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T ype 2 diabetes mellitus (T2DM), which accounts for 
approximately 90% to 95% of those with diabetes 
mellitus (DM), is primarily due to insulin resistance 
and relative insulin deficiency.1,2 According to data 

collected by the Centers for Disease Control and Prevention 
(CDC) in 2010, a total of 25.8 million people, or 8.3% of the uS 
population, are estimated to have DM.3 This figure reflects both 
diagnosed (18.8 million) and undiagnosed (7.0 million) cases.3 
Furthermore, 79 million adults over age 20 years were found to 
have “prediabetes,” a condition marked by levels of blood glucose 
or glycated hemoglobin (A1C) that are above normal ranges, 
but not high enough to be classified as T2DM.3 Additional CDC 
statistics indicate that DM is associated with significant morbidity 
and mortality. For example, the risk for death among people with 
T2DM is about twice that of people of similar age without T2DM, 
and T2DM is the seventh-leading cause of death in the united 
States.3 Furthermore, T2DM is the leading cause of kidney failure, 
nontraumatic lower-limb amputations, and new cases of blindness 
among adults in the united States, and is a major cause of heart 
disease and stroke.3

Evidence That T2DM Is Treated Suboptimally

The American Diabetes Association (ADA) has published 
recommendations for glycemic, blood pressure (BP), and lipid 
control for adults with T2DM in its annual Standards of Medical 
Care publication.4 The ADA recommends that A1C should be 
less than 7%, although more or less stringent glycemic goals may 
be appropriate for individual patients. In addition, goals should be 
individualized based on the duration of DM, patient age and life 
expectancy, comorbid conditions, known cardiovascular disease 
(CVD) or advanced microvascular complications, hypoglycemia 
unawareness, and individual patient considerations. BP should 
be less than 140/80 mm Hg; however, higher or lower systolic 
blood pressure targets may be appropriate based on patient char-
acteristics and response to therapy. Regarding lipids, low-density 
lipoprotein cholesterol (LDL-C) should be less than 100 mg/
dL (<2.6 mmol/L) and a lower goal of less than 70 mg/dL (<1.8 
mmol/L) is recommended for individuals with overt CVD, with 
the use of a high dose of statin as an option.4 Data collected 
from the national Health and nutrition examination Survey 
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(nHAneS) from 2003 to 2006 demonstrated a clear lack of 
adherence to these recommendations, with 57.1% of partici-
pants reaching the recommended A1C goal, 45.5% reaching 
the recommended blood pressure goal, 46.5% reaching the 
recommended LDL-C goal, and only 12.2% meeting all 3 
goals.5 Additionally, a CDC analysis of nHAneS data from 
2007 to 2010 showed that 16% of those with diagnosed DM 
were not receiving any pharmacotherapy for the disease.3 
An additional analysis of nHAneS data from 2007 to 2010 
reported the proportion of diabetic patients with A1C values 
over 9% as a function of source of care and insurance status.6 
Study results regarding source of care revealed that patients 
receiving care outside of a hospital, clinic, or physician’s office 
had the highest adjusted prevalence, slightly above 20%, and 
insurance data indicated that the uninsured had the highest 
adjusted prevalence, slightly below 30%, compared with those 
on Medicare, or with public or private insurance.6 It should 
be noted that most of the source of care and insurance status 
categories showed adjusted prevalences of approximately 
10% or greater; however, among the privately insured, 7.2% 
had an A1C over 9%.6 Based on these data, it seems clear 
that T2DM is treated suboptimally; however, the question 
remains as to why this is the case. Several barriers to effective 
DM control have been postulated, including clinical inertia, 

financial issues, cultural issues, adverse effects associated with 
oral agents, the reality that targets of treatment require careful 
adjustment in each individual patient, and issues pertaining to 
the use of insulin such as fear of injections, fear of hypoglyce-
mia, and the complexity of management.

Diabetes Management

There are several classes of therapeutic agents available 
to treat T2DM (table)7-10 and each agent acts on different 
pathways to control hyperglycemia.11,12 For example, sulfo-
nylureas act in the pancreas, stimulating insulin release by 
binding to the sulfonylurea receptors on β-cell membranes.11 
Meglitinides, another class of short-acting insulin secreta-
gogues, are used to control postprandial hyperglycemia and 
also act in the pancreas, stimulating insulin release by binding 
to several sites on β cells.11 Thiazolidinediones (TZDs) are 
selective peroxisome proliferator-activated receptor gamma 
agonists that work in muscle and can also exert effects in the 
liver and adipose tissue and act by reducing insulin resistance 
and decreasing hepatic glucose output.11,12 Alpha-glucosidase 
inhibitors lower postprandial blood glucose concentrations 
by inhibiting disaccharidase enzymes in the gut, thereby 
delaying carbohydrate absorption and retarding glucose entry 
into the systemic circulation.11 Biguanides (metformin) act 

n Table. Medications Used in the Management of Type 2 Diabetes

Drug Class Description/Effects

Sulfonylureas (glipizide, glyburide, glimepiride) Oldest class 
High risk of hypoglycemia (especially glyburide) 
Weight gain common 
Less likely to maintain glycemic control as monotherapy

