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This is the second of two articles cov-
ering the American Association of
Clinical Endocrinologists Meeting

in Chicago, 1–5 May 2002. Topics include
the new diabetes management guidelines of
the ACE.

Macrovascular risk factor treatment
of persons with type 2 diabetes
Brian Hoogwerf (Cleveland, OH) dis-
cussed the use of angiotensin-converting
enzyme inhibitors (ACEIs). Physiologi-
cally, the renal effect of the agents appears
to involve lowering of intrarenal pres-
sures. Early studies showed the impor-
tance of blood pressure treatment in
protecting against loss of renal function
(1,2). With growing evidence that capto-
pril preserves renal function in patients
with type 1 diabetes and established ne-
phropathy (3), this treatment has gradu-
ally gained prominence. Further study
showed a long-term effect of ACEIs on
the development of nephropathy in per-
sons with type 2 diabetes, showing stabi-
lization of albuminuria and creatinine
clearance with enalapril with both hyper-
tension (4) and normal blood pressure
(5). Finally, the Heart Outcomes Preven-
tion Evaluation (HOPE) study of �3,500
subjects with diabetes who had a previous
cardiovascular disease (CVD) event or at
least one other CVD risk factor treated
with ramipril 10 mg vs. placebo produced
a 25% decrease in primary outcome of
myocardial infarction, stroke, or CVD
death over 4.5 years, which appeared to
progressively improve with longer dura-
tion of ACEI treatment (6). Albuminuria
progression also decreased. Hoogwerf
concluded by pointing out that albumin-

uria has a continuous and graded rela-
tionship to CVD risk (7) and that risk
reduction is seen regardless of renal insuf-
ficiency, diabetes, or hypertension (8).

A metaregression analysis has shown
that the decrease in proteinuria with
ACEIs is independent of change in blood
pressure, duration of treatment, type of
diabetes, or stage of nephropathy, in con-
trast with other antihypertensive treat-
ments, with which the degree of benefit is
related to blood pressure reduction (9).
Furthermore, there is evidence from anal-
ysis of 698 patients with type 1 diabetes in
12 trials of ACEI that the benefit of ACEI
increases with increasing levels of albu-
minuria (10). Many other studies show
that ACEIs have favorable effects in dia-
betic patients independent of both change
in blood pressure and the extent of renal
disease and CVD, leading Hoogwerf to
conclude that ACEIs are “probably” good
for everyone with diabetes. Asked
whether angiotensin receptor blockers
have the same beneficial effects, he re-
plied that the data are “fairly compelling,”
particularly with new evidence of im-
proved outcome in comparison to treat-
ment with atenolol (11). The HOPE
sequel will assess telemasartan and
ramipril in combination in more than
20,000 patients.

Rury Holman (Oxford, U.K.) dis-
cussed lipid-lowering treatment for pa-
tients with diabetes. He reminded the
audience of the important adverse conse-
quences of diabetes, particularly in mac-
rovascular disease. The U.K Prospective
Diabetes Study (UKPDS) primarily used
single therapies for diabetes and, thus,

only achieved a 0.9% lowering of HbA1c.
Holman stated, however, that “even if we
were to get the HbA1c completely normal
we would not abolish” the increase in risk.
He noted that there were greater differ-
ences in myocardial infarction in patients
treated with metformin than with other
agents, despite the similar glycemic ben-
efits, suggesting a pleiotropic effect of this
agent. In the UKPDS, LDL cholesterol,
HDL cholesterol, HbA1c, systolic blood
pressure, and cigarette use, as well as age
and gender, were significant risk factors
for CVD (12). Interestingly, LDL and
HDL cholesterol showed stronger effects
than HbA1c and blood pressure as risk
factors. Holman recalled data showing
that the increase in risk with increasing
cholesterol is much greater for persons
with than for those without diabetes (13).
Similarly, both LDL and HDL cholesterol
levels of patients followed in the UKPDS
show a linear relationship to myocardial
infarction, with a 29% decrease in risk for
each 40 mg/dl decrease in LDL and a 9%
decrease for each 4 mg/dl increase in
HDL. The effects of diet on entry to the
UKPDS were modest, with LDL choles-
terol falling 8 mg/dl and triglyceride fall-
ing 27 mg/dl. Both chlorpropamide and
metformin had a mild triglyceride-
lowering effect. Holman discussed the not
yet published Heart Protection Study,
which included administration of simva-
statin 40 mg for 6 years, producing an
average 40 mg/dl decrease in LDL, with a
decrease in vascular events by 66 per
1,000 patients, and a 27% decrease in risk
among patients with diabetes. Holman
wondered whether this implies that lipid
lowering should be a primary treatment
in patients with type 2 diabetes. He noted
that statins substantially decrease coro-
nary heart disease (CHD) risk, that fi-
brates may also be useful although further
clinical trials are required, and that the
question of combination statin-fibrate
treatment needs to be addressed as well.
“To minimize the risk of diabetic compli-
cations to the greatest extent possible,” he
suggested using blood pressure, glyce-
mic, and lipid-lowering treatment for all
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patients, as well as cigarette discontinua-
tion, and perhaps other targets such as
homocysteine lowering. He was reluctant
to recommend this for young patients,
and recommended that the decision to
use multiple risk factor reductions should
be reserved for patients at high risk.

