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ABSTRACT

ype 2 diabetes mellitus and obesity are associated with increased cardiovascular risk. While lifestyle
nterventions such as medical nutrition therapy and appropriately prescribed physical activity remain
ornerstones of disease prevention and treatment, most patients with type 2 diabetes will eventually require
harmacotherapy for glycemic control. Fortunately, many of these patients are able to achieve desired
lycemic targets with the use of currently available antihyperglycemic agents. Both not-for-profit disease-
pecific organizations and healthcare specialty societies have provided guidance about the appropriate
election of these therapies. Type 2 diabetes treatment guidelines and algorithms have been developed,
aking into account a combination of evidence-based information and expert opinions, with various groups
ffering diverse glucose goals and approaches to hyperglycemia management. Virtually all recognize that type
diabetes is a multifaceted disease, necessitating an integrated yet individualized approach to patient care.
2010 Published by Elsevier Inc. • The American Journal of Medicine (2010) 123, S12–S18
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ype 2 diabetes mellitus, along with obesity, has reached
pidemic proportions in the United States.1,2 Between 80%
nd 90% of patients with type 2 diabetes are overweight or
bese, and many also have cardiovascular disease (CVD).3

recent population-based observational study showed that
verweight and obese people in Sweden had a higher risk of
oronary heart disease (hazard ratios, 1.27 and 1.49) than
ormal-weight patients with type 2 diabetes.4

Although comorbidities, including overweight and obesity,
re common factors in type 2 diabetes, patients have varied
nitial clinical presentations, different courses of disease pro-
ression, and different responses to antihyperglycemic medi-
ations. Lifestyle interventions, including appropriately pre-
cribed physical activity and medical nutrition therapy, are
ornerstones of antihyperglycemic treatment. However, most pa-
ients with type 2 diabetes will also require pharmacotherapy.

This review provides an overview of some current guide-
ines and algorithms for the treatment of patients with type
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diabetes. It focuses on the importance of improving
lasma glucose to optimize patient outcomes, and includes
discussion on target goals for people with elevated glu-

ose, blood pressure, and lipids. The treatment guidelines
nd algorithms recognize the importance of individualized
herapy for patients with type 2 diabetes.

OCAL POINTS OF ANTIHYPERGLYCEMIC
REATMENT GUIDELINES FOR TYPE 2 DIABETES
number of medical organizations have developed guidelines

nd algorithms for the treatment of patients with type 2 dia-
etes. Most recent recommendations are derived from evi-
ence-based information and expert opinion. They include the
007 American Association of Clinical Endocrinologists/
merican College of Endocrinology (AACE/ACE) Diabetes
linical Practice Guidelines,5 the 2007 Texas Diabetes Coun-
il Glycemic Control Algorithm,6 the 2008 AACE/ACE Road
ap,7 the 2009 AACE/ACE treatment algorithm,8 the 2008
anadian Diabetes Association (CDA) Clinical Practice Rec-
mmendations for T2DM,9 the 2010 American Diabetes As-
ociation (ADA) Standards of Medical Care,10 and the 2009
DA/European Association for the Study of Diabetes (EASD)
riting group consensus statement and algorithm on the med-
cal management of hyperglycemia in type 2 diabetes.11

mailto:lblonde@ochsner.org
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S13Blonde Treatment Guidelines and Algorithms for Type 2 Diabetes
To determine whether glycemic control was improving in
atients with diabetes, 3 phases of the National Health and
utrition Examination Survey (NHANES), conducted be-

ween 1999 and 2004, were reviewed for trends in hemoglobin

1c (HbA1c) concentrations.12 Data showed that mean HbA1c

or the entire NHANES population cohort declined from
.82% in 1999 to 7.18% in 2004, at which time 55.7% of study
atients achieved HbA1c �7.0%, the goal recommended for
ost diabetes patients by the ADA. These findings suggest that

he care of patients with diabetes, including those with type 2
iabetes, has improved but further improvement is possible.

The AACE/ACE guidelines that were published in 20075

nd the ADA Standards of Medical Care updated in 2010
Table 1)10 emphasize the importance of educating patients
n the potential short- and long-term complications of type
diabetes, teaching self-management skills, psychosocial

djustments, and lifestyle interventions (Figure 1).13,14

As even modest weight loss has been shown to reduce
nsulin resistance,10 the AACE/ACE and ADA guidelines
pecifically address medical nutrition therapy and appropri-
tely prescribed physical activity. A healthy nutritional diet
s considered an essential component of any comprehensive
iabetes program.15 Diets should be individualized, based
n weight, lipid profiles, medications, and lifestyle. Total
arbohydrates should represent 45% to 65% of daily energy
ntake. Fiber intake of up to 50 g/day is encouraged, and fat
onsumption should be limited to �30% of total calories.5

t least 150 min/wk of physical activity is encouraged.
The ADA Standards of Medical Care recommend weight

oss for overweight or obese individuals who have or are at risk
or diabetes and indicate that “for weight loss, either low-
arbohydrate or low-fat, calorie-restricted diets may be effec-
ive in the short-term (up to 1 year).” Patients on low-carbo-
ydrate diets should have their lipid profiles, renal function,
nd protein intake (in those with nephropathy) monitored and
heir antihyperglycemic therapy adjusted as needed. Saturated
at intake should be �7% of total calories; intake of trans fat
hould be minimized. Monitoring carbohydrate intake is es-

