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Introduction
In the United States, the costs of diabetes mellitus are increasing. The cost of medical care
for people with diagnosed diabetes increased from $1 billion per year in the 1970s to $116
billion per year in 2007. (1,2) Although people with diabetes comprise <6% of the U.S.
population, approximately one in five health care dollars is spent caring for people with
diabetes. (2) In 2007, the annual per capita health care expenditure for a person with
diabetes was $11,700 and for a person without diabetes was $2,900. (2) The unadjusted per
capita cost ratio for a person with diabetes compared to one without diabetes is 4.0. (2)
People with diabetes are older than people without diabetes and health care costs increase
with age, but even after adjusting for age, the per capita cost ratio is 2.3. (2)

Healthy lifestyle interventions for the general population and intensive lifestyle and
medication interventions for high-risk individuals present opportunities for diabetes
prevention. The entire population is at risk for diabetes. One in three Americans born today
will develop diabetes over his or her lifetime. (3) To prevent diabetes, everyone in the
population should be encouraged to eat a healthy diet, be physically active, and maintain an
optimal weight. This approach, termed primordial prevention, seeks to address the
underlying causative risk factors for disease by changing environmental conditions and
social values to encourage positive health behaviors among children, adolescents, and young
adults. Observational studies have suggested that both favorable and unfavorable changes in
lifestyles are related to population level changes in disease burden. (4) Unfortunately, a
recent large clinical trial of a school-based intervention program that involved changes in the
schools’ food service environment and gym programs, and behavioral interventions to
support healthy diet and physical activity at home had only a modest impact on risk factors
for type 2 diabetes. (5)
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More intensive, targeted interventions are appropriate for individuals who are at higher risk
for diabetes including people who are older, obese, or who have impaired fasting glucose
(IFG), impaired glucose tolerance (IGT), or HbA1c levels indicative of increased risk for
future diabetes. This approach, termed primary prevention, includes screening to identify
high risk individuals and both intensive lifestyle interventions that may entail substantial
costs and/or the use of medications that incur costs or may in fact cause harm. Randomized,
controlled clinical trials from Asia, Europe, and North America have demonstrated that
treating people who have glucose intolerance with intensive lifestyle interventions or
medications can delay or prevent the development of type 2 diabetes. (6–11) In this article,
we describe the costs of glucose intolerance and diabetes, the impact of glucose intolerance
and diabetes on quality-of-life, and the cost-effectiveness of screening and primary
prevention interventions for diabetes prevention.

The costs of glucose intolerance and diabetes
The costs of medical care increase along the continuum from normal glucose tolerance to
glucose intolerance to diabetes mellitus to diabetes with complications. Compared to age-
and sex-matched people without a future diagnosis of diabetes, people destined to develop
diabetes experience increased medical costs for several years before the clinical diagnosis of
diabetes mellitus. (12) Costs accelerate in the three years before diagnosis and in the final
year before diagnosis, costs are nearly twice those of the previous year. (12) For several
years before diagnosis, annual pharmacy costs are significantly greater for people who will
develop diabetes, primarily related to the use of antihypertensive agents, antihyperlipidemic
medications, and other cardiovascular drugs. (12) Outpatient costs for those destined to
develop diabetes also increase gradually in the years before diagnosis and increased
substantially in the year prior to diagnosis. (12) Although more variable, inpatient costs are
also higher and account for the majority (53%) of the total additional costs. (12)

Studies that have examined costs of care in patients with IFG, IGT, or both compared to
those with normal glucose tolerance have confirmed this finding. Mean annual direct
medical costs are higher in persons with isolated IFG, isolated IGT, and both IFG and IGT
compared to normoglycemic patients. (13) In general, differences are driven by inpatient
costs. Microvascular complications add almost $1,900 and macrovascular complications add
almost $3,900 to the annual age- and sex-adjusted per person medical costs of people with
glucose intolerance compared to normoglycemic controls. (14)

