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B Abstract

Both the DCCT and UKPDS trials demonstrated that im-
proved glycemic control reduces microvascular complica-
tions. Inconclusive evidence, however, has remained on the
question of the effect of glycemic control on macrovascular
disease (with special emphasis on cardiovascular morbidity
and mortality). In the last year, the data from four large trials
were published, directly addressing this question (AC-
CORD, ADVANCE, VADT and UKPDS-80), yet the re-
sults were conflicting. Close inspection of the structure of
three of these trials (ACCORD, ADVANCE and VADT)
revealed inadequacies that may explain the unfavorable re-
sults, such as the inclusion of mainly elderly patients with
previous macrovascular complications. It is not surprising
that intensive glycemic control resulted in a rise of hypogly-
cemic events yet did not decrease macrovascular morbidity
or mortality in these cohorts. On the other hand, the
UKPDS-80 trial, a follow-up of the original UKPDS,
showed that intensive glycemic control was beneficial when
initiated in newly diagnosed patients. These results led us to
develop a new individualized method of determining the
target HbAlc based on the characteristics of the individual.

This method considers the patient’s possible benefit from
glycemic control, the risk of suffering hypoglycemic events
and consequences suffered from the hypoglycemic event. It
is essential that the target HbAlc be tailored to the patient,
with different goals set for the recently diagnosed “healthy”
and young patient on the one hand, and the elderly patient
with co-morbidities and polypharmacy on the other hand.
We further suggest a method of comparing and choosing
between the different hypoglycemic drugs available. Drugs
should be considered not only based on their hypoglycemic
effect but also on several other attributes such as effects on
weight, glycemic durability, cardiovascular protection, indi-
vidual experience with the drug, method of delivery and side
effect profiles. Scoring the different attributes allows us to
compare between different preparations and choose the
most suitable drugs for each individual patient. Using our
newly suggested system, a physician will first calculate the
adequate HbAlc goal for his patient and then choose the
drug that will best suit him, thus tailoring the treatment to
the patients needs.

Keywords: diabetes - cardiovascular disease + obesity -
weight gain * glycemic control + ACCORD - UKPDS

Introduction

008 was dubbed “the year of the HbAlc”, with
the publication of numerous large-scale trial re-
sults that were expected to shed new light on our
understanding of hyperglycemic control in type 2 dia-
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betes (T2D). However, the results provided not only a
wealth of new evidence, but also conflicting and con-
fusing information. This may cause physicians who
treat diabetic patients to fail in identifying the currently
perceived optimal treatment goals. In this article, we
aim to clarify the data from the large clinical trials and
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propose a novel method for determining the glycemic
treatment goal. Also, we suggest a useful new tool to
achieve this goal.

HbAIlc reduction in large clinical trials

If one thing was clear before 2008, it was the fact
that reducing blood glucose has a beneficial effect on
reducing microvascular disease. Landmark trials such
as the UKPDS [1, 2], Kumamoto [3] and the DCCT
[4] have proven this to be effective when implemented
eatly in the disease course. Recent trials further stress
the benefit of strict glucose control for the reduction
of microvascular complications even in patients with
long disease duration and multiple diabetic related
complications. The recently published ADVANCE
trial (Action in Diabetes and Vascular Disease:
Preterax and Diamicron Modified-Release Controlled
Evaluation) included 11,140 patients with T2D and a
high risk of experiencing cardiovascular events (aver-
age disease duration of 8 years), randomized to stan-
dard glucose control or intensive glucose control and
followed for a median of 5 years. At the end of the fol-
low-up period, the mean HbAlc level was 6.5% in the
intensive control group and 7.3% in the standard con-
trol group. This resulted in a significant reduction in
the incidence of nephropathy in the intensive control
cohort (4.1% vs. 5.2%,; hazard ratio, 0.79; 95% CI, 0.66
to 0.93; p = 0.000), yet with no significant effect on
retinopathy (p = 0.5) [5].

Similar “signals” were seen in the VADT trial,
where 1,791 military veterans (mean age 60.4 years,
mean diabetes duration 11.5 years and 40% with pre-
vious cardiovascular disease) were randomly assigned
to either standard or intensive glucose control. After a
mean follow up period of 5.6 years, the HbAlc was
6.9% in the intensive vs. 8.4% in the standard treat-
ment group. Although no significant reduction was
observed in overall microvascular disease incidence, a
nominally significant effect was detected in the pro-
gression of nephropathy (as noted by the development
of albuminuria, p = 0.05) [6].

