
ABSTRACT: Conflicting data about the
safety and effectiveness of intensive
glycemic control have caused confusion
over the best approach to cardiovascular
risk reduction in patients with diabetes. A
recent meta-analysis has helped reconcile
these seemingly contradictory data. The
optimal mechanism, speed, and extent of
glycated hemoglobin reduction are differ-
ent for differing populations. For patients
with recently diagnosed diabetes, aggres-
sive treatment will lower cardiovascular
risk. In patients who have diabetes of
more than 15 years’ duration and are
older and have other comorbidities, less
aggressive treatment is indicated. For all
patients, treatment of the dyslipidemia
and hypertension that are associated
with diabetes further reduces cardiovas-
cular risk.
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Case 1: Mr A. is a 55-year-old man
who comes to your office for a rou-
tine physical examination. He is a
traveling salesman and has recently
gained weight. He does not exercise
much and is a frequent visitor to fast-
food establishments. His father had
“a touch of diabetes” and died of a
myocardial infarction (MI) at age 59.
The patient says he feels fine and is
able to work 60 hours a week without
any difficulty. His body mass index
(BMI) is 32, and blood pressure is
148/88 mm Hg (measured 3 times);

there are no other significant physi-
cal findings. Laboratory studies re-
veal the following values: fasting
blood glucose (FBG), 136 mg/dL; he-
moglobin A1c (HbA1c), 6.8%; low-den-
sity lipoprotein (LDL) cholesterol,
155 mg/dL; high-density lipoprotein
(HDL) cholesterol, 32 mg/dL; and
triglycerides, 233 mg/dL.

Case 2: Mrs B. is a 77-year-old woman
with a 25-year history of type 2 dia-
betes mellitus. She is new to your
practice. She recently moved to town
to live with her daughter after her
husband died 8 months earlier. You
provide care to the daughter and 
her family. The patient has osteo-
arthritis and retinopathy and had an
MI 7 years earlier. Her daughter
thinks her mother is having some
memory problems. Medications in-
clude metformin, 1000 mg bid; glip-
izide, extended release, 10 mg/d;
atorvastatin, 10 mg/d; lisinopril, 10
mg/d; aspirin, 81 mg/d; and acet-
aminophen as needed. BMI is 26,
and blood pressure is 127/64 mm
Hg; diminished pedal pulses and sen-
sory loss above the ankles bilaterally
are noted. Laboratory studies reveal
the following values: FBG, 176
mg/dL; HbA1c, 7.8%; LDL-choles-
terol, 145 mg/dL; HDL-cholesterol,
45 mg/dL; and triglycerides, 283
mg/dL. Serum creatinine level is 1.1
mg/dL. Glomerular filtration rate is
higher than 60 mL/min/1.73 m2, and
the urine microalbumin/creatinine
ratio is 120 µg/mg.

EDWARD J. SHAHADY, MD
University of Florida

Diabetes and 
Cardiovascular Disease:

Does Lowering Hemoglobin A1c
Help or Harm?

Dr Shahady is clini-
cal professor of
family medicine at
the University of
Miami in Florida;
an associate faculty
member in the 
residency program
at St Vincent’s 
Hospital in Jack-
sonville, Fla; and
medical director of
the Diabetes 
Master Clinician
Program of the
Florida Academy of
Family Physicians
Foundation in 
Jacksonville. He is
also a member of
the editorial board
of CONSULTANT.
Dr Shahady reports
that he is on the
speakers’ bureaus
of and has received
honoraria from
Pfizer and Merck.
He has also re-
ceived grants and
project support
from Pfizer, Novo
Nordisk, and Sanofi
Aventis.

NOVEMBER 2009 CONSULTANT 677www.ConsultantLive.com

0911ConShahady.Lay  12/1/09  10:24 AM  Page 677



How would you answer the 
following questions about these
cases?

