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erusal of advertisements for oral hy-
poglycemic agents in this and many
other medical journals shows an
emphasis on the absolute reduction in
HbA, . (A1C). Evidence linking reduction
in A1C in diabetic patients to prevention
of macrovascular events is weak. How-
ever, epidemiological evidence suggests

that the risk for cardiovascular disease in
this group may actually begin at A1C con-
centrations well within the normal range
(1). This association has led a number of
professional organizations to recommend
that A1C levels be brought to levels
<6.5% (2). An important question to be
asked is whether the reduction in A1C
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Figure 1—Relationship between baseline FPG and change in FPG with active treatment. R* =
0.34, P < 0.0001.

From the lDepartment of Medicine, Mt. Sinai School of Medicine, New York, New York; 2Norwalk Hospital,
Norwalk, Connecticut; the *Department of Medicine, Yale University School of Medicine, New Haven,
Connecticut; and the *Section of Endocrinology, Yale University School of Medicine, New Haven, Connect-
icut.

Address correspondence and reprint requests to Zachary T. Bloomgarden, MD, Mount Sinai School of
Medicine, 35 East 85th St., New York, NY 10028. E-mail: zbloomgard@aol.com.

Received for publication 31 May 2006 and accepted in revised form 7 June 2006.

Z.T.B. has served on advisory panels for AstraZeneca, Ono Pharmaceuticals, SkyePharma, Abbott Labo-
ratories, Takeda, GlaxoSmithKline, sanofi-aventis, Novartis, Novo Nordisk, Eli Lilly, Amylin, Sankyo, Bris-
tol-Myers Squibb, Pfizer, Roche, Gerson Lehman Group, and CV Therapeutics and has received honoraria
from Takeda, GlaxoSmithKline, sanofi-aventis, Novartis, Novo Nordisk, Eli Lilly, Amylin, Merck, Bristol-
Myers Squibb, Pfizer, Roche, and CV Therapeutics. S.E.I. has served on advisory panels for Takeda and
Novartis and has received honoraria from Takeda, Merck, and Pfizer.

Abbreviations: FPG, fasting plasma glucose.

A table elsewhere in this issue shows conventional and Systeme International (SI) units and conversion
factors for many substances.

DOI: 10.2337/dc06-1120

© 2006 by the American Diabetes Association.

differs at lower versus higher baseline lev-
els of A1C. Expectations for the degree of
reduction to be attained with a given
agent may be excessively optimistic when
a person’s initial A1C is already <7.5-
8.0%.

Some of the deliberations of policy
advisory groups are available. The Euro-
pean Agency for the Evaluation of Medic-
inal Products has published guidelines for
diabetes product evaluation suggesting
that the change in A1C be utilized as “pri-
mary analysis” of drug efficacy, although
allowing the baseline A1C to be included
as a covariate (3). A meeting of the Center
for Drug Evaluation and Research Endo-
crinologic and Metabolic Drugs Advisory
Committee of the U.S. Food and Drug Ad-
ministration concluded that A1C should
be the primary outcome variable for dia-
betes drugs and suggested an absolute de-
crease of 0.7% as the minimal acceptable
level for approval (4). This may prevent
acceptance of agents that are as effective
as existing treatments at A1C levels
<7.5-8.0%, yet still above current ther-
apeutic goals. A potential consequence is
that the pharmaceutical industry may be-
come reluctant to develop agents effective
for glycemic treatment of individuals with
early diabetes, based on a perception that
studying agents under those circum-
stances may give the appearance of inad-
equate efficacy. As an example, a recently
presented obesity study showed a 0.6%
fall in A1C from a baseline of 7.3 t0 6.7%
in a subset of 1,045 obese type 2 diabetic
individuals treated for 1 year with 20 mg
rimonabant daily (5). Currently, drugs of
the dipeptidyl peptidase IV class are being
studied in phase 3 clinical trials. Ina 12-
week study of 107 individuals receiving
metformin, with baseline A1C 7.7%, fast-
ing glucose decreased 10 mg/dl and A1C
decreased 0.6% with vildagliptin, while
showing no change with placebo (6), and
similar A1C lowering has been reported
with sitagliptin (7), suggesting that the ef-
fectiveness of these agents on A1C ap-
pears to be near the absolute threshold of
—0.7%. Again, however, most of these
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Figure 2—Relationship between baseline A1C and change in A1C with active treatment. R* =

0.18, P < 0.0001.

trials have involved groups of patients
with much lower A1C levels than previ-
ously studied in registration trials involv-
ing other agents. In addition, many
institutional review boards will no longer
allow a “washout” period during clinical
trials of antihyperglycemic agents. Ac-
cordingly, patients recruited into diabetes
clinical trials in recent years have lower
baseline A1C than in previous years. It
may therefore be difficult to compare the
relative efficacies of glucose-lowering
drug therapies reported in the medical lit-
erature. Our analysis did not take into ac-
count trial duration, although most lasted
3-6 months; A1C typically plateaus after
3 months.

