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Long-term Trends in Antidiabetes
Drug Usage in the U.S.: Real-world
Evidence in Patients Newly

Diagnosed With Type 2 Diabetes
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OJBECTIVE

To explore temporal trends in antidiabetes drug (ADD) prescribing and intensification
patterns, along with glycemic levels and comorbidities, and possible benefits of novel
ADDs in delaying the need for insulin initiation in patients diagnosed with type 2
diabetes.

RESEARCH DESIGN AND METHODS

Patients with type 2 diabetes aged 18-80 years, who initiated any ADD, were se-
lected (n =1,023,340) from the U.S. Centricity Electronic Medical Records. Those who
initiated second-line ADD after first-line metformin were identified (subcohort 1, n =
357,482); the third-line therapy choices were further explored.

RESULTS

From 2005 to 2016, first-line use increased for metformin (60-77%) and decreased
for sulfonylureas (20-8%). During a mean follow-up of 3.4 years post metformin, 48%
initiated a second ADD at a mean HbA, of 8.4%. In subcohort 1, although sulfonyl-
urea usage as second-line treatment decreased (60-46%), it remained the most pop-
ular second ADD choice. Use increased for insulin (7-17%) and dipeptidyl peptidase-4
inhibitors (DPP-4i) (0.4—21%). The rates of intensification with insulin and sulfonyl-
ureas did not decline over the last 10 years. The restricted mean time to insulin
initiation was marginally longer in second-line DPP-4i (7.1 years) and in the glucagon-
like peptide 1 receptor agonist group (6.6 years) compared with sulfonylurea (6.3
years, P < 0.05).

CONCLUSIONS

Most patients initiate second-line therapy at elevated HbA; levels, with highly
heterogeneous clinical characteristics across ADD classes. Despite the introduction
of newer therapies, sulfonylureas remained the most popular second-line agent,
and the rates of intensification with sulfonylureas and insulin remained consistent
over time. The incretin-based therapies were associated with a small delay in the
need for therapy intensification compared with sulfonylureas.

A broad choice of “old” and “new” antidiabetes drugs (ADDs) is available, which differ
not only in their mechanisms of action but also in their glycemic and extraglycemic
effects (1). While treatment guidelines for type 2 diabetes are regularly updated based
on new evidence, real-world prescription trends may also be driven by other factors,
such as medication costs, side effect profile, and provider and patient preferences.
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70 Antidiabetes Treatment Patterns in the U.S.

With the development of new classes of
antidiabetes therapies since 2005, including
incretin-based drugs and sodium—glucose
cotransporter 2 inhibitors (SGLT2i), the
paradigm of therapy options for patients
with highly heterogeneous glycemic and
cardiovascular risk factors has changed
significantly. However, the way in which
this has occurred in real-world practice,
especially in the trade-off between older
and new classes of ADDs as initial and in-
tensification therapy options, has not
been studied thoroughly.

The newer ADDs have been shown to
be associated with significantly lower risk
of hypoglycemia compared with the sul-
fonylureas (SU) and insulin (INS) (2). The
weight neutrality or benefits of weight
reductions have also been well established
for new therapies including the incretins
(3,4). Given the glycemic and extraglyce-
mic benefits of these agents, one would
expect a fall in the use of SU or INS as in-
tensification therapies. However, studies
evaluating the possible benefits of using
newer ADDs in terms of delaying the need
for INS are scarce (5,6). In this context, un-
derstanding the changing patterns of ther-
apy initiation and intensifications with
second- and third-line therapies, in conjunc-
tion with the heterogeneous patients’ char-
acteristics, is a fundamental background
requirement.

Cohen et al. (7) explored ADD-prescribing
patterns in the U.S. from 1997 to 2000 and
reported decreasing use of SU and increas-
ing trends in metformin (MET) and thiazoli-
dinedione (TZD) prescription over time.
Utilizing a claims database, Desai et al.
(8) reported an increasing proportional
share of MET and decreasing prescrip-
tions for TZD between 2006 and 2008.
One of the reasons for the reduction in
the use of TZD was the safety concerns
(9-12). While Berkowitz et al. (13) evalu-
ated treatment initiations with MET, SU,
and dipeptidyl peptidase-4 inhibitors
(DPP-4i) between 2009 to 2013 in the
U.S., utilization patterns of other ADDs
and the changing utilization trend over
time were not explored (14). Lipska
et al. (15) have evaluated the temporal
trend in the use of ADDs from 2006 to
2013 using claims data from the U.S. A
small number of studies have explored
the clinical characteristics of patients
according to the type of ADD pre-
scribed, but only over relatively short
time periods, and did not evaluate treat-
ment intensification with second- or

third-line ADDs over a long period of
time (16,17).

