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B Abstract

The impact of strict glycemic control on the prevention of
macrovascular diseases in type 2 diabetes patients has re-
mained untesolved for decades. New results presented at the
EASD meeting shed new light on this question. Recent data
from the United Kingdom Prospective Diabetes Study
(UKPDS) showed that intensive glycemic control, when ini-
tiated immediately after diagnosis of type 2 diabetes and
continued for a period of ten years followed by another ten
years without special intervention, prevents myocardial in-
farction and decreases all-cause mortality. The Veterans Af-
fairs Diabetes Trial demonstrated that striving to achieve

near-normal glycemia in older patients with relatively long
duration of diabetes and, in many cases, previous macrovas-
cular events did not reduce future macrovascular events but
increased the risk of severe hypoglycemia. These results in-
dicate that effective treatment of hyperglycemia should be
started eatly after diabetes diagnosis. However, introducing
strict diabetes control after more than 10 years diabetes du-
ration may lead to unfavorable effects in patients with hith-
erto unsatisfactorily controlled diabetes.
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Introduction

5 . tthe 44t Annual Meeting of the European As-

\&% sociation for the Study of Diabetes (EASD),

FE several presentations addressed the question of
strict glycemic control and macrovascular disease in
type 2 diabetes. In June 2008, the results of two large
intervention studies (both with over 10,000 partici-
pants), ACCORD (Action to Control Cardiovascular
Disease in Diabetes) and ADVANCE (Action in Dia-
betes and Vascular Disease: Preterax and Diamicron
Modified Release Controlled Evaluation) were pub-
lished in the New England Journal of Medicine [1, 2].
Their results have caused concern as neither study
showed any benefit with respect to macrovascular
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events in patients with intensive glycemic control.

ADVANCE study

Dr. Chalmers presented recent results from the
ADVANCE study [3]. The study aimed to achieve
HbAlc levels of 6.5%. In the intensive arm, therapy
was based on sulphonylurea followed by insulin. Base-
line HbAlc was 7.5% in both groups and the levels
achieved were 6.5% and 7.3% in the intensive and con-
trol arms respectively. There was no difference in
macrovascular outcomes after 5 years, but the coro-
nary heart disease mortality curves tended to diverge at
the end of the study to the benefit of the intensive
group. The study also assessed the effect of strict hy-
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pertension control (perindopril + indapamide) on car-
diovascular disease (CVD) outcomes: there was a 14%
decrease in total and an 18% decrease in cardiovascular
mortality in the active group. At the EASD meeting,
the combined effects of strict glycemic and blood
pressure control were presented: there was a 24% de-
crease in CVD mortality and an 18% decrease in total
mortality in the combined (hypertension plus hypet-
glycemia) intensive treatment group. Statistical analyses
revealed that the effects of blood pressure treatment
and hyperglycemic treatment were additive and fully
independent of each other.

Veterans Affairs Diabetes Trial (VADT)

Dr. Duckworth presented the results of the VADT
(Veterans Affairs Diabetes Trial) study [4]. The base-
line characteristics of the patients have recently been
published [5]. The 1791 patients were in poor meta-
bolic control with a mean HbAlc of 9.0% during
maximum oral or insulin treatment. Duration of diabe-
tes was 11 years and 40% of the patients had a positive
history of CVD. Patients randomized to intensive gly-
cemic control achieved an HbAlc level of 6.9%,
whereas HbAlc in the conventional treatment group
was 8.4%. Both groups were well controlled for hyper-
tension and serum lipids and 95% had aspirin therapy.
There was no significant difference between the
groups in the primary outcome of major cardiovascular
events. Severe hypoglycemia was observed in 21% and
10% of intensively and conventionally treated patients,
respectively. Severe hypoglycemia was a strong predic-
tor of primary outcome (RR 2.1, p = 0.018). There
were 4 and 11 sudden deaths in the control and inten-
sive treatment group (p = 0.07) respectively. It is pos-
sible that these events were associated with severe hy-
poglycemia. Duration of diabetes seemed to be critical
with respect to the effect of intervention: intervention
tended to increase the risk for CVD events in patients
with diabetes duration > 15 years, while decreasing the
risk in those with diabetes duration of less than 12
years.

United Kingdom Prospective Diabetes Study
(UKPDS)

Drs. Holman and Matthews presented the new 20-
year follow-up results of the United Kingdom Pro-
spective Diabetes Study (UKPDS) [6]. These results
were published after the EASD congtess in the New
England Journal of Medicine [7, 8]. The intervention
period in the UKPDS ended in 1997. After the active
intervention phase, the risk of myocardial infarction
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was 16% lower in the actively treated group, but the
significance of this result was only borderline (p =
0.052). This has caused much debate for many years
about the role of hyperglycemia treatment for the pre-
vention of macrovascular disease in type 2 diabetes pa-
tients. After the intervention period, the patients were
treated by their primary care physicians. The patients
were seen by the investigators annually from 1997 to
2002 and thereafter followed up by questionnaires sent
to the patients and their physicians. The overall mor-
tality in 20 years was 44%. HbAlc values in intensively
treated and conventionally treated groups were ap-
proximately the same from 1997 to 2007, although
there had been a 0.9% difference in HbAlc between
the groups in favor of the actively treated group during
the intervention period. Among non-obese patients,
the risk of myocardial infarction was reduced by 15%
(p = 0.01) and total mortality was reduced by 13% (p
= 0.007) in the active group. Among obese patients
(allocated to metformin in the active group), the risk
for myocardial infarction was decreased by 33% (p =
0.005) and total mortality by 29% (p = 0.002). The au-
thors concluded that better glucose control in the in-
tervention phase had a “legacy effect” on macrovascu-
lar complications, which corresponded to the effect
previously observed in the DCCT/EDIT study in type
1 diabetes and designated “metabolic memory” [9].

