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atients with diabetes show an in-

creased vascular morbidity and

mortality that reduces their life ex-
pectancy by ~5-15 years (depending on
the age at diagnosis) (1). There is convinc-
ing evidence from epidemiological and
pathophysiological studies that hypergly-
cemia per se is largely responsible for the
harmful effects of the disease. As recently
shown by clinical trials, treatment of this
condition may reduce cardiovascular
events and mortality, and several thera-
pies should be considered: initiating early
and individualized treatment and avoid-
ing hypoglycemia.

HYPERGLYCEMIA AS A
CARDIOVASCULAR RISK
FACTOR IN EPIDEMIOLOGICAL
STUDIES —As shown in the Multiple
Risk Factor Intervention Trial, at any
given level of major cardiovascular risk
factors, diabetes is associated with an
odds ratio of 2—4 for cardiovascular mor-
tality compared with nondiabetic subjects
(2). These results were confirmed by the
European Prospective Investigation of
Cancer and Nutrition (EPIC Norfolk)
study (3) and a recent analysis of the
Atherosclerosis Risk in Communities
(ARIC) study (4).

Furthermore, a recently published
18-year follow-up study from Finland
demonstrated a similar impact of type 1
and type 2 diabetes on cardiovascular
mortality. The adjusted hazard ratios

compared with age-matched subjects
without diabetes were 5.2 and 4.9 for
type 1 and type 2 diabetes, respectively
(5).

Thus, today evidence exists on long-
term follow-up population-based studies
in patients with type 1 and type 2 di-
abetes. This evidence clearly suggests that
hyperglycemia is a key risk factor not only
for diabetes-related disease, but also for
cardiovascular and all-cause mortality.
On the basis of these long-term observa-
tions, one can assume an increment of
cardiovascular disease per increase of 1
unit (%) A1C of ~18% (6).

PATHOPHYSIOLOGICAL

ASPECTS OF ACUTE AND

CHRONIC HYPERGLYCEMIA —
As shown in numerous prospective stud-
ies, the deleterious effects of dysglycemia
(fasting and postprandial hyperglycemia)
develop before diabetes is diagnosed. In
the Glucose Tolerance in Acute Myocar-
dial Infarction study of patients with acute
coronary syndrome, abnormal glucose
tolerance was the strongest independent
predictor of subsequent cardiovascular
complications and death (7). In the Asian
Pacific Study, fasting plasma glucose
was shown to be an independent predic-
tor of cardiovascular events up to a level
of ~5.2 mmol/L (8). A fresh look at old
facts (the importance of peaks and valleys,
or in scientific terms, of quality of gluco-
homeostasis) was possible when reliable
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and precise continuous glucose measure-
ment systems became available for clinical
use. As shown by Monnier et al. (9), glu-
cose fluctuations measured as mean aver-
age glycemic excursions were closely
associated with oxidative stress genera-
tion, whereas average glycemic level was
not. Already in 1999, our group could
show in the Risk Factors in IGT for Ath-
erosclerosis and Diabetes study that pa-
rameters of glycemic variability instead
of A1C were significantly related to carotid
intima-media thickness (10).

Today, we have consistent data from
pathophysiological investigations that
glucose fluctuations may be a vascular
risk factor in its own right. Glucose fluctu-
ations and hyperglycemia are triggers for
inflammatory responses via increased mi-
tochondrial superoxide production (11)
and endoplasmic reticulum stress (12).
The inflammatory responses induced by
one transient short-term episode of hyper-
glycemia might last for several days (13).
Inflammation leads to insulin resistance
(14) and B-cell dysfunction, which further
aggravates hyperglycemia. The molecular
pathways that integrate hyperglycemia,
oxidative stress, and diabetic vascular com-
plications have been most clearly described
in the pathogenesis of endothelial dys-
function (15). According to the response
to injury hypothesis, endothelial dys-
function represents the first step of ath-
erogenesis (16).

The results of these molecular inves-
tigations were confirmed by studies in
patients. Acute hyperglycemia rapidly
attenuated endothelium-dependent vaso-
dilation (17,18) and reduced myocardial
perfusion (19). Thus, direct effects of glu-
cotoxicity, oxidative stress, and low-
grade inflammation act in a vicious circle
that impairs insulin sensitivity, acceler-
ates and escalates loss of B-cells, impairs
endothelial function, and leads to micro-
vascular and macrovascular disease.

EFFECTS OF BLOOD

GLUCOSE LOWERING ON
CARDIOVASCULAR EVENTS

IN ADVANCED DIABETES Because
pathophysiological and epidemiological
evidence demonstrated a direct link be-
tween hyperglycemia and cardiovascular
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or all-cause mortality in type 2 diabetic
patients, one could expect a risk reduc-
tion by glucose-lowering treatment strat-
egies. However, the results of large
clinical trials investigating the potential
of improved glycemic control to reduce
cardiovascular events are not fully con-
vincing. Three mega-trials in patients
with type 2 diabetes—the Action to Con-
trol Cardiovascular Risk in Diabetes
(ACCORD) study (20), the Action in Dia-
betes and Vascular Disease: Preterax and
Diamicron Modified Release Controlled
Evaluation (ADVANCE) (21), and the
Veterans Affairs Diabetes Trial (VADT)
(22)—were recently conducted to clarify
whether lowering blood glucose to near-
normal levels will reduce cardiovascular
risk. All of these trials included older pa-
tients with a diabetes duration of 8-11.5
years. One-third of the patients have had a
history of cardiovascular disease. Despite
an acceptable glycemic control in the in-
tensified treatment arm (ACCORD: A1C
6.4 vs. 7.5%; ADVANCE: A1C 6.4 vs.
7.0%; VADT: A1C 6.9 vs. 8.5% for the in-
tensified treatment vs. standard treatment,
respectively), none of these trials showed a
significant difference of cardiovascular
events between the patients receiving in-
tensified treatment and those receiving
standard treatments.