At a subsequent symposium, he fur-
ther discussed prediction of CVD risk for
persons with diabetes. In the UKPDS,
CVD risk increased by 14% per 1% in-
crease in HbA1c, and there was a 14% in-
crease in risk per 10 mmHg increase in
systolic blood pressure “right down to the
normal range” of 110 mmHg. A total of
5,063 individuals with 736 CVD events in
the UKPDS who were followed from the
time of diabetes diagnosis were used to
derive a “UKPDS Risk Engine” (14). Using
age, duration, sex, ethnicity, cigarettes,
HbA1c, systolic blood pressure, and total/
HDL cholesterol, one can then derive an
accurate risk prediction for coronary
heart disease and stroke for individuals
with diabetes. A PC version can be down-
loaded at www.dtu.ox.ac.uk/riskengine.
The model has been tested against the
data set from the Wisconsin Epidemio-
logic Study of Diabetic Retinopathy
(WESDR) population. Holman noted that
persons with type 2 diabetes cannot have
risk measures accurately estimated from
studies based on data from persons with-
out diabetes. Using the observed data
from UKPDS, the Framingham predictor
approach underestimated risk by two-
thirds, whereas the UKPDS approach
gave a risk essentially identical to that ac-
tually observed. A coming version of the
program will also estimate risks for heart
failure and retinal photocoagulation.

Glycemic treatment of subjects with
type 2 diabetes
A number of symposia at the meeting ad-
dressed aspects of glycemic treatment of
type 2 diabetes. Lawrence Blonde (New
Orleans, LA) mentioned that data just
made available from the Centers for Dis-
ease Control (http://www.cdc.gov/
diabetes) shows that the number of
individuals in the U.S. with diabetes has
now reached 17 million, 6.2% of the pop-
ulation. Having diabetes is associated
with a fourfold increase in mortality rates
with substantial morbidity and mortality,
averaging �25 years of life lost for indi-
viduals younger than age 35 years at the
time of diagnosis, 12 years lost for indi-
viduals aged 45–54 years at diagnosis,

and 5 years lost for those age 65–74 years
at diagnosis.

Although some authorities (and phar-
macy benefit plans) recommend not per-
forming home glucose monitoring in
patients with type 2 diabetes, Blonde
noted that patients regularly using home
glucose monitoring have better glycemic
control (15). He also discussed the impor-
tance of apparently milder degrees of ab-
normality of glycemia. More than one-
quarter of persons with fasting glucose
between 110 and 125 mg/dl actually have
diabetes according to glucose tolerance
testing, and 50% of the population over
age 60 years shows evidence of the meta-
bolic syndrome. As the Diabetes Preven-
tion Project (16) has shown that there is
benefit of both lifestyle and pharmaco-
logic treatment in this group, Blonde sug-
gested that we need to focus on the
condition. He noted the association of di-
abetes with both insulin resistance and
impaired insulin secretion, so that even at
very mild levels of fasting hyperglycemia
there is attenuation and dysregulation of
the insulin response to glucose (17,18).