Table 1 Comparison of treatment targets for the management

arget Treatment
oals AACE/ACE 20075

bA1c �6.5%
asting glucose* Fasting plasma glucose: �110 mg/dL
ostprandial glucose* 2-hr postprandial glucose: �140 mg/dL
lood pressure �130/80 mm Hg
holesterol (lipids)† LDL-C �100 mg/dL (�70 mg/dL for pat

diabetes and coronary artery disease)
HDL-C �40 mg/dL in men, �50 mg/dL
Triglycerides �150 mg/dL

AACE � American Association of Clinical Endocrinologists; ACE � Ame
hemoglobin A1c, HDL-C � high-density lipoprotein cholesterol; LDL-C � low

*For glucose, 1 mg/dL � 0.5551 mmol/L.
†For cholesterol, 1 mg/dL � 0.0259 mmol/L; for triglycerides, 1 mg/
‡In individuals with overt cardiovascular disease, a lower LDL-C goal

5 10
Adapted from Endocr Pract. and Diabetes Care.
ential to achieving glycemic control.10 Similar to the AACE/
CE guidelines, the ADA recommends �150 min/wk of mod-

rate-intensity aerobic physical activity performed at 50% to
0% of maximum heart rate, plus resistance training �3
imes/wk in the absence of contraindications.10

einforcing the Need for Individualized
reatment Goals
uidelines for treating patients with type 2 diabetes emphasize

he need for individualized treatment targets to facilitate attain-
ng and maintaining glycemic goals while minimizing the
otential for adverse events. The ADA guidelines consider
everal factors in goal setting, including the patient’s age,
ime since diagnosis, presence of comorbidities, and preg-
ancy status.10 This is in agreement with the scientific
tatement by the ADA, the American College of Cardiology
ACC) Foundation, and the American Heart Association
AHA) regarding intensive glycemic control and the pre-
ention of cardiovascular events based on findings from
ecent large-scale type 2 diabetes trials (Table 2).16 The
DA/ACC/AHA scientific statement indicates that the data

rom the Action to Control Cardiovascular Risk in Diabetes
ACCORD) trial, the Action in Diabetes and Vascular Dis-
ase: Preterax and Diamicron Modified Release and Con-
rolled Evaluation (ADVANCE) trial, and Veterans Affairs
iabetes Trial (VADT) do not warrant major adjustment to

lready established HbA1c targets, but rather emphasize the
eed for clarification of appropriate goals in certain popu-
ations.16-19 The scientific statement agreed that HbA1c

hould be �7.0% in most nonpregnant adults, but also
ecognized that HbA1c targets should be less stringent in
ertain individuals, including those prone to hypoglycemia,
dvanced vascular complications, and/or extensive comor-
idities, and those individuals with long-standing diabetes
n whom lower HbA1c goals have been difficult to attain
espite diabetes self-management education, glucose mon-
toring that is appropriate for the patient, and the use of

ients with type 2 diabetes mellitus

ADA 201010

�7.0%
Preprandial capillary plasma glucose: 70-130 mg/dL
Peak postprandial capillary plasma glucose: �180 mg/dL
�130/80 mm Hg

ith

en

LDL-C �100 mg/dL‡

HDL-C �40 mg/dL in men, �50 mg/dL in women
Triglycerides �150 mg/dL

ollege of Endocrinology; ADA � American Diabetes Association; HbA1c �
lipoprotein cholesterol.

.0113 mmol/L.
mg/dL (1.8 mmol/L), using a high-dose of a statin, is an option.
of pat

ients w

in wom

rican C
-density

dL � 0
of �70
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ultiple glucose-lowering agents in effective dosages in-
luding insulin. In contrast, even lower HbA1c goals may be
argeted in subjects with a short duration of diabetes, long-
ife expectancy, no significant CVD, and no significant
ypoglycemia or other adverse effects of treatment.16

eaching HbA1c Goals with Treatment Algorithms
o help guide healthcare professionals, the ADA/EASD
riting group recently provided an updated consensus al-
orithm (divided into 2 tiers, consisting of what they term

Figure 1 Patient education in dia
from Diabetes Care.13)

Table 2 Individualized approach to therapy based on analyses

arget HbA1c Goal Patie

bA1c �7.0% Gene
●
●

ower than the general goal of HbA1c �7.0% (if possible
without significant hypoglycemia or other
treatment-related adverse events)