Meglitinides (nataglinide, rapaglinide) Moderate risk of hypoglycemia 
Some weight gain 
Short acting, take 3 times a day with meals

Metformin Long experience 
GI intolerance 
Very rare lactic acidosis (susceptible patients); cannot use if ↓GFR 
Weight neutral  
Generally recommend as first-line oral agent, if tolerated

Thiazolidinediones (rosiglitazone, pioglitazone) Can cause fluid retention, worsen CHF  
Weight gain common 
Fractures increased (distal arm and foot) 
Bladder cancer

Disaccharidase inhibitors (acarbose, miglitol) Cause increase in intestinal gas—poorly tolerated

Glucagon-like peptide 1 (GLP-1) receptor agonists 
(exenatide, liraglutide)

Can be used with other agents, including insulin 
Weight loss can be substantial

Dipeptidyl peptidase-4 (DPP-4) inhibitors  
(sitagliptin, saxagliptin, linagliptin)

Not associated with weight gain. Well tolerated, with few adverse effects 
Doses adjusted for renal insufficiency for sitagliptin and saxagliptin but not  
  necessary for linagliptin 
Efficacious when used in combination with other oral antidiabetic agents

CHF indicates congestive heart failure; GFR, glomerular filtration rate; GI, gastrointestinal.
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predominantly by reducing hepatic glucose production.7 

Metformin also enhances insulin sensitivity in muscle and 
decreases intestinal absorption of glucose.7,11,13,14 Based on 
their different mechanisms of action, these drugs may be used 
in combination. The dipeptidyl peptidase-4 (DPP-4) inhibi-
tors prevent the enzyme DPP-4 from degrading and inactivat-
ing glucagon-like peptide-1 (gLP-1) and gastric inhibitory 
polypeptide, incretin hormones that are produced in the gut 
and help regulate insulin production and secretion.15 This 
glucose-dependent mechanism targets 2 key defects: insulin 
release and hepatic glucose production (via reduced glucagon 
production). Although some concern has been expressed 
regarding the use of DPP-4 inhibitors and the development 
of pancreatitis, a retrospective cohort study of a large medi-
cal and pharmacy claims database that analyzed data from 
786,656 patients using Cox proportional hazard models dem-
onstrated an increased incidence of acute pancreatitis in dia-
betic versus nondiabetic patients; however no association was 
found between the use of the DPP-4 inhibitors, exenatide or 
sitagliptin, and acute pancreatitis.16 exenatide and liraglutide 
are injectable gLP-1 receptor agonists that exert their anti-
hyperglycemic effects through increasing insulin secretion, 
inhibiting glucagon secretion, and reducing appetite.17

Emerging Novel Therapeutic Class of Antidiabetic 
Drugs: Sodium Glucose Cotransporter 2 (SGLT2) 
Inhibitors

In a review, published in 2012, of novel pharmacologic 
approaches to the treatment of T2DM, Verspohl reviewed 

the reasons why new agents are being actively pursued and 
explained that nearly 1000 compounds have been described, 
approximately 180 of which are already in clinical studies in 
the united States.18 Some of these compounds in develop-
ment would exert an antidiabetic effect by inhibiting the 
sodium glucose cotransporter 2 (SgLT2) in the kidney, 
which plays a critical role in the reabsorption of glucose 
(Figure 1). each day, 180 g of plasma glucose are filtered by 
the kidney and virtually all is reabsorbed into plasma in the 
proximal tubules.19-21 In healthy individuals, virtually all the 
glucose filtered is reabsorbed and glucose does not appear in 
the urine. However, glucose starts appearing in urine once lev-
els exceed the maximum capacity (Tm) of the carrier protein, 
usually corresponding to a plasma glucose level of approxi-
mately 200 mg/dL.21 Hyperglycemia results in hyperfiltration 
of glucose in the kidney in patients with DM, which in turn 
leads to increased luminal glucose that exceeds the maximum 
reabsorption rate, resulting in glucosuria (Figure 2). SgLT2 
inhibitors can act in the kidney to decrease reabsorption and 
increase excretion of glucose (Figure 2).21,22 One of these 
SgLT2 inhibitors, canagliflozin, has recently been approved 
by the uS Food and Drug Administration. In a 26-week, ran-
domized, double-blind, placebo-controlled, phase 3 trial, 584 
adult subjects with T2DM who were inadequately controlled 
with diet and exercise received canagliflozin 100 or 300 mg 
or placebo once daily.23 At week 26, canagliflozin 100 and 
300 mg (compared with placebo) significantly reduced A1C 
from baseline (–0.77, –1.03, and 0.14%, respectively; P <.001 
for both). Additionally, both canagliflozin doses significantly 

