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An Overview of Management Issues in Adult Patients with
Type 2 Diabetes Mellitus
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Abstract
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Despite some progress in reducing the rate of diabetic complications, the epidemic rise in incidence of diabetes
mellitus ensures that there will be an increasing number of patients in the coming decades with complex health
care management issues who will need efficient and effective care. The management of patients with
diabetes is an ever-challenging endeavor attributable to several factors. These include, among others, (1) limited
provider expertise, (2) decreasing time of a patient visit, (3) increasing complexity of drug management,
(@) limited use of self-monitoring of blood glucose by patients and/or providers, (5) clinical inertia, and
(6) nonadherence. Technology-driven innovative solutions, including those using virtual reality, are desperately
needed to assist both patients and their providers in overcoming the exigencies of this protean disease.

Introduction

This overview of management issues of type 2 diabetes
mellitus (T2DM) is meant to provide a snapshot of the
challenges confronting both the provider and patient
to those with a limited knowledge of endocrinology
and/or diabetology. From the outset, it is important
to recognize that, to manage diabetes effectively and
efficiently, a partnership between medical professionals
and their patients (along with their caregivers) must be
created. Each participant in this partnership has unique
challenges, not the least of which is due to the limited
amount of time and resources that can be devoted to
this complex illness. Appropriate use of technology
is likely to provide tools to help overcome some of
these challenges.

Epidemiology

Diabetes prevalence is increasing at an alarming rate in
the United States as well as worldwide. Depending on
the criteria used to define diabetes [e.g., fasting blood
glucose (BG) level, the BG level 2-hour postglucose,
hemoglobin Alc (AIC), or some combination of these],
the number of people with diabetes in the United States
is between 20 and 27 million (with approximately 15%
of those undiagnosed), which is a prevalence of 10-13% of
our population.! In China, there are 93 million adults
with diabetes’* The number of persons with diabetes in
the United States has approximately tripled since 1980.
The burden of diabetes is not equally distributed among
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ethnic groups, age, and gender. For example, the prevalence
of diabetes is 30% in Hispanic men aged 65-74 years,
whereas it is only 10% in white men 45-64.%> The lifetime
risk of developing diabetes is over 50% in Hispanic
women compared with 32% in white women.*

Complications of Diabetes and Their Cost

The complications of diabetes are divided into those that
are primarily microvascular (retinopathy, nephropathy,
and neuropathy) or macrovascular (heart attacks, strokes,
and peripheral vascular disease). This division is quite
arbitrary since many of the complications are multi-
factorial. Diabetes is the leading cause of blindness,
nontraumatic amputations, and renal failure in adults
and reduces life expectancy by 5-10 years, mainly
due to the increase in cardiovascular events and
cardiovascular deaths. Blindness is the result of one
or more of the following ophthalmological disorders:
retinopathy, premature cataract formation, and glaucoma.
The retina is the most vascular region of the body
because of the high oxygen demands required to convert
light into electrical energy by the rods and cones.
Chronic hyperglycemia causes microvascular damage
to the retinal vessels through a variety of mechanisms
too complex to discuss here. However, the end result is
vascular permeability causing edema and/or hemorrhage
into the retina or the vitreous humor. Up to 20% of
newly diagnosed diabetes patients already have evidence
of retinopathy, suggesting that their dysglycemia began
years earlier> A yearly dilated eye examination by an
eye care professional or a retinal photograph can detect
early retinopathy and lead to preventative interventions
such as laser photocoagulation treatment. Amputations
are the result of both diabetic neuropathy and peripheral
vascular disease. The neuropathy leads to loss of protective
sensation in the feet, which become prone to callous
formation, ulceration, and other injury. This, in turn,
leads to infection of the skin (cellulitis) and/or bones
of the foot (osteomyelitis) and gangrene. The peripheral
disease associated with chronic hyperglycemia prevents
adequate oxygenation of injured tissues and precludes
wound healing. Renal failure or end-stage renal disease
is preceded by years of declining renal function
(nephropathy), which is mostly asymptomatic. The earliest
manifestation of nephropathy is the presence of minute
amounts of urinary protein (microalbumin), which is
not detectable on routine urinalysis but can only be
detected by specific testing. Early detection engenders
the institution of measures that can prevent progression
of the nephropathy, but this often is overlooked, because
many providers are unaware of the lack of the sensitivity

of the routine urinalysis in detecting microalbuminuria.
Cardiovascular events (heart attacks and strokes) are
arguably the most serious complications of diabetes,
leading to a considerable morbidity and a shortened life
expectancy. Detection of cardiovascular disease in
asymptomatic patients is difficult, expensive, and often
invasive (cardiac catheterization). Prevention of premature
cardiovascular events involves complex interactive
treatments with antihypertensives, lipid-lowering agents,
and routine low-dose aspirin administration.

