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I t is estimated that 26 million people in the United 

States have diabetes mellitus.1 Diabetes mellitus de-

scribes a number of metabolic conditions, but the 

most common forms are type 1 diabetes mellitus, a con-

dition in which the body destroys insulin cells, requir-

ing the person to receive insulin injections to properly 

control their blood glucose levels; and type 2 diabetes 

mellitus (T2DM), whereby the body is unable to either 

produce or respond to insulin in a manner suffi cient to 

maintain normal blood glucose levels. Our analysis will 

focus on T2DM, which accounts for 90% to 95% of all 

cases of diabetes in the United States.1 

Over 1.4 million new cases of diabetes are diagnosed 

each year among people over the age of 40 years—virtu-

ally all are T2DM. Risk factors for T2DM include older 

age, obesity, and inactivity.1 As the prevalence of these 

risk factors will increase with the aging of the baby 

boomer generation, the prevalence of T2DM is expected 

to increase dramatically as well. T2DM places a tremen-

dous burden on the US healthcare system. People with 

T2DM have twice the mortality risk of people of similar 

age without T2DM. The Centers for Disease Control and 

Prevention reports that diabetes (types 1 and 2 com-

bined) places a burden of over $174 billion annually on 

the US economy ($116 billion in direct medical costs and 

$58 billion from disability and productivity loss).1 

The goal of treatment for a diabetic patient is to main-

tain blood glucose levels at normal or near-normal levels. 

This is essential in the prevention of diabetic complica-

tions, as increased blood glucose levels are associated 

with loss of vision (retinopathy), kidney failure, and car-

diovascular disease.2 The recommendations for medical 

management of diabetes have evolved with the introduc-

tion of new treatment options, particularly incretin-based 

therapies—dipeptidyl peptidase-4 (DPP-4) inhibitors and 

glucagon-like peptide-1 (GLP-1) receptor agonists.

The incretin response, or activity, is reduced in adults 

with T2DM, resulting in excess blood glucose. DPP-4 is 

an enzyme that breaks down incretins and, by inhibiting 

DPP-4 production, incretin levels in the blood increase, 

resulting in the reduction of excess blood glucose.3 GLP-1 

receptor agonists increase the levels of cyclic AMP inside 

cells by binding to GLP-1 receptors found in the pancreas 

which, when blood glucose concentrations are elevated, 

results in insulin secretion. As blood glucose concentra-

tions decrease and approach normal levels, insulin secre-

tion decreases.4 

We will examine how utilization and prescribing pat-

terns have evolved for patients with existing diabetes and 

those newly diagnosed, paying particular attention to the 

role of GLP-1 receptor agonists and DPP-4 inhibitors in 

members who were historically treated with biguanides 

and/or sulfonylureas. 

METHODS

We conducted 3 related analyses using deidentifi ed 

CVS Caremark pharmacy benefi t claims from the funded 

commercial population from 2008 to 2012. For all analy-

ses, members were required to be at least 40 years old 

and members with prescription fi lls for insulin were ex-

cluded to eliminate people with type 1 diabetes melli-

tus from our sample. Our fi rst analysis was a description 

of members with prevalent diabetes between 2008 and 

2012. The cohort used for this analysis consisted of all 

members who had at least 1 prescription fi ll for a diabe-

tes medication between 2008 and 2012 (we refer to this 

as the Prevalence Cohort). 

In the second analysis we examined patterns of medi-

cation use among members who were new users of dia-

betic medication. This cohort consisted of members using 

a diabetic medication between 2008 and 2012 who did 

not have a prescription fi ll for that medication in the 6 

months prior to their fi rst prescription fi ll between 2008 

and 2012. In order to establish treatment-naïve status, we 

required these members to be continuously eligible for 

benefi ts for 6 months prior to their fi rst fi ll of diabetic 

medication (we refer to this as the Naïve Cohort). 