n Figure 1. Renal Handling of Glucose in Individuals Without Diabetes19,20
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decreased body weight (P <.001 for both). Regarding safety 
results, the overall incidences of adverse events (Aes) were 
modestly higher with canagliflozin versus placebo. Low and 
similar rates of serious Aes and Ae-related discontinuations 
were reported across groups. In addition, the incidences 
of genital mycotic infections, urinary tract infections, and 
osmotic diuresis–related Aes were higher with canagliflozin, 
although these led to few discontinuations. Lastly, the 
incidence of hypoglycemia was low across groups. The 
study authors concluded that treatment with canagliflozin 
improved glycemic control, reduced body weight, and was 
generally well tolerated in subjects with T2DM inadequately 
controlled with diet and exercise.23 Canagliflozin, as a mono-
therapy, has A1C-lowering abilities of 0.77 to 1.03 percent-
age points depending on dose.23

Natural History of T2DM

Before the manifestation of the metabolic defects that 
lead to T2DM, fasting and postprandial insulin levels are 
similar and constant. In the majority of patients in whom 
T2DM develops, increasing insulin resistance leads to com-
pensatory increases in circulating insulin which prevent an 
increase in glucose levels. As time progresses, the insulin 
resistance reaches a peak and stabilizes, while the compensa-
tory increase in insulin continues to prevent fasting glucose 

levels from becoming abnormal. However, at some point, 
either because of early β-cell dysfunction or because of a 
natural limit of β-cell capacity, challenge of this delicate 
balance with a glucose load may demonstrate that, although 
fasting glucose levels remain normal, postprandial glucose 
levels become abnormal as a limitation in insulin response 
is reached. Following the onset of β-cell dysfunction, insulin 
levels can no longer keep up in overcoming the insulin resis-
tance, and fasting and postprandial glucose levels increase 
progressively over time.24 Based on this pattern, there may be 
a need to add additional drugs or change to insulin to achieve 
adequate glycemic control with longer duration of T2DM.

Treatment Guidelines

Multiple T2DM evidence-based clinical practice guide-
lines or consensus statements describe appropriate goals and 
treatment options for the management of hyperglycemia. 
Such documents have been developed by the ADA,4 ADA/
european Association for the Study of Diabetes (eASD),25 
American Association of Clinical endocrinologists,26 and 
the American College of Physicians.27 The ADA/eASD 
practice guideline25 recommends an individualized, patient-
centered approach to A1C goal setting and states that an 
A1C less than 7% is appropriate for the majority of T2DM 
patients. The more stringent A1C goal of less than 6.5% 

n Figure 2. Renal Glucose Handling21,22
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The threshold Tm(glucose) represents the maximal resorptive capacity of the proximal tubule. Glucose starts appearing in urine once levels exceed the Tm of 
the carrier protein, usually corresponding to a plasma glucose level of approximately 200 mg/dL. Hyperglycemia results in hyperfiltration of glucose in the 
kidney in patients with diabetes mellitus which in turn leads to increased luminal glucose that exceeds the maximum reabsorption rate, resulting in glu-
cosuria. Sodium-glucose cotransporter 2 inhibitors can act in the kidney to decrease reabsorption and increase excretion of glucose.  
Adapted from Marsenic O. Am J Kidney Dis. 2009;53:875-883 and Silverman M, Turner RJ. In: Windhager EE, ed. Handbook of Physiology: Renal 
Physiology. New York: Oxford University Press; 1992:2017-2038.
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has been recommended for younger patients and those who 
have had T2DM for only a short time, have no significant 
CVD, and for whom significant hypoglycemia is not a risk. 
Additionally, a more aggressive, tailored, upfront approach 
to the treatment of T2DM to help patients reach stringent 
goals more quickly in order to prevent the development of 
micro- and macrovascular complications is recommended. 
At the time of diagnosis, metformin and lifestyle interven-
tions are recommended unless specifically contraindicated. 
In highly symptomatic patients or those with markedly ele-
vated blood glucose levels (300-350 mg/dL), consideration of 
insulin therapy is recommended at the outset, with or with-
out additional agents. Furthermore, addition of a second oral 
agent, a glucagon-like peptide-1 receptor agonist, or insulin 
is recommended if A1C targets are not achieved within the 
first 3 to 6 months. The goal of combination therapy is to 
combine the effects of 2 or more drugs to reach the desired 
A1C level. Ideally, one would combine 2 drugs with 2 differ-
ent mechanisms of action, for example, a drug that stimulates 
insulin secretion and a drug that improves insulin sensitivity 
(Figure 3). Some of the most popular combinations are a sul-
fonylurea with metformin, metformin with a thiazolidinedi-
one, and a sulfonylurea with a thiazolidinedione. Three-drug 
combinations or more complex insulin regimens consisting 
of multiple daily doses are also recommended for patients 
who do not achieve target goals on 2-drug therapy.25