Patie
●
●
●

ess stringent than the general goal of HbA1c �7.0% Patie
●
●
●
●
●

HbA1c � hemoglobin A1c.
*Based on analyses of data from clinical trials in diabetes as presente

College of Cardiology (ACC) Foundation, and the American Heart Associa
16
Reprinted with permission from Diabetes Care.
ell-validated core therapies and less well-validated thera-
ies) for the management of hyperglycemia in patients with
ype 2 diabetes (Figure 2).11 The authors noted that type 2
iabetes is a progressive disease that will likely require com-
inations of antihyperglycemic medications over time.11

The AACE/ACE Road Map and the 2009 AACE/ACE
reatment algorithm are also useful diabetes management
ools.7,8 These resources stratify recommendations by base-
ine HbA1c and provide separate algorithms for treatment-
aive and previously treated patients. They include all US

ellitus: 10 content areas. (Adapted

diovascular outcomes studies in diabetes mellitus

es*

pregnant adult population for the delay or prevention of
ascular disease
ascular disease

th
duration of diabetes
ife expectancy
nificant cardiovascular disease
th
y of severe hypoglycemia
d life expectancy
ced micro- or macrovascular complications
ive comorbidities
tanding diabetes in whom the general goal has been difficult
in despite diabetes self-management education, appropriate
e monitoring, and effective doses of multiple glucose-lowering
including insulin

osition statement of the American Diabetes Association (ADA), American
HA).
betes m
of car

nt Typ

ral non
Microv
Macrov
nts wi
Short
Long-l
No sig
nts wi
Histor
Limite
Advan
Extens
Long-s
to atta
glucos
agents

d in a p
tion (A
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S15Blonde Treatment Guidelines and Algorithms for Type 2 Diabetes
ood and Drug Administration (FDA)–approved antihyper-
lycemic medications and suggest preferred and alterna-
ive treatments. In these guidelines, combination therapy
an be an initial treatment option for those whose HbA1c

s unlikely to be reduced to goal with a single antihyper-
lycemic agent.7,8

There has recently been a statement by an AACE/ACE
onsensus panel on type 2 diabetes that issued an algorithm
hat stratifies recommendations by baseline HbA1c and in-
ludes all of the currently available US FDA approved
ntihyperglycemic therapies. Choices of therapies were pri-
ritized according to efficacy, safety, simplicity, anticipated
egree of patient adherence, and cost. However, minimizing
isk and severity of hypoglycemia and risk and magnitude
f weight gain were also priorities. Both of the AACE/ACE
lgorithms recommend the option of initial oral combina-
ion therapy with classes of medications that have comple-
entary mechanisms of action when monotherapy would be

nlikely to achieve glycemic targets.8 In October 2007, the
exas Diabetes Council introduced their current update that
et an HbA1c goal of �6.0% “if possible without significant
ypoglycemia,” with caveats for individualized treatment
imilar to the AACE/ACE and ADA.6 Dual therapy is
entioned as initial treatment in the Texas algorithm, and

hysicians are advised to consider monotherapy for their
atients when HbA1c concentrations reach �6.5%.

The CDA published their treatment recommendations
nd algorithm in 2008.9 Similar to the ADA, the CDA
uggests an individualized HbA1c goal of �7.0%. Physi-

Figure 2 American Diabetes A
Study of Diabetes (ADA/EASD) wri
with type 2 diabetes mellitus. Rein
check hemoglobin A1c (HbA1c) every
least every 6 months. The interventio
*Sulfonylureas other than glyburide or
be confident regarding safety. GLP-1
tive heart failure. (Adapted with perm
ians may consider lower goals but must balance the poten- c
ial benefits against the risk of hypoglycemia. The descrip-
ion and recommendations for aerobic exercise (�150 min/
k) and resistance exercise (3 times per week) are similar to

hose of the ADA. Helpful additions by the CDA include
aveats for patients who need to be careful about initiating
hysical activity (e.g., those with established CVD, severe
utonomic and/or peripheral neuropathy, and preprolifera-
ive or proliferative retinopathy) and descriptions of partic-
lar categories of exercise. The CDA guidelines provide an
verview of the advantages and disadvantages of the vari-
us classes of antihyperglycemic agents available at the
ime of publication, with recommendations as to when cer-
ain therapies might be added to baseline treatment.9