To the best of our knowledge, the pro-
gressive changes in the proportional dis-
tributions across all new and old ADDs,
and the patterns and determinants of
therapy intensification with second- and
third-line ADDs, have not been explored
comprehensively in any study. With rec-
ognition of the growing disease burden
and increasing volumes of dispensed
medications (18-21), the primary aim
of this study was to provide a comprehen-
sive up-to-date exploration of the treat-
ment pattern changes for type 2 diabetes
in the U.S. using the nationally representa-
tive Centricity Electronic Medical Records
(CEMR) from primary and secondary am-
bulatory care systems. Specifically, the aims
were to 1) explore temporal changes in pre-
scribing patterns from 2005 to 2016 with
respect to the drug initiation order, 2) ex-
plore therapy intensification with second
and third ADDs, 3) explore patient char-
acteristics including risk factors and co-
morbidities according to ADD therapy
prescribed, 4) explore the temporal pat-
terns in the rates of intensification with
SU and INS, and 5) evaluate whether use
of incretin-based therapies as second-line
therapy delays the need for intensifica-
tion with third-line ADDs and with INS
any time during follow-up.

RESEARCH DESIGN AND METHODS

Data Source

CEMR represents a variety of ambulatory
and primary care medical practices, in-
cluding solo practitioners, community
clinics, academic medical centers, and
large integrated delivery networks in the
U.S. More than 34 million individuals’
longitudinal electronic medical records
(EMRs) were available from 1995 to April
2016. More than 35,000 physicians and
other providers from all U.S. states con-
tribute to the CEMR, of whom ~75% are
primary care providers. The database is
generally representative of the U.S. pop-
ulation, with a diabetes prevalence of 7.1%
(identified by diagnostic codes) that is
similar to the national diabetes preva-
lence of 6.7% (diagnosed diabetes in
2014) (14). The CEMR has been used ex-
tensively for academic research world-
wide (3,22,23).

This database contains comprehensive
patient-level information on demo-
graphic, anthropometric, clinical, and lab-
oratory variables including age, sex,
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ethnicity, and longitudinal measures of
BMI, blood pressure, glycated hemoglo-
bin (HbA,.), and lipids. All disease events
along with dates are coded with ICD-9,
ICD-10, or SNOMED CT codes. Medication
data include brand names and doses for
individual medications prescribed, along
with start/stop dates and specific fields to
track treatment alterations. This data
set also contains patient-reported medi-
cations, including prescriptions received
outside the EMR network and over-the-
counter medications.

Methods

Eleven antidiabetes therapeutic classes
were considered in this study: MET, SU,
TZD, a-glucosidase inhibitors (AGI), amy-
lin, dopamine receptor agonists (DOPRA),
meglitinides (MEG), DPP-4i, glucagon-like
peptide 1 receptor agonists (GLP-1RA),
SGLT2i, and INS. For each patient, these
ADDs were arranged chronologically ac-
cording to the initiation dates. Same-day
initiations (including combination thera-
pies) were prioritized in the order as listed
above, with highest order priority assigned
to MET and lowest to INS. Additions or
switches were defined by comparing stop
dates and start dates of corresponding
therapies. Details on the medication data
structure, associated data-mining chal-
lenges, and description of an algorithm
applied to extract and aggregate patient-
level medication data from CEMR have
recently been published (24).

For convenience, AGI, amylin, DOPRA,
and MEG were combined into the “other”
category. Saxenda (a version of liraglutide)
was excluded from the GLP-1RA list, as
it was approved in 2014 for weight lower-
ing and not as an ADD (25). Although Wel-
chol (colesevelam) was approved for the
treatment of type 2 diabetes, it was mainly
prescribed to reduce cholesterol levels;
therefore, we did not include colesevelam
in our analyses (18).