In the third analysis, we described trends in the use 

of DPP-4 inhibitors and GLP-1 receptor agonists as an 
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adjunct treatment to biguanides and sulfonylureas. For 

this, we identifi ed a cohort of members who had at least 

1 prescription fi ll for either a biguanide or a sulfonylurea 

in 2011 and no prescription fi lls for either a DPP-4 inhibi-

tor or GLP-1 receptor agonist that year. We required these 

members to be continuously eligible from 2011 to 2012, 

over the age of 40 years in 2011, and have no prescription 

fi lls for a DPP-4 inhibitor and/or a GLP-1 receptor agonist 

6 months prior to their fi rst biguanide/sulfonylurea fi ll in 

2011. We identifi ed members of the 2011 cohort using 

biguanides and sulfonylureas who added (or switched 

to) a DPP-4 inhibitor or GLP-1 receptor agonist in 2012. 

Switching away from a sulfonylurea to a GLP-1 receptor 

agonist and/or a DPP-4 inhibitor was defi ned as the last 

fi ll of sulfonylurea before the fi rst fi ll of either a GLP-1 

receptor agonist or a DPP-4 inhibitor, allowing for a 7-day 

overlap. We refer to this as the Uptake Cohort.

In these analyses, cost was defi ned as the total paid 

charges for the medication by combining the payer and 

member portions of the health plan’s allowable charges. 

Our statistical analyses were conducted using SAS 9.1 

(SAS Institute, Cary, North Carolina).

RESULTS

Among plan members 40 years and older, we found 

that 9.6% used diabetes medications and on average, 1.2% 

started diabetes therapy each year during our 5-year ob-

servation period. Between 2008 and 2012, the prevalence 

of diabetic medication use increased by 1.4 percentage 

points, from 8.7% to 10.1% (Figure 1). There was little 

change in incidence of diabetic medication use between 

2008 and 2012, as it fl uctuated between 1.0% and 1.3%. 

The average age in our Prevalence Cohort was 62.2 years 

(standard deviation [SD]: 11.8 years), and 49.1% were 

male. Members of our Naïve Cohort were younger than 

those in the Prevalence Cohort, with an average age of 

58.6 years (SD 11.1), and 52.3% were male.

In Table 1, we describe trends in medication use for the 

Prevalence Cohort. Between 2008 and 2012, utilization of 

biguanides as monotherapy or in combination increased 

by 5.3 percentage points, from 46.1% to 51.4%. During 

this same period, utilization of sulfonylurea as monother-

apy or in combination declined by 3.9 percentage points, 

from 27.7% to 23.8%. Utilization of DPP-4 inhibitors as 

monotherapy or in combination increased from 8.3% in 

2008 to 14.2% in 2012, and utilization of GLP-1 receptor 

agonists increased by 1.0 percentage point, from 3.5% in 

2008 to 4.5% in 2012.

In Table 2, we detailed the observed trends in cost of 

pharmaceutical treatment for people with diabetes from 

2008 to 2012. Between 2008 and 2012, the average an-

nual cost of providing pharmaceutical care for a person 

with T2DM increased from $667 to $741 (11.1%). During 

this period, the cost of the those drugs most commonly 

prescribed for T2DM—biguanides, sulfonylureas, and 

their combination—declined by over 33%, driven by a 

generic dispensing rate in excess of 96% for these drug 

Figure 1. Incidence and Prevalence of Use of Medications for Type 2 Diabetes Mellitus Among Members 40 Years and Older
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classes. Conversely, the observed increase in cost of care 

for people with T2DM was driven by the increased annu-

al cost of medication in less commonly prescribed drug 

classes: the DPP-4 inhibitors, GLP-1 receptor agonists, 

amylin analogue, and meglitinide agents. Of these, only 

the DPP-4 inhibitors and GLP-1 receptor agonists had a 

utilization rate in excess of 2%, and the increase in cost 

between 2008 and 2012 for DPP-4 inhibitors was 44% and 

for GLP-1 receptor agonists was 75%. 

Between 2008 and 2012, approximately 85% to 90% 

of people naïve to diabetic medications initiated treat-

ment on monotherapy (Table 3). Most commonly, 

these people with diabetes were started on biguanide 

monotherapy(63.8% of utilizers during the study period). 