Given this information, it is not surprising that the
direct ($116 billion) and indirect ($68 billion) costs of
diabetes care have dramatically increased along with
the epidemic increase in the number of those with
diabetes since 2000.° The cost of medical care per capita
is approximately $10,000 per year compared with $2700
per year for those without diabetes. The vast majority
of these costs are related to hospitalizations resulting
from the chronic complications of diabetes, with only
approximately 15-20% of the costs attributable to
professional visits and pharmaceuticals.

Prevention of Diabetic Complications

The Diabetes Control and Complications Trial performed
in patients with type 1 DM (T1IDM) and the United
Kingdom Prospective Diabetes Study along with
the “Kumamoto” study done in patients with T2DM
conclusively proved that improved glycemic control was
important in reducing microvascular complications.””
Together, these studies showed that, for every 1% decrease
in A1C—a measure of the average BG over the preceding
2-3 months—there is a 25% decrease in microvascular
complications. Based on these studies, various organizations
have developed guidelines for a target AIC. The American
Diabetes Association (ADA) recommends that the goal
for A1C should be below 7% (normal 4-6.1%),° and
the American Association of Clinical Endocrinologists
recommends that it should be below 6.5%,"" corresponding
to average BG values of 150 and 135 mg/dl, respectively
(normal 70-126 mg/dl). Since 2000, the major professional
organizations have recognized that there needs to
be some individualization of goals for patients with
diabetes based on factors such as age, life expectancy,
and the presence of complications. The Veterans Health
Administration/Department of Defense guidelines stratify
goals from 7% to over 8%, according life expectancy
and the presence/severity of diabetic complications.!?
Furthermore, years of improved glycemic control appear
to have a legacy effect and not only reduce the future
rate of microvascular complications, but also decrease
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the incidence of macrovascular complications in both TIDM
and T2DM."*" These studies and their implementation
by diabetes care providers are likely to be an important
reason that the complication rates have fallen. For example,
in the years from 1995 to 2006, the rate of end-stage renal
disease fell from 311 to 206 per 100,000 persons, visual
impairment fell from 24% to 19%, and cardiovascular
disease fell from 36.6% to 314% of patients with diabetes.?
Several studies have shown that improved glycemic
control is cost-effective in both TIDM and T2DM despite
the increase in cost of supplies, a greater number of
clinic visits, and more pharmaceuticals used.’>

Difficulties in Diabetes Management

Despite increased numbers of drugs for the treatment
of diabetes and its co-morbidities of hypertension and
hyperlipidemia and the increased accessibility, affordability,
and accuracy of BG meters, glycemic control remains
suboptimal in most patients. In fact, 42.3% of patients
with DM have Al1Cs over 7% according to 2004 National
Health and Nutrition Examination Survey data, although
there appears to be an improving trend.”> Moreover, only
12% of patients have achieved the combined goals of A1C
below 7%, blood pressure less than 130/80 mm Hg, and
low-density lipoprotein (LDL) cholesterol below 100 mg/dl1.2?

The burden of this treatment failure in T2DM is profound
since it inevitably causes the development or progression
of microvascular and macrovascular complications.
The reasons why more patients do not reach appropriate
goals for glycemic control are multiple and complex.
They include, but are not limited to, (1) limited provider
expertise, (2) limited time to evaluate a patient properly,
(3) complexity of drug management, (4) lack of use of
self-monitoring of blood glucose (SMBG) by patients
and/or providers, (5) provider clinical inertia, and
(6) patient nonadherence.

Limited Expertise

Patients with diabetes, with their comorbidities of
hypertension and hyperlipidemia, are best monitored
by highly skilled health care professionals who are
equipped with the latest information to help ensure early
detection of complications and appropriate treatment and
to provide diabetes education to patients. Due to a dearth
of endocrinologists and certified diabetes educators in
both military and civilian health care settings,® most
diabetes care is administered by primary care providers
(PCPs), including family practitioners, nurse generalists,
nurse practitioners, and physician’s assistants. These health

care professionals might not be equipped with the latest
information and tools to provide state-of-the-art care to
the vast majority of patients with diabetes.