The costs of medical care for people with diabetes are still higher than for people with
normal glucose tolerance or glucose intolerance. In 2008, the American Diabetes
Association published a cost-of-illness study to quantify the economic burden of diabetes.
(2) The direct medical cost of diabetes (costs related to the treatment of diabetes, its
complications and comorbidities, and general medical care) in the U.S. in 2007 was
estimated to be $116 billion. The largest proportion of direct medical costs was incurred by
people 65 years of age and older (56% of total direct medical costs). Thirty-five percent of
total direct medical costs were incurred by people 45–64 years of age and 9% by people <45
years of age. The largest components of direct medical costs were for hospital inpatient care
and nursing home care (56% of total direct medical costs). Lesser proportions went to
pharmacy and supplies (24% of direct medical costs) and outpatient care (20% of direct
medical costs). What can be inferred from the ADA's descriptive cost analysis is that much
of the direct medical cost of diabetes is incurred by older patients with long standing
diabetes and is attributable to long-term complications and comorbidities requiring hospital
or nursing home care.
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Additional studies have confirmed that a substantial proportion of the costs of diabetes arise
from treating long-term complications, particularly cardiovascular and renal disease. (15)
Per person costs increase over baseline by more than 50% after initiation of cardiovascular
drug therapy (antihypertensives, antihyperlipidemics, digoxin, and antianginal medications)
and/or co-management by a cardiologist. Costs increase by 360% after a major
cardiovascular event such as stroke, myocardial infarction, revascularization procedure, or
hospitalization for congestive heart failure. Abnormal renal function also increases the costs
of diabetes care. (15) Microalbuminuria is associated with a 65% increase in costs, renal
insufficiency (defined by estimated glomerular filtration rate <50 ml/min on at least 2
separate occasions) with a 195% increase, and end-stage renal disease (defined as long-term
hemodialysis or renal transplantation) with a 771% increase in costs.

We have modeled cross-sectional data from a large population with type 2 diabetes to
estimate the annual direct medical costs of care for people with glucose intolerance,
diabetes, and diabetes with complications and comorbidities. (16) Figure 1 illustrates the
annual direct medical costs for a man as he might progress from impaired glucose tolerance
to diabetes to diabetes with complications and comorbidities. With progression from
impaired glucose tolerance to diabetes treated with diet and exercise alone, to diabetes
treated with an oral agent, to diabetes with complications and comorbidities, costs increase
exponentially.

The costs of diabetic complications generally increase as a function of duration of diabetes.
(17) In an analysis that used a simulation model to project the lifetime costs of
complications resulting from type 2 diabetes in the U.S., macrovascular disease was the
earliest and the largest cost component of the complications of diabetes, accounting for 85%
of the cumulative cost of complications over the first 5 years and 52% of the costs over 30
years of diabetes. Microvascular and neuropathic complications contributed only about 15%
to the cost of complications in the first 5 years of diabetes. They were, however, more
important contributors to the late costs of type 2 diabetes. At 30 years duration of diabetes,
nephropathy accounted for 21% of the costs of complications, neuropathy 17%, and
retinopathy 10%. These results suggest that interventions to delay or prevent the
development of diabetes have the potential to reduce the economic burden of cardiovascular
comorbidities and delay or even prevent the costs of microvascular and neuropathic
complications.

The quality-of-life impact of glucose intolerance and diabetes
In health-economic analyses, quality-of-life is assessed with the health-utility score where
1.0 represents perfect health and 0 represents health states equivalent to death. Scores are
assigned to reflect the public’s preference for each health state. In general, quality-of-life
decreases along the continuum from normal glucose tolerance to glucose intolerance to
diabetes to diabetes with complications. A large portion of the decrement in quality-of-life
associated with glucose intolerance compared to normal glucose tolerance appears to be
related to obesity. A study of health-utility scores in an obese cohort (mean BMI 41.8 ± 6.7
kg/m2) compared to an age- and sex-matched non-obese cohort demonstrated lower mean
utility scores in the obese group for each age category. (18) In another study of patients ≥45
years of age, health-utility scores were lower in obese patients (BMI ≥30 kg/m2) than in
normal weight patients (BMI 18.5 - <25 kg/m2) even after controlling for patient
characteristics (age, sex, and smoking status) and comorbidities (asthma, diabetes, stroke,
heart disease, pain, arthritis, and cancer). (19)

In a study of health-utility scores in people without and with type 2 diabetes, BMI was lower
for patients without diabetes (27.2 ± 5.1 kg/m2) compared to those with type 2 diabetes
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(28.9 ± 5.7 kg/m2). (20) In both the nondiabetic and type 2 diabetic patients, health-utility
scores were correlated with BMI and decreased with increasing BMI category (normal,
overweight, obese, and extremely obese). (20) The rate of change of utility scores
attributable to BMI were not significantly different between groups even after adjusting for
other known confounding factors. (20) This suggests that both obesity and diabetes have a
significant negative effect on health utility scores.