Role of Insulin

Insulin therapy in T2DM is indicated for patients with 
significant hyperglycemia at presentation; hyperglycemia 

despite maximal doses of oral agents; decompensation due to 
acute injury, stress, or infection; severe hyperglycemia with 
ketonemia and/or ketonuria; or uncontrolled weight loss.25 
Additionally, insulin is indicated for those patients who are 
undergoing surgery, are pregnant, or have an allergy or serious 
reaction to oral agents.26 When insulin therapy is initiated, it 
is important to be mindful of the basal/bolus concept. Basal 
insulin suppresses glucose production between meals and over-
night, provides nearly constant levels, and should account for 
about 50% of daily needs. Bolus insulin should be used at 
mealtimes (prandially) to limit hyperglycemia after meals. An 
immediate rise and sharp peak occurs at 1 hour with the rapid-
acting analogue insulins.28 Therefore, bolus insulin should 
account for 10% to 20% of the total daily insulin requirement 
at each meal. upon starting basal insulin therapy, patients 
should be continued on oral agent(s) at the same dosage with 
the intention of eventual dose reductions. A single evening 
insulin dose (around 10 u) should be added to the patient’s 
regimen, usually either glargine or detemir; neutral protamine 
Hagedorn insulin may also be used. Dosages can be adjusted 
by patients through the use of self-monitoring of blood glu-
cose (SMBg) and increases should be made weekly as needed. 
For example, an increase of 4 u is appropriate if fasting blood 
glucose (FBg) levels are over 140 mg/dL, and an increase of 
2 u is appropriate if FBg levels are between 120 and 140 
mg/dL. Based on the author’s clinical experience, treatment 
should continue such that an FBg target of 100 to 120 mg/
dL is reached. Advancing from basal to basal/bolus insulin 
is indicated for patients when FBg levels are acceptable but 
A1C remains over 7% and/or SMBg before dinner remains 

n Figure 3. Combination Therapy for Type 2 Diabetes Mellitus7,8
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over 180 mg/dL. usually, mealtime regular or lispro/aspart/
glulisine insulin injections are added to once-daily glargine/
detemir. Regarding oral agent usage, sulfonylureas are usually 
stopped, but metformin can be continued for weight control 
and TZDs can be continued for glycemic stability (unless 
the patient has cardiovascular risk factors). Ideally, insulin 
treatment should mimic physiologic insulin levels; several 
insulin analogues with pharmacodynamic profiles that more 
closely mimic prandial and basal insulin profiles have been 
developed over the past 15 years.28,29 

 
Factors Influencing Therapeutic Choices

A variety of factors should be considered when mak-
ing therapeutic choices for patients with T2DM. Medical 
needs and treatment goals such as A1C level and distance 
from target, postprandial glycemia, and costs (immediate vs 
long-term savings from decreased complications) should be 
taken into account. In addition, safety issues, particularly 
with regard to hypoglycemia, are important. Furthermore, 
the need for flexibility in the treatment program is essential. 
Several patient characteristics should be taken into account 
with respect to insulin use, including intellect and judg-
ment, psychosocial and cultural considerations, and physical 
capabilities and limitations; other medical conditions and 
issues relating to the use of other noninsulin medications 
also require careful attention. Lastly, it is reasonable to set 
less intensive target goals for patients with advanced DM 
complications, life-limiting comorbid illness, or cognitive or 
functional impairment.

Summary

T2DM is a progressive, life-threatening disease char-
acterized by the dysregulation of glucose homeostasis, 
resulting in hyperglycemia. There is ample evidence that 
patients are being treated suboptimally despite an array of 
treatment options and guideline recommendations. Agents 
that act on organs not traditionally targeted, such as SgLT2 
inhibitors, may represent a new approach to treatment. The 
role of insulin is also critically important and knowledge 
of when and how to use insulin can impact the quality of 
patient care.
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