ORIGINAL INVESTIGATION

National Trends in Treatment of Type 2
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Background: Diabetes mellitus is common, costly, and
increasingly prevalent. Despite innovations in therapy,
little is known about patterns and costs of drug treatment.
Methods: We used the National Disease and Therapeutic Index to analyze medications prescribed between 1994
and 2007 for all US office visits among patients 35 years
and older with type 2 diabetes. We used the National Prescription Audit to assess medication costs between 2001
and 2007.
Results: The estimated number of patient visits for treated
diabetes increased from 25 million (95% confidence interval [CI], 23 million to 27 million) in 1994 to 36 million (95% CI, 34 million to 38 million) by 2007. The mean
number of diabetes medications per treated patient increased from 1.14 (95% CI, 1.06-1.22) in 1994 to 1.63
(1.54-1.72) in 2007. Monotherapy declined from 82%
(95% CI, 75%-89%) of visits during which a treatment
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was used in 1994 to 47% (43%-51%) in 2007. Insulin use
decreased from 38% of treatment visits in 1994 to a nadir of 25% in 2000 and then increased to 28% in 2007.
Sulfonylurea use decreased from 67% of treatment visits in 1994 to 34% in 2007. By 2007, biguanides (54%
of treatment visits) and glitazones (thiazolidinediones)
(28%) were leading therapeutic classes. Increasing use
of glitazones, newer insulins, sitagliptin phosphate, and
exenatide largely accounted for recent increases in the
mean cost per prescription ($56 in 2001 to $76 in 2007)
and aggregate drug expenditures ($6.7 billion in 2001
to $12.5 billion in 2007).
Conclusions: Increasingly complex and costly diabetes
treatments are being applied to an increasing population. The magnitude of these rapid changes raises concerns about whether these more costly therapies will result in proportionately improved outcomes.
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IABETES MELLITUS IS COM-

mon and costly. In 2000,
more than 11 million
Americans had diagnosed diabetes,1 a prevalence of 4% that represents a 4- to 8-fold
increase in prevalence since the 1950s.2 By
2050, the number of Americans with diabetes is expected to soar to 29 million, a
prevalence of 7%.1 The annual economic
burden of diabetes is estimated at $132 billion and increasing.3 In 2002, more than
one-tenth of US health care expenditures
were attributable to diabetes.3 Most of these
expenditures arise from treatment of diabetic complications.4 Pharmacologic interventions that prevent complications
through improved glycemic control and
cardiovascular risk factor reduction5 are
critical. These treatments are costly for
both patients6 and third-party payers.3
Just as the prevalence and economic burden of diabetes has increased, so too has the
complexity of management. Such a process is a dynamic one that occurs partly in
response to the availability of new drugs and
therapeutic classes. Several studies7-9 have
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documented changes in the use of diabetes therapies over time. For example, a
study7 of office-based visits documented a
rapid increase in the use of oral antidiabetic drugs from 1990 to 2001. Another
study8 demonstrated increasing complexity
in office-based management of diabetes
from 1991 to 2000, including increases in
the total number of prescriptions taken
among diabetic patients. Although sulfonylureas, isophane (also known as NPH)
insulin, and regular insulins were the mainstay of diabetes therapy before 1995, many
new pharmacotherapy options have been
introduced in the past decade, including
nonsulfonylurea insulin secretagogues,
␣-glucosidase inhibitors, biguanides,
incretins, dipeptidyl-peptidase-IV (DPP-4)
inhibitors, amylin analogues, glitazones
(thiazolidinediones) (eg, rosiglitazone maleate), and long-acting and ultrashortacting insulins (Table). These new compounds, although more costly than their
older counterparts, are marketed on the basis of their potential promise of greater convenience and enhanced ability to achieve
glycemic control.10
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Table. Leading Diabetes Medications by Treatment Class
Most Frequently Reported Medication in Each Treatment Class in 2007
Diabetes Treatment Class

Total 2007 Drug
Uses (95% CI),
in Millions

Oral treatments
Sulfonylureas
Biguanides
Glitazones (thiazolidinediones)
Metaglinide secretagogues
␣-Glucosidase inhibitors
DPP-4 inhibitors
Sulfonylurea and biguanide
Sulfonylurea and glitazone
Biguanide and glitazone