In 2007, the American College of Physicians (ACP)
ublished a guidance statement entitled, “Glycemic Control
nd Type 2 Diabetes Mellitus: the Optimal Hemoglobin A1c

argets.”20 The ACP has launched a fairly comprehensive
iabetes initiative with recommendations and resources for
ealthcare professionals and their patients.21

nmet Patient Needs with Conventional
ntidiabetes Therapies
number of currently available antihyperglycemic thera-

ies are associated with unmet needs, including the poten-
ial for weight gain, increased risk of hypoglycemia, and the
nability to optimally control postprandial hyperglycemia.22

ide glycemic fluctuations may persist despite treatment,
nd many therapies fail to maintain long-term glycemic

ion/European Association for the
oup treatment algorithm for patients
ifestyle interventions at every visit;
ths until HbA1c is �7.0% and then at
uld be changed if HbA1c is �7.0%.
ropamide. †Insufficient clinical use to
agonlike peptide–1; CHF � conges-
from Diabetes Care.11)
ssociat
ting gr
force l
3 mon
ns sho
chlorp
� gluc
ontrol.
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The pathophysiologic components of type 2 diabetes
nclude insulin resistance, at least a relative impairment of
nsulin secretion, inappropriate glucagon secretion, and a
ecreased incretin effect.5 Newer treatments for type 2 di-
betes, including those that target the incretin system (in-
retin-based therapies), have improved glycemia while pro-
iding weight maintenance or loss.22,23 These agents are
ssociated with a low risk for hypoglycemia and edema,
educed fasting and postprandial hyperglycemia, and glyce-
ic fluctuations. If the incretin effects seen in animal stud-

es are reproduced in humans, these therapies may have the
otential to better maintain long-term glycemic control.

UIDELINES AND ALGORITHMS FOR
REDIABETES

ndividuals with glucose concentrations above normal but
ot high enough to be diagnostic for diabetes are said to
ave prediabetes. Individuals with prediabetes have im-
aired fasting glucose (IFG) and/or impaired glucose toler-
nce (IGT).24,25 The ADA has defined IFG as a fasting
lasma glucose (FPG) level of 100 mg/dL to 125 mg/dL (1
g/dL � 0.05551 mmol/L), while IGT is defined as a

lasma glucose concentration of 140 mg/dL to 199 mg/dL 2
ours after ingestion of 75 g of glucose.10 These individuals,
ho often are overweight or obese and have hypertension

nd/or dyslipidemia, are at increased risk for developing
iabetes. Recently, an international expert committee as-
embled by the ADA, the International Diabetes Federation
IDF), and the EASD recommended the use of the HbA1c

ssay to diagnose diabetes. The ADA endorsed in principle
he use of HbA1c testing as an option to diagnose diabetes
nd indicated that the ADA will establish a task force to
xplore the implications of the report, including whether
bA1c can also be used as an option to identify people with
rediabetes.26 With its 2010 Standards of Medical Care, the
DA now supports the use of HbA1c as an option for
iagnosing diabetes and prediabetes. An HbA1c of �6.5% is
iagnostic for diabetes, while an HbA1c of 5.7% to 6.4%
dentifies patients at risk for diabetes (prediabetes).10

The Agency for Healthcare Research and Quality
AHRQ) analyzed data from a number of clinical trials and
ound that IFG and IGT are robust risk factors for the
evelopment of diabetes.27 Pooled estimates for the unad-
usted, annualized relative risk (RR) for diabetes calculated
hrough meta-analysis were 4.70 (P � 0.0003) for IFG, 6.02
P �0.0001) for IGT, and 12.21 (P � 0.0054) for IFG and
GT combined.27 The 2010 Standards of Medical Care in-
icate that an HbA1c cutpoint of 5.7% is less sensitive but
ore specific than an FPG of 100 mg/dL and has a higher

redictive value to identify people at risk for diabetes.10

Based on the natural history of IFG and IGT, over a 3-
o 5-year period, approximately 25% of individuals will
rogress to type 2 diabetes, while 50% will remain hyper-
lycemic and another 25% will revert to a normal glycemic

tate.25 Over a longer follow-up period, the majority of i
ndividuals with IFG or IGT are likely to eventually develop
ype 2 diabetes.

Studies have shown that lifestyle measures and/or phar-
acotherapy can delay or prevent the progression from

rediabetes to overt diabetes.25 In such studies intensive
ifestyle interventions have provided substantial (�60%)
eduction in the risk of developing diabetes, along with a
odest reduction in CVD risk factors, and a favorable

afety profile.25,28,29

No medications are currently approved by the FDA for
he treatment of prediabetes. However, several studies have
emonstrated the ability of pharmacologic interventions to
elay or prevent the progression to type 2 diabetes. In the
iabetes Prevention Program Study, metformin reduced the

ncidence of diabetes by 31% compared with placebo, with
greater benefit seen in younger and more obese sub-

ect.25,29 Acarbose therapy compared with placebo was as-
ociated with a 25% RR reduction for the development of
ype 2 diabetes in the Study TO Prevent Non-Insulin-De-
endent Diabetes Mellitus (STOP-NIDDM) trial.30 In the
iabetes REduction Assessment with ramipril and rosiglit-

zone Medication (DREAM) trial, rosiglitazone reduced
ype 2 diabetes development compared with placebo by
0%.31 A trial with orlistat32 has also demonstrated preven-
ion of the development of type 2 diabetes. In the Actos
ow Study for the Prevention of Diabetes (ACT NOW)
ver a mean follow-up of 2.6 years, pioglitazone de-
reased the conversion rate of IGT to type 2 diabetes by
1% (P �0.00001) compared with placebo.33