Speculation about the reasons for
these disappointing results has been pub-
lished; however, there is not yet a convinc-
ing explanation. A common hypothesis
attributed the excess mortality to the
higher rate of hypoglycemia in the in-
tensified treatment group. However, as
demonstrated by our group using contin-
uous glucose monitoring, the rate of hy-
poglycemia is not inevitably related to
A1C (23). Interestingly, some new post

hoc analyses of the ACCORD study,
which has been terminated early because
of excess mortality in the intensified treat-
ment arm, indicated a decrease of cardio-
vascular mortality in patients who indeed
reached the target A1C value of 6.0% un-
der intensified treatment (24). In other
words, alow A1C itself did not necessarily
mean a higher mortality rate.

Some baseline conditions of patients
participating in the ACCORD trial might
have contributed to cardiovascular mor-
tality, e.g., congestive heart failure and
albuminuria/renal impairment or neurop-
athy (25). These conditions clearly increase
the risk for hypoglycemia or hypoglycemia
unawareness and hypoglycemia-induced
myocardial damage.

Another aspect to consider is the low
rate of mortality, especially in the stan-
dard treated patients (Table 1) compared
with the Steno-2 study (26), another
landmark trial, despite the similar age of
patients at the end of the trials. This find-
ing reflects the high grade of care for con-
comitant disorders (e.g., hypertension and
hyperlipidemia) in ACCORD, ADVANCE,
and VADT and indeed suggests only a par-
tial influence of glycemic control for car-
diovascular mortality. However, based on
epidemiological data, the mortality rate of
standard care patients in these trials was
still twice as high as in healthy people (5).
A recent meta-analysis of large interven-
tion trials in type 2 diabetes could at least
demonstrate a significant improvement of
cardiovascular events—a calculated 15%
reduction per 1% unit A1C over 5 years of
treatment—without a reduction of mor-
tality (27). However, a significant benefit
of intensified glucose-lowering treatment
for all-cause mortality could be shown
in patients with newly diagnosed type
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2 diabetes during long-term follow-up of
the Diabetes Intervention Study, as shown
in Fig. 1 (28).

EARLY TREATMENT OF
HYPERGLYCEMIA AND
CARDIOVASCULAR EVENTS—
The Diabetes Control and Complications
Trial (DCCT) showed a trend toward a
41% risk reduction of cardiovascular
events in type 1 diabetic subjects (29).
The post-trial 9-year follow-up observa-
tional period demonstrated a cardiovas-
cular benefit for patients previously
randomized to the intensive treatment
arm—a significant 42% reduction of car-
diovascular disease (30).

The UK Prospective Diabetes Study,
which researched newly diagnosed type 2
diabetes, also failed to demonstrate a
significant reduction of cardiovascular
events during the core study in the in-
tensive treatment arm compared with the
standard treatment (risk reduction 16%,
P = 0.052) (31). Only a subpopulation
of obese patients who were intensively
treated with metformin had a cardiovas-
cular benefit (32). However, a 10-year
post-trial observational period of the UK
Prospective Diabetes Study showed a sig-
nificant 15% reduction of myocardial in-
farction and a 17% reduction of diabetes-
related deaths in patients who were ini-
tially randomized to the intensive treat-
ment arm (33). These results suggest a
legacy effect of good glycemic control if
initiated during the early stages of type 1
as well as type 2 diabetes.

CONCLUSIONS—\We conclude that

hyperglycemia is still a key cardiovascular

Table 1—Selected baseline characteristic of patients (age, A1C, blood pressure, and LDL cholesterol), cardiovascular end point,
and yearly mortality rate of recent large prospective intervention studies with regard to glycemic control

ACCORD (20) ADVANCE (21) VADT (22) Steno-2 (26)
n 10,251 11,140 1,791 160
Follow-up (years) 3.5 5.0 5.6 13.3
Age (years) 62.2 6.8 66 = 6 60.5 * 9.0 55172
BMI (kg/mz) 322 £55 28 =5 312 £40 30.7 £5.2
Diabetes duration (years) 10 7963 115*%7.0 5.8
Al1C (%) 83*x11 75*16 94x20 8.6 1.6
Blood pressure systolic/diastolic (mmHg) 136/75 + 17/11 145/81 + 22/11 132/76 = 17/10 147/85 + 20/10
LDL cholesterol (mmol/L) 2.71 £0.88 312+ 1.04 2.79 £0.88 34093

Hazard ratio of intensified treatment for
primary end point (MACE, 95% CI)

Yearly mortality rate (%) of the entire study
population (intensified/standard therapy)

0.90 (0.78-1.04)

1.28 (1.41/1.14)

0.90 (0.82-0.98)

1.85(1.78/1.92)

0.88 (0.74-1.05)

1.96 (2.03/1.81)

0.41 (0.25-0.67)

3.0 (2.25/3.75)

MACE, major adverse cardiovascular event.
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Figure 1—Diabetes Intervention Study 11-year follow-up: incidence of myocardial infarction
(MID) and all-cause mortality by quality of glycemic control. Fasting blood glucose values (A) and
postprandial blood glucose values (B) (28). *P < 0.05 vs. good control.

risk factor for patients with type 2 di-
abetes, and treatment of hyperglycemia to
near-normal levels might reduce cardio-
vascular events and mortality of these
patients if we consider several aspects: 1)
an early initiation of treatment seems to be
necessary, 2) hypoglycemia should be
avoided, and 3) an individualized thera-
peutic regimen should be developed,

taking into account concomitant diseases
and the individual risk profile.
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