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ABSTRACT

Introduction: Research has shown that gly-
cemic control is associated with lower rates of
microvascular and long-term cardiovascular
complications. In the analyses reported here, we
examined treatment failure on oral glucose-
lowering agents (GLAs), defined as having sus-
tained hemoglobin Alc (HbAlc) > 7%.

Methods: This study utilized the IBM® Mar-
ketScan® Claims and Laboratory Data from 1
January 2012 through 30 June 2018. Adults
with type 2 diabetes (T2D) were classified based
upon the maximum number of classes of GLAs
prescribed per day during the time period from
1 July 2012 through 31 December 2012. Patients
were followed for 5.5 years in order to examine
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time to failure on oral GLAs, defined based
upon receipt of > 2 consecutive HbAlc results >
7%. Multivariable analyses employing a Cox
proportional hazards model were used to
examine time to failure overall and based upon
the number of index classes of oral GLAs pre-
scribed. For patients who had sustained HbAlc
above the threshold, multivariable analyses
examined the duration of time that HbAlc
remained above the threshold (i.e, glycemic
burden) and whether or not an additional oral
or injectable class of GLA was added to the
patient treatment regimen (i.e., clinical inertia).
Results: A total of 4156 patients were included
in the study, of whom 16% were identified with
sustained HbAlc > 7% after 365 days (1 year)
and 36% after 730 days (2 years), with half of all
patients having sustained HbAlc above target
after 1102 days (3 years). There was a statisti-
cally significant difference in time to having
sustained HbA1c above target based upon index
classes of therapy, with patients treated with
more GLAs being quicker to have HbAlc above
target (P < 0.0001). Among those patients who
were found to have sustained HbAlc > 7%, the
average number of days in the post-period that
HbAlc remained above target was 1026
(2.8 years). Only 36% of patients with sustained
HbA1c above target added a GLA to their treat-
ment regimen and, for patients who did add
such a therapy, the average duration from
identification of HbAlc above target until
treatment intensification  was 401 days
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(1.1 years). Multivariable analyses revealed that,
among those with sustained HbAlc > 7%,
treatment with more classes of oral GLAs was
associated with a significantly higher glycemic
burden and significantly lower odds of clinical
inertia.

Conclusion: These results indicate that for
many patients treated with oral GLAs, glycemic
control is not consistently achieved. For
patients with above-target HbAlc , the results
indicate a relatively large glycemic burden and
clinical inertia towards treatment intensifica-
tion. The findings illustrate some limitations
associated with treatment of T2D with oral
GLAs.

Keywords: Clinical inertia; Glucose-lowering-
agents; Glycemic burden; HbA1c; Kaplan-Meier
analyses; Oral therapy; Type 2 diabetes

Key Summary Points

Why carry out this study?

Despite the advantages associated with
glycemic control, previous research has
found that treatment delays are common
in the treatment of type 2 diabetes (T2D).

This study examines the relationship
between treatment with oral glucose-
lowering agents (GLAs) and glycemic
control.

What was learned from the study?

Among the 4156 individuals included in
the study, half of all patients were found
to have sustained HbAlc above the target
level, defined as > 2 sequential
hemoglobin Alc ( HbAlc) results above
target, after 3 years; and among such
patients, the average number of days that
HbA1lc remained above target was 1026
(2.8 years).

Only 36% of patients with sustained
HbA1lc above target added a GLA to their
treatment regimen, and for patients who
did add such a therapy, the average
number of days from identification of
HbA1lc above target until such treatment
intensification was 401 days (1.1 years).

Multivariable analyses revealed that,
among those with sustained HbAlc > 7%,
treatment with more classes of oral GLAs
was associated with a significantly higher
glycemic burden and significantly lower
odds of clinical inertia.

The results of this study illustrate the large
glycemic burden and clinical inertia
towards treatment intensification
associated with the use of oral GLAs.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14223017.