10.1 (9.03-11.2)
15.0 (13.6-16.4)
7.47 (6.59-8.35)
0.76 (0.56-0.96)
0.08 (0.06-0.03)
2.30 (1.89-2.71)
1.88 (1.52-2.24)
0.35 (0.23-0.47)
2.05 (1.67-2.43)

Biguanide and DPP-4
Injectable treatments
Long-acting insulin analogues
Intermediate insulins
Regular insulins
Ultrashort-acting insulin analogues
Combinations including analogues
Human insulin combinations
Incretins
Amylin analogues
Inhaled treatments
Inhaled insulin

Generic Name

Trade Name

Available
as Generic

Date of FDA
Approval

Glipizide
Metformin hydrochloride
Pioglitazone hydrochloride
Nateglinide
Acarbose
Sitagliptin phosphate
Glyburide and metformin
Rosiglitazone maleate and glimepiride
Rosiglitazone maleate and metformin
hydrochloride
Sitagliptin and metformin hydrochloride

DiaBeta a
Glucophage a
Actos
Starlix
Precose
Januvia
Glucovance
Avandaryl
Avandamet

Yes
Yes
No
No
No
No
Yes
No
No

May 1984
Mar 1995
Jul 1999
Dec 2000
Sep 1995
Oct 2006
Jul 2000
Nov 2005
Oct 2002

Janumet

No

Mar 2007

Lantus
Humulin N a
Humulin R a
Humalog
NovoLog Mix
70/30
Humulin 70/30
Byetta
Symlin

No
Yes
Yes
No
No

Apr 2000
Oct 1982
Oct 1982
Jun 1996
Nov 2001

0.99 (0.75-1.23)
1.24 (0.96-1.52)
0.08 (0.03-0.13)

Insulin glargine
Human insulin (NPH insulin)
Human insulin (regular)
Insulin lispro
Insulin aspart protamine and insulin
aspart
Insulin regular and NPH insulin
Exenatide
Pramlintide acetate

Yes
No
No

Apr 1989
Apr 2005
Mar 2005

0.05 (0.02-0.09)

Human insulin

Exubera

No

Jan 2006

0.49 (0.34-0.64)
4.23 (3.62-4.84)
0.88 (0.66-1.10)
0.95 (0.72-1.18)
1.65 (1.32-1.98)
1.02 (0.78-1.26)

Abbreviations: CI, confidence interval; DPP-4, dipeptidyl-peptidase-IV; FDA, US Food and Drug Administration; NPH, isophane.
a Name represents original brand name first approved by the FDA, which may differ from current most frequently reported drug name (generic or brand).

We aimed to describe recent trends in the pharmacologic glycemic treatment of diabetes within and across different therapeutic classes using nationally representative
data from 1994 to 2007. We examined how the availability of new oral treatment classes, plus new formulations
of insulin, affects the use of older agents, such as sulfonylureas and biguanides. We also examined changes in complexity of care through the use of combination drug products and treatment from multiple therapeutic classes. Finally,
we examined how changes in medication therapy have altered the costs of glycemic treatment in diabetes.
METHODS

DATA SOURCE
We used data from the National Disease and Therapeutic Index (NDTI), an ongoing physician survey conducted by IMS
Health (Plymouth Meeting, Pennsylvania). The NDTI provides nationally representative diagnostic and prescribing information on patients treated by office-based physicians in the
continental United States. The physician sample consists of office-based physicians selected from the master lists of the American Medical Association and the American Osteopathic Association (both in Chicago, Illinois) through a random stratified
sample by specialty and geographic region. Approximately 3500
physicians participate, with data collection on 2 randomly assigned consecutive workdays in each calendar quarter. The geographic and specialty distribution of the participants is designed to closely match national patterns.
Physicians provide information on each patient encounter during their data collection period. Each reported patient diagnosis