To further investigate the relationship
between baseline glycemia and reduction
in A1C, we performed a meta-regression
analysis of published oral agent trials of
glucose lowering in individuals with type
2 diabetes.

RESEARCH DESIGN AND

METHODS — Using previously de-
scribed criteria (8), a total of 61 studies
(some including more than one active
therapy group) were identified involving
the five major oral agent classes (sulfonyl-
ureas, meglitinides, metformin, thiazo-
lidinediones, a-glucosidase inhibitors),
published before 2004. Fifteen of these
studies included oral agent combinations.
Routinely in pharmacologic studies, a pe-
riod far less than the required 3 months to
ensure stability of the patient’s initial A1C
will have elapsed between withdrawal of
prior treatment and trial initiation. We

therefore felt that use of A1C at the begin-
ning of the therapy period underesti-
mated the extent to which it would be
anticipated to increase, were the patient
allowed to equilibrate in an untreated
state. To address this, we analyzed the de-
creases from baseline in fasting plasma
glucose (FPG) as well as in A1C. The
number of subjects in each study was
used for a weighted regression analysis
with SAS statistical software (SAS Institut,
Cary, NO).

RESULTS — Overall, mean (*SD)
baseline FPG was 11.2 = 1.8 mmol/l and
baseline A1C 8.6 = 1.0%. There were no
statistical differences between groups
when sorted by therapeutic class. A sig-
nificant correlation was observed be-
tween mean baseline FPG and mean
decrease in FPG (R* = 0.34, F = 50.19,
P < 0.0001; Fig. 1) and between mean
baseline A1C and mean decrease in A1C
(R* = 0.18, F = 21.20, P < 0.0001; Fig.
2). Notably, the correlation between the
change in FPG and baseline FPG is stron-

ger than that between change in A1C and
baseline A1C. This likely reflects the more
immediate change in FPG during wash-
out and the variable washout periods
used in these studies. That is, the “base-
line” A1C during a short washout phase
may not reliably reflect the baseline gly-
cemic status of the patient.

When active therapy groups were
stratified by baseline FPG quartile, the
mean decrease in FPG was —0.3 mmol/l
for groups with initial glucose <10.2
mmol/l, —1.1 mmol/l for groups with ini-
tial glucose 10.2-11.2 mmol/l, —2.4
mmol/l for initial glucose 11.2-12.7
mmol/l, and —2.5 mmol/l for initial glu-
cose >12.7 mmol/l (P for linear trend =
0.04). Additionally, groups with subjects
in the lowest quartile of mean baseline
FPG were nearly 10 times less likely to
show a change in A1C of at least —1.0%
compared with groups in the highest
quartile (8 vs. 73%, P = 0.002). Signifi-
cantly greater reductions in FPG and A1C
were observed in those groups with
higher baseline A1C (Table 1). Indeed,
when the baseline A1C was <8.0%, the
reduction from active therapy is only 0.1
0.2% greater than in the control group.

CONCLUSIONS — Irrespective of
drug class, the baseline glycemic status of
patients who have been recruited into
clinical trials strongly influences the FPG
and A1C reduction following pharmaco-
logic intervention. Our therapeutic as-
sumptions as to the intensiveness of
treatment required to attain near-normal
glycemic levels may be flawed by undue
extrapolation from the effects of these
agents on individuals with markedly
higher glucose levels. These findings
should be taken into account by clinical
investigators and study sponsors as the
effectiveness of newer antihyperglycemic
agents are tested, especially since the
mean baseline A1C of clinical trial partic-
ipants has fallen significantly over the past
decade. Moreover, these findings should

Table 1—The relationship between baseline A1C group and observed reduction from baseline

in A1C and in FPG
n enrolled in Change in
Baseline A1C (%) clinical trials A1C (%) Change in FPG (mmol/l)
6.0-6.9 410 -0.2 -0.5
7.0-7.9 1,620 -0.1 -0.8
8.0-8.9 5,269 -0.6 -1.6
9.0-0.9.9 1,228 -1.0 -2.3
10.0-11.8 266 -1.2 —34
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also be considered by approval agencies
in proposing expectations for efficacy of
new antihyperglycemic agents being
tested in individuals with modest but still
important degrees of hyperglycemia.
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