INTRODUCTION

Type 2 diabetes (T2D) is a progressive disease
characterized by deteriorating glycemic control
due to declining beta-cell function and
increasing insulin resistance [1]. Oral glucose-
lowering agents (GLAs) are the first-line of
treatment for T2D, yet many patients require
additional therapies to achieve glycemic control
as T2D advances [2]. For example, the UK
Prospective Diabetes Study (UKPDS) found that,
after 6 years of treatment on oral GLAs, 44% of
patients required additional therapy to manage
their hyperglycemic symptoms or bring their
fasting plasma glucose to < 15.0 mmol per liter
[3]. Similarly, the Diabetes Outcome Progres-
sion Trial (ADOPT) reported substantial 5-year
failure rates for specific oral agents, including
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rosiglitazone (15%), metformin (21%), and
glyburide (34%), with failure was defined as
fasting plasma glucose > 10.0 mmol per liter
[4].

While various measures of glycemic control
are used [1], the American Diabetes Association
(ADA) has deemed hemoglobin Alc (HbAlc)
the primary such measure and has set a stan-
dard treatment goal of HbAlc < 7% for most
nonpregnant adults [5]. The benefits of achiev-
ing HbAlc < 7% in patients with T2D include
lower rates of both microvascular and long-term
cardiovascular complications [6, 7], and setting
even tighter HbAlc goals might also be associ-
ated with improved microvascular outcomes
[8]. Nevertheless, more intensive glycemic con-
trol has been associated with increased rates of
hypoglycemia [8, 9], and fear of hypoglycemia
and other concerns have been associated with a
reluctance to start or intensify antidiabetic
treatment in a timely way [10]. More than 50
studies [11] published over the past 2 decades
have shown that such treatment delays, deemed
clinical inertia [12], are common in the treat-
ment of T2D. However, little research has solely
examined treatment failure on oral GLAs, as a
medication class, or subsequent outcomes.

Given the evidence of the progressive nature
of diabetes, the limitations of oral GLA therapy,
and clinical inertia in the treatment of T2D, we
hypothesized that oral antidiabetic therapies
often fail to sustain the target HbAlc over time
among US patients with T2D, and that treat-
ment intensification after such failure is often
delayed. To test these hypotheses, the present
retrospective analyses focused on a population
of patients with T2D who were initiated on oral
GLAs to determine: (1) the time to treatment
failure on oral therapy, defined as the mean
number of days from prescription of oral GLA
medications to the record of an HbAlc > 7%;
(2) the glycemic burden, defined as the mean
number of days that patients sustained HbAlc
> 7%; and (3) clinical inertia, defined as the
mean number of days from identification of
above-target HbAlc to modification of
treatment.

METHODS

The study data was from the IBM® MarketS-
can® Claims and Laboratory Data (IBM Watson
Health, Cambridge, MA, USA). The claims data
consisted of Commercial Claims and Encoun-
ters (CCAE) and Medicare Supplemental
(MDCR) databases. These databases provided
information on patient demographic charac-
teristics, enrollment, inpatient services, outpa-
tient services, prescription drug use, and gross
payments to a service provider. The MarketScan
Laboratory database provided laboratory test
results, including HbA1c test results, for a subset
of patients included in the MarketScan® CCAE
and MDCR databases. The data came from
insurance claims and medical encounters dated
from 1 January 2012 through to 30 June 2018.
All study data were fully de-identified and
Health Insurance Portability and Accountability
Act (HIPAA) compliant. Given the use of retro-
spective and de-identified data, ethics commit-
tee approval was not required. Permission to use
the data for this study was granted by license
between IBM Watson Health and Eli Lilly and
Company.