The IDF proposed a 3-part plan to prevent the progres-
ion to type 2 diabetes from prediabetes by (1) identifying
igh-risk patients through screening; (2) measuring risk in
ppropriate patients through the assessment of risk factors,
ncluding elevated blood pressure and lipid levels, a family
istory of diabetes and/or CVD, and increased waist cir-
umference; and then (3) intervening to prevent the devel-
pment of type 2 diabetes through medical nutrition therapy
nd appropriately prescribed physical activity.34 If de-
ired weight loss has not been achieved or glycemic
evels have not improved, metformin, 250 to 850 mg bid,
ould be considered for diabetes prevention, particularly
n patients aged �60 years with a body mass index �30
nd FPG �110 mg/dL who do not have any contraindi-
ations for treatment.34

Similarly, the AACE/ACE Prevention Roadmap7 pre-
ents specific lifestyle modifications and identifies pharma-
ologic agents (including, metformin, orlistat, �-glucosi-
ase inhibitor, and thiazolidinediones [TZDs]) that have
een shown in clinical trials to at least delay the progression
rom prediabetes to diabetes. However, the document indi-
ates that no pharmacologic agents have received FDA
pproval for the prevention of type 2 diabetes.

A 2007 report of an ADA consensus development con-
erence recommended lifestyle interventions, including
eight loss of 5% to 10% and physical activity totaling 30
in/day, as the first treatment steps in preventing or delay-
ng the progression of IFG and/or IGT to type 2 diabetes.25
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S17Blonde Treatment Guidelines and Algorithms for Type 2 Diabetes
he report also suggested considering lifestyle modification
nd/or metformin for individuals with IFG and IGT and any
f the following characteristics: �60 years of age, body
ass index �35 kg/m2, family history of diabetes in first-

egree relatives, elevated triglyceride concentrations, re-
uced high-density lipoprotein cholesterol concentrations,
ypertension and/or HbA1c �6.0%.

The CDA also suggests weight loss and physical activity
o reduce progression from IGT to type 2 diabetes.9 Life-
tyle modification leading to a weight loss of �5% of initial
ody weight can result in a �60% reduction in the risk of
rogression from IGT to type 2 diabetes.9

eeping Pace with Advances in Research and
herapy
urrently, there are at least 11 classes of FDA-approved
ntihyperglycemic agents, including orally administered
ulfonylureas, (e.g., glimepiride, glipizide), the biguanide
etformin, �-glucosidase inhibitors (e.g., acarbose, migli-

ol), TZDs (e.g., pioglitazone, rosiglitazone), meglitinides
e.g., nateglinide, repaglinide), dipeptidyl peptidase–4 in-
ibitors (e.g., sitagliptin, saxagliptin), the bile acid seques-
rant colesevelam, a quick-release formulation of bro-
ocriptine mesylate, and parenterally administered insulin

nd insulin analogs, amylinomimetics, and incretin mimet-
cs (glucagonlike peptide–1 [GLP-1]) receptor agonists.35-37

The increasing number of antihyperglycemic therapies
as challenged clinicians.11 Recently published treatment
lgorithms provide guidance in agent selection by consid-
ring such factors as the level of glycemia when initiating
reatment, effectiveness in glucose lowering, extraglycemic
ffects, potential synergies obtained by combining agents,
nd established safety profiles. The ADA/EASD writing
roup’s algorithm figure (Figure 2), which is selective in its
se of available treatments, noted that the addition of the
LP-1 receptor agonist exenatide or the TZD pioglitazone
ay be considered as tier 2, step 2 options, especially when

ypoglycemia is a concern. The use of the GLP-1 receptor
gonist exenatide has the additional advantage of being
ssociated with some degree of weight loss.11 The more
ecent AACE/ACE algorithm includes virtually all of the
vailable treatments and provides suggestions about the
linical situations in which the use of certain therapeutic
gents might be particularly useful.8

Dr. Ralph DeFronzo, in his Banting Lecture at the 2008
DA Scientific Sessions, proposed a “pathophysiologic-
ased algorithm,” that might be especially applicable to
eople with diabetes of shorter duration. The algorithm
ecommended lifestyle modifications plus triple pharmaco-
ogic therapy with metformin, a TZD, and exenatide aimed
t an HbA1c goal of �6.0%. DeFronzo provided evidence
uggesting this approach might have a greater likelihood of
roducing durable glycemic control by better preserving
-cell function and mass while having a low risk for hypo-

lycemia and weight gain.38
UMMARY
ype 2 diabetes and obesity, which are both associated with

ncreased CV risk, have emerged as major public health con-
erns. Lifestyle-based interventions, including medical nutri-
ion therapy and appropriately prescribed physical activity are
he cornerstones of diabetes prevention and treatment. How-
ver, many patients who develop type 2 diabetes will require
harmacologic therapy to reach glycemic goals. Most patients
ith type 2 diabetes should be able to achieve desired glycemic

argets by thoughtful application of presently available phar-
acologic agents added to lifestyle interventions.
A number of disease-specific organizations and profes-

ional societies have developed diverse approaches to hy-
erglycemic management, which are detailed in published
uidelines and/or algorithms. Despite some differences,
hese guidelines all advocate the use of an individualized
reatment approach for patients with type 2 diabetes deliv-
red by a team of knowledgeable healthcare professionals.