Studies have also documented decrements in health utility scores for individuals with
diabetes-related complications and comorbidities. In the United Kingdom Prospective
Diabetes Study (UKPDS), diabetic subjects with microvascular complications had slightly,
but not significantly lower health utility scores than diabetic patients without complications,
and diabetic patients with macrovascular complications had significantly lower health utility
scores than those without complications. (21) Among Dutch type 2 diabetic patients, older
age, female sex, obesity, insulin therapy, and the presence of complications were associated
with lower health utility scores. (22) Among Swedish patients with diabetic foot
complications, those with foot ulcers and major amputations had lower health utility scores
than those with primary healed ulcers. (23)

A recent study of health-related quality-of-life in patients with type 2 diabetes found that
major diabetes-related comorbidities including stroke and/or transient ischemic attack,
hospital admission for unstable angina, myocardial infarction, and peripheral
revascularization and/or amputation had a major impact on utility scores. (24) More minor
diabetes-related comorbidities and complications like currently treated hypertension and
diabetic eye disease had a lesser impact. (24)

We have modeled cross-sectional data from a large population with type 2 diabetes to
estimate health utility scores for people with glucose intolerance, diabetes, and diabetes with
complications and comorbidities. (25) Figure 2 illustrates the health-utility scores for a man
as he might progress from impaired glucose tolerance to diabetes to diabetes with
complications and comorbidities. With progression from impaired glucose tolerance to
diabetes treated with diet and exercise, to diabetes treated with an oral agent, to diabetes
with complications and comorbidities, there is a progressive stepwise decrement in health-
utility scores.

Cost-effectiveness analysis
Cost-effectiveness analysis is a tool that compares the costs and outcomes obtained with
alternative treatments and shows the difference in cost per unit of health outcome obtained.
(26) It shows the economic trade-offs of one treatment strategy compared to another and
provides a measure of the value obtained with alternative treatment strategies for the money
spent. (26) There are three types of economic analyses that explicitly compare costs and
outcomes. (26) They differ in how outcomes are expressed. In cost-benefit analysis,
outcomes are expressed in financial terms (dollars). A limitation of cost-benefit analysis is
that it is often difficult to ascribe financial value to clinical outcomes such as disease,
disability, and death. In cost-effectiveness analysis, outcomes are expressed in usual clinical
terms such as cases of disease, complications, or comorbidities prevented, or years of life
gained. A limitation of cost-effectiveness analysis is that analyses that report different
clinical outcomes cannot be directly compared. A third type of analysis that addresses the
limitations of both cost-benefit and cost-effectiveness analyses is cost-utility analysis. In
cost-utility analysis, the outcome is expressed with a standardized metric, the quality-
adjusted life-year (QALY), that can be compared across disease states. The QALY assesses
both quality-of-life and length of life. QALYs are calculated as the sum of the product of the
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utility-score for each health state times the years of life that an individual lives in each
health state.

In general, cost-utility analyses are most appropriate for comparing interventions in health
and medicine. (26) The cost-utility of an intervention compared with usual care is defined as
the difference in cost divided by the difference in health outcomes associated with the two
approaches to treatment. The difference in cost is calculated as the cost associated with the
intervention minus the cost associated with usual care and the difference in health outcomes
is calculated as the QALYs accrued with the intervention minus the QALYs accrued with
usual care. This measure, termed the incremental cost-effectiveness ratio (ICER), provides a
measure of the value obtained for the money spent.

The cost-utility of diabetes prevention
The cost-utility of diabetes prevention is influenced by the costs and quality-of-life
associated with the alternative interventions, the effectiveness of the interventions in
delaying or preventing the development of diabetes and its microvascular and neuropathic
complications, the impact of the interventions on cardiovascular risk factors and
cardiovascular disease, the long-term safety of the interventions, and the costs and quality of
life associated with the achieved health outcomes.