For inclusion in the study, patients were
required to have filled a prescription for > 1 oral
GLAs over the period from 1 July 2012 through
31 December 2012 (i.e., the identification win-
dow). For each day in the identification win-
dow, the number of classes of GLAs prescribed
was examined. The index date was defined as
the first date associated with the highest num-
ber of GLA classes prescribed. The pre-period
was defined as the 6-month period prior to the
index date; the post-period was defined as the
5.5 years after the index date; and the study
period was defined as the 6-year interval span-
ning both the pre- and post-periods. Patients
were also required to be identified as having
T2D in 2012 based upon receipt of > 2 diag-
noses of T2D (International Classification of
Diseases, Ninth Revision, Clinical Modification
[ICD-9-CM] codes 250.x0, 250.x 2 or Interna-
tional Classification of Diseases, Tenth Revision,
Clinical Modification [ICD-10-CM] code E11xx)
or one diagnosis of T2D and no more than one
diagnosis of type 1 diabetes (ICD-9-CM codes

I\ Adis



1466

Diabetes Ther (2021) 12:1463-1474

250.x1, 250.x3 or ICD-10-CM code E10xx).
Patients were excluded from the study if they
used any injectable GLA in 2012, if they were
diagnosed with pregnancy or gestational dia-
betes (ICD-9-CM code 630.xx-679.xx, V22.xx,
V23.xx or ICD-10-CM code Oxxxx, Z33xx,
7Z4xx) at any time over the study period, if they
were younger than age 18 years at the index
date, or if they did not have continuous insur-
ance coverage over the study period. Finally,
patients were required to have at least one
recorded HbA1c laboratory test result in the pre-
period and at least four such results in the post-
period. Figure 1 illustrates how each of these
inclusion and exclusion criteria affected sample
size.

The primary outcome of interest was time to
treatment failure on oral GLA, with failure on
oral antidiabetics defined as sustained HbAlc
> 7%. The use of a 7% HbAIlc threshold is
consistent with ADA guidelines which state that
an appropriate goal for most adults is
HbAlc < 7% [5]. In this study, sustained
HbAlc > 7% was defined as having at least two
consecutive post-period HbAlc tests with
results > 7%, and the first such date was defined

as the failure date. This definition allows for
temporary fluctuations in HbAlc in order to
conservatively estimate whether a patient is
above the HbAlc target. Time to failure was
examined overall as well as by the number of
classes of GLAs with which patients were treated
on the index date.

In addition to examining time to failure on
oral GLAs, for patients who had a sustained
HbAlc > 7%, the analyses examined glycemic
burden and clinical inertia. Glycemic burden
was defined as the number of days in the post-
period where HbAlc remained above target.
Consistent with previous research, if an indi-
vidual had an HbAlc > 7%, it was assumed that
HbAlc stayed above target until the next mea-
surement [13]. For patients who had a sustained
HbAlc > 7%, clinical inertia was defined as the
lack of use of any additional class of GLA ther-
apy [13]. Note that while individuals were
excluded from the analyses if they used an
injectable GLA in the pre-period or identifica-
tion period, such use was allowed in the 5.5 year
post-period. As a result, patients who added an
additional class of an oral GLA or an

|

Receipt of 1 or More Classes GLA from 7/1/12 — 12/31/12 with Index Date Defined as First use of Maximum Number of Classes
of Drugs Prescribed
N=163,621

Identified with Type 2 Diabetes in 2012
N=152,159

No Use of Injectable GLA in 2012
N=115.871

No Diagnosis of Pregnancy or Gestational Diabetes Over the Study Period
N-114.871

\ 2

[
{
[
[

Age 18 or older at Index Date
N=114.788

¥

Receipt of at Least 4 HbAlc Lab Results in the Post-Period and 1 in the Pre-Period ’
N=17,538

¥

N=4,156

‘ Continuous Insurance Coverage Over the Study Period ’

Fig. 1 Inclusion—exclusion criteria and sample size. Study
period defined as the time interval from 6 months prior to

the index date (pre-period) through 5.5 years post index

date (post-period). GLA Glucose-lowering agent, HbAIc
hemoglobin Alc
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injectable GLA would be classified as not having
clinical inertia.