1. What HbA1c goal would you
try to help each of these 
patients achieve?

2. What is the value of reaching
goal for HbA1c?

3. What treatment options would
you use to lower HbA1c levels
in these patients?

4. Would you consider other 
treatment options to lower 
cardiovascular risk in these 
patients?

I
n the United States, diabetes is the
sixth leading cause of death; the
most common cause of blindness,
end-stage renal disease, and non-
traumatic limb amputations; and a

major contributor to cardiovascular
disease (CVD).1-4 Cardiovascular
events are responsible for 70% of the
mortality and morbidity in persons
with diabetes, and these patients
have a 2- to 4-fold higher risk of
CVD.5,6 Prevention of these complica-
tions is the major goal of diabetes
care.

The risk of complications can
be reduced by controlling the hy-
perglycemia, hyperlipidemia, and
hypertension associated with dia-
betes. Two landmark studies, the Di-
abetes Control and Complications
Trial (DCCT)7 and the United King-
dom Prospective Diabetes Study
(UKPDS),8 provide excellent evi-
dence that lowering HbA1c levels 
to 7% or less reduces the incidence
of retinopathy, neuropathy, and
nephropathy (microvascular compli-
cations). For every 1% drop in
HbA1c, a 33% to 37% reduction in
each of these microvascular compli-
cations occurs. In the initial UKPDS,
a reduction in the incidence of CVD
(macrovascular complications) was

observed, but it was not statistically
significant.

HbA1c REDUCTION 
AND CVD RISK: 
WHAT THE DATA SHOW

Benefits of intensive therapy.
In the Diabetes Control and Compli-
cations Trial/Epidemiology of Dia-
betes Interventions and Complica-
tions (DCCT/EDIC) study, the 
original patients in the DCCT were
followed for an average of 17 years.
The patients in the intensive therapy
group were no longer treated inten-
sively, but they demonstrated a 42%
reduction in risk of any cardiovascu-
lar event. The authors concluded that
the initial 6.5 years of intensive treat-
ment created a “metabolic memory”
that provided some protection
against CVD.9

The patients in the UKPDS were
followed up for an additional 5 years
after the initial data analysis, and no at-
tempt was made to continue the initial
intensive therapy. Within 1 year, HbA1c
levels were similar in the intensive and
conventional treatment groups.

In the sulfonylurea-insulin arm of
the UKPDS, reductions in risk of any
diabetes-related end point (9%) and
microvascular disease (24%) persisted
after 10 years; risk reductions for MI
(15%) and death from any cause (13%)
emerged over time. In the metformin
group, risk reductions persisted for
any diabetes-related end point (21%),
MI (33%), and death from any cause
(27%). All of these end points reached
statistical significance. The protective
effect of early intensive therapy was
called the “legacy effect” by the study
authors.10 This study demonstrated
the extended effects of improved
glycemic control in patients with
newly diagnosed type 2 diabetes,
some of whom were followed up for
up to 30 years.

Apparent drawbacks of inten-
sive therapy. In 2008, when the re-
sults of the 10-year follow-up of pa-

tients in the UKPDS were released, 2
studies that contradicted the protec-
tive effect of lowering HbA1c, the Ac-
tion to Control Cardiovascular Risk in
Diabetes (ACCORD) study11 and the
Action in Diabetes and Vascular Dis-
ease: Preterax and Diamicron Modi-
fied Release Controlled Evaluation
(ADVANCE) trial,12 were published.
The results of the ACCORD study
seemed to indicate that reducing
HbA1c to lower or near-normal levels
increased mortality. The study was
stopped prematurely because of this
finding. The ADVANCE investigators
concluded that lower to near-normal
blood glucose levels did not reduce
cardiovascular events.

In January 2009 the Veterans Af-
fairs Diabetes Trial (VADT) was pub-
lished.13 This study concluded that in-
tensive therapy in patients with poor-
ly controlled type 2 diabetes had no
significant effect on the rates of major
cardiovascular events, death, or mi-
crovascular complications.

Weighing the evidence. Before
making a clinical decision on the
basis of these trials, consider that 
the patients in the UKPDS trials had
newly diagnosed diabetes; moreover,
they were younger and only 7.5% had
a history of CVD. In the ACCORD
and ADVANCE trials, 33% of partici-
pants had a history of CVD; they
were 8 to 10 years older than the pa-
tients in UKPDS, and they had been
treated for diabetes for 8 to 10 years.
These were very different popula-
tions, and decisions need to be made
with these facts in mind.