In monotherapy, sulfonylureas (SU)
and metformin produce the greatest im-
provements in HbA1c. SU are the most
frequently prescribed initial treatment for
diabetes. These agents cause modest
weight gain, with 4- to 5-lb increases re-
ported with glyburide in the UKPDS
(19,20), although less evidence for weight
gain with glipizide GITS or with
glimepiride. Hypoglycemia may be less
frequent with the latter agents, perhaps in
part explaining the better weight profile.
Glimepiride also increases both first- and
second-phase insulin secretion and may
modestly improve insulin sensitivity, per-
haps only as a function of improving glu-
cose toxicity.

Blonde discussed treatment of patients
failing to respond to oral agents with ad-
dition of either NPH or insulin glargine at
bedtime, allowing HbA1c �7% in the ma-
jority of patients (21). Insulin glargine has
the advantage of giving more stable base-
line insulin levels than that seen with
NPH or ultralente (22). Further evidence
for this approach are studies of the use of
insulin sensitizers with insulin, with effi-
cacy both for metformin (23,24) and for
TZDs (25). Furthermore, new UKPDS
data show benefit of combination treat-
ment of insulin with SU. More than half of
SU-treated patients in the study required
addition of insulin to achieve glycemic

control, with combination SU-insulin
leading to lower HbA1c levels with lower
frequency of hypoglycemia than in pa-
tients receiving insulin monotherapy (26).

Harold Lebovitz (Brooklyn, NY) ad-
dressed the question of “how low is low
and how many people have to get there?”
He suggested that a “goal” need not be
what is generally attained, but simply the
most desirable level. He reviewed the
Norfolk study showing the linear increase
in relative risk within what is considered
the normal range. The UKPDS similarly
appears to show an increase in risk begin-
ning at HbA1c levels of 5.5%. Thus, Lebo-
vitz concluded, “our goal ought to be to
get the HbA1c down to the mid-range of
the normal if possible. . . without side ef-
fects.” Using this approach, �8% is “un-
acceptable,” and �6% is the goal. No
major trials, it should be noted, have been
able to achieve a mean HbA1c �7%. Prob-
lems in attaining normal glucose are the
uncoupling of normal glucose-insulin
feedback leading to hypoglycemia and
weight gain, the progressive deterioration
of �-cell function, the failure of persons
with diabetes to be able to achieve long-
term lifestyle modification, and the side
effects of medication.

In both the Diabetes Control and
Complications Trial (DCCT) and the
UKPDS studies, the risk of hypoglycemia
increased with lower HbA1c. In the DCCT
there was 5.1 vs. 2.4 kg weight gain dur-
ing the first year with intensive versus
conventional treatment. Analyzing quar-
tiles of weight gain, the top quartile of
weight gain of the intensively treated
group gained 7 BMI units and a 29% in-
crease in body weight, which has the po-
tential to cause the development of
metabolic syndrome, as shown by in-
crease in triglyceride and HDL and LDL
cholesterol (27). The use of more physio-
logic insulin secretagogues and insulin
analogs as well as of medications to pre-
serve �-cell function, perhaps including
TZDs and glucagon-like peptide (GLP)-1,
may be important. Lebovitz particularly
noted the findings of the Troglitazone in
Prevention of Diabetes (TRIPOD) Study
that troglitazone appeared to have long-
lasting benefits in this regard.

Mary Ann Banerji (Brooklyn, NY) dis-
cussed �-cell dysfunction as the “founda-
tion of type 2 diabetes,” and addressed
three questions as part of her discussion:
1) does intensive glycemic control pre-
vent micro- and macrovascular complica-
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tions? 2) how can one restore normal
physiology? and 3) what is the relation-
ship between treatment of glycemia and
�-cell preservation? For micro- and mac-
rovascular disease, epidemiologic analy-
sis of the UKPDS showed that there is a
linear relationship between HbA1c and
the complications of diabetes (28). Simi-
larly, the updated mean systolic blood
pressure is related to both groups of com-
plications (29). These data are similar to
that in the DCCT and Kumamoto studies.
Banerji pointed to the lower rate of reti-
nopathy progression for the same level of
HbA1c in the intervention group than the
control group of DCCT, suggesting that
factors other than HbA1c must play im-
portant roles (3031). Indeed, not all per-
sons with type 2 diabetes who are not
obese are insulin resistant, with the deter-
mining factor appearing to be the quantity
of visceral fat, the major predictor of in-
sulin action (32).