The UKPDS study also examined the effect of in-
tensive blood pressure lowering on cardiovascular
events. During the active intervention petiod, systolic
blood pressure was approximately 10 mmHg and dia-
stolic blood pressure approximately 5 mmHg lower in
the actively treated group, but during the follow-up pe-
riod there was no longer any difference in blood pres-
sure between the groups. The risk for myocardial in-
farction or total mortality was similar in the groups
originally allocated to intensive or conventional blood
pressure treatment. The authors concluded that the
“legacy effect”, observed in the treatment of hypergly-
cemia, was not observed in the treatment of hyperten-
sion.

Explanations for the apparent inconsistency
between the UKPDS and other recent studies

Three recent studies (ACCORD, ADVANCE and
VADT) suggest that strict glycemic control does not
reduce macrovascular complications. In fact, in the
ACCORD study, intensive glycemic control was asso-
ciated with increased total mortality. In contrast, new
results from the UKPDS indicate that better glycemic
control reduces myocardial infarction and total mortal-
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Table 1. Recent trials examining the effect of glycemic control on macrovascular outcomes

UKPDS ACCORD ADVANCE VADT
Diabetes duration (yr) Newly diagnosed 10 (median) 8 (mean) 11.5 (mean)
Mean age (yr) 53 62 66 60
History of vascular events (%) Not reported in detail, 35 32 40
probably low.
Duration of intervention (yr) 10 35 5 6
Post-intervention follow-up 10 yeats None None None

Three composite end-
points

Primary outcome

Medication
based. possible
B: Metformin-based in
obese subjects.

Achieved HbAlc in active vs. Medication A: interven- 6.4 vs. 7.5

control group, median except
for ADVANCE mean (%)

tion period 7.0 vs. 7.9;
follow-up 7.7 vs. 7.7.
Medication B: interven-
tion period 7.4 vs. 8.0;
follow-up 8.0 vs. 8.0.

Medication A:
MI 0.85 (p = 0.014).
Medication B:
MI 0.67 (p = 0.005).

Medication A:
0.87 (p = 0.006).
Medication B:
0.73 (p = 0.002).

Hazard ratio for primary out-
come (p-value or 95% CI)

Hazard ratio for death

Non-fatal M1, non-fatal
stroke, CVD death

A: Sulphonylutrea/insulin- All oral drugs and insulin Primarily sulphonylurea-

0.90 (0.78-1.04)

1.22 (1.01-1.46)

Microvascular + Non-fatal MI, non-fatal

macrovascular complica- stroke, CVD death, CHF

tions hospitalization, revascu-
larization

All oral drugs and insulin

based, other oral drugs ~ possible
and insulin possible
6.5vs. 7.3 6.9 vs. 8.4

Macrovascular 0.94 (0.84- 0.87 (0.73-1.04)
1.006)

0.93 (0.83-1.06) 1.07 (0.80-1.42)

Legend: Only macrovascular outcomes are included. UKPDS and ADVANCE also examined the effect of tight blood pressure control on
vascular outcomes, but these aspects are not included in the table. MI: myocardial infarction. CVD: cardiovascular disease. CHF: chronic

heart failure.

ity. How can this inconsistency between the studies be
explained?

Table 1 compares the main characteristics of these
four trials and provides several possible explanations
for the discrepancy, many of which relate to differ-
ences in the study populations. Firstly, in UKPDS, the
patients were newly diagnosed, whereas in the other
three studies the mean duration of diabetes was 8 tol1
years. Secondly, in the active group in the UKPDS,
median HbAlc level was 7.0% during the intervention
period and 8.0% thereafter, while in the active groups
of ACCORD and ADVANCE the mean level was ap-
proximately 6.4% and 6.9% in the VADT. Thirdly, in
the UKPDS, patients were principally free of cardio-
vascular disease at baseline, whereas in the other three
studies a considerable proportion (32% to 40%) of the
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patients had already experienced a cardiovascular
event. Fourthly, the incidence of severe hypoglycemia
was lower in the UKPDS compared with the more re-
cent trials. The fifth factor to be considered is that the
UKPDS intervention period occurred, on the whole,
in the prestatin era, whereas in the other studies statin
use was very common, e.g. 80% of the patients in the
VADT used statins. In theory, it is possible that the
extensive use of statins, with their well established pre-
ventive effect on coronary heart disease events, may
have masked the positive effects of effective hypergly-
cemia treatment. Finally, the positive effect of inten-
sive hyperglycemia treatment in the UKPDS study
achieved only bordetline significance after 10 years of
intervention and attained clear statistical significance
20 years from baseline, when a large number of car-
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diovascular events had occurred. On the other hand,
the three other studies all ran for a considerably
shorter time (3.5 to 6 years), which means that we will
never know, whether a longer intervention period
would have yielded a more positive result.

Conclusion for clinical application

How should the results of these four studies be in-
terpreted with respect to the treatment of hyperglyce-
mia in type 2 patients? I feel that we should treat hy-
perglycemia actively as soon as diabetes is diagnosed.

At this stage, the target HbAlc could remain at 6.5%,
if achieved without hypoglycemia. On the other hand,
older patients with longer duration of diabetes, patients
with hypoglycemia unawareness or those with existing
cardiovascular disease should have a higher HbAlc
target of 7.0% or even higher, especially if they need
complicated treatment with several oral drugs com-
bined with insulin. Finally, as the Steno 2 trial [10]
convincingly demonstrated, we should never forget
that most effective prevention of macrovascular dis-
ease must always involve a multifactorial approach.
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