For descriptive analyses, differences in cate-
gorical variables were examined using chi-
square statistics, while for continuous variables
differences in medians were examined using
Kruskal-Wallis tests. Multivariable analyses
were used to examine time to failure, glycemic
burden, and clinical inertia. Specifically, time to
failure was examined employing a Cox propor-
tional hazards model. Among individuals with
sustained HbAlc > 7%, days of glycemic bur-
den were examined using a negative binomial
model and clinical inertia was examined using
logistic analyses. All multivariable analyses
controlled for patient age, sex, the average
number of days between HbAlc tests, and
health status, as proxied by the Charlson
Comorbidity Index (CCI) [14] and Diabetes
Complications Severity Index (DCSI) [135].
While this research focused on the relationship
between number of oral GLAs and outcomes,
the complete results for the multivariable anal-
yses are provided in Electronic Supplementary
Material (ESM) Appendix A. All analyses were
conducted using SAS version 9.4 (SAS Institute,
Cary, NC, USA). A P value < 0.05 was consid-
ered, a priori, to be statistically significant.

RESULTS

The final sample consisted of 4156 patients.
Table 1 presents the baseline characteristics for
all patients and for subgroups stratified accord-
ing to the number of classes of GLAs prescribed
in the identification window. The median age of
all patients was 55 years, and 56.0% of patients
were male. Most of the individuals in this pop-
ulation resided in the South region of the USA
(64.3%), and patients were insured most fre-
quently via a health maintenance organization
(43.6%) or preferred provider organization
(21.3%). In the identification window, 53.4% of
patients filled a prescription for no more than
one class of oral GLAs per day, 34.1% filled a
prescription for two classes of oral GLAs, and
12.4% filled a prescription for three or more
classes of oral GLAs per day. As the number of
index classes of oral GLAs increased, patients

were more frequently male, residents of the
South region of the USA, and insured through a
point of service or health maintenance organi-
zation, while they were less frequently female,
residents of the the North Central region of the
USA, and insured with comprehensive insur-
ance or consumer-directed health plans.The
median CCI or DCSI scores were zero for all
patients as well as all groups of patients based
upon number of classes of oral GLAs (both
P > 0.05).

Figure 2 presents the results of the multi-
variable analyses which examine the duration
of time until the above-target HbAlc was iden-
tified based upon the first of > 2 HbAlc results
above target. Figure 2a (left) shows that 16% of
the overall population had a sustained HbAlc
> 7% after 365 days (1 year), 36% had a sus-
tained HbAlc > 7% after 730 days (2 years), and
50% had a sustained HbAlc > 7% by 1102 days
(3 years). Figure 2b (right) shows that the num-
ber of classes of oral GLAs prescribed and the
time to treatment failure on oral GLAs had an
inverse association. For instance, among those
treated with one class of oral GLAs, 50% had
HbAlc > 7% after day 1815 (5.0 years); among
those treated with two classes of oral GLAs, 50%
had HbAlc > 7% after day 769 (2.1 years); and
among those treated with > 3 classes of oral
GLAs, 50% had HbAlc > 7% after day 639
(1.8 years). As these results indicate, patients
treated with more GLAs more quickly failed
treatment, as measured by having a sustained
HbAlc > 7%. Likewise, the greater the number
of oral GLAs prescribed, the more likely a
patient was to sustain above-target HbAlc after
only 1 year. Specifically, for those treated with
one, two, or three or more classes of oral GLAs,
the percentage of patients with a sustained
HbAlc > 7% after 1 year was 11, 23, or 30%,
respectively, while after 2 years these percent-
ages were 25, 48, or 58%, respectively.