As one progresses from normal glu-
cose tolerance to impaired glucose toler-
ance (IGT) to diabetes, the 2-h insulin
rises and then falls, but the 30-min insulin
increment falls progressively, showing
that even the individual with IGT has in-
sulin deficiency. (33). Matching normal
and diabetic persons for degree of obesity,
the insulin response during a glucose tol-
erance test is always lower in the diabetic
person. (34). Finally, as individuals
progress from normal to impaired glucose
tolerance to diabetes, insulin secretion
decreases precipitously, a marker of beta
cell failure (35).

A further important concept is that of
glucose toxicity. Hyperglycemia worsens
�-cell function in addition to causing in-
sulin resistance. In individuals with type
2 diabetes treated with continuous insulin
infusion, insulin-secretory capacity im-
proves (36). Indeed, whether treated with
diet, insulin, or SU, individuals with type
2 diabetes show evidence of improvement
in �-cell function with improvement in
glycemia (37). Conversely, in normal in-
dividuals given glucose infusion to pro-
duce glucose levels of 12.6 mmol/l, the
mean daily insulin-secretory rate is mark-
edly increased initially, but decreases pro-
gressively over the subsequent 72 h (38).

How then can one optimize glycemic
control? Banerji presented a case of a per-
son who presented at age 48 years with
blood glucose 1,660 mg/dl, but subse-
quently developed severe hypoglycemia
with insulin treatment and discontinued

it, with maintenance of euglycemia with-
out treatment for the subsequent 13
years. She has studied 79 persons with
�3 months’ remission of severe (present-
ing glucose 211–1,665) insulin-requiring
diabetes, without great weight loss or ev-
idence of severe precipitating stress, who
have failed to subsequently develop hy-
perglycemia despite stressors such as car-
diovascular surgery with median duration
of remission (need for treatment or fasting
glucose �150 on three consecutive occa-
sions) of 39 months. Thirty individuals in
remission were treated with low-dose
glipizide versus placebo versus no treat-
ment, with active treatment using glipiz-
ide 1.25–2.5 mg before dinner decreasing
the relapse rate dramatically (39). Using
intensive insulin treatment of 26 consec-
utive patients presenting with hypergly-
cemia, 11 showed remission within 31–
239 days, while 15 did not; those who
had remission showed considerably
greater improvement in insulin secretion
than those who did not. The optimum
combination of medications to induce
and maintain such remissions in other
populations is currently unknown.

Kay-Tee Khaw (Cambridge, U.K.) in-
vestigated the lower portion of optimal
glycemia, addressing the relationship be-
tween blood glucose level and CVD in in-
dividuals who do not have established
diabetes. Pooled analysis of 20 studies
suggests a pattern of increasing risk with
increasing glycemia, for both fasting and
2-h levels (40). It may be important to
develop better diagnostic tools than the
glucose tolerance test. To address this, the
EPIC-Norfolk population study of 30,000
persons aged 45–79 years performed a
baseline survey from 1993 to 1997, with
glycated hemoglobin measurement from
1995 to 1997. Among 4,662 men fol-
lowed for 4 years, there were 135 total
deaths, of which 60 were cardiac (42 isch-
emic heart disease) and 75 noncardiac.
The mean glycated hemoglobin was
5.4%. Those individuals who had known
diabetes, those newly discovered to have
diabetes, and those with HbA1c �5,
5–5.4, and 5.5– 6.9% were compared.
Blood pressure and cholesterol increased
with increasing glycemia. Total, cardiac,
and ischemic heart disease mortality all
increased progressively in the five glyce-
mic risk groups. Each 1% increase in
HbA1c was associated with a 1.3-fold in-
crease in both all cause and CVD mortal-
ity, adjusting for age, blood pressure,