However, the results of the aforementioned trials,
(with the addition of the ACCORD trial [7]) caused
confusion with regards to reaching any conclusions
concerning the prevention of macrovascular disease.
For years it has been accepted that the higher the
HbA1c, the higher the risk for developing macrovascu-
lar complications [8]. Yet the “million dollar question”
of whether pharmacologically reducing the HbAlc
could prevent these complications has remained unan-
swered. This sets the stage for the clinical trial “drama”
that unfolded during 2008.
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The first and most mysterious results of a large
clinical trial, the ACCORD trial (Action to Control
Cardiovascular Risk in Diabetes), were published in
2008. This study included 10,251 patients (mean age,
62.2 years, mean diabetes duration 10 years and 35%
with previous cardiovascular disease) randomized to
receive either intensive or standard glucose lowering
therapy. After 1 year of therapy, the HbAlc in the in-
tensive therapy group decreased from a mean of 8.1%
to 6.4% (the bulk of this reduction occurred within the
first four months after randomization, from 8.1% to
06.7%) vs. 7.5% in the standard therapy group. This was
achieved by combining several hypoglycemic drug
classes including metformin in 94.7%, secretagogues in
86.6%, rosiglitazone in 91.7% and insulin in 77.3% of
patients. The trial was prematurely terminated after 3.5
years of follow up due to a significantly higher overall
mortality noted in the intensive treatment group (257
patients in the intensive therapy group compared with
203 patients in the standard therapy group; hazard ra-
tio, 1.22; 95% CI, 1.01 to 1.46; p = 0.04) [7]. This
seemingly unexpected outcome temains unexplained.
It was partially the result of an increased incidence of
sudden cardiac deaths observed in the intensive treat-
ment group. Although more severe hypoglycemic
events were also seen in the intensive treatment arm,
these were not statistically causally linked to the in-
creased overall death toll.

Some months later, the ADVANCE [5] and VADT
[6] trials (described eatlier) were published showing no
significant benefit of intensive glucose control in re-
ducing macrovascular events. Although the number of
overall deaths did not increase in the intensive treat-
ment arm, a 117% rise in severe hypoglycemic events
was seen in the VADT trial and was found to be a sig-
nificant predictor of a primaty outcome event (a com-
posite of myocardial infarction, stroke, death from
cardiovascular causes, congestive heart failure, surgery
for vascular disease, inoperable coronary disease, and
amputation for ischemic gangrene). These results were
augmented by the HEART2D (Hyperglycemia and Its
Effect After Acute Myocardial Infarction on Cardio-
vascular Outcomes in Patients With Type 2 Diabetes
Mellitus) trial [9] where 1,115 diabetic patients suffer-
ing from an acute myocardial infarction, were ran-
domly assigned to prandial or basal insulin and fol-
lowed for 963 days. No difference in preventing fur-
ther cardiovascular events was observed between the
groups, and as a result, the trial was terminated prema-
turely.

Does this mean that lowering HbAlc has no bene-
fit (or may even be harmful) in reducing cardiovascular
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disease? Hardly. We have known for some time that
good glucose control in type 1 diabetic patients treated
from the early years of their disease can reduce long
term macrovascular complications. This was clearly
shown in the DCCT-EDIC trial, a follow-up study of
the DCCT cohort of type 1 diabetic patients. Pub-
lished in 2005, the DCCT-EDIC trial demonstrated a
significant reduction in the cumulative incidence of any
predefined cardiovascular outcome [10]. This was de-
spite similar glucose control in both the intensive and
standard treatment groups after the original study had
ended.

An analogous follow-up trial with the original
UKPDS treatment cohort (termed UKPDS-80) was
also published in 2008 [11, 12]. In this trial, the
UKPDS patient populations were followed for 10
years after the trials had ended. During this time, the
then fairly young population had aged and the inci-
dence of macrovascular disease had increased. In
agreement with results from the DCCT-EDIC trial,
the striking finding was that even though both inten-
sive and conventional control groups had similar
HbAlc levels for over 10 years after the cessation of
the study, a significant reduction in the incidence of
myocardial infarction in the intensive treatment group
was observed. In the sulfonylurea-insulin group a 13%
risk reduction for myocardial infarction (p = 0.01) and
death from any cause (p = 0.007) was observed. In the
metformin group, a 33% risk reduction for myocardial
infarction (p = 0.005), and
a 27% risk reduction for
death from any cause (p =
0.002) was reported. These

0.43; 95% CI, 0.19 to 0.94; p = 0.04). This finding was
also published in 2008 [13].