Figure 3 examines glycemic burden. Unad-
justed descriptive statistics (Fig. 3a) show that
those who sustained HbAlc > 7% did so for
51.1% of the post-period (1026 days; 2.8 years)
on average, with this percentage increasing as
the number of classes of oral GLAs prescribed in
the pre-period increased. For instance, among
those prescribed one oral class of GLAs, patients
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Table 1 Descriptive statistics—overall and by number of classes of glucose-lowering agent

Baseline characteristics All Patients characterized by number of index classes of
patients oral GLAs
1 oral 2 oral 3+ oral P value
GLA GLAs GLAs*
Sample size 4156 2221 1419 516
Age, years, median (IQR)b 55 (50-59) 55 (50-59) 55 (50-58) 55 (50-58) 0.6779
Sex < 0.0001
Male 2329 1154 841 (593) 334 (64.7)
(56.0) (52.0)
Female 1827 1067 578 (40.7) 182 (35.3)
(44.0) (48.0)
Region 0.0330
Northeast 462 (11.1) 243 (109) 162 (114) 57 (11.1)
North Central 903 (217) 512 (23.1) 294 (207) 97 (18.8)
South 2674 1419 910 (64.1) 345 (66.9)
(64.3) (63.9)
West 115 (28)  45(20) 5337 17 (33)
Unknown 2 (0.1) 2 (0.1) 0 (0.0) 0 (0.0)
Insurance Plan Type 0.0064
Comprehensive 694 (16.7) 401 (18.1) 226 (159) 67 (13.0)
Health Maintenance Organization 1810 956 (43.0) 622 (43.8) 232 (45.0)
(43.6)
Point of Service 436 (10.5) 198 (8.9) 168 (11.8) 70 (13.6)
Preferred Provider Organization 884 (21.3) 471 (21.2) 299 (21.1) 114 (22.1)
Consumer Directed Health Plan 146 (35) 84 (3.8) 47 (3.3) 15 (2.9)
Other/unknown 186 (4.5) 111 (5.0) 57 (4.0) 18 (3.5)
Charlson Comorbidity Index, median (IQR)® 0 (0-1) 0 (0-1) 0 (0-1) 0 (0-1) 0.3938
Diabetes Complications Severity Index, median 0 (0-1) 0 (0-1) 0 (0-1) 0 (0-1) 0.6087

(IQR)

Values in table are presented as the frequency (N) with the percentage in parenthesis, unless indicated otherwise

GLA Glucose-lowering agent

* 41 patients received prescriptions for 4 classes of oral GLAs and 2 patients received prescriptions for 5 classes of oral GLAs

b . . . . . . ) .
For continuous variables, medians and interquartile ranges (IQR) are reported since Kolmogorov-Smirnoff test reject the

hypothesis of normality
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A Time to Sustained HbAlc > 7%:
All Patients

1N *. e
'S =N w

Proportion of Patients with HbAlc > 7%

e
o

0 292 531 757 1,028 1,377 1,826

Days

Fig. 2 Time to sustained HbAlc > 7%, overall and by
number of classes of oral glucose-lowering agents. Time to
sustained HbAlc > 7% was analyzed using the Cox model
adjusted for age, sex, patient general health, and average

sustained HbAlc > 7% for 44.8% of the 5.5 year
post-period, while those prescribed > 3 oral
classes sustained HbAlc > 7% for 59.7% of the
post-period. The multivariable analyses (Fig. 3b)
are generally consistent with the descriptive
statistics, with use of more classes of oral GLAs
associated with a larger glycemic burden. For
example, the incidence rate ratio illustrates that
patients prescribed two classes of oral GLAs or
three or more classes of oral GLAs, compared to
those who were prescribed only one class, had
1.22-fold (incidence rate ratio [IRR] 1.216; 95%
confidence Interval [CI] 1.154-1.283) and 1.33-
fold (IRR 1.331; 95% CI 1.239-1.430) more days
of glycemic burden, respectively.

