lim S, Kim KM, Nauck MA. Glucagon-like
peptide-1 receptor agonists and cardiovascu-
lar events: class effects versus individual pat-
terns. Trends Endocrinol Metab 2018;29:238—
248

88. Reaven GM. Banting lecture 1988. Role of
insulin resistance in human disease. Diabetes
1988;37:1595-1607

89. Pfeifle B, Ditschuneit H. Effect of insulin on
growth of cultured human arterial smooth mus-
cle cells. Diabetologia 1981;20:155-158

90. Aziz A, Wheatcroft S. Insulin resistance in
Type 2 diabetes and obesity: implications for
endothelial function. Expert Rev Cardiovasc Ther
2011;9:403-407

91. Ryden L, Mellbin L. New hope for people with
dysglycemia and cardiovascular disease manifes-
tations: reduction of acute coronary events with
pioglitazone. Circulation 2017;135:1894-1896
92. Dormandy JA, Charbonnel B, Eckland DJ,
et al.; PROactive Investigators. Secondary pre-
vention of macrovascular events in patients with
type 2 diabetes in the PROactive Study (PRO-
spective pioglitAzone Clinical Trial in macroVas-
cular Events): a randomised controlled trial.
Lancet 2005;366:1279-1289

93. Kernan WN, Viscoli CM, Furie KL, et al.; IRIS
Trial Investigators. Pioglitazone after ischemic
stroke or transient ischemic attack. N Engl J Med
2016;374:1321-1331

94. Young LH, Viscoli CM, Curtis JP, et al.; IRIS
Investigators. Cardiac outcomes after ischemic
stroke or transient ischemic attack: effects of
pioglitazone in patients with insulin resistance
without diabetes mellitus. Circulation 2017;135:
1882-1893

95. Matthews DR, Hosker JP, Rudenski AS, Naylor
BA, Treacher DF, Turner RC. Homeostasis model
assessment: insulin resistance and beta-cell func-
tion from fasting plasma glucose and insulin
concentrations in man. Diabetologia 1985;28:
412-419


http://care.diabetesjournals.org