Patients with diabetes were identified
on the basis of diagnostic codes; those
with a diagnosis of type 1 diabetes or only
gestational diabetes mellitus were identified
and excluded. For identified patients with
type 2 diabetes, the following inclusion cri-
teria were applied: 1) age at diagnosis =18
and <80 years, 2) diagnosis date strictly
after first registered activity in the data-
base, 3) diagnosis date on or after 1 Janu-
ary 2005, and 4) initiation of any ADD.

Demographic variables included sex,
age, and ethnicity. HbA;. values on the
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date of diagnosis and first-, second-, and
third-line ADD therapy initiation were ob-
tained as the closest observations within
a 3-month window. Body weight, BMI,
systolic/diastolic blood pressure (SBP/DBP),
lipids (LDL, HDL, and triglycerides), and
heart rate were calculated as the aver-
age of available measurements within a
3-month window of the diagnosis or ADD
initiation date. Obesity was defined as
BMI =30 kg/m>.

The presence of comorbidities prior to
the first and second drug initiation was
explored. Cardiovascular disease (CVD)
was defined as ischemic heart disease (in-
cluding myocardial infarction), peripheral
vascular disease, heart failure, or stroke.
Cancer was defined as any malignancy ex-
cept malignant neoplasm of skin. Charlson
Comorbidity Index was defined and calcu-
lated following the algorithm described by
Quan et al. (26).

Statistical Methods

The characteristics of patients were sum-
marized by ADD classes—at first prescrip-
tion and at second ADD initiation when
added to MET. Separate analyses were
conducted to explore the pattern of ad-
dition or switch to third ADD by major
classes of second-line ADDs. Study vari-
ables were summarized as number (%),
mean (SD), or median (first quartile [Q1],
third quartile [Q3]) as appropriate. In pa-
tients who had a second-line ADD added
after MET, and had at least 1 year of
follow-up post—second-line initiation,
the “restricted mean survival time” esti-
mation approach was used to compare
the mean time to the third ADD/INS ini-
tiation among major second-line ADD
groups. This method computes survival
time as time to third ADD/INS if initiated,
and otherwise as time to the end of fol-
low-up (date of patient’s last available re-
cord within the database). Standard life
table methods were used to estimate
rates per 100 person-years (95% Cl) of
second-line ADD, INS, and SU initiations in
patients with a minimum of 1 year follow-
up post—MET initiation.

RESULTS

From the 2,624,954 patients identified
with type 2 diabetes, 2,590,853 were
aged between =18 and <80 years at
the date of diagnosis with mean/median
3.9/2.7 years of follow-up. Of these patients,
1,305,686 (50%) were newly diagnosed af-
ter 1 January 2005, while 1,023,340 patients

initiated any ADD (study cohort) (Supple-
mentary Fig. 1) during the available
mean/median 3.4/2.8 years of follow-up
time. In the study cohort, 46% were male,
mean (SD) age was 58 years (13), and 68%
were white Caucasians, 12% blacks, and
2% Asians (Table 1).

First ADD

Prescription Pattern Changes Over Time
Figure 1A presents the proportional dis-
tribution of the first-line ADD by year of
initiation. The proportional share of MET
as the first choice increased consistently
from 60% in 2005 to 77% in 2016 (first
quarter of the year). SU’s share declined
from 20 to 8%, while INS’s share ranged
from 8 to 10%. Starting at 11% in 2005,
TZD’s proportional share dropped pro-
gressively to 0.7% in 2016. Other drugs
were chosen as first-line in 3% of cases
or less.

Patients’ Characteristics

In the study cohort of 1,023,340 patients,
the distribution of prescription patterns
for individual ADDs at any time from Jan-
uary 2005 to April 2016 and as the first
ADD are presented in Table 1. The demo-
graphic and clinical characteristics of the
patients, along with the prevalence of co-
morbidities at the time of first ADD initi-
ation, are also presented in Table 1.

In the study cohort, 79% received MET
any time during the recorded follow-up,
and 72% received MET as the first ADD.
The mean time to initiation of MET as
the first ADD and the available follow-
up time since initiation were 3.7 months
and 3.3 years, respectively. The propor-
tions of patients with HbA,. level =7.5%
(58 mmol/mol) and 8% (64 mmol/mol) at
MET initiation were 48% and 37%, respec-
tively. Those who initiated with GLP-1RA,
DPP-4i, TZD, and SU had a similar mean
HbA,. of 8.0, 7.7, 7.8, and 8.0%, respec-
tively (64, 61, 62, and 64 mmol/mol). INS
was initiated at an average HbA, . of 8.9%
(74 mmol/mol), with 71% and 59% having
HbA;. =7.5% (58 mmol/mol) and 8%
(64 mmol/mol), respectively.