To substantiate the evidence we must also mention
the results from several trials that show a significant
reduction in macrovascular complications with specific
drugs designed to reduce glycemia. The Proactive trial
revealed a significant secondary endpoint reduction in
time to death, myocardial infarction or stroke in pa-
tients treated with pioglitazone compared with placebo
[14]. Another meta-analysis of acarbose trials showed a
significant reduction in myocardial infarction in pa-
tients receiving the drug [15]. Furthermore, the re-
cently published HOME (Hyperinsulinemia: the Out-
come of its Metabolic Effects) trial showed that the
addition of metformin to insulin therapy in T2D pa-
tients significantly reduced macrovascular disease. A
secondary endpoint aggregate comprised myocardial
infarction, heart failure, changes of ECG, acute coro-
nary syndrome, diabetic foot, stroke, transient ischemic
attack, peripheral arterial disease, peripheral arterial re-
construction, PTCA, CABG, non-traumatic amputa-
tion and sudden death. The study showed beneficial
effects in these endpoint elements after 4.3 years too
(HR = 0.60; 95% CI, 0.40-0.92; p = 0.04; number
needed to treat (NNT) = 16). This was only partially
explained by a significant reduction in weight gain at-
tributed to metformin therapy [16].

So, how do we interpret this discrepancy between
the results of the recent ACCORD, VADT and AD-
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Figure 1. Determining the optimal HbA1c goal for the patient. The figure shows
the sequence of criteria according to which the treatment should be tailored to the

Copyright © by the SBDR



The Individualized Target HbA1c

The Review of Diabetic Studies 9

Vol. 6 (No. 1 (2009

VANCE trials on the one hand and the UKPDS-80
and similar trials on the other hand? Several important
differences exist between these trials, including patient
characteristics (diabetes duration, prior complications,
etc.) and aggressiveness of glucose lowering. While in
the UKPDS trial, the diabetic patients were relatively
young, with newly diagnosed disease and without dia-
betes-related complications upon study entry, the pa-
tients in the ADVANCE, ACCORD and VADT stud-
ies were just the opposite. The average age of the
population examined in the UKPDS-80 was 63, yet
this population entered the original UKPDS clinical
trial more than 15 years earlier. On the contrary, the
average age in the ACCORD trial (upon entry into the
treatment period) was 62 years, in VADT was 60.4
years and in ADVANCE was 66 years. The UKPDS
recruited newly diagnosed patients with T2D, whereas
diabetes duration upon trial entry was 10 years in the
ACCORD study, 11.4 years in VADT and 8 years in
ADVANCE. Up to 35% of the patients in the AC-
CORD trial had previous macrovascular disease, 40%
in VADT and 32% in ADVANCE. Thus one may
speculate that intensive glucose lowering in older pa-
tients with prolonged disease and established compli-
cations is not as beneficial as the same intervention in
recently diagnosed, young and healthy diabetic patients
[17]. This is partially backed up by a sub-population
analysis of the ACCORD trial. A significant risk reduc-
tion for the primatry outcome was noted in the popula-
tion of patients without a previous cardiovascular
event (p for interaction = 0.04), and in those with an
initially lower HbAlc (less than 8%, suggesting a
shorter disease duration; p for interaction = 0.03).

A further consideration is that the aggressiveness of
glucose lowering in these trials may have contributed
to the poor outcome. In the ACCORD trial, patients
were treated with combinations of 3 or 4 oral medica-
tions and insulin to achieve the target HbAlc (less
than 6%) in a very short time. Similatly, in the VADT
a clear change in treatment regimens from the low hy-
poglycemic risk medications (metformin and thia-
zolidinediones) to the secretagogues and insulin, was
noted in order to achieve the target HbAlc in the ag-
gressive treatment group.

In summary, we would like to quote the former
president of the EASD, Prof. Ferranni (extracted from
a poster presented at the recent CODHy 2008 confer-
ence): “we all are getting carried away (and often misled) by
clinical ‘trialisny’, a new epidemic among both specialists and
GPs which is quickly replacing good, sensible clinical
practice. For example, 1 can’t find anyone around here who
would strennously try to lower HbATc below 6-6.5% in a pa-
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tient 65 years of age, with long-standing diabetes and proven
CV'D using any mixture of SUs and insulin within an aggres-
sive few weeks of time. Yet, this was done to thousands of pa-
tients in ACCORD.”