In the Diabetes Prevention Program (DPP), a variety of strategies were used to identify and
recruit high risk patients. The lifestyle intervention involved a healthy, low-calorie, low-fat
diet and moderate physical activity, such as brisk walking. The lifestyle intervention was
implemented with a 16-lesson core curriculum covering diet, exercise, and behavior
modification that was taught by case managers on a one-on-one basis, followed by
individual sessions (usually monthly) and group sessions with case managers. The
metformin and placebo interventions were initiated at a dosage of 850 mg once a day. At 1
month, the dosage of metformin or placebo was increased to 850 mg twice daily. Case
managers reinforced adherence during individual quarterly sessions. All participants
received standard lifestyle recommendations through written information and an annual 20-
to 30-minutes individual session that emphasized the importance of a healthy lifestyle.

The potential value of interventions to prevent diabetes can be best understood by reviewing
the DPP Research Group’s simulation of the impact of intensive lifestyle intervention and
metformin on the lifetime incidence of diabetes among high risk persons with IGT (Figure
3). (27) If the entire DPP cohort were treated with the placebo intervention, approximately
50% would develop diabetes within 7 years. In contrast, it would take approximately 18
years for 50% of intensive lifestyle intervention-treated participants to develop diabetes and
10 years for 50% of metformin-treated participants to develop diabetes. Thus, compared
with the placebo intervention, the lifestyle intervention delays the onset of diabetes by 11
years and the metformin intervention delays the onset of diabetes by 3 years. Over a
lifetime, 83% of participants treated with the placebo intervention would develop diabetes as
compared to 63% of those treated with the intensive lifestyle intervention and 75% of those
treated with the metformin intervention. Thus, compared to the placebo intervention, the
intensive lifestyle intervention reduces the absolute risk for developing diabetes by 20% and
the metformin intervention reduces the absolute risk for developing diabetes by 8%. Since
the risk of microvascular and neuropathic complications of diabetes, and to a lesser degree,
the macrovascular complications of diabetes occur as a function of duration of diabetes (17),
delaying the onset and preventing the development of diabetes substantially reduce the
negative quality of life impact of diabetes treatment and the cost of both complications and
comorbidities.
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A number of investigators have assessed the cost-effectiveness of lifestyle and/or medication
interventions compared to usual care for the primary prevention of type 2 diabetes. (27–33)
A prospective economic analysis conducted by the DPP Research Group estimated that case
finding cost approximately $140 per subject randomized. (34) The lifestyle intervention for
diabetes prevention cost approximately $1,400 per person in its first year and approximately
$700 per person per year thereafter. (34) Another analysis of a community-based lifestyle
intervention program implemented through Young Men’s Christian Associations (YMCA)
found that the cost of the intervention was substantially less, approximately $300 per person
per year. (35) The average wholesale price of metformin at the dose used in the DPP was
approximately $300 per year. (34) The cost of acarbose as used in the Stop-NIDDM Trial
was approximately $1,400 per person per year (32) and the cost of rosiglitazone as used in
the DREAM trial was approximately $2,000 per person per year. It is important to note,
however, that metformin is now available as a generic medication and acarbose and
thiazolidinediones will become generic. The usual cost of a generic medication is
approximately 25% that of the brand medication cost. (27)

With respect to quality of life, the DPP Research Group demonstrated that quality of life is
better with the intensive lifestyle intervention compared to metformin or usual care, and no
different with metformin relative to usual care. (36) Clinical trials of acarbose and
rosiglitazone for diabetes prevention have not included prospective utility assessments. The
quality of life associated with these interventions may be no different than that associated
with usual care, but it is possible that the gastrointestinal side effects associated with
acarbose (10) and the weight gain associated with rosiglitazone (11) might be associated
with some decrement in quality of life.