Results of a meta-analysis. In
May 2009 a meta-analysis was pub-
lished that reviewed 5 prospective,
randomized, controlled trials (33,040
patients) to assess the effect of an in-
tensive glucose-lowering regimen on
death and cardiovascular outcomes
compared with a standard regimen.14

The meta-analysis included the
UKPDS, ACCORD, ADVANCE, and
VADT. The authors concluded, “In-
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tensive compared with standard gly-
cemic control significantly reduces
coronary events without an increased
risk of death. However, the optimum
mechanism, speed, and extent of A1c
reduction might be different in dif-
fering populations.”14

At the American Diabetes Associ-
ation (ADA) meeting in June 2009, the
lead authors of the ACCORD and
VADT studies concluded that intensive
glycemic control does not account for
the increase in cardiovascular deaths.15

Rapid changes in glycemia, older age,
and comorbidities—not low blood glu-
cose levels—increased cardiovascular
mortality in intensively treated pa-
tients. In the ACCORD trial, a decline
in HbA1c was associated with a lower
risk of death. “Patients with the [con-
sistently] lowest A1c levels had the low-
est risk. The excess mortality risk was
in those patients who failed to achieve
and sustain A1c levels between 6% and
7%.”15

The VADT patient population was
different from the ACCORD study
population. They were older, were
mostly male, and had poor glucose
control despite optimal medical thera-
py. Risk reduction varied depending on
the duration of diabetes. Patients with
diabetes of 4 to 15 years’ duration had
a 40% reduction in cardiovascular
events. Patients with a longer history
of diabetes and multiple comorbidities
had a higher risk of death. Those with
diabetes of more than 21 years’ dura-
tion had 2 times the risk of a cardio-
vascular event if they were in the in-
tensively treated group.13

ANSWERS TO QUESTIONS
ABOUT CASES 1 AND 2

1. What HbA1c goal would you 
try to help each of these patients
achieve?

If you are treating a patient with
newly or recently diagnosed diabetes,
such as the man in Case 1, the goal is
clear. Take advantage of the legacy

effect and metabolic memory, and
treat to a target HbA1c as close to 6%
as possible without placing the pa-
tient at risk. Reaching the goal
should be accomplished at a reason-
able pace.

The HbA1c goal is higher in
older patients with multiple comor-
bidities and diabetes of long duration,
such as the woman in Case 2. Values
of 7.5% and 8% may be more appro-
priate for them. Cardiovascular risk
reduction can also be accomplished
by treating the dyslipidemia and hy-
pertension that are associated with
diabetes.

Finally, some patients—especial-
ly those who have had diabetes for
more than 10 years—may not be able
to sense hypoglycemia. Thus, regard-
less of the HbA1c goal, emphasize to
the patient the importance of glucose
monitoring when any unusual symp-
tom develops. Teach the patient early
in the disease process that what they
feel may or may not be hypoglycemia
and that blood glucose levels are the
gold standard for detection.

2. What is the value of reaching
goal for HbA1c?

We now have good evidence
that lowering HbA1c levels will de-
crease the risk of CVD, retinopathy,
neuropathy, and nephropathy. An ad-
ditional benefit of maintaining near-
normal HbA1c and glucose levels in
patients with recently diagnosed type
2 diabetes may be preservation of the
beta cell.

A sequence of metabolic events
that eventually leads to type 2 diabetes
may be present for 10 years before the
appearance of an elevation in fasting
blood glucose.16 Increasing resistance
to the effects of insulin in muscle, the
liver, and adipose tissue starts the
process. The pancreas responds by
secreting more insulin. Eventually, 
the beta cell is unable to secrete suffi-
cient insulin to overcome the hyper-
glycemia of insulin resistance.