Based on the evidence presented here, we propose
a method for defining the appropriate target HbAlc
for the diabetic patient in the clinic. Furthermore, we
then suggest a method of achieving this target while
minimally harming the patient in the process.

Suggested guideline amendment to treating
hyperglycemia in diabetes

General criteria

Diabetes in connection with its diverse complica-
tions and epiphenomena is a multi-dimensional health
problem. As a way out of the current confusion result-
ing from the partly conflicting outcomes of large clini-
cal trials, we suggest recollecting “good clinical prac-
tice” and developing an individualized but simultane-
ously broadly applicable treatment method. Such a
method should consider the diabetic patient as an indi-
vidual who needs personalized treatment for the multi-
dimensional symptomatic of diabetes and its complica-
tions. To this end, the following issues should be taken
into account for the treatment of T2D patients:

1. It should be made clear that treating hypergly-
cemia is part of a comprehensive treatment
plan tailored to the diabetic patient. Aggressive
treatment of dyslipidemia using statins and
lowering blood pressure are an inherent part
of this plan and are clearly defined by the
ADA/EASD standatrds of medical care guide-
lines [18].

2. When treating hyperglycemia in type 2 diabe-
tes, the goals should be:

7) Prevention and/or delay of subse-
quent micro- and macrovascular
complications.

7i) Preservation of beta-cells.

7) Optimal and physiological balance of
blood glucose levels.

) Minimal side effects.

3. Determining the optimal HbAlc goal for the
patient (Figure 1): generally the goal is HbAlc

Rev Diabet Stud (2009) 6:6-12
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< 7%. Further adjustments are calculated
based on the following criteria:

7) The patient is at elevated risk of de-
veloping hypoglycemia (e.g., patients
treated with secretagogues and insu-
lin, patients prone to repeated hypo-
glycemic events, etc.).

7i) The patient is at elevated risk from
hypoglycemia (e.g., eldetly patients,
patients after a recent cardiovascular
event or other cardiac conditions that
make them more prone to arrhythmia,
patients at risk of falling and suffering
a fracture, etc.).

7i) The patient will have little proven
benefit from tight glucose control
(e.g., lower proven benefit in patients
with prolonged disease, elderly or es-
tablished diabetes-related complica-
tions).

4. Using these criteria, HbAlc goals are deter-
mined as follows:

7) Low risk/high benefit patients: de-
fined as having none of the above cri-
teria listed under 3. The HbAlc target
is set at <6.5%.

7) Intermediate risk/intermediate
benefit patients: defined as patients
having at least one of the above men-
tioned criteria listed under 3. The
HbA1c target is determined at < 7%.

7i) High Risk/low benefit patients:
defined as having at least two of the
above criteria listed under 3. The tar-
get HbAlc is individually determined
in the range of 7.5-8%.

5. The treatment should be individually tailored
to the patient.

After setting the target HbAlc, how do we set out
to achieve it? Defining specific guidelines that suggest
a stepwise treatment plan sequence may not suit all pa-
tients. It may also diminish the importance of a pa-
tient-oriented treatment plan that is assembled in a dia-
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logue between the physician and his patient. We there-
fore suggest an alternative method of assessing and
choosing a drug treatment plan. To facilitate our rec-
ommendations, we choose to refer only to type 2 dia-
betic patients who are obese or overweight, since these
are representative of the majority of our treated pa-
tients.

Table 1. Suggested scoring system based on the “ideal hypoglyce-
mic drug criteria”

Criterion Possible score range
Obesity -4,0, +4
Hyperglycemia control 2,6,8

Major side effects 2,-1,0,1
Cardiovascular disease 0,2
Prolonged experience with drug 0,1
Glycemic durability 0,1
Method of delivery PO=1,SC=-1

Legend: Positive numbers reflect a beneficial and negative num-
bers a deleterious effect of the drug to be added to a therapy. Zero
means no effect. The scoring system allows to compare different
potential therapies when choosing the next drug to add to the the-
rapeutic regimen of a potentially obese type 2 diabetic patient. The-
refore, the most important criteria are hyperglycemia control and
the drug’s effect on weight where the highest scores are allocated
to. Glycemic durability as an indirect estimate of beta-cell preserva-
tion and an inherent cardiovascular protective effect are separate
criteria due to their potential importance. Other considerations
include the method of delivery, side effects and prolonged expe-
rience of use. PO: oral. SC: subcutaneous.