Patients who initiated treatment with
MET were younger (mean age 57 years,
with 19% =70 years) than those who
initiated with SU (mean age 64 years, 43%
=70 years), with INS (mean 60 years,
29% =70years), with TZD (mean 62 years,
32% =70 years), or with DPP-4i (mean
64 years, 39% =70 years). Those who
had GLP-1RA and SGLT2i as the first
ADD were younger, more likely to be

Montvida and Associates

white Caucasian, female, and obese, as
compared with those who initiated with
MET, DPP-4i, INS, TZD, or SU.

Comorbidities

The proportions of patients with CVD,
chronic kidney disease (CKD), cancer, or
depression at first ADD initiation were
19%, 4%, 4%, and 11%, respectively.
Those patients initiating therapy with
INS had a significantly higher prevalence
of CVD (27%, P < 0.01), CKD (11%, P <
0.01), and higher Charlson Comorbidity
Index with mean (SD) of 1.84 (1.31),
compared with those initiating with MET,
DPP-4i, GLP-1RA, or TZD (Table 1 for com-
parative estimates).

Discontinuation of First ADD

Among patients with at least 1 year of
follow-up (n = 813,826), the proportions
of patients discontinuing the first-line
ADD within 1 year by individual ADDs
are presented in Table 1. While only 8%
of patients discontinued MET within a
year, 20%, 17%, and 25% of patients dis-
continued GLP-1RA, DPP-4i, and SGLT2i
within a year, respectively.

Second ADD
Among 740,478 patients who initiated
therapy with MET, 357,482 (48%, subco-
hort 1) (Supplementary Fig. 1) initiated a
second ADD, with an annual mean rate of
10.7 initiations per 100 person-years
(minimum 10.2, maximum 14.0) during
a mean 3.3 years of available follow-up,
at an average HbA;. level of 8.4%
(68 mmol/mol), with 60% and 48% having
HbA,. =7.5% (58 mmol/mol) and 8.0%
(64 mmol/mol), respectively. The propor-
tional share of second-line ADD (post-
MET) over time is presented in Fig. 1B.
The demographic and clinical characteris-
tics of the patients along with the time to
second ADD, and the prevalence of co-
morbidities at the time of second drug
initiation, are presented in Table 2.
Although the proportional share of SU
as a second-line therapy gradually de-
creased from 60 to 46% over time (Fig. 1B),
it remained the most popular choice
(53%) of therapy intensification post—
MET initiation across the whole time pe-
riod. SU was initiated as second-line ADD
at an average HbA,. level of 8.4% (68
mmol/mol), with 62% and 49% having
HbA;. =7.5% (58 mmol/mol) and 8.0%
(64 mmol/mol), respectively (Table 2).
Among patients with a second ADD
and a minimum 1 year of follow-up, only
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Proportional share of first ADD by year of initiation
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Figure 1—A: Proportional share of the first ADD by year of initiation in the study cohort. B: Proportional share of the second ADD by year of initiation in
subcohort 1 and key studies listed. C: In patients with a minimum of 1 year of follow-up post-MET, annual rates (95% Cl) of SU and INS initiations per

100 person-years. Subcohort 1: initiated second ADD and had MET as first-line treatment. *Other: amylin,

DOPRA, AGI, or MEG. EMPA REG, BI

10773 (Empagliflozin) Cardiovascular Outcome Event Trial in Type 2 Diabetes Mellitus Patients; EXAMINE, Examination of Cardiovascular Outcomes

with Alogliptin versus Standard of Care; FDA, U.S. Food and Drug Administration; LEADER, Liraglutide Effect

and Action in Diabetes: Evaluation of

cardiovascular outcome Results; PROactive, Prospective Pioglitazone Clinical Trial in Macrovascular Events; RECORD, Rosiglitazone Evaluated for Cardio-
vascular Outcomes in Oral Agent Combination Therapy for Type 2 Diabetes; SAVOR-TIMI, Saxagliptin Assessment of Vascular Outcomes Recorded in

Patients with Diabetes Mellitus—Thrombolysis in Myocardial Infarction; TECOS, Trial Evaluating Cardiovascular
Prospective Diabetes Study.