At the time of diagnosis, beta
cell function may be decreased by
50% and there is a loss of beta cell
mass as a result of cell apoptosis (cell
death).17 The apoptosis is secondary
to glucotoxicity, lipotoxicity, and in-
flammatory cytokines. Glucotoxicity
is defined as beta cell damage pro-
duced by elevated levels of glucose
for a prolonged period. Lipotoxicity
results from elevations of circulating
free fatty acids that are toxic to the
beta cell. Insulin resistance at the
level of the adipose tissue leads to ex-
cessive free fatty acid levels.17 Un-
controlled diabetes is also associated
with an increased secretion of inflam-
matory cytokines from adipose tissue
that may be toxic to the beta cell.17

Several drugs that are used to
treat diabetes aid in preserving beta
cell function. Studies with the thiazol-
idinediones (TZDs)18,19 and glucagon-
like peptide 1 (GLP-1) agonists20

indicate that they contribute to pro-
longed beta cell survival, unlike met-
formin, sulfonylureas, and insulin. As
noted in the UKPDS, patients who
used metformin and sulfonylureas
lowered their HbA1c levels to less
than 7% (some to 6%) in the first year
or so; but if no other agent was
added, by year 8 levels were well
above 8%. The TZD studies demon-
strated the durability of the HbA1c-
lowering effect for up to 5 years.18,19

3. What treatment options would
you use to lower HbA1c levels in
these patients?

Two good guidelines for treating
hyperglycemia and lowering HbA1c
are available:
•The ADA/European Association for
the Study of Diabetes (EASD) con-
sensus algorithm.21

•The Diabetes Road Map from the
American College of Endocrinology
(ACE) and the American Association
of Clinical Endocrinologists (AACE).22

The ADA/EASD consensus al-
gorithm provides a 3-step process to
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follow. It suggests starting with life-
style modification and metformin and
recommends making changes to the
regimen if the HbA1c level is 7% or
higher. It lists some treatments as
well validated and others as less well
validated.21

The Diabetes Road Map22 from
the ACE and the AACE is evidence-
based and provides one road map if
the patient is naive to therapy and an-
other if the patient is currently being
treated. The ACE/AACE goal for
HbA1c is 6.5% or lower. A helpful fea-
ture of this road map is the guidance
it provides by level of HbA1c. If the
presenting HbA1c is 6% to 7%, the rec-
ommendations are different from
those for an HbA1c of 7% to 8%.

Treatment plan for Case 1. This
patient has newly diagnosed dia-
betes, so I would be aggressive in
lowering his HbA1c level to as 
close to normal as possible. Lifestyle
changes and metformin are good ini-
tial choices for him and conform to
both the ADA/EASD and ACE/
AACE guidelines. But it is important
to monitor him closely. As noted in
the UKPDS, his decrease in HbA1c
may not last more than 2 to 3 years.
If the HbA1c rises, glucotoxicity and
lipotoxicity may produce additional
beta cell damage. A second drug
should be added at this point. A sul-
fonylurea is the least expensive
choice, and it will do an excellent job
for another 2 to 3 years. The nega-

tive aspects of using a sulfonylurea
include weight gain, hypoglycemia
and, like metformin, no beta cell
preservation. Another option includ-
ed in both guidelines is to add basal
insulin at this point.

As previously mentioned, TZDs
and GLP-1 agonists will preserve
beta cell function. But they are more
expensive than sulfonylureas, and the
TZDs are associated with weight
gain. Once the HbA1c begins to rise,
these medications can be considered
along with dipeptidyl peptidase-4
(DPP-4) inhibitors and insulin.

Treatment plan for Case 2. This
patient is older; has had a longer his-
tory of diabetes; has several comor-
bidities (retinopathy, nephropathy,
neuropathy, and a previous MI); and
may have dementia. Given the les-
sons learned from the ACCORD, 
ADVANCE, and VADT studies, I
would proceed very deliberately with
this patient and first get to know her.
Because she has been living alone
and recently lost her husband, she
may be depressed. My initial treat-
ment would focus on ensuring she is
taking her medications and reinforc-
ing lifestyle changes. I would also
want to determine whether the mem-
ory problems are related to hypo-
glycemia. She has chronic renal dis-
ease and that will influence future
medication decisions.