Ideal treatment of the overweight/ obese patient with type 2 dia-
betes

Let us imagine the ideal drug for treating hypergly-
cemia in the obese T2D patient. It should of course
potently reduce blood sugar. Yet in 2009 this is not
enough! We would also like it to reduce macrovascular
complications, be weight reducing or weight neutral
and preserve beta-cell mass and function (also known
as glycemic durability), with no or minimal side effects.
To these criteria we feel that we must add real life con-
siderations such as whether the drug is given in an oral
or subcutaneous route and whether we have prolonged
experience using it. Based on these criteria we suggest
a scoring system that classifies each possible treatment
option (Table 1). The scoring is different for each cri-
terion with positive numbers for a beneficial effect and
negative numbers for a deleterious effect. The bulk of
the score is made up of the drugs’ hypoglycemic ef-
fects, side effect profiles and effects on weight.
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Table 2. Drug efficacy table based on the “ideal hypoglycemic drug criteria” score system

Criterion Lifestyle Metfor- Acarbose Sulfony- TZD Basal  Orlistat Sibutra- FExena- Sitagliptin
min lurea insulin mine tide
Obesity 4 0 0 -4 -4 0 4 4 4 0
Hyperglycemia control 6 8 6 8 8 8 2 2 8 6
Major side effects 1 1 -1 -2 -2 0 -1 -1 -1 1
Cardiovascular disease 2 2 2 0 0 0 0 0 0
Prolonged experience with drug 2 1 1 1 1 1 1 1 0
Glycemic durability 2 0 0 0 1 1 0 0 1
Method of delivery 1 1 1 1 1 -1 1 1 -1 1
Sum 17 13 9 4 5 9 7 7 11 9

Legend: The final scores of the different drugs suggest possible alternatives that should be tailored to the patient in a customized treatment

plan. TZD: thiazolidinediones.

We feel this scoring system reflects a change in the
way we consider to choose hypoglycemic agents. Apart
from their efficacy in lowering blood sugar and their
side effect profile, other considerations need to be
contemplated. Of these, the most important is the
drug’s effect on weight. Drug-induced weight gain in
the obese diabetic patient is no longer tolerated.
Though little evidence exists as to the physiological ef-
fects of this weight gain, significant epidemiological
data with daily clinical experience suggests this is too
high a price to pay for good glucose control [19-23].
Furthermore, the glycemic durability of a drug, i.e. the
length of time before another drug should be added, is
also receiving more attention in building a logical
treatment plan [24]. This criterion emerges as an indi-
rect method of assessing drug effects on beta-cell mass
and function.

Using this score we built a drug efficacy table that
includes most of the currently available anti hypergly-
cemic medications (Table 2). This is a “living and
breathing” table and is often changed as new evidence
emerges and new drugs are made available. Further-
more, this table does not aim to determine the first,
second and third choice of drug that should be used,
but suggests possible alternatives that should then be
tailored to the patient in a customized treatment plan.
Using our drug efficacy score, pharmaceutical compa-
nies can navigate their research towards drugs that will
receive higher scores and thus be more enticing as
treatment options in the clinic. Also, through the treat-
ment score table, one can learn of the current medical

opinion on choosing a suitable drug for the patient. It
is evident from the table that the first treatment is life-
style changes and the first drug to consider is met-
formin. This coincides with current guidelines [25].
Choosing the second drug allows us to consider differ-
ent drug classes such as GLP-1 analogues, DPP-4 in-
hibitors, acarbose, basal insulin and weight reducing
medications. On the other hand, drugs such as secre-
tagogues, previously thought to be second choice to
metformin, are losing their favor due to their weight-
gaining properties and side effect profiles.

Conclusions

In the ever changing and dynamic world of diabe-
tes, we are constantly refining our understanding of the
disease while improving patient care and safety. In this
paper, we suggest a new way of interpreting the cur-
rent evidence relating to the treatment of hyperglyce-
mia and the prevention of macrovascular disease in the
diabetic patient. This will facilitate the decision-making
process of the physician on establishing a treatment
plan that is specifically tailored to the patient. It is not
meant to be considered as a recommendation for
treatment. No guideline, amendment or scoring system
can replace sound clinical judgment based on an inti-
mate knowledge and understanding of the patient. This
is our belief and so should this paper be regarded.

Conflict of interest statement: The authors declare that
they have no competing conflict of interests with respect to
financial or other issues.
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