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OBJECTIVE

The objective of this study was to estimate and explain the gap between clinical
efficacy and real-world (RW) effectiveness of type 2 diabetes medications.

RESEARCH DESIGN AND METHODS

This mixed-methods quasi-experimental study used retrospective claims (Optum/
Humedica) to compare the change in HbA1c of RW patients with type 2 diabetes
12 months after starting a glucagon-like peptide 1 receptor agonist (GLP-1 RA) or
dipeptidyl peptidase 4 (DPP-4) inhibitor with published findings from randomized
controlled trials (RCTs) evaluating these drugs. Selected RW patients were similar to
RCT patients, and regression analysis was used in the RW data to adjust for differ-
ences between poorly adherent and adherent patients to explain why RCT and RW
findings may differ.

RESULTS

RWpatients initiatingaGLP-1RA(n = 221) or aDPP-4 (n = 652)experiencedsmaller reduc-
tions in HbA1c (GLP-1 RA:20.52% [26mmol/mol], DPP-4:20.51% [26mmol/mol])
than reported in RCTs (21.30% [214 mmol/mol] from seven GLP-1 RA RCTs, n =
2,600;20.68% [28mmol/mol] fromfourDPP-4RCTs,n = 1,889). BaselineHbA1c, addi-
tional medications, and adherence were significant explanatory factors in the RW HbA1c
change. Modeled estimates of RCT efficacy (21.04% GLP-1 RA [212 mmol/mol],
20.69% DPP-4 [28 mmol/mol]) were within the RCTs’ reported range (GLP-1
RA: 20.84% to 21.60% [29 to 218 mmol/mol], DPP-4: 20.47% to 20.90% [25
to210mmol/mol]). Poormedication adherenceaccounted for approximately three-
fourths of the gap between RWand expected RCT results (gap = 0.51% [6mmol/mol]
GLP-1 RA; 0.18% [3 mmol/mol] DPP-4).

CONCLUSIONS

Poor medication adherence is primarily