generates a unique diagnosis record on which the physician records medication therapies provided for that condition. Diagnosis records also may list no medications if none were used. A single
patient may generate multiple diagnosis records, each of which
may list multiple medications. Patient encounters are converted to an estimate of the number of patients based on the number of annual visits made by the patient. The number of patients
is the sum of the inverse of this figure. For much of our analysis, we relied on visits for patients diagnosed as having diabetes
and treated with at least 1 medication (referred to as a treatment visit) as our unit of analysis. Medication reporting reflects
the physician’s best knowledge of new or continuing medications; the NDTI does not capture information on patient adherence or unreported self-medication. We present annual data as
the aggregate of the quarterly surveys conducted within each year.
Using available sampling weights, we extrapolated national estimates from annual samples of diabetes visits ranging from 8000
to 12 000 visits. To maximize the inclusion of patients who had
type 2 rather than type 1 diabetes, we limited our analyses to patients older than 35 years who had received a diagnosis of diabetes (International Classification of Diseases, Ninth Revision
[ICD-9] codes 250.00 through 250.92) except for diagnoses associated with type 1 diabetes (International Classification of Diseases, Ninth Revision, Clinical Modification codes 250.002, 250.004,
250.101, and 250.103). Given the limitations of ICD-9 coding,11 this definition provides a reasonable estimate of medication use for type 2 diabetes.
Our data on prescription expenditures were available for 2001
to 2007 and solely derived from the National Prescription Audit (NPA), which provides a national sample of approximately
20 000 retail, mass merchandise, and mail order pharmacies.
Data reflect estimates of the total number of new or refilled medications provided to US consumers from these sources. These
pharmacies account for more than half of the retail pharma-
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cies available in the United States and constitute a nationally
representative sample. Information on estimated total expenditures (consumer plus insurance) for these dispensed medications is reported as part of the administrative systems used
by pharmacies to bill consumers and health insurers for these
products. Because these data do not provide diagnostic information about the patient receiving the prescription, the cost
information generated applies to all possible uses of these medications, including type 1 and type 2 diabetes, as well as any
off-label medication uses.

STATISTICAL ANALYSES
We used simple descriptive statistical analysis to examine the
frequency of use of each drug class. We classified drugs into mutually exclusive categories based on their chemical composition
(Table). These categories included medications with a single component and combination products with 2 component chemicals. In reporting patterns of use by drug class, we included singlemedication products and combination products for which the
drug class was a constituent. For example, our report of trends
in sulfonylurea use includes the prescribing of products that combine sulfonylureas with either metformin hydrochloride or a
glitazone in addition to the use of individual sulfonylureas. For
the NDTI estimates, 95% confidence intervals (CIs) were calculated using tables of relative standard errors that accounted for
the complex NDTI sampling design. Estimates from the NPA were
based on a large sample of US pharmacies, and their associated
uncertainty is small. For example, 2007 expenditures on glitazonecontaining drugs were $4.24 million (95% CI, $4.22 million to
$4.26 million). Given this level of precision, the 95% CIs are not
presented for the NPA estimates.
RESULTS

2000 to 33% in 2007. Between 1994 and 2007, visits by
Asian (1% to 5%) and Hispanic (5% to 10%) patients increased most rapidly. Changes also were noted in the proportion of visits by women (45% in 1994 to 51% in 2007),
patients younger than 60 years (32% to 41%), and patients covered by Medicare (47% to 38%). Little change
was seen by US region or by the specialties of the physicians treating the patients with diabetes. The mean number of annual physician visits per patient decreased from
2.9 (95% CI, 2.7-3.1) visits in 1994 to 2.7 (2.5-2.7) visits in 2000 and to 2.4 (2.3-2.5) visits in 2007. The estimated number of individual patients with type 2 diabetes seen by US office-based physicians increased from 10
million (95% CI, 9 million to 11 million) in 1994 to 14
million (13 million to 15 million) in 2000 and to 19 million (17 million to 21 million) in 2007.
OVERALL TRENDS IN TREATMENT
The number of visits for which a diabetes therapy was
reported (treatment visits) increased from 25 million (95%
CI, 23 million to 27 million) in 1994 to 30 million (28
million to 32 million) in 2000 and to 36 million (34 million to 38 million) in 2007. The proportion of total diabetes visits for which no medication therapy was reported increased from 15% (95% CI, 13%-17%) in 1994
to 18% (16%-20%) in 2000 and to 20% (18%-22%) in
2007. The mean number of medications prescribed per
treatment visit increased from 1.06 medications per visit
in 1994 to 1.45 in 2007. When individual components
of combination products were counted separately, an increase was seen from 1.14 components per visit in 1994
to 1.63 in 2007.