obesity, cholesterol, cigarettes, and diabe-
tes diagnosis (41). Thus, Khaw stated,
HbA1c “behaves very much like a cardio-
vascular risk factor.” It should be noted
that the much greater number of individ-
uals with HbA1c 5.0–5.4 and 5.5–6.9%
contribute many more events than do
those with frank diabetes, as would be
expected with “a continuum of risk.” A
reduction in the population mean HbA1c
of 0.1 or 0.2 would decrease the preva-
lence of high-risk persons by 16 and 23%
and would decrease overall mortality by 5
and 10%. Interestingly, there was an in-
verse relationship between the quintile of
plasma vitamin C and HbA1c, and the vi-
tamin C quintile was inversely related to
total and CVD mortality. The major
source of vitamin C appears to be fruit
and vegetable intake, so that improved di-
etary habits might then have a major im-
pact on CVD risk and diabetes risk. As
this population is followed and additional
CVD events occur, the group with HbA1c
between 5.5 and 6.9% will be further di-
vided to look for additional patterns
within this range.

Vivian A. Fonseca (New Orleans, LA)
discussed combination treatment and
new treatment options. He reviewed the
UKPDS SU/metformin substudy and SU/
insulin substudy, both of which showed
improvement in glycemic control. Al-
though the group who was treated with
SU plus metformin appeared to have
higher mortality than those treated with
SU alone, it appears that the latter group
had a peculiarly lower mortality than that
seen in the remainder of the studied pa-
tients. Therefore, Fonseca concluded that
these combination approaches are thera-
peutically useful. He reviewed the combi-
nation glyburide/metformin study (42)
and similar studies of repaglinide, nateg-
linide, rosiglitazone, and pioglitazone
with metformin, showing that all of these
combination approaches are effective. Do
we need, Fonseca then asked, to change
our paradigm to not wait until each agent
fails, then adding treatment after a period
of hyperglycemia? Fonseca suggested
treatment designed to correct the dual
mechanism and discussed the various
combination preparations that have been
or are being prepared. The glyburide/
metformin combination may not itself be
ideal, as it is prone to cause hypoglyce-
mia, but conceptually it appears to be a
useful approach. A combination program
of glipizide GITS and metformin was
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studied in patients whose fasting glucose
exceeded 140 mg/dl while being treated
with metformin 850 mg twice daily. The
subjects showed a decrease in HbA1c from
10 to 7.5%, and there was no weight gain
or increase in subcutaneous or abdominal
fat in the combination therapy group.
Combination of oral agents with insulin
has also been studied. Metformin with in-
sulin may be more desirable in terms of
weight gain, but this approach leads to a
high dropout rate because of gastrointes-
tinal side effects, and all approaches with
insulin plus oral agents cause similar im-
provement in HbA1c (43).

Derek Le Roith (Bethesda, MD) dis-
cussed insulin strategies to achieve tight
glycemic control based on the pathophys-
iology of type 2 diabetes, recognizing that
the majority of these patients have both
insulin resistance and insulin deficiency.
There is a relationship between insulin
sensitivity and insulin resistance in indi-
viduals who do not develop diabetes, but
for those who develop diabetes, “insulin is
not keeping up,” and the insulin-
secretory increase that should accom-
pany worsening insulin resistance is not
seen.

Why is there �-cell dysfunction? The
normal function of the �-cell is to “see”
not only glucose, but also fatty acids,
GLP-1, and a number of other substances.
Glucose enters the �-cell via GLUT2 and
is metabolized by glucokinase to glucose-
6-phosphate, with the resulting increase
in intracellular ATP binding to and clos-
ing the potassium channel of the SU re-
ceptor complex, which is involved in
first-phase insulin release. When glucose
and lipid levels increase, glucotoxicity
and lipotoxicity occur, affecting �-cell in-
sulin secretion, increasing �-cell apopto-
sis, and affecting insulin action in the
liver, muscle, and gut. In muscle, hyper-
glycemia and elevated free fatty acids in-
terfere with the metabolism or each other,
and long-chain fatty acids increase pro-
tein kinase C (PKC), which stimulates
serine phosphorylation of insulin recep-
tor substrate (IRS)-1 and -2, thereby
blocking tyrosine phosphorylation and
causing resistance to insulin action. Given
these considerations, the use of long-
acting basal insulin as well as addition of
preprandial bolus insulin appear to be ra-
tional approaches for persons who fail to
respond to oral agent treatment.