For biguanides, the utilization rate as monotherapy in-

creased from 55.5% in 2008 to 67.0% in 2012. During 

the same period, utilization of sulfonylurea monotherapy 

decreased from 14.2% to 10.8%. Between 9.9% and 14.7% 

of people naïve to diabetes therapy were started on more 

than 1 medication over the study period, most commonly 

on a combination of sulfonylurea and biguanide, or a 

combination of sulfonylureas, biguanides, and at least 1 

additional drug (Table 3). 

In our Uptake Cohort, we examined the addition of 

DPP-4 inhibitors or GLP-1 receptor agonists in people who 

were naïve to the use of those medications in 2011. This 
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Table 1. Annual Prevalence of Type 2 Diabetes Mellitus Medications Among Pharmacy Benefi t Plan Members
Drug Class 2008 2009 2010 2011 2012

Biguanides 39.5% 40.4% 42.1% 43.7% 44.0%

Sulfonylureas 23.4% 23.1% 22.5% 22.0% 21.3%

Combination biguanide & sulfonylurea 4.4% 3.9% 3.5% 3.0% 2.6%

DPP-4 inhibitors 6.1% 6.8% 7.6% 8.7% 9.4%

Combination DPP-4 inhibitor and biguanide 2.2% 2.9% 3.2% 4.1% 4.8%

GLP-1 receptor agonists 3.5% 3.0% 3.4% 4.0% 4.5%

Insulin-sensitizing agents 17.9% 16.8% 15.2% 12.2% 11.3%

Alpha-glucosidase inhibitors 0.5% 0.3% 0.3% 0.3% 0.3%

Amylin analogues 0.3% 0.3% 0.2% 0.2% 0.2%

Meglitinide analogues 1.8% 2.0% 1.5% 1.3% 1.1%

Dopamine receptor agonists NA NA 0.0% 0.1% 0.1%

Other 0.4% 0.5% 0.5% 0.5% 0.5%

DPP-4 indicates dipeptidyl peptidase-4; GLP-1, glucagon-like peptide-1; NA; not applicable. 

Table 2. Cost PUPY for Diabetes Therapy Among Prevalent Diabetics 40 Years and Older
Drug Class 2008 2009 2010 2011 2012

Total cost (PUPY) $667 $704 $711 $739 $741

Biguanides $135 $118 $103 $87 $90

Sulfonylureas $103 $91 $79 $71 $66

Combination biguanide and sulfonylurea $249 $228 $205 $183 $167

DPP-4 inhibitors $1066 $1236 $1284 $1384 $1534

Combination DPP-4 inhibitor and biguanide $891 $1104 $1193 $1248 $1426

GLP-1 receptor agonists $1224 $1415 $1465 $1871 $2143

Insulin-sensitizing agents $1218 $1377 $1480 $1611 $1124

Alpha-glucosidase inhibitors $281 $349 $298 $250 $242

Amylin analogues $1431 $1834 $2219 $2677 $3102

Meglitinide analogues $849 $830 $933 $1097 $1200

Dopamine receptor agonists NA NA $246 $761 $1180

Other $212 $214 $229 $260 $323

Annual cost for drug classes do not sum to PUPY due to variation in the prevalence of use between individual drug classes.
DPP-4 indicates dipeptidyl peptidase-4; GLP-1, glucagon-like peptide-1; NA; not applicable; PUPY, per utilizer per year.
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is illustrated in Figure 2, where, for the sake of clarity, we 

have scaled our fi gure to represent a hypothetical cohort 

of 1000 people with T2DM. In 2012, 570 of the 1000 hy-

pothetical cohort members (57%) were on biguanides, 130 

(13%) were on sulfonylureas, and 300 (30%) were on both. 

Less than 1% of those who were naïve to DPP-4 inhibitor 

or GLP-1 receptor agonist therapy in 2011 were changed to 

one of these medications as their primary therapy in 2012. 