CKNOWLEDGMENT
thank Jonathan Wert, MD, of BlueSpark Healthcare Com-
unications for providing literature research and editorial

ssistance.

UTHOR DISCLOSURES
he author of this article has disclosed the following indus-

ry relationships:

awrence Blonde, MD, is a member of the Speakers’ Bureau
of Abbott Laboratories, Amylin Pharmaceuticals, Inc., Astra-
Zeneca, Boehringer Ingelheim Pharmaceuticals, Inc., Bristol-
Myers Squibb, Daiichi Sankyo Company, Ltd., Eli Lilly
and Company, GlaxoSmithKline, Halozyme Therapeutics,
LifeScan, Inc., MannKind Corporation, Merck and Com-
pany, Inc., Novartis Corporation, Novo Nordisk, Pfizer,
Inc., Roche, and sanofi-aventis; has worked as a consultant
to Abbott Laboratories, Amylin Pharmaceuticals, Inc.,
AstraZeneca, Boehringer Ingelheim Pharmaceuticals, Inc.,
Bristol-Myers Squibb, Daiichi Sankyo Company, Ltd., Eli
Lilly and Company, GlaxoSmithKline, Halozyme Thera-
peutics, LifeScan, Inc., MannKind Corporation, Merck and
Company, Inc., Novartis Corporation, Novo Nordisk,
Pfizer, Inc., Roche, and sanofi-aventis; serves as a clinical
investigator for Amylin Pharmaceuticals, Inc., Boehringer
Ingelheim Pharmaceuticals, Inc., Eli Lilly and Company,
MannKind Corporation, Merck and Company, Inc., Novo
Nordisk, Novartis Corporation, Pfizer, Inc., Roche, and
sanofi-aventis. His spouse is a stock shareholder of Amylin
Pharmaceuticals, Inc. and Pfizer, Inc. in an account that is
not part of their community property.

eferences
1. Centers for Disease Control and Prevention. National diabetes fact

sheet: general information and national estimates on diabetes in the
United States, 2007. Atlanta, GA: US Dept of Health and Human

Services, Centers for Disease Control and Prevention, 2008.



1

1

1

1

1

1

1

1

1

1

2

2

2

2

2

2

2

2

2

2

3

3

3

3

3

3

3

3

3

S18 The American Journal of Medicine, Vol 123, No 3A, March 2010
2. Mokdad AH, Ford ES, Bowman BA, et al. Prevalence of obesity, diabetes,
and obesity-related health risk factors, 2001. JAMA. 2003;289:76-79.

3. American Diabetes Association. Management. In: Burant CF, ed. Med-
ical Management of Type 2 Diabetes. 6th ed. Alexandria, VA: Amer-
ican Diabetes Association, 2008:33-85.

4. Eeg-Olofsson K, Cederholm J, Nilsson PM, et al. Risk of cardiovas-
cular disease and mortality in overweight and obese patients with type
2 diabetes: an observational study in 13,087 patients. Diabetologia.
2008;52:65-73.

5. American Association of Clinical Endocrinologists Diabetes Mellitus
Clinical Practice Guidelines Task Force. American Association of Clini-
cal Endocrinologists medical guidelines for clinical practice for the man-
agement of diabetes mellitus. Endocr Pract. 2007;13(suppl 1):1-68.

6. Texas Diabetes Council. Glycemic control algorithm for type 2 dia-
betes mellitus in children and adults. Available at: http://www.dshs.
state.tx.us/diabetes/PDF/algorithms/Type%202%20Glycemic%20
Control.pdf. Last update: October 25, 2007. Accessed October 5, 2009.

7. Jellinger PS, Davidson JA, Blonde L, et al, for the ACE/ACCE
Diabetes Road Map Task Force. Road map to achieve glycemic con-
trol: naïve to therapy (type 2). Available at: http://www.medscape.
com/viewarticle559463. Accessed February 8, 2010.

8. Rodbard HW, Jellinger PS, Davidson JA, et al. Statement by an
American Association of Clinical Endocrinologists/American College
of Endocrinology consensus panel on type 2 diabetes mellitus: an
algorithm for glycemic control. Endocr Pract. 2009;15:540-559.

9. Canadian Diabetes Association. Canadian Diabetes Association 2008
clinical practice guidelines. Can J Diabetes. 2008;32(suppl 1):S1-S201.