Limited Time

Reviewing SMBG data is an important part of any
medical visit of a patient with diabetes. Yet it is just one of
many tasks that a typical PCP accomplishes in a day.**
This limits the amount of time they have to spend with
patients—10 minutes is the norm. The potential utility
of SMBG data is thus mitigated because reviewing the
data is both time-consuming and complex. Data may be
reviewed manually from a hand-written log, or the meter
is downloaded to the provider’s computer. Manual review
of the records precludes any statistical and graphical
analysis of the data, reducing the likelihood that
patterns and trends in the glucose will be recognized.
Graphical/statistical display of downloaded data is more
efficient but has its own set of barriers. There are dozens
of meter manufacturers, and each manufacturer has
its own proprietary software for data analysis and its
own unique method for downloading data in the office
or from the patient’s home. This requires a multiplicity of
connecting cables and desktop programs for the provider’s
computer. These considerations, along with the complex
health issues that accompany even routine diabetes
care, contribute to therapeutic inertia. Using technology
for health care—alternately referred to as telemedicine,
e-health, m-health, or i-health—has the potential for
improving efficiency and efficacy, but that has yet to
be convincingly documented. Although many studies
have trumpeted the potential advantages of telemedicine,
including Web-assisted or Web-based management of
DM, most have addressed this using the Web for patient
education, performance monitoring, risk stratification, and
case management by nurses*?® Only a few studies have
shown that using the Web and/or email improves glycemic
control®* or can reduce the number of clinic visits,
while others have not been able to show such an effect.®>%

Complexity of Drug Management

While lifestyle modification is the foundation of treatment
for all patients with diabetes, over 85% of patients are
managed pharmacologically® In addition, most patients
with T2DM have several comorbid conditions, the most
common of which are hypertension and hyperlipidemia.
So the typical patient takes a minimum of five and up to
nine medications in support of better diabetes outcomes—
low-dose aspirin for prophylaxis against thrombosis, an
angiotensin-converting enzyme inhibitor or angiotensin
receptor blocker for treatment of hypertension and/or
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prevention of nephropathy, a lipid-lowering agent like
a statin for treatment of hypercholesterolemia and/or
prevention of macrovascular disease, and two oral
hypoglycemic agents. There are not only potential drug-
drug interactions among these drug classes, but also
among them and the other drugs patients take for
other acute or chronic illnesses. It is also not surprising
that medication adherence rates in these patients is
low—another important factor complicating the ability
to acheive glycemic control. While electronic medical
records (EMRs) and computerized physician ordering
entry (CPOE) systems can provide alerts to the most
dangerous and/or well documented of these, there are
undoubtedly many that occur that reduce efficacy and
compliance as well as increase adverse effects. Currently,
EMRs and CPOE systems are only available to the
minority of PCPs who practice in large groups, clinics,
or hospital-based practices. Incentives in the Health Care
Reform Act for EMRs to be incorporated into all practices
have the promise to improve this situation.

Lack of Use of Self-Monitoring of Blood Glucose

Self-monitoring of blood glucose is associated with
improved glycemic control and adverse outcomes in
both TIDM and in T2DM. The ADA recommends
SMBG 3-4 times a day for patients with TIDM and at
least once a day for pharmacologically treated T2DM.
Each additional BG measurement results in a decrease
A1C of 0.32%,%* and there is a lower rate of fatal and
nonfatal cardiovascular events in those who monitor.%
In a survey of 44,181 pharmacologically treated diabetes
patients in California, 60% of TIDM patients and 67%
of T2DM patients performed SMBG less frequently than
is recommended by the ADA.* Despite this evidence
showing the positive impact of SMBG, compliance
with SMBG remains suboptimal, perhaps because no
actionable advice is associated with its use. As discussed
earlier, providers have little time to review the data.

Clinical Inertia

There is great inertia among those providers caring
for patients with diabetes as demonstrated by the
observation that switching to another agent or adding a
second oral agent takes over 20 months in patients with
inadequate glycemic control (A1C =28%).” This results in
the average patient accumulating nearly 5 AIC years of
excess glycemic burden of >8.0% from diagnosis until
starting insulin and approximately 10 AlC years of burden
of >70% . One of the reasons for this inertia is that there
are 10 classes of diabetes drugs (most of which have
been introduced since 1995), with multiple drugs in each

class. In fact, a total of 25 different agents can be used in
monotherapy. Each drug in a class may affect one or
more of the major pathophysiological abnormalities in
T2DM: excessive glucose influx, increased hepatic glucose
output, decreased insulin secretion, and decreased
peripheral glucose uptake because of insulin resistance
(Figure 1). There are 45 rational and U.S. Food and Drug
Administration-permissible combinations that can be
used in dual therapy and up to 120 combinations in
triple therapy.