CHANGING LANDSCAPE OF DIABETES CARE
Significant shifts in diabetes treatment since 1994 are evident from our analysis of the IMS Health NDTI data. Notable changes are: (1) increased numbers of total annual
visits for diabetes (decrease in visits per patient), (2) increased use of oral therapies until the early 2000s with a
subsequent shift back toward insulin with the advent of
ultrashort-acting and long-acting preparations, (3) rapid
growth of metformin and glitazones (thiazolidinediones) in the late 1990s, (4) rapid early growth of incretins and DPP-4 inhibitors in the past 2 years, (5) a continuous decrease in sulfonylurea use, (6) increasing use
of both combination products and multiple products per
patient, and (7) substantially increased aggregate drug
expenditures and price per prescription.

CHANGES IN MEDICATION CLASSES
USED AS DIABETES THERAPY
Significant shifts occurred in the medications used for
diabetes therapy (Table and Figure 1). In 1994, pharmacotherapy for diabetes was divided between insulin
preparations (38%; 95% CI, 34%-42% of treatment visits) and sulfonylureas (67%; 67%-73%). By 2007, a variety of newer drug classes also were used to treat diabetes. In 2007, the most frequent therapies were
metformin (the only available biguanide; 54%; 95% CI,
49%-59% of treatment visits), sulfonylureas (34%; 31%37%), glitazones (28%; 25%-31%), insulin (28%; 25%31%), sitagliptin phosphate (only available DPP-4 inhibitor; 8%; 7%-9%), and exenatide (only available
incretin; 4%; 3%-4%).

TRENDS IN VISITS FOR DIABETES
INSULIN USE
Estimated US patient visits to office-based physicians for
type 2 diabetes remained relatively stable between 1994
(29 million; 95% CI, 27 million to 31 million) and 1997
(28 million) but increased to 37 million (35 million to
39 million) in 2000 and then to 45 million (42 million
to 48 million) by 2007. During this period, several notable changes occurred in the characteristics of patients
and of the physicians providing treatment at these visits. The proportion of visits for diabetes by patients of
ethnic minorities increased from 23% in 1994 to 28% in

Insulin use decreased from 38% (95% CI, 34%-42%) of
treatment visits in 1994 to a nadir of 25% (22%-27%) in
2000, only to increase to 28% (25%-31%) by 2007. Nearly
all insulin use in 1994 was in the form of regular and intermediate-acting (eg, NPH) preparations. In 1994, 25%
of treatment visits involved patients receiving a prescription for regular insulin and 21% involved patients receiving a prescription for intermediate-acting insulin, with
approximately one-third of regular insulin use in com-
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BIGUANIDES
As a safer biguanide than phenformin (removed from the
market in 1977), metformin was released in the United
States in 1995. This drug was rapidly adopted (18% of
treatment visits in 1996 and 38% in 2000). After surpassing sulfonylureas as the leading class of diabetes treatment in 2004 (48%; 95% CI, 44%-52%), metformin use
has continued to increase (2007: 54%; 49%-59%). Metformin-containing combination products were introduced in 2000 (with sulfonylureas), 2002 (with
glitazones), and 2007 (with sitagliptin). In 2007, these
combinations accounted for 12% of treatment visits or
23% of all metformin use, including metformin and
sulfonylurea (5% of treatment visits), metformin and
glitazone (6%), and metformin and sitagliptin (1%).
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Figure 1. National trends in the use of different therapeutic drug classes to
treat diabetes, 1997-2004. Data are from the IMS Health National Disease
and Therapeutic Index; drugs from most new therapeutic classes (eg,
dipeptidyl-peptidase-IV inhibitors) are omitted and reflected in the Table.
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Once the mainstay of diabetes therapy (67%; 95% CI, 61%73%), sulfonylureas were used in only 34% (31%-37%)
of treatment visits in 2007. This change was notably slower
between 1994 and 1999 (60%) and more rapid recently.
Combination drugs, including sulfonylureas, were first
available in 2000. These drugs increased to 11% of treatment visits by 2003 but decreased to 6% in 2007. Most
combination therapy in 2007 was a sulfonylurea combined with metformin (5% of treatment visits). Combination therapy accounted for 18% of all sulfonylurea use
in 2007. Sulfonylurea monotherapy declined from 94%
of all sulfonylurea use in 1994 to 30% in 2007. In 1994,
the most common individual sulfonylurea was glyburide. In 2007, the most common individual noncombination sulfonylurea was glipizide, whereas those most
common in combination products were glyburide (with
metformin) and glimepiride (with glitazones).
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bination products (Figure 2). By 2000, use of each of
these preparations had decreased, particularly for regular insulin (14% of treatment visits) compared with NPH
(18%).
Since 2001, the use of newer insulin preparations has
been rapidly increasing. Ultrashort-acting insulin analogues (available in 1996) and combinations that include them have increased from 2% of treatment visits
in 2001 to 7% in 2007, with approximately half in the
form of combination products. Likewise, long-acting insulin analogues (available in 2000) increased from 2%
in 2001 to 12% in 2007. With the increase of these newer
insulins, use of older insulin preparations has continued to decrease. In 2007, the use of regular insulin (5%
of treatment visits) and NPH (5%), including their combinations, together constituted only 30% of all treatment visits with insulin. The use of single-component
insulin monotherapy (eg, NPH alone) decreased from 48%
of all insulin treatment visits in 1994 to 22% in 2007. Inhaled insulin was introduced in January 2006 but, because of its limited adoption (less than 1% of treatment
visits in 2007), this product was removed from the market in November 2007. The most common individual insulin therapies in 2007 were insulin glargine and insulin lispro.