0. American Diabetes Association. Standards of medical care in diabe-
tes—2010. Diabetes Care. 2010;33(suppl 1)S11-S61.

1. Nathan DM, Buse JB, Davidson MB, et al. Medical management of
hyperglycemia in type 2 diabetes: a consensus algorithm for the ini-
tiation and adjustment of therapy. A consensus statement of the Amer-
ican Diabetes Association and the European Association for the Study
of Diabetes. Diabetes Care. 2009;32:193-203.

2. Hoerger TJ, Segel JE, Gregg EW, Saaddine JB. Is glycemic control
improving in US adults? Diabetes Care. 2008;31:81-86.

3. Funnell MM, Brown TL, Childs BP, et al. National standards for
diabetes self-management education. Diabetes Care. 2010;33(suppl 1):
S89-S96.

4. Joslin Diabetes Center. Joslin’s library: managing your diabetes [Joslin
Website]. Available at: http://www.joslin.org/managing_your_diabetes_
707.asp. Accessed October 5, 2009.

5. American Diabetes Association. Nutrition recommendations and in-
terventions for diabetes: a position statement of the American Diabetes
Association. Diabetes Care. 2008;32(suppl 1):S61-S77.

6. Skyler JS, Bergenstal R, Bonow RO, et al. Intensive glycemic control and
the prevention of cardiovascular events: implications of the ACCORD,
ADVANCE, and VA diabetes trials. A position statement of the Ameri-
can Diabetes Association and a scientific statement of the American
College of Cardiology Foundation and the American Heart Association.
Diabetes Care. 2009;32:187-192.

7. Gerstein HC, Miller ME, Byington RP, et al, for the ACCORD (Action to
Control Cardiovascular Risk in Diabetes) Study Group. Effects of intensive
glucose lowering in type 2 diabetes. N Engl J Med. 2008;358:2545-2559.

8. Patel A, MacMahon S, Chalmers J, et al, for the ADVANCE Collab-
orative Group. Intensive blood glucose control and vascular outcomes
in patients with type 2 diabetes. N Engl J Med. 2008;358:2560-2572.

9. Duckworth W, Abraira C, Moritz T, et al. Glucose control and vascular
complications in veterans with type 2 diabetes. N Engl J Med. 2009;
360:129-139.

0. Qaseem A, Vijan S, Snow V, Cross JT, Weiss KB, Owens DK, for the
Clinical Efficacy Assessment Subcommittee of the American College of
Physicians. Glycemic control and type 2 diabetes mellitus: the optimal
hemoglobin A1c targets. A guidance statement from the American Col-
lege of Physicians. Ann Intern Med. 2007;147:417-422.

1. American College of Physicians Diabetes Initiative. Available at:
https://www.acponline.org/atpro/timssnet/products/tnt_products.cfm?

action�short&product_class�INITDER&PRODUCT_CLASS_
DESCRIPTION�ACP%20Diabetes%20Initiative. Last update: 2008.
Accessed October 5, 2009.

2. Amori RE, Lau J, Pittas AG. Efficacy and safety of incretin therapy in
type 2 diabetes: systematic review and meta-analysis. JAMA. 2007;
298:194-206.

3. Stonehouse AH, Holcombe JH, Kendall DM. Management of type 2
diabetes: the role of incretin mimetics. Expert Opin Pharmacother.
2006;7:2095-2105.

4. Expert Committee on the Diagnosis and Classification of Diabetes
Mellitus. Report of the Expert Committee on the Diagnosis and Clas-
sification of Diabetes Mellitus. Diabetes Care. 1997;20:1183-1197.

5. Nathan DM, Davidson MB, DeFronzo RA, et al. Impaired fasting
glucose and impaired glucose tolerance: implications for care. Diabe-
tes Care. 2007;30:753-759.

6. Nathan DM, Balkau B, Bonora E, et al, for the International Expert
Committee. International Expert Committee report on the role of the A1C
assay in the diagnosis of diabetes. Diabetes Care. 2009;32:1327-1334.

7. Santaguida PL, Balion C, Hunt D, et al, on behalf of the McMaster
University Evidence-based Practice Center. Diagnosis, prognosis, and
treatment of impaired glucose tolerance and impaired fasting glucose.
Evidence report/technology assessment No. 128 (prepared under Con-
tract No. 290-02-0020). AHRQ Publication No. 05-E026-2. Rockville,
MD: Agency for Healthcare Research and Quality, September 2005.
Available at: http://www.ahrq.gov/Clinic/tp/impglutp.htm#Report.
Accessed October 5, 2009.

8. Tuomilehto J, Lindström J, Eriksson JG, et al, for the Finnish Diabetes
Prevention Study Group. Prevention of type 2 diabetes mellitus by
changes in lifestyle among subjects with impaired glucose tolerance.
N Engl J Med. 2001;344:1343-1350.

9. Knowler WC, Barrett-Connor E, Fowler SE, et al, for the Diabetes
Prevention Program Research Group. Reduction in the incidence of
type 2 diabetes with lifestyle intervention or metformin. N Engl J Med.
2002;346:393-403.