4. Would you consider other treat-
ment options to lower cardiovascu-
lar risk in these patients?

The patient in Case 1 is at high
risk for a cardiovascular event. In ad-
dition to his hyperglycemia, he has
dyslipidemia (low HDL-cholesterol,
high triglyceride, and high LDL-cho-
lesterol levels) and hypertension. His
triglycerides will decrease and HDL-
cholesterol will increase with lifestyle
changes and a reduction in his HbA1c
level. His LDL-cholesterol level may
actually increase because it was cal-
culated and a high level of triglyc-

Diabetes and 
Cardiovascular 
Disease:
Does Lowering 
Hemoglobin A1c
Help or Harm?

www.ConsultantLive.com680 CONSULTANT NOVEMBER 2009

THE TAKE-HOME MESSAGE 
FOR PRIMARY CARE PRACTICE
It has been well known for some time that diabetes is associated with 
increased cardiovascular risk. On the basis of epidemiological studies,5,6

most clinicians felt that reducing HbA1c would also lower cardiovascular
risk. This was confirmed by the results of the DCCT/EDIC9 study and
the UKPDS 10-year study.10 The patients in the DCCT/EDIC study all
had type 1 diabetes, and those in the UKPDS 10-year study all had newly
diagnosed type 2 diabetes. In both of these studies, the intervention
group received intensive treatment only in the first 5 to 6 years of the
study. This led to the theory that early intensive treatment creates pro-
tection against future complications. This protective effect was named
“metabolic memory” in the DCCT/EDIC study and “legacy effect” in 
the UKPDS.

In contrast, results of 3 other studies, the ACCORD,11 ADVANCE,12

and VADT,13 suggested no benefit and potential harm from lowering
HbA1c. This created significant confusion for many clinicians. In May 
2009 a meta-analysis that included all these studies found that intensive
glycemic control reduced cardiovascular events without an increase in 
cardiovascular mortality. The authors of the meta-analysis cautioned that
the optimal mechanism, speed, and extent of HbA1c reduction are different
in differing populations.14 The study groups for ACCORD and VADT
reevaluated their data and discovered that patients in whom HbA1c
lowering had negative effects were older and had a longer duration 
of diabetes and comorbidities.15

The bottom line. The issues now seem to be clearer. For patients
with recently diagnosed diabetes, aggressive treatment will lower cardio-
vascular risk. In patients who have had diabetes for more than 15 years
and who are older and have other comorbidities, less aggressive treat-
ment is indicated.
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erides will create a lower calculated
LDL.

I would prescribe a statin, an an-
giotensin-converting enzyme (ACE)
inhibitor, and aspirin to reduce his
cardiovascular risk. He may need ad-
ditional drugs to achieve a goal of less
than 100 mg/dL for his LDL-choles-
terol, higher than 40 mg/dL for HDL-
cholesterol, less than 150 mg/dL for
triglycerides, and less than 130/80
mm Hg for blood pressure.

The patient in Case 2 is already
taking a statin, an ACE inhibitor, and
aspirin. She has had one significant
cardiovascular event and has chronic
renal disease. Her ideal goals are an
LDL-cholesterol level of less than 70
mg/dL, an HDL-cholesterol level of
more than 50 mg/dL, a triglyceride
level of less than 150 mg/dL, and
blood pressure of less than 130/80
mm Hg. After I get to know her bet-
ter and see what effects lifestyle
changes produce, I would consider
increasing the dosage of the statin
she is now taking. ■

REFERENCES:
1. Mokdad AH, Ford ES, Bowman BA, et al. Diabetes
trends in the US: 1990-1998. Diabetes Care. 2000;
23:1278-1283.
2. Selby JV, Grumbach K, Quesenberry CJ, et al.
Differences in resource use and costs of primary
care in a large HMO according to physician specialty.
Health Serv Res. 1999;34:503-518.
3. Brown JB, Nichols GA, Glauber HS, Bakst AW.
Type 2 diabetes: incremental medical care costs dur-
ing the first 8 years after diagnosis. Diabetes Care.
1999;22:1116-1124.
4. Selby JV, Ray GT, Zhang D, Colby CJ. Excess
costs of medical care for patients with diabetes in a
managed care population. Diabetes Care. 1997;20:
1396-1402.
5. Fox CS, Coady S, Sorlie PD, et al. Increasing car-
diovascular disease burden due to diabetes mellitus:
the Framingham Heart Study. Circulation. 2007;115:
1544-1550.
6. Lipscombe LL, Hux JE. Trends in diabetes preva-
lence, incidence, and mortality in Ontario, Canada
1995-2005: a population-based study. Lancet. 2007;
369:750-756.
7. The effect of intensive treatment of diabetes on
the development and progression of long-term com-
plications in insulin-dependent diabetes mellitus. The
Diabetes Control and Complications Trial Research
Group. N Engl J Med. 1993;329:977-986.
8. Effect of intensive blood-glucose control with
metformin on complications in overweight patients
with type 2 diabetes (UKPDS 34). UK Prospective
Diabetes Study (UKPDS) Group [published correc-
tion appears in Lancet. 1998;352;1558]. Lancet. 1998;
352:854-865.