Among those on biguanide monotherapy, 5.4% had a DPP-

4 inhibitor added to their regimen and 1.6% had a GLP-1 

receptor agonist added in 2012. For those on sulfonylurea 

monotherapy, 6.0% had a DPP-4 inhibitor added and 1.2% 

had a GLP-1 receptor agonist added in 2012. Among the 

300 (30%) who were on a combination of biguanide or 

sulfonylurea in 2012, 28 (9.3% of the subgroup members) 

had a DPP-4 inhibitor added, 8 (1.9% of the subgroup) 

had a GLP-1 receptor agonist added, and <1 (0.3% of the 

subgroup) added both. In this subgroup, there were also 

5 members (less than 1.3%) who had their sulfonylurea 

replaced with DPP-4 inhibitors, GLP-1 receptor agonists, 

or both. It should be noted that of our 1000 hypothetical 

cohort members, 914 remained only on biguanides, sulfo-

nylureas, or a combination of those 2 medications—fewer 

than 95 (or <9.5%) of patients naïve to the use of DPP-4 

inhibitors or GLP-1 receptor agonists started therapy on 

one of those medications during the year.

Impact of New Agents and Pipeline Therapies

In these analyses, we found a prevalence of diabetic 

medication use of 9.6% among our plan members over 

the age of 40 years, with an additional 1.2% initiating 

therapy on diabetic medication each year. At least 70% of 

these members were on a biguanide, sulfonylurea, or a 

combination that includes these medications. We estimate 

that the annual cost of medication for these members was 

$741 in 2012, a sum that has been increasing at an aver-

age rate of 2.7% per year since 2008 despite a reduction 

in cost of biguanides and sufonylureas. 

The new incretin-based therapies—DPP-4 inhibitors 

and GLP-1 receptor agonists—represent an important 

option to augment fi rst-line therapies for people with 

T2DM. Prior to the availability of these medications, 

fi rst- and second-line treatment options for T2DM were 

primarily biguanides, sulfonylureas, basal insulin, and 

thiazolidinediones.5 These new therapies are considered 

to offer comparable glycemic management with fewer 

side effects than traditional therapies, including hypo-

glycemia, weight gain, and edema.6,7 Incretin mimetics 

have also been reported to improve β-cell function and 

reduce cardiovascular risk factors.8,9 Recent guidelines 

from the American Association of Clinical Endocrinol-

ogists/American College of Endocrinology and Ameri-

can Diabetes Association/European Association for the 

Study of Diabetes support incretin-based therapies as 

a fundamental treatment option, suggesting that DPP-

4 inhibitors and GLP-1 receptor agonists are helpful 

in treatment of patients with T2DM who are on other 

glucose-lowering medications and those naïve to ther-

apy. The guidelines also suggest GLP-1 receptor ago-

nists are preferred over the DPP-4 inhibitors because 

of their superior impact on glycated hemoglobin (A1C) 

levels.7,10 An additional benefi t that has been reported 

for the GLP-1 receptor agonists is modest weight loss for 

Table 3. First Fill Drug Utilization Among Naïve-to-Therapy Diabetics as a Percentage of All Annual Naïve-Therapy Diabetics
Drug Class 2008 2009 2010 2011 2012

  Monotherapy 85.3% 86.9% 90.1% 90.0% 87.8%

    Biguanides 55.5% 59.6% 69.9% 72.2% 67.0%

    Sulfonylurea 14.2% 13.5% 10.2% 9.4% 10.8%

    Insulin-sensitizing agents 9.6% 8.4% 4.7% 2.7% 2.6%

    DPP-4 inhibitors 3.3% 3.2% 2.9% 3.3% 4.6%

    GLP-1 receptor agonists 1.4% 1.0% 1.5% 1.6% 1.8%

    Other 1.3% 1.2% <1.0% <1.0% 1.0%

  Combination Therapy 14.7% 13.1% 9.9% 10.0% 12.2%

    Sulfonylurea and biguanide 7.8% 6.7% 5.5% 5.0% 5.5%

    Sulfonylurea and biguanide & other drug(s) <1.0% <1.0% <1.0% <1.0% <1.0%

    Biguanide and other drug(s) 4.2% 3.8% 3.2% 4.0% 5.1%

    Sulfonylurea and other drug(s) 1.1% 1.1% <1.0% <1.0% <1.0%

    Other combinations <1.0% <1.0% <1.0% <1.0% <1.0%

DPP-4 indicates dipeptidyl peptidase-4; GLP-1, glucagon-like peptide-1.
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people with diabetes.7-10