With respect to intervention effectiveness, it is clear that the lifestyle intervention and
thiazolidinediones are most effective in preventing diabetes with relative risk reductions of
between 29 and 58% for lifestyle interventions (6–9) and 55% and 60% (8,11) for
thiazolidinediones. Metformin reduced the relative risk for development of diabetes by 26 to
31% (8,9) and acarbose by 25%. (10)

With respect to long-term health outcomes, the DPP demonstrated improved cardiovascular
intermediate outcomes (blood pressure and lipids) associated with lifestyle and metformin
interventions but no clear impact of these interventions on cardiovascular events (stroke,
myocardial infarction) or survival. (8,37) The Stop-NIDDM study showed a statistically
significant impact of acarbose on the incidence of cardiovascular disease but has not
reported a survival benefit. (38)

With respect to intervention safety, the DPP and the Stop-NIDDM study suggested that
lifestyle intervention, metformin and acarbose are safe. (8,10) Both increased risks of heart
failure (11) and fractures (39) have been associated with thiazolidinedione treatment,
potentially limiting its usefulness for diabetes prevention. The safety of thiazolidinediones
with respect to cardiovascular disease and survival remain controversial. (40–41)

The literature on the cost-utility of diabetes prevention has recently been comprehensively
reviewed. (42) Although there is no universally accepted rule to determine when an
intervention is cost-effective, Laupacis and colleagues have proposed a system to rate
economic evaluations on the likely magnitude of the net benefit associated with the
intervention. (43) This system proposes rating interventions according to the cost per
QALY-gained. Current consensus is that in the U.S., interventions that cost <$50,000 per
QALY-gained are an appropriate way to use resources, those that cost $50,000 - $100,000
are probably appropriate, but those that cost >$100,000 may not represent a good value for
money.
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Table 1 summarizes the economic analyses that have adopted a single payer perspective,
assessed QALYs, and discounted both costs and outcomes. As can be seen from the table,
the costs of treatments for the primary prevention of type 2 diabetes range from <$1,000 to
approximately $20,000 per QALY-gained. Of the six published analyses of lifestyle
interventions, four found that lifestyle intervention was cost-saving or required only a
modest expenditure per life-year or quality adjusted life-year gained making it extremely
cost-effective. Similarly, three of the four published analyses of metformin therapy found it
to be cost-saving or extremely cost-effective. The two shorter-term analyses of acarbose for
diabetes prevention demonstrated it to be cost-saving or extremely cost-effective. No
published studies have analyzed the cost-effectiveness of thiazolidinedione treatment for
diabetes prevention.

Summary and conclusions
The costs of diabetes in the United States are enormous and are growing. Although
environmental and social interventions to address the underlying causative risk factors for
diabetes including obesity and physical inactivity are promising, their effectiveness and
cost-effectiveness are currently not established. Although more expensive than usual care,
screening and intensive lifestyle interventions and interventions with metformin and
acarbose that have targeted individuals at high risk for diabetes are effective and safe.
Lifestyle interventions directly improve quality-of-life and delay or prevent the decrement in
quality-of-life and the costs associated with diabetes and its complications. Metformin and
acarbose interventions are effective in delaying or preventing the decrement of quality-of-
life and the costs associated with diabetes and its complications. As a result, intensive
lifestyle, metformin, and acarbose interventions are very cost-effective. Such interventions
should be adopted by health systems and widely applied to at risk populations. Rigorous
application of health economic principles to medical decision making may help to improve
the value obtained for health care resources in the United States.
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Figure 1. Annual Direct Medical Costs in a Man Progressing from IGT to Diabetes with
Complications
Adapted from Brandle M, Zhou H, Smith BRK, Marriott D, Burke R, Tabaei BP, Brown
MB, Herman WH. The direct medical cost of type 2 diabetes mellitus. Diabetes Care
2003;26:2300–2304.
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Figure 2. Health Utility Scores in a Man Progressing from IGT to Diabetes with Complications
Adapted from Coffey JT, Brandle M, Zhou H, Marriott D, Burke R, Tabaei BP, Engelgau
MM, Kaplan R, Herman WH. Valuing health-related quality of life in diabetes. Diabetes
Care 2002;25:2238–2243.
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Figure 3. Simulated Cumulative Incidence of Diabetes in the DPP
From Herman WH, Hoerger TJ, Brandle M, Hicks K, Sorensen S, Zhang P, Hamman RF,
Ackermann RT, Engelgau MM, Ratner RE. The cost-effectiveness of lifestyle modification
or metformin in preventing type 2 diabetes in adults with impaired glucose tolerance. Ann
Intern Med 2005;142:323–332.
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