Outcomes with Sitagliptin; UKPDS, UK
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10% discontinued SU within 1 year com-
pared with significantly higher discontin-
uation proportions in other second-line
non-INS ADDs.

The proportional share of DPP-4i as a
therapy intensification option post—-MET
initiation sharply increased from 0.4% in
2006 (approved in October 2006) to 20%
in 2016 (Fig. 1B). DPP-4i were initiated at
an average HbA; . of 8.2% (66 mmol/mol),
with 57% and 43% having HbA;. =7.5%
(58 mmol/mol) and 8.0% (64 mmol/mol),
respectively. While 18% discontinued
DPP-4i within a year of initiation, the pro-
portions of patients discontinuing second-
line GLP-1RA, TZD, or SGLT2i within a year
were higher.

The proportional share of patients
receiving GLP-1RA as a second ADD in-
creased from 3% in 2006 to 7% in 2016. Ini-
tiation of GLP-1RA occurred at relatively
lower HbA . levels of 7.8% (62 mmol/mol)
and at the highest BMI levels among
second-line ADD groups. Twenty-one per-
cent of patients discontinued GLP-1RA
therapy within a year of commencing it
as a second ADD. After approval of the
first SGLT2i in 2013, the proportional
share of those receiving it as a second
ADD reached 7% in 2016. One-quarter
of patients discontinued SGLT2i therapy
within a year of adding it as second-line
ADD. The proportional share of patients
receiving TZD as a second-line therapy
dropped from 30 to 4% (Fig. 1B), with
21% of patients discontinuing therapy
within 1 year.

The proportional share of patients re-
ceiving INS as a second ADD post-MET
initiation has consistently increased from
7% in 2005 to 17% in 2016 (Fig. 1B). The
intensification with INS occurred at a
9.3% (78 mmol/mol) average HbA, level,
with 73% and 64% having HbA;. =7.5%
(58 mmol/mol) and 8.0% (64 mmol/mol),
respectively. Only 7% patients discontin-
ued INS within 1 year of initiation.

Third ADD

Among patients in subcohort 1, 78% had
at least 1 year of follow-up from the sec-
ond ADD initiation (subcohort 2; n =
278,188). Of these patients, 144,106
(52%) initiated a third ADD, with an an-
nual mean rate of 12.6 initiations per
100 person-years (minimum 11.4, maxi-
mum 14.9) during a mean follow-up
of 4 years post—second-line initiation.
Table 3 presents treatment intensifica-
tion patterns by the major second-line

ADDs. Most of the patients (84% [n =
121,559]) added a third drug on top of
the second ADD, while 16% (n = 22,547)
ceased the second ADD and switched to
a third ADD. Addition of the third drug
occurred at higher HbA,. levels (8.5%
[69 mmol/mol]) compared with switching
(8.2% [66 mmol/mol]).

Among patients with SU as the sec-
ond ADD, 49% (n = 73,776) added and
6% (n = 8,204) switched to a third drug
during a mean follow-up of 4.1 years. The
most popular third ADD addition was
DPP-4i (34% of those who added a third
ADD), followed by INS (28%) and TZD
(26%). Among those who switched, al-
most one-half (49%) switched to INS,
while 30% and 8% switched to DPP-4i
and GLP-1RA, respectively.

SU, DPP-4i, and GLP-1RA were added
to INS in 32%, 26%, and 22% of patients
(from those who added a third ADD),
respectively. Only 3% of patients ceased
INS therapy to switch to another ADD
during a mean 3.6 years of follow-up. In
the second-line DPP-4i group (n = 46,822),
40% added and 11% switched to a third
drug during a mean 3.4 years of follow-
up. The most popular third ADD addition
was SU (40% of those who added a third
ADD), followed by INS (29%) and GLP-1RA
(9%). Of those who switched from DPP-4i,
one-half of the patients moved to SU, fol-
lowed by INS and GLP-1RA (17%).