Clinical inertia is a powerful force given the complexities
of glycemic management, the uncertainty about what
to do next, and the need to perform the required
components of diabetes care, such as addressing hyper-
tension, hyperlipidemia,® and the often-heard statement
in the patient in the exam room: “Oh, by the way,
I've been having a problem with...”. This problem
must be addressed and, assuming there are not life-
threatening episodes of hypo- or hyperglycemia, it is
easy to say, “Just try a little harder with your diet and
exercise regimen, and we’ll address the sugars when
you return in 3 months.” In addition to difficulties in
reaching glycemic goals, providers have to manage the
important comorbidities of diabetes such as hypertension
and hyperlipidemia. They may not be familiar with the
blood pressure and/or lipid goals in diabetes, or they
may be reluctant to change and/or add antihypertensive
medications as frequently as is necessary to reach
established goals as was seen in a study of patients at
clinics in the Veterans Health Administration.*

Reduce hepatic glucose output Reduce glucose absorption

Acarbose (Precose®)
Miglitol (Glyset®)

Metformin (Glucophage®)
Exenatide (Byetta®)
Liraglutide (Victoza®)
Sitagliptin (Januvia®)
Saxagliptin (Onglyza®)

BLOOD
GLUCOSE LEVEL

Pioglitazone (Actos®)
Rosiglitazone (Avandia®)

Increase insulin sensitivity Increase insulin secretion

Glipizide (Glucotrol®)
Glyburide (Glynase®)
Nateglinide (Starlix®)
Repaglinide (Prandin®)
Exenatide (Byetta®)
Liraglutide (Victoza®)

Pioglitazone (Actos®)

Rosiglitazone (Avandia®)

Sitagliptin (Januvia®)
Saxagliptin (Onglyza®)

Figure 1. Drug effects on the major factors controlling ambient BG.
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Patient Nonadherence

About one-third of patients with diabetes are nonadherent
to their medications—a compliance rate that is lower
than in many other medical conditions.* Nonadherence
negatively affects outcomes. For instance, Pladevall and
colleagues® found that nonadherent patients had an
AIC 0.5% higher than those who were adherent to their
metformin and a LDL that was 21 mg/dl higher than
those who were adherent to a statin drug. Krapek and
associates® found 27% of patients who were prescribed
at least one diabetic medication were nonadherent,
which resulted in a 10% higher AIC. In a Hispanic
population, there was a 36% prevalence of nonadherence
with diabetes medication usage, which was associated
with a 66% increase in diabetes-related deaths.*!
Nonadherence is a complex phenomenon that may be,
in part, the result of the polypharmacy often required to
treat hyperglycemia and the frequent comorbid conditions
of hypertension and hyperlipidemia. In some respects,
this mirrors the provider’s difficulty in understanding
his/her patient’s adherence rate when prescribing, renewing,
and assessing these complex regimens.*> Reach® has
suggested that adherence may be improved by using
technology to provide rewards to the patient, e.g., less
hypoglycemia using continuous glucose monitoring, and
as a way to open up a conversation between the patient
and the provider.

Summary

Effective diabetes management still remains an elusive
goal for most providers and their patients. While the
issues reviewed here represent important barriers to
achieving that goal, there are many others not discussed
that also have key impacts on a patient’s ultimate health.
These include psychosocial issues (including depression
and lack of motivation), access to and the cost of care
(including medication and visit pay), ethnic disparities
in care provision, and cultural divides in accepting
advice from traditional health care professionals, among
others. Thus it is unreasonable to expect that the next
new “wonder drug” will be the silver bullet that cures
this complex disease. Rather, such pharmacologic
breakthroughs will be only one “tool” in the “ubiquitous
health tool kit” that will be used by the partnership
forged between patients and multidisciplinary health
care teams. This partnership will need novel technology-
driven methods for communication and motivation
along with more traditional medical and educational
approaches to improve long-term outcomes in patients
with diabetes.

Disclaimer:

The opinions expressed in this article reflect the personal views of
the author and not the official views of the United States Army or
the Department of Defense.
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