It should be noted, however, that incretin-based 

therapies have signifi cant shortcomings. GLP-1 recep-

tor agonists require subcutaneous administration, which 

can be a challenge for elderly diabetics. There is also 

the concern of a potential link between people being 

treated with GLP-1 receptor agonists or DPP-4 inhibitors 

and pancreatitis and pancreatic cancer.8,9,11 It must also 

be recognized that the enhanced effi cacy of the incretin-

based therapies comes at a higher fi nancial cost. The cost 

of pharmaceutical treatment of people with diabetes has 

been rising since 2008 in spite of a decline in the cost of 

biguanides and sulfonylureas. This has been largely due 

to the adoption of incretin-based therapies that have a 

higher cost than these fi rst-line therapies. We estimate 

that in 2012, the cost of incretin-based medications added 

$282 per utilizer per year to the cost of treatment for the 

average person with T2DM. Extrapolating this to the total 

population of people with T2DM in the United States, 

this represents an annual burden of $6.6 billion to the 

US healthcare system. Given the trend toward increased 

use of these medications, we would expect to see the 

economic burden increasing by over $2.9 billion annually 

over the next few years. However, at least a portion of 
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Figure 2. Combination of Drugs Used as a Percentage of 2012 Cohort Members

DPP-4 indicates dipeptidyl peptidase-4; GLP-1, glucagon-like peptide-1. 
Note:  For clarity we have scaled this for a hypothetical cohort of 1000 members. All members were naïve to DPP-4 or GLP-1 use in 2011, the circle and accompanying detail indicates 
what drug or combination they were on in 2012.

Biguanides 
+ other drug(s)
n = 570

Biguanides 
and sulfonylureas
+ other drug(s)
n = 300

Biguanides 
and Sulfonylureas
+ other drug(s)
n = 300

Sulfonylureas
+ other drug(s)
n = 130

DPP-4 inhibitors
and/or GLP-1
receptor agonists
n <1

Biguanides (without sulfonylureas)                                 (N = 570)

Remain on biguanides only                                          531 (93.2%)
  add DPP-4 inhibitors                                                        30 (5.2%)
  add GLP-1 receptor agonists                                             8 (1.4%)
  add DPP-4 inhibitors and GLP-1 receptor agonists         1 (0.2%)

Biguanides and sulfonylureas                                             (N = 300)

Remain on biguanides and sulfonylureas only               262 (87.2%)

Added to biguanide and sulfonylurea therapy
  DPP-4 inhibitors                                                                   28 (9.3%)
  GLP-1 receptor agonists                                                        8 (1.9%)
  DPP-4 inhibitors and GLP-1 receptor agonists                  <1 (0.3%)

Replaced sulfonylurea therapy with
  DPP-4 inhibitors                                                                     3 (0.9%)
  GLP-1 receptor agonists                                                      <1 (0.3%)
  DPP-4 inhibitors and GLP-1 receptor agonists                   <1 (0.1%)

Sulfonylureas (without biguanides)                                 (N = 130)

Remain on sulfonylureas only                                      121 (93.0%)
  add DPP-4 inhibitors                                                          8 (5.8%)
  add GLP-1 receptor agonists                                             1 (1.0%)
  add DPP-4 inhibitors and GLP-1 receptor agonists       <1 (0.2%)
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the increased costs for medication may be offset by lower 

healthcare expenditures for diabetics who benefi t from 

improved glycemic control and fewer side effects. 