Among those who had a GLP-1RA as the
second ADD, 52% added INS (of those who
added a third ADD) and 18% switched to
INS (of those who switched to a third ADD)
during a mean 3.9 years of follow-up; 11%
added and 34% switched to DPP-4i. In the
TZD group, 43% added and 22% switched
to a third ADD during 5.4 years of follow-
up. Among those who switched, 45%
chose SU while 35% moved to DPP-4i.

Temporal Changes in Rates of
Intensification With SU and INS
Among patients with first-line MET and a
minimum 1 year of follow-up, the annual
rates per 100 person-years of INS/SU ini-
tiation (irrespective of order of therapy
intensification) are presented in Fig. 1C.
The rates did not significantly decline
from 2005 to 2014.

Do Novel ADDs Help Delay the Need
for Therapy Intensification?

The Kaplan-Meier analyses, based on re-
stricted mean years to adding or moving
to a third ADD, in major second-line ADD

Montvida and Associates

groups are presented in Table 3. The
mean time to intensification with a third
ADD was marginally longer in incretin
groups (DPP-4i 4.1 years [95% Cl 4.1,
4.2] and GLP-1RA 4.2 years [4.1, 4.3])
compared with that in patients with SU
as the second-line ADD (3.9 years [3.8,
3.9]; P =0.04). The restricted mean times
tointensification with INS any time during
follow-up were 6.3, 7.1, and 6.6 years in
the SU, DPP-4i, and GLP-1RA groups, re-
spectively (all comparative P < 0.05).

CONCLUSIONS

This longitudinal exploratory study of a
large cohort of patients with type 2 dia-
betes observed between 2005 and 2016
from primary and ambulatory care sys-
tems in the U.S. provides 1) a detailed
account of glycemic states, clinical char-
acteristics, and comorbidities at first-line
and second-line therapy initiation by dif-
ferent drug classes, as well as new in-
sights into 2) the changes in the choice
of first- and second-line ADDs over the
last 10 years, 3) patterns of therapy inten-
sification with third-line ADDs and with
INS, separately for major second-line
ADDs, 4) changes in the annual rates of
therapy intensification with SU and INS
over time, and 5) possible benefits of us-
ing newer novel antidiabetes therapies in
terms of delaying the need for third-line
therapy intensification, including the
need for initiating INS.

With 3.4 years of mean follow-up in
more than one million patients with a di-
agnosis of type 2 diabetes from 2005, this
study provides robust and detailed infor-
mation on the changing clinical practices
for the management of type 2 diabetes
in a real-world setting. We are not aware
of any study that simultaneously evalu-
ated the changing prescribing patterns
of old and new ADDs as first-line therapy
and as intensification options at various
levels of glycemia and comorbidities.

The proportional share of MET as the
first-line therapy choice has increased
from 60 to 77%, while that for SU has
decreased from 20 to 8%, over the last
decade. However, SU continue to be the
most popular second-line therapy inten-
sification option, although with a declin-
ing share (from 60 to 46% over the last
decade). The discontinuation rate of SU
was found to be the lowest among non-
INS second-line ADDs. Among those who
intensified with a third-line therapy, the
ratio of addition to switching to third ADD
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was highest in the SU group (9.0), followed
by DPP-4i (3.8) and GLP-1RA (3.2), during >4
years of mean follow-up post—second-line
ADD initiation.

We observed that second-line SU users
initiate a third ADD marginally sooner com-
pared with incretin users. A study based on
EMR data from the U.K. reported the oppo-
site results, with an average of 1.6 and 2.4
years to third ADD initiation in the 3,080
and 15,508 patients treated with MET +
DPP-4i and MET + SU, respectively (5).

The proportions of patients who added
INS were similar between patients who
had a DPP-4i and an SU as the second
ADD. However, among those who switched
to a third ADD, only 17% of patients in the
DPP-4i group switched to INS, compared
with almost 50% in the SU group. We also
observed that the mean time to INS initia-
tion was significantly shorter for second-line
SU users (6.3 years) than in the DPP-4i group
(7.1 years). This finding is similar to a study
(2015) based on 3,864 matched pairs of pa-
tients treated with DPP-4i or SU when
added to MET, where Inzucchi et al. (6) re-
ported that those treated with DPP-4i
were significantly less likely to initiate
INS compared with those treated with SU.