Year

Figure 2. National trends in the use of different types of insulin to treat
diabetes, 1994 to 2007. Data are from the IMS Health National Disease and
Therapeutic Index and include combination products that contain these
medications.

GLITAZONES (THIAZOLIDINEDIONES)

The first glitazone, troglitazone, was approved in 1997.
This drug was adopted rapidly so that by 1998 it accounted for 10% (95% CI, 8%-12%) of treatment visits.
Because of hepatotoxicity, however, troglitazone was removed from the market in 2000. With the addition of
rosiglitazone maleate (1999) and pioglitazone hydrochloride (1999), this class continued to increase until
peaking at 34% (95% CI, 31%-37%) of treatment visits
by 2005, then decreased to 28% (25%-31%) by 2007. A
significant reduction in use was evident during 2007. The
use of glitazone combinations (introduced in 2002) has
increased to constitute 24% of all glitazone uses in 2007.
Glitazone use as monotherapy increased from 1997 (2%
of treatment visits) to 2004 (9%), then decreased to 7%
of treatment visits during 2007 (25% of all glitazone use).
The most commonly used individual glitazone has shifted
from troglitazone in 1999 to rosiglitazone (59% of
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Amount Spent, US $ in Millions
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Sulfonylureas

Glitazones
(thiazolidinediones)

approval in 1996 and decreased to less than one-half percent by 2007. Use of the short-acting metaglinide secretagogues, available since 2000, peaked in 2002 at 3% of
visits but were used in only 2% of treatment visits in 2007.
Released in 2005, the injectable amylin analogue,
pramlintide acetate, accounted for less than one-half percent of treatment visits in 2007.
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Figure 3. National trends in the amount spent per year on diabetes drugs,
2001 to 2007. Data are from the IMS Health National Prescription Audit and
include combination products that contain these medications. “Other”
includes secretagogues (eg, nateglinide), ␣-glucosidase inhibitors (eg,
acarbose), dipeptidyl-peptidase-IV inhibitors (ie, sitagliptin phosphate), and
incretins (ie, exenatide).
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In aggregate, combination products with 2 constituent
medications have increased substantially from 9% (95%
CI, 9%-9%) of treatment visits in 1994 to a peak of 21%
(19%-24%) in 2004 before decreasing to 19% (17%21%) in 2007. As a proportion of treatment visits, insulin combinations peaked in 1995 at 10% and have since
decreased to 6% in 2007. Oral combinations increased
rapidly after being introduced in 2000 to 15% of treatment visits in 2004 but have failed to increase further (13%
in 2007). At the peak of oral and insulin combination
therapy use in 2004, these combinations were the only
therapy provided in 14% of treatment visits or 66% of
all combination product use. By 2007, these products were
less likely to be used as sole therapy (11% of treatment
visits or 59% of all combination product use).
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Figure 4. National trends in the amount spent per year on different types of
insulin, 2001 to 2007. Data are from the IMS Health National Prescription
Audit and include combination products that contain these medications.