Pharmaceutical manufacturers have continued to in-

vest heavily in the development of incretin-based thera-

pies. In 2013, 3 new medications were approved for the 

US market: Nesina (alogliptin), Kazano (alogliptin/met-

formin), and Oseni (alogliptin/pioglitazone) by Takeda 

Pharmaceutical.12,13 Alogliptin, an active ingredient in 

each of these medications, is a new DPP-4 inhibitor.13

Several new incretin-based therapies are also pending US 

Food and Drug Administration approval or are in phase 3 

clinical trials in the United States (Table 4). 

It is a limitation to our analysis that we excluded mem-

bers who were on insulin. We recognize that this elimi-

nates from our analysis a substantial subgroup of people. 

However, we felt it to be very important that we eliminate 

from our analysis people with type 1 diabetes, or other 

non–type 2 conditions that would reduce the applicabil-

ity of our results to people with T2DM. It is likely that 

this approach led to a very modest underestimation of the 

absolute prevalence and incidence of diabetic medication 

use (we suspect that our prevalence estimate is at most 

1.5 points below the true prevalence and the incidence 

estimate is at most 0.2 points below the true incidence). 

However, comparisons between the medications would 

be affected only to the extent that insulin use would be 

associated more with one medication than another. As 

there is no reason to expect that to be the case, these 

comparisons are likely to be unbiased.

Incretin-based therapies have proved to be effec-

tive in the treatment of people with T2DM who are not 

Table 4. Pipeline for GLP-1 Receptor Agonist and DPP-4 Inhibitor Therapeutic Classes 
Therapeutic Class Generic Name (Brand) Manufacturer Stage of Development Comments

GLP-1 receptor agonist albiglutide GlaxoSmithKline Pending FDA approval Once weekly. Late-stage 
results showed superiority 
compared with Merck’s 
Januvia.14-16 

dulaglutide Eli Lilly Phase 3 Once weekly. Results showed 
dulaglutide was as effective 
as insulin in controlling blood 
sugar in T2DM.17

exenatide continuous 
delivery

Intarcia/Quintiles 
Transnational

Phase 3 Proprietary subcutaneous 
delivery system of exenatide 
in a miniature subcutaneous 
pump to provide exenatide 
therapy for up to a year.18

lixisenatide (Lyxumia) Sanofi /Zealand Pharma Pending FDA approval Once-daily GLP-1 receptor 
agonist.19

semaglutide Novo Nordisk Phase 3 Once-weekly GLP-1 receptor 
agonist. At higher doses, 
semaglutide was more effec-
tive than liraglutide.20

DPP-4 inhibitor omarigliptin Merck Phase 3 Once-weekly DPP-4 inhibi-
tor.21,22

Insulin analogue/GLP-1 
receptor agonist

insulin degludec/liraglutide 
(IDegLira)

Novo Nordisk Phase 3 Ultra-long–acting insulin com-
bined with a GLP-1 receptor 
agonist. Phase 3 study results 
showed improved glycemic 
control versus degludec or 
liraglutide alone.23

DPP-4 inhibitor/TZD linagliptin/pioglitazone Boehringer Ingelheim and 
Eli Lilly

Phase 3 This combination offers an 
additive initial treatment 
option when metformin either 
is not well tolerated or is 
contraindicated.24

Sodium glucose 
cotransporter inhibitor/
DPP-4

empaglifl ozin/linagliptin Boehringer Ingelheim and 
Eli Lilly

Phase 3 Combination sodium glucose 
cotransporter inhibitor and 
DPP-4 inhibitor.25

DPP-4 indicates dipeptidyl peptidase-4; FDA, US Food and Drug Administration; GLP-1, glucagon-like peptide-1; T2DM, type 2 diabetes mellitus; TZD, thiazolidinedione.
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responsive to fi rst-line therapy with biguanides and sul-

fonylureas. As medical therapies for T2DM advance, so 

do the complexities of recommended treatment options. 

The role of incretin-based therapies will likely evolve 

and continue to challenge formulary managers and pay-

ers weighing effectiveness and cost in management of 

people with T2DM.
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