Figure 4 examines clinical inertia. Descrip-
tive analyses (Fig.4a) illustrate that, despite
having a sustained HbA1lc above target, 64% of
the patients in this population were not pre-
scribed any additional glucose-lowering thera-
pies over the entire 5.5 year post-period. This
percentage decreased as the number of classes of

B Time to Sustained HbAlc > 7%:
By Number of Classes of Oral GLAs

e e e
IS N 1%

e
9

Proportion of Patients with HbAlc > 7%

0 292 531 757 1,028 1377 1,826
Days
~—1 Oral (HR=1.00)

=2 Orals (HR=2.04; 1.88-2.22)
23 Orals (HR=2.44; 2.18-2.73)

time between HbAlc tests. Sustained HbAlc > 7% was
defined as having > 2 consecutive HbAlc laboratory test
results above target in the post-period

oral GLAs prescribed at index increased. How-
ever, even among those patients who were
prescribed an additional therapy, there was
often a delay in such a therapy modification.
The mean length of time between identification
of sustained HbAlc > 7% and therapy modifi-
cation was 401 days (1.1 years). In the multi-
variable analyses (Fig. 4b), patients treated with
two classes of oral GLAs were 49% (odds ratio
[OR] 0.507; 95% CI 0.423-0.607) less likely to
have clinical inertia compared to individuals
treated with one GLA while patients treated
with three or more classes of oral GLAs were
73% less likely to add an additional class of GLA
(OR 0.268; 95% CI 0.212-0.339).

As a test of the robustness of the results, all
analyses were also conducted using only the
subset of patients who had a pre-period HbAlc
below target (N =2392). The results of these
alternative (sensitivity) analyses were generally
consistent with the primary results, as reported
above. In both sets of analyses, treatment with

I\ Adis



1470

Diabetes Ther (2021) 12:1463-1474

A Unadjusted Glycemic Burden For
Patients With Sustained HbAlc > 7%*

1,400

1,198
1,200

1,092
1,026
1,000

899

800

# of Days

600

400

200

mAll Patients m1 Class of Oral GLA

"2 Classes of Oral GLAs 3+ Classes of Oral GLAs

Fig. 3 Glycemic burden and number of classes of oral
glucose-lowering agents: descriptive statistics and multi-
variable Analyses. *Unadjusted differences in results for
patients based upon number of classes of oral GLAs
prescribed at index date is statistically significant
(P < 0.05). *Results from multivariable analyses that
controls for age, sex, pre-period general health and length

more classes of GLAs was associated with a sta-
tistically significant decrease in the time to
sustained HbAlc above target. However, the
patients in the subset analysis were generally
slower to have sustained HbAlc above target.
For example, in the main analyses, 16% of
patients had sustained HbAlc > 7% after
365 days (1 year), while in the sensitivity anal-
yses only five of patients had “failed” on oral
GLA therapy after 365 days (1 year). Similarly,
for those patients who had sustained HbAlc
> 7%, the glycemic burden and likelihood of
clinical inertia were also lower in the sensitivity
analyses. For example, treatment with two
classes of oral GLAs compared to one class, was
associated with 1.17-fold the number of days of
glycemic burden in the sensitivity analyses
(IRR 1.174; 95% CI 1.073-1.284) compared to
1.22-fold the number of days in the main
analyses. In the sensitivity analyses, treatment

B Incidence Rate Ratios: Association Between
Additional Classes of Orals and Number of Days
of Glycemic Burden*
15

1.33

12

0.9

0.6

Incidence Rate Ratios with 95% CI

0.3

0.0

2 Oral GLAs™* 3+ Oral GLAs**

of time between HbAlc tests indicate significant increase
in glycemic burden for patients treated with 2 classes of
oral GLAs or > 3 classes of oral GLAs compared to
patients treated with 1 class of oral GLA. Glycemic burden
is measured as the percentage of days in the post-period
with HbAlc > 7% for patients with > 2 consecutive
HbAIc results above target

with two classes of oral GLAs, compared to one
class was associated with a 41% (OR 0.589; 95%
CI 0.442-0.785) reduction in the likelihood of
clinical inertia, while in the main analyses such
treatment was associated with a 49% reduction
in the likelihood of clinical inertia. Complete
results for the sensitivity analyses are provided
in ESM Appendix B.