glitazone uses by 2004) to pioglitazone (64%) in 2007.
In 2007, a further shift was seen toward pioglitazone, with
an associated 63% decrease in rosiglitazone use.
NEWLY AVAILABLE MEDICATIONS
Several recently released medications have shown rapid
early adoption into practice, although several more years
of data will provide a more accurate assessment of their
places in therapy. Sitagliptin, a DPP-4 inhibitor released
in October 2006, increased to 10% of treatment visits by
the fourth quarter of 2007 (8%; 95% CI, 7%-9%; for all
of 2007). Exenatide, an injectable incretin initially derived from Gila monster saliva, was released in June 2005.
By 2006, exenatide accounted for 3% (95% CI, 2%-4%)
of treatment visits but with only modest increase to 4%
by the fourth quarter of 2007.
Three other new classes of diabetes medications have
not been widely adopted. ␣-Glucosidase inhibitors were
noted at less than 1% of treatment visits since their first

Drug expenditures and prescription prices increased rapidly between 2001 and 2007 according to our analysis
of the IMS Health NPA data (Figure 3 and Figure 4).
Aggregate drug expenditures for diabetes increased by
87% from $6.7 billion in 2001 to $12.5 billion in 2007.
Major contributors to this increase were glitazones and
combination products, including glitazones ($1.9 billion to $4.2 billion), ultrashort-acting insulins and their
combinations ($0.4 billion to $1.9 billion), and longacting insulins ($0.1 billion to $2.0 billion). During this
same period, decreases were seen in metformin and sulfonylurea expenditures. The mean price of a diabetes drug
prescription increased from $56 in 2001 to $76 in 2007.
This increase was due to increasing use and increasing
prescription prices of glitazones ($119 in 2001 to $160
in 2007) and increased use of more costly newer drugs,
including ultrashort-acting insulins ($156 in 2007), longacting insulins ($123 in 2007), exenatide ($202 in 2007),
and sitagliptin ($160 in 2007). The cost of metformin ($63
to $29) and sulfonylurea ($27 to $20) prescriptions decreased during this same period.
COMMENT

Our study, which used a large and nationally representative survey of physician office visits, indicates the increasing complexity and cost of diabetes pharmacotherapy. The increased complexity we describe is due to
several factors, including more combined products, more
medications per patient, and greater numbers of drugs
and drug classes available. The rapid diffusion of several of these new therapeutic classes demonstrates the
success of translational research in bringing innovative
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medications to market and into widespread use. Exenatide and sitagliptin both act on new metabolic pathways that were not exploited by preexisting drugs. Although less innovative than some new drugs, the
introduction of insulin analogues with short and long effective half-lives has prompted renewed interest in insulin therapy.12 New insulin analogue costs have increased
from $0.5 billion (2001) to $3.9 billion (2007) because of
increasing drug prices, the expanding population of individuals with diabetes, and increased selection of these preparations. In contrast, glitazone costs have more than doubled
from $1.9 billion to $4.2 billion because of more patients
and increased drug prices, despite the relatively constant
likelihood of physicians selecting glitazones. Potential negative effects of increased financial burden on patients with
diabetes because of therapy costs have been examined and
include reduced medication adherence and disease control.13 Although increasing costs of therapy are partly attributable to more patients with diabetes and more medications per patient, the greatest contributor to increasing
costs is the substantially greater use of newer, more costly
medications.
Although many of these newer therapies have made
therapy more convenient and may have potentially
lowered the risk of treatment-associated complications,
further research of their long-term benefits is needed.
Mean hemoglobin A1c levels among patients with diabetes have decreased between 1999 to 2000 (7.6%) and
2003 to 2004 (7.1%).14 Changes in drug selection are a
potential explanation, as are a reduced diagnostic
threshold, better patient medication adherence, increased self-management of the disease by patients, and
increased use of dietary and physical activity strategies.
Cost-effectiveness analyses are lacking to demonstrate that
these higher treatment costs yield proportionate improvements in outcomes. Substantial outcome differences would be needed to overcome the high cost of the
newer drugs, with prescription costs for glitazones, exenatide, and sitagliptin 8 to 10 times those of sulfonylureas and 5 to 7 times those of metformin. Also, to the
extent that increasing drug costs have been associated
with more intensive goals for glycemic control, the potential harms associated with such goals15 raise further
concerns about the cost-effectiveness of recent trends.
The diffusion of glitazones and exenatide into widespread use also has resulted in off-label use of these drugs.
For example, although these drugs are approved by the
US Food and Drug Administration as adjuncts to other
diabetes medications, they are commonly used as monotherapy. Rapid diffusion of these drugs creates the potential for substantial exposure to these medications before definitive assessment of their safety. For example,
we estimate that 7 million monthly prescriptions for exenatide were dispensed before the US Food and Drug Administration’s recent warning about the potential risk of
pancreatitis associated with this medication.16
The rapid adoption of glitazones since their market
release in 1997 is important to consider given the earlier removal of troglitazone because of its hepatotoxicity and the recent concern regarding the potential cardiovascular risks of at least 1 member of this drug class.17
Although further research is needed to clarify these car-