0. Chiasson JL, Josse RG, Gomis R, Hanefeld M, Karasik A, Laakso M,
for the STOP-NIDDM Trial Research Group. Acarbose for prevention
of type 2 diabetes mellitus: the STOP-NIDDM randomised trial. Lan-
cet. 2002;15:2072-2077.

1. Gerstein HC, Yusuf S, Holman RR, et al, for the DREAM (Diabetes
REduction Assessment with ramipril and rosiglitazone Medication)
Trial Investigators. Effect of rosiglitazone on the frequency of diabetes
in patients with impaired glucose tolerance or impaired fasting glu-
cose: a randomized controlled trial. Lancet. 2006;23:1096-1105.

2. Torgerson JS, Hauptman J, Boldrin MN, Sjöström L. XENical in the
prevention of diabetes in obese subjects (XENDOS) study. Diabetes
Care. 2004;27:155-161.

3. ACTos NOW for the Prevention of Diabetes (ACT NOW) Study.
Pioglitazone prevents conversion to diabetes among insulin-
resistant patients. Presented at American Diabetes Association
(ADA) 68th Scientific Sessions; June 11, 2008, San Francisco,
CA. Available at: http://www.docguide.com/news/content.nsf/news/
852571020057CCF685257465004F379A. Accessed February 5, 2010.

4. International Diabetes Federation. The high risk approach. [IDF Website.]
Available at: http://www.idf.org/home/index.cfm?unode�
EE870A5F-7E95-425C-B927-77D395036DF6. Last update: 2009. Ac-
cessed October 5, 2009.

5. Alexander GC, Sehgal NL, Moloney RM, et al. National trends in
treatment of type 2 diabetes mellitus, 1994–2007. Arch Intern Med.
2008;168:2088-2094.

6. Sonnett TE, Levien TL, Neumiller JJ, et al. Colesevelam hydrochloride
for the treatment of type 2 diabetes mellitus. Clin Ther. 2009;31:245-259.

7. Scranton RE, Gaziano JM, Rutty D, et al. A randomized, double-blind,
placebo-controlled trial to assess safety and tolerability during treat-
ment of type 2 diabetes with usual diabetes therapy and either cycloset
or placebo. BMC Endocr Disord. 2007;7:3.

8. DeFronzo RA. From the triumvirate to the ominous octet: a new
paradigm for the treatment of type 2 diabetes mellitus [Banting Lec-

ture]. Diabetes. 2009;58:773-795.

http://www.dshs.state.tx.us/diabetes/PDF/algorithms/Type%202%20Glycemic%20Control.pdf
http://www.dshs.state.tx.us/diabetes/PDF/algorithms/Type%202%20Glycemic%20Control.pdf
http://www.dshs.state.tx.us/diabetes/PDF/algorithms/Type%202%20Glycemic%20Control.pdf
http://www.medscape.com/viewarticle559463
http://www.medscape.com/viewarticle559463
http://www.joslin.org/managing_your_diabetes_707.asp
http://www.joslin.org/managing_your_diabetes_707.asp
https://www.acponline.org/atpro/timssnet/products/tnt_products.cfm?action=short%26product_class=INITDER%26PRODUCT_CLASS_DESCRIPTION=ACP%20Diabetes%20Initiative
https://www.acponline.org/atpro/timssnet/products/tnt_products.cfm?action=short%26product_class=INITDER%26PRODUCT_CLASS_DESCRIPTION=ACP%20Diabetes%20Initiative
https://www.acponline.org/atpro/timssnet/products/tnt_products.cfm?action=short%26product_class=INITDER%26PRODUCT_CLASS_DESCRIPTION=ACP%20Diabetes%20Initiative
http://www.ahrq.gov/Clinic/tp/impglutp.htm%23Report
http://www.docguide.com/news/content.nsf/news/852571020057CCF685257465004F379A
http://www.docguide.com/news/content.nsf/news/852571020057CCF685257465004F379A
http://www.idf.org/home/index.cfm?unode=EE870A5F-7E95-425C-B927-77D395036DF6
http://www.idf.org/home/index.cfm?unode=EE870A5F-7E95-425C-B927-77D395036DF6

	Current Antihyperglycemic Treatment Guidelines and Algorithms for Patients with Type 2 Diabetes Mellitus
	FOCAL POINTS OF ANTIHYPERGLYCEMIC TREATMENT GUIDELINES FOR TYPE 2 DIABETES
	Reinforcing the Need for Individualized Treatment Goals
	Reaching HbA1c Goals with Treatment Algorithms
	Unmet Patient Needs with Conventional Antidiabetes Therapies

	GUIDELINES AND ALGORITHMS FOR PREDIABETES
	Keeping Pace with Advances in Research and Therapy

	SUMMARY
	AUTHOR DISCLOSURES
	ACKNOWLEDGMENT
	References