We observed an increasing propor-
tional share of INS as a second-line ther-
apy option over the last 10 years, despite
the availability of novel therapies that
were found to have similar or better gly-
cemic efficacy in clinical trials. Also, the
annual rates of intensification with INS
remained similar over the last decade.
In a similar study, Lipska et al. (15) ob-
served that the overall rate of severe hy-
poglycemia did not reduce from 2006 to
2013. This may reflect pressure to achieve
glycemic targets rapidly and an increasing
recognition that for people with very poor
glycemic control, INS may be the only
drug likely to achieve targets.

Compared with rates for older ADDs,
high discontinuation rates of new thera-
peutic classes, particularly of DPP-4i, are
surprising. The higher cost of these newer
drugs may be relevant and may also con-
tribute to the fairly low rates of initiation
of these drugs overall. More studies, uti-
lizing additional data sources, are needed
to specifically test hypotheses for the dif-
ferences in initiation, adherence, and per-
sistence between drug classes.

The HbA;. level at pharmacological
therapy initiation was found to be 8.2%
(66 mmol/mol), with 50% having HbA;
=7.5% (58 mmol/mol). The HbA,. levels

at first-line ADD initiation were similar
across all ADDs, except in those who ini-
tiated with INS, whose average HbA; . was
8.9% (74 mmol/mol). Although the mean
time to second ADD post—MET initiation
was only 8 months, it occurred at a high
HbA,. level of 8.4% (68 mmol/mol),
with 60% and 48% of patients having
HbA;. =7.5% (58 mmol/mol) and 8%
(64 mmol/mol), respectively. Among
those with a minimum of 1 year of follow-
up post—second ADD, ~52% intensified
with a third ADD at an average HbA,.
level of 8.5% (69 mmol/mol). These find-
ings reflect the continued glycemic risk
burden in patients with type 2 diabetes
(27-30). While the persistent therapeutic
inertia (28) and the long-term conse-
quences of therapeutic inertia (27,29)
for glycemic control in primary care sys-
tems have been evaluated, exploration of
the glycemic state at therapy initiation
and intensification by ADD classes is
scarce. Our study provides a detailed ac-
count of the glycemic state in people with
type 2 diabetes at therapy initiation and
intensifications during a reasonable follow-
up period in primary and ambulatory care
settings.

The main strength of this study is the
availability of data from the patients’
medication lists that included prescribed
medications within the EMR network and
also medication information that could be
prescribed outside of the EMR, as well as
data on glycemic control and comorbid-
ities. The CEMR database tracks longitudi-
nal treatment adjustments and contains
comprehensive clinical information, which
is usually not available in claims databases.

The limitations of this study include the
nonavailability of complete and reliable
data on 1) medication adherence and
side effects, 2) diet and exercise, 3) socio-
economic status, and 4) insurance type.
We did not include dosage changes or
brands’ distribution in our analyses. The
findings of this study should be inter-
preted with caution: EMR data are in gen-
eral biased toward unhealthy populations
and commercially insured individuals,
white Caucasians are overrepresented in
the CEMR, and the results are subject to
limited follow-up.

Less popular ADDs such as MEG, AGI,
DOPRA, and amylin were included in our
study for multiple reasons: first, to assess
utilization data of such medications, as
these drugs are usually omitted, and sec-
ond, to ensure market shares of other
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drugs are not overestimated. We observed
that only 39,549 patients with type 2 diabe-
tes were using SGLT2i during the available
follow-up period, which is not surprising,
given that they were first approved in 2013.

To conclude, while we have observed
significant increase in the use of MET as
the first-line therapy over the last 10 years,
the second- and third-line therapy intensi-
fication choices are highly heterogeneous.
While increasing popularity of “new”
drugs, especially DPP-4i and SGLT2i, was
observed as the second and third drugs
choices, SU remain the most popular
therapy intensification choice and have
a lower discontinuation rate compared
with other non-INS ADDs. The propor-
tional share of INS as a second-line ther-
apy choice has also increased significantly
over the last decade. Incretin-based ther-
apies were found to delay the need for
therapy intensification only marginally
compared with other ADDs. Contrary to
the guidelines for proactive glycemic
management, pharmacological therapy
initiation and the intensifications oc-
curred at very high levels of HbA;., with
48% of patients having HbA;. =8.0%
(58 mmol/mol) at second-line therapy
initiation.
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