diovascular risks, the lack of data regarding the comparative benefit of glitazones over other drug classes is
noteworthy. Such a pattern of early diffusion and rapid
adoption of new drugs followed by the emergence of concerns for potential harms is a recurrent pattern18 and one
that might be addressed at least in part by changes to the
system of drug regulation in the United States.19,20
Despite the rapid diffusion of some new classes of diabetes medications, other classes have not been adopted. The
limited use of ␣-glucosidase inhibitors, pramlintide, inhaled insulin, and the metaglinide secretagogues may reflect specific disadvantages of each of these medications.
Nonetheless, it is not clear which factors are associated with
rapid adoption vs lack of adoption. For example, it does
not appear that characteristics such as drug cost, adverse
effect profile, safety concerns, biological innovativeness, or
dosing convenience are consistently associated with a greater
likelihood of successful diffusion.
Our study has 3 important limitations. First, our data
do not allow us to examine questions related to processes
and outcomes of care, such as how the diagnosis of diabetes was made, prior treatment failures, adequacy of glycemic control, and impact of treatment on diabetes-related
morbidity and mortality. Second, physicians report their
best knowledge of what drugs the patient is taking; therefore, our data do not account for medication nonadherence.
Third, we are unable to evaluate the appropriateness of
therapy. Both overuse and underuse are likely to remain important challenges in diabetes pharmacotherapy.
In conclusion, significant increases in diabetes prevalence, the number of diabetic patient visits, complexity
of diabetes pharmacotherapy, the availability of new, innovative therapies, and the cost of diabetes therapy have
occurred in the past 15 years. We document large shifts
in patterns of diabetes treatment and pharmaceutical expenditures across treatment classes. Whether increased
treatment costs are balanced by improved outcomes associated with these changes cannot be evaluated in the
absence of data comparing effectiveness and costeffectiveness across treatment classes. Our findings suggest the importance of generating new comparative data
and coupling this information with clinical and formulary guidelines that contribute to constraining costs, maximizing glycemic control, and minimizing diabetesrelated morbidity and mortality.
Accepted for Publication: May 5, 2008.
Correspondence: G. Caleb Alexander, MD, MS, Department of Medicine, Section of General Internal Medicine, The University of Chicago, 5841 S Maryland, MC
2007, Chicago, IL 60637 (galexand@uchicago.edu).
Author Contributions: Study concept and design:
Alexander, Sehgal, and Stafford. Acquisition of data: Sehgal
and Stafford. Analysis and interpretation of data: Alexander,
Sehgal, Moloney, and Stafford. Drafting of the manuscript: Alexander, Sehgal, and Stafford. Critical revision
of the manuscript for important intellectual content:
Alexander, Sehgal, Moloney, and Stafford. Statistical analysis: Stafford. Obtained funding: Alexander. Administrative, technical, and material support: Alexander, Sehgal,
Moloney, and Stafford. Study supervision: Stafford.
Financial Disclosure: None reported.

(REPRINTED) ARCH INTERN MED/ VOL 168 (NO. 19), OCT 27, 2008
2093

WWW.ARCHINTERNMED.COM

Downloaded from www.archinternmed.com at STANFORD Univ Med Center, on June 14, 2010
©2008 American Medical Association. All rights reserved.

Funding/Support: Dr Alexander is a Robert Wood
Johnson Faculty Scholar and is also supported by a career development award (K08 HS15699-01A1) from the
Agency for Healthcare Research and Quality. Dr Stafford
was supported by Mid-Career Mentoring Award K24
HL086703 from the National Heart, Lung, and Blood Institute.
Disclaimer: The funding sources had no role in the design and conduct of the study; collection, management,
analysis, and interpretation of the data; and preparation, review, or approval of the manuscript.
Additional Contributions: Iain Cockburn, PhD, and Seth
Finkelstein, MD, provided helpful comments on early
manuscript drafts. We also thank IMS Health for providing access to the data used in our analysis.
REFERENCES

8.