9. Nathan DM, Cleary PA, Backlund JY, et al; 
Diabetes Control and Complications Trial/Epidemi-
ology of Diabetes Interventions and Complications
(DCCT/EDIC) Study Research Group. Intensive 
diabetes treatment and cardiovascular disease in 
patients with type 1 diabetes. N Engl J Med. 2005;
353:2643-2653.
10. Holman RR, Paul SK, Bethel MA, et al. 10-Year
follow-up of intensive glucose control in type 2 dia-
betes. N Engl J Med. 2008;359:1577-1589.
11. Action to Control Cardiovascular Risk in 
Diabetes Study Group, Gerstein HC, Miller ME, et al.
Effects of intensive glucose lowering in type 2 dia-
betes. N Engl J Med. 2008;358:2545-2559.
12. ADVANCE Collaborative Group, Patel A,
MacMahon S, et al. Intensive blood glucose control
and vascular outcomes in patients with type 2 dia-
betes. N Engl J Med. 2008;358:2560-2572.
13. Duckworth W, Abraira C, Moritz T, et al; VADT
Investigators. Glucose control and vascular compli-
cations in veterans with type 2 diabetes [published
corrections appear in N Engl J Med. 2009;361:1024-
1025 and 1028]. N Engl J Med. 2009;360:129-139.
14. Ray KK, Seshasai SR, Wijesuriya S, et al. Effect
of intensive control of glucose on cardiovascular
outcomes and death in patients with diabetes melli-
tus: a meta-analysis of randomised controlled trials.
Lancet. 2009;373:1765-1772.
15. Riddle MC, Duckworth WC. New analysis from
ACCORD and VADT. American Diabetes Association
2009 Scientific Sessions; June 9, 2009; New Orleans.
16. Ramlo-Halsted BA, Edelman SV. The natural
history of type 2 diabetes. Implications for clinical
practice. Prim Care. 1999;26:771-789.
17. Wajchenberg BL. Beta-cell failure in diabetes
and preservation by clinical treatment. Endocr Rev.
2007;28:187-218.
18. Miyazaki Y, Mahankali A, Matsuda M, et al. Im-
proved glycemic control and enhanced insulin sensi-
tivity in type 2 diabetic subjects treated with pioglita-
zone. Diabetes Care. 2001;24:710-719.
19. Miyazaki Y, Glass L, Triplitt C, et al. Effect of
rosiglitazone on glucose and non-esterified fatty acid
metabolism in type II diabetic patients. Diabetologia.
2001;44:2210-2219.
20. Bunck MC, Diamant M, Cornér A, et al. 
One-year treatment with exenatide improves beta-
cell function, compared with insulin glargine, in 
metformin-treated type 2 diabetic patients: a random-
ized, controlled trial. Diabetes Care. 2009;32:762-768.
21. Nathan DM, Buse JB, Davidson MB, et al.
Medical management of hyperglycemia in type 2 
diabetes: a consensus algorithm for the initiation
and adjustment of therapy: a consensus statement of
the American Diabetes Association and the Euro-
pean Association for the Study of Diabetes. Diabetes
Care. 2009;32:193-203.
22. Jellinger PS, Davidson JA, Blonde L, et al;
ACE/AACE Diabetes Road Map Task Force. Road
maps to achieve glycemic control in type 2 diabetes
mellitus: ACE/AACE Diabetes Road Map Task
Force. Endocr Pract. 2007;13:260-268.

Diabetes and 
Cardiovascular 
Disease:
Does Lowering 
Hemoglobin A1c
Help or Harm?

NOVEMBER 2009 CONSULTANT 683www.ConsultantLive.com

0911ConShahady.Lay  12/1/09  10:24 AM  Page 683