New diabetes management
guidelines of the American College of
Endocrinology
Jaime Davidson (Dallas, TX) introduced a
symposium on the new diabetes treat-
ment guidelines of the American College
of Endocrinology (ACE), which recom-
mend the achievement of fasting and pre-
prandial glucose levels �110 mg/dl and
of postprandial glucose levels �140 mg/
dl. The ACE recommended that HbA1c
should be standardized to the DCCT test,
that the term for this be changed to
“A1C,” and that the goal should be levels
�6.5%. Furthermore, frequent screening
in high-risk populations as well as in all
adults aged �30 years was recom-
mended. Davidson noted that the Inter-
national Diabetes Federation and
European Association for the Study of Di-
abetes (EASD) suggest a postprandial glu-
cose goal �135 mg/dl and that they have
the same goals for preprandial glucose
and HbA1c as the ACE.

Ralph DeFronzo (San Antonio, TX)
discussed an approach to treatment of
type 2 diabetes based on current under-
standing of pathophysiology. Type 2 dia-
betes is characterized by both insulin
deficiency and resistance of the liver and
skeletal muscle to insulin action. The
mean plasma insulin response during a
glucose tolerance test increases as fasting
plasma glucose reaches �120 mg/dl, with
subsequent decreases to levels similar to
those seen in persons without diabetes at
fasting glucose levels around 160 mg/dl
(although to levels well below those of
persons without diabetes whose fasting
glucose levels are elevated by glucose in-
fusion). Normal hepatic glucose produc-
tion (HGP) is 1.5–2 mg � kg�1 � min�1. As
the fasting glucose increases, HGP in-
creases to 2.5 mg � kg�1 � min�1 at fasting
glucose around 200 mg/dl and to 3 mg �
kg�1 � min�1 at fasting glucose 300 mg/
dl. Decreased peripheral glucose uptake,
DeFronzo stated, primarily plays a role in
postprandial hyperglycemia. Because
fasting glucose contributes approximately
three-quarters and postprandial glucose
approximately one-quarter of mean gly-
cemia (44), he suggested that increased
HGP is the primary factor driving hyper-
glycemia in type 2 diabetes.

Current ACE guidelines suggest an
HbA1c goal of 6.5%, and the EASD may
recommend a goal of 6.0%; the suggested
goal of 7.0% for American Diabetes Asso-
ciation (ADA), DeFronzo suggested, is too

high. He recommended exercise and, par-
ticularly, weight loss in lifestyle modifica-
tion. Reviewing various oral agents, he
noted that to compare different studies
one must make sure that there are similar
baseline levels of HbA1c. Using this ap-
proach, he stated that thiazolidinediones
(TZDs) lower fasting glucose 45–55
mg/dl and HbA1c 1.3–1.4%; thus, mono-
therapy would control only 15–20% of
patients whose baseline HbA1c level is
9%, whereas both metformin and SU
lower fasting glucose 60–70 mg/dl and
HbA1c 1.5–2.0% and control �25–30%
of patients whose baseline HbA1c is 9%.
The �-glucosidase inhibitors, he pointed
out, are the least effective agents, reducing
fasting glucose 20–30 mg/dl and HbA1c
0.6–0.8%. Based on this analysis, he rec-
ommended using the combination of
metformin and SU as a primary treatment
modality, which would allow normaliza-
tion of HbA1c in approximately two-
thirds of persons with diabetes and a
baseline HbA1c of 9% in a relatively rapid
fashion. He also advocated the use of met-
formin/glyburide combination tablets.
For those patients not controlled with
metformin plus SU, or for those who re-
spond initially and subsequently show
worsening glycemia, he suggested that a
TZD be added, mentioning that bedtime
insulin or multiple doses of insulin can be
used as additional potential approaches.
DeFronzo showed that TZDS lower
HbA1c by 1.5% when added to SU plus
metformin, suggesting that “the improve-
ment in control seems to persist” for the
period of up to several years thus far stud-
ied. In review of the effect of changing
from troglitazone to pioglitazone or to
rosiglitazone, he suggested that there is an
increase in LDL cholesterol with rosiglita-
zone; thus, he prefers pioglitazone.