9.

10.

11.

12.
13.

14.
15.

1. Boyle JP, Honeycutt AA, Narayan KM, et al. Projection of diabetes burden through
2050: impact of changing demography and disease prevalence in the U.S. Diabetes Care. 2001;24(11):1936-1940.
2. Engelgau MM, Geiss LS, Saaddine JB, et al. The evolving burden of diabetes in
the United States. Ann Intern Med. 2004;140(11):945-950.
3. Hogan P, Dall T, Nikolov P. Economic costs of diabetes in the US in 2002. Diabetes Care. 2003;26(3):917-932.
4. Skyler JS, Oddo C. Diabetes trends in the USA. Diabetes Metab Res Rev. 2002;
18(suppl 3):S21-S26.
5. Bell DS. Drugs for cardiovascular risk reduction in the diabetic patient. Curr Diab
Rep. 2001;1(2):133-139.
6. Piette JD, Heisler M, Wagner TH. Problems paying out-of-pocket medication costs
among older adults with diabetes. Diabetes Care. 2004;27(2):384-391.
7. Wysowski DK, Armstrong G, Governale L. Rapid increase in the use of oral an-

16.

17.
18.

19.
20.

tidiabetic drugs in the United States, 1990-2001. Diabetes Care. 2003;26(6):
1852-1855.
Grant RW, Pirraglia PA, Meigs JB, Singer DE. Trends in the complexity of diabetes care in the United States from 1991-2000. Arch Intern Med. 2004;164
(10):1134-1139.
Cohen FJ, Neslusan CA, Conklin JE, Song X. Recent antihyperglycemic prescribing trends for U.S. privately insured patients with type 2 diabetes. Diabetes Care.
2003;26(6):1847-1851.
Valensi P, Cosson E. Is insulin detemir able to favor a lower variability in the action of injected insulin in diabetic subjects? Diabetes Metab. 2005;31(4, pt 2):
4S34-4S39.
Rhodes ET, Gonzalez TV, Laffel LM, Ludwig DS. Accuracy of coding for type 2
diabetes in children, adolescents, and young adults. Diabetes Care. 2007;30
(1):141-143.
Riddle MC. The underuse of insulin therapy in North America. Diabetes Metab
Res Rev. 2002;18(suppl 3):S42-S49.
Grant RW, Singer DE, McCarthy EP, Meigs JB. Frequent outpatient contact and
decreasing medication affordability in patients with diabetes from 1997 to 2004.
Diabetes Care. 2006;29(6):1386-1388.
Ford ES, Little RR, Li C, Mokdad AH. Trends in A1C concentrations among U.S. adults
with diagnosed diabetes, 1999-2004. Diabetes Care. 2008;31(1):102-104.
Action to Control Cardiovascular Risk in Diabetes Study Group; Gerstein HC,
Miller ME, Byington RP, et al. Effects of intensive glucose lowering in type 2 diabetes.
N Engl J Med. 2008;358(24):2545-2559.
FDA MedWatch alert. US Food and Drug Administration Web site. October 16,
2007. http://www.fda.gov/cder/drug/infopage/exenatide/default.htm. Accessed
December 30, 2007.
Nissen SE, Wolski K. Effect of rosiglitazone on the risk of myocardial infarction and
death from cardiovascular causes. N Engl J Med. 2007;356(24):2457-2471.
Dai C, Stafford RS, Alexander GC. National trends in cyclooxygenase-2 inhibitor
use since market release: nonselective diffusion of a selectively cost-effective
innovation. Arch Intern Med. 2005;165(2):171-177.
Strom BL. How the US drug safety system should be changed. JAMA. 2006;295
(17):2072-2075.
Psaty BM, Korn D. Congress responds to the IOM Drug Safety Report—in full.
JAMA. 2007;298(18):2185-2187.

(REPRINTED) ARCH INTERN MED/ VOL 168 (NO. 19), OCT 27, 2008
2094

WWW.ARCHINTERNMED.COM

Downloaded from www.archinternmed.com at STANFORD Univ Med Center, on June 14, 2010
©2008 American Medical Association. All rights reserved.