DISCUSSION

While clinical inertia in T2D has been a topic of
research for many years [10], this study is one of
the first to examine the rate of failure on oral
GLAs as a medication class, along with subse-
quent glycemic burden and clinical inertia. As
hypothesized, oral monotherapy failed for
many of the patients in this US-wide popula-
tion, and it failed relatively quickly. For
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A Unadjusted Clinical Inertia For
Patients With Sustained HbAlc > 7%*

100

% ofPatients with Clinical Inertia

m1 Class of Oral GLA

mAll Patients
® 2 Classes of Oral GLAs © 3+ Classes of Oral GLAs

Fig. 4 Clinical inertia and number of classes of oral
glucose-lowering agents: descriptive statistics and multi-
variable analyses. *Unadjusted differences in results for
patients based upon number of classes of oral GLAs
prescribed at index date is statistically significant
(P < 0.05). *Results from multivariable analyses that

instance, after 730days (2years), 36% of
patients had sustained HbAlc > 7% and half of
all patients had sustained HbA1lc7% by
1102 days (3.0 years). The glycemic burden
associated with such failure was substantial,
with affected patients living with above-target
hyperglycemia for an average of nearly 3 years
(mean 1026 days). Consistent with this large
glycemic burden, and also as hypothesized,
clinical inertia affected a majority of those
unable to sustain < 7% HbA1c. For instance, at
the S.5year follow-up, 64% of patients with
sustained HbAlc > 7% had never been pre-
scribed an intensified treatment regimen.
Meanwhile, those whose therapy was intensi-
fied lived for an average of 401 days (1.1 year)
with poorly controlled diabetes (i.e., HbAlc
> 7%) prior to the intensification. The follow-
ing subsections discuss the main observations
in the context of previous research.

B Odds Ratios: Association Between
Additional Classes of Orals and Clinical Inertia*

0.7

0.6

0.51

e S S
w 'S n

Odds Ratio with 95% CI

e
19

0.1

0.0

2 Oral GLAs** 3+ Oral GLAs**

controls for age, sex, pre-period general health and length
of time between HbAlc tests indicate significant lower
odds of clinical inertia associated with being treated with 2
classes of oral GLAs or > 3 classes of oral GLAs compared
to patients treated with 1 class of oral GLA. Clinical
inertia defined as no addition of other classes of GLAs

Time to Treatment Failure on Oral GLAs

Consistent with the UKPDS finding that
hyperglycemia generally increases over time
among patients with T2D regardless of their
treatment regimen [16], the percentage of
patients who failed on oral therapy in this study
increased steadily over time and rose to a failure
rate of half the population prior to the end of
the third year post-initiation. Other clinical trial
research has reported lower percentages of fail-
ure on oral medications over longer spans of
time [3, 17, 18], likely due to differences in
study design (e.g., prospective or retrospective),
treatment targets, and even the specific oral
drugs examined, given that length of time to
treatment failure has been found to vary based
on the type of oral therapy used [16]. Mean-
while, a recent study by Romera et al. with a
similar design to the current one looked at time
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to failure on oral GLAs and found that many
patients were unable to achieve HbAlc < 8%
more than 1 year post-initiation (median days
440 [95% CI 421-459 days]; mean days 597.7
[standard deviation 459.3]) [13]. In contrast to
the present study, however, Romera et al.
looked exclusively at individuals with poor
glycemic control (HbAlc > 8%) and higher
treatment complexity (all had obesity and were
started on > 2 oral GLAs). The narrower inclu-
sion criteria likely explain why Romera et al.
found that many patients failed on oral therapy
from day 1 [13].

Notably, in concert with previous studies
[11], the time to failure on antidiabetic therapy
decreased in the present study as the number of
oral therapies prescribed increased. Similarly, in
Romera et al., the length of time to treatment
intensification decreased as baseline HbAlc
increased, suggesting that oral GLA therapy is
less helpful in treating more severe cases of
hyperglycemia [13]. As such, these observations
support the ADA suggestion that combination
therapies be initiated at presentation or soon
thereafter for patients with the worst glycemic
control (HbAlc > 1.5% above target) [12].