Helena W. Rodbard (Rockville, MD)
discussed the issues of diagnosing and es-
tablishing treatment goals for type 2 diabe-
tes, addressing the rationale of the new ACE
guidelines. Worldwide, the number of per-
sons with diabetes will increase from cur-
rently �150 million to 300 million by the
year 2025. Rodbard mentioned that diabe-
tes is present now in �7% of the U.S. pop-
ulation, primarily because of the 60%
increase in adult obesity (45), and accounts
for costs of approximately $100 billion an-
nually in the U.S. At the time of diagnosis,
half of patients with diabetes have compli-
cations. The increase in diabetes among ad-
olescents is of particular concern. In
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August, 2001, the ACE Diabetes Consensus
Conference produced a new set of guide-
lines, addressing 1) the goal of diabetes
management, 2) to what extent does glyce-
mic control achieve diabetes management,
3) what factors should be used to assess gly-
cemic control, 4) what are the guidelines for
attaining glycemic control, and 5) what fur-
ther recommendations are needed (http://
www.aace .com/pub/dcc/
dccwhitepaper.pdf).

The goal of diabetes management is
the prevention of acute and chronic com-
plications of diabetes, both microvascular
and—even more because of their greater
morbidity—macrovascular complica-
tions. CVD mortality rates increase with
worsening glucose tolerance, and the fre-
quency of CVD in persons with diabetes
in the Finnish East-West study is similar
to that in persons without diabetes who
have already had a myocardial infarction
(46). The efficacy of glycemic control in
prevention of complications has been
shown in type 1 diabetes in the DCCT and
in type 2 diabetes in the UKPDS, in which
the epidemiologic analysis mentioned by
Banerji suggests that a 1% decrease in
HbA1c is associated with a 14% drop in
macrovascular complications, with no
safe threshold for HbA1c, and evidence
that macrovascular complications begin
at HbA1c �6.5%. In the DCCT, the Kum-
amoto study, and the UKPDS, there were
40, 25, and 16% decreases, respectively,
in heart disease per 1% decrease in
HbA1c; 33, 28, and 19% decreases in eye
disease; and 25, 50, and 26% decreases in
kidney disease. Rodbard referred to the
EPIC-Norfolk study described above to
show a linear relationship between CVD
and HbA1c at levels falling below 5%. The
UKPDS showed a fourfold increase in ret-
inopathy when comparing the lowest and
middle tertiles of HbA1c (47). Another
factor is postprandial glycemia. The Dia-
betes Epidemiology: Collaborative Analy-
sis of Diagnostic Criteria in Europe
(DECODE) Study (48) showed the im-
portance of post–glucose load glycemia
as a predictor of mortality, suggesting a
goal of 140 mg/dl 2-h after glucose load.
The ACE has proposed glycemic goals of
HbA1c �6.5%, fasting and preprandial
glucose �110 mg/dl, and 2-h glucose
�140 mg/dl, although these factors must
be individualized, taking into account the
risk of hypoglycemia in a given person
with diabetes. The ADA has recom-
mended �7% with action suggested at

�8%, but the ACE group felt this was
inadequate and that the International Di-
abetes Federation (IDF) target of HbA1c
�6.5 is preferable. The IDF has suggested
that fasting targets should be 100 and 110
mg/dl for arterial and microvascular risk,
respectively, and postprandial targets
should be 130 and 160 mg/dl.

Rodbard noted the progressive worsen-
ing of glycemia in the UKPDS. Among over-
weight patients, at 9 years �25% of those
treated with insulin and SU achieved HbA1c
�7%, and 13% of those treated with met-
formin maintained this level of glycemic
control (49). Monotherapy alone is not then
adequate, and the UKPDS investigators rec-
ommended that “adding insulin to SU
should be considered a viable alternative to
adding other oral agents.” Further recom-
mendations of the ACE panel include earlier
screening, beginning at age 30 years, of per-
sons with a family history of diabetes, per-
sons with a family or personal history of
CVD, those who are overweight or seden-
tary, those who are minority population
members, and those who are hypertensive,
with increased triglyceride or low HDL cho-
lesterol levels, or with history of gestational
diabetes or of having had a macrosomic in-
fant.

Rodbard concluded by reminding the
audience of the words of Dr. William
Mayo: “The glory of medicine is that we
are always moving forward, that there is
always more to learn.”
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