Glycemic Burden

The current estimate of glycemic burden,
though substantial, is generally consistent with
the 0.4 to > 7 year ranges of time with above-
target hyperglycemia reported in earlier
research [11, 13], although comparisons should
be made with caution due to differences in
glycemic thresholds and definitions of intensi-
fication. Above-target hyperglycemia has been
associated with increased risk of microvascular
and long-term cardiovascular complications
[6, 8, 10]. As such, the large glycemic burden
observed in this study represents considerable
additional human suffering.

Clinical Inertia

While clinical inertia has been measured in vari-
ous ways in studies of T2D [11], the present anal-
yses used two such measures: (1) the median
length of time from above-target HbAlc to

treatment intensification, and (2) the proportion
of patients on oral therapy with above-target
HbA1c who did not receive any treatment inten-
sification during the study period. Looking at time
to intensification, among the minority who
received modified treatment in this study,
descriptive statistics revealed that the roughly
1-year average time to intensification was gener-
ally consistent with the > 1-year time to intensi-
fication reported in most previous research
[10, 12]. The rate of patients who received no
intensification during the 5.5 year follow-up per-
iod (64%) was slightly above the 21-63% range
reported in previous investigations with follow-
up periods that exceeded 1 year [11, 13]. However,
this difference is likely due in large part to the
more stringent definition of treatment intensifi-
cation in this study relative to most previous ones.
Specifically, in the present study, treatment
intensification was defined as the addition of
another class of GLA therapy versus an increase in
the dosage of the current GLA or prescription of
additional GLA. The ADA recommends that
treatment intensification occur within approxi-
mately 3 months of an above-target HbA1c result
and acknowledges that combination therapy
eventually becomes necessary, as oral monother-
apy typically is insufficient after the first several
years of treatment [2]. As evidenced by the present
results, however, real-world treatment patterns
suggest that few providers comply with this
recommendation.

Study Limitations

The study results should be interpreted in the
context of the following limitations. First, these
analyses used an administrative claims database
and included only patients with medical and
prescription coverage as well as recorded HbAlc
results, limiting generalizability. Second,
patients were identified using diagnostic codes
rather than formal diagnostic assessments.
Third, the analyses focused on the target of
HbAlc < 7%. While the ADA has stated that
this target is appropriate for most adults [5], the
analyses does not allow for individualization of
this target. Fourth, the multivariable analyses
were unable to control for potential variables
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which may also be associated with outcomes,
such as duration of diabetes and patient
socioeconomic status. Fifth, sample size limita-
tions precluded any analyses of the association
between any specific GLA or class of GLA and
outcomes. Finally, the analyses revealed associ-
ations but not causation.

CONCLUSIONS

This study explored treatment failure on oral
GLA therapy and subsequent outcomes among
US patients with T2D. In particular, the analyses
quantified time to failure on oral GLA therapy
and the association between the number of
classes of oral GLAs prescribed and the time to
therapeutic failure. In addition, for individuals
who had sustained HbAlc > 7%, the research
quantified the relationship between treatment
and glycemic burden and between treatment
and clinical inertia. The results suggest that a
substantial portion of US patients fail to achieve
the ADA treatment target of HbAlc of < 7%
after 3 years on oral GLA therapy, and that
patients live with above-target hyperglycemia
for an average of 1026 days (2.8 years). More-
over, a majority (64%) of the patients in this
study who failed on oral monotherapy were not
prescribed an additional class of GLA to their
treatment regimen after having a sustained
HbAlc > 7%. While previous research has
explored clinical inertia in the treatment of
T2D, this is one of the first naturalistic, obser-
vational studies to examine treatment failure on
oral GLAs as a medication class. The findings
illustrate the glycemic burden and clinical
inertia associated with oral GLA treatment and
suggest that physicians may wish to consider
earlier initiation of injectable therapies to
potentially minimize the burden of T2D when
oral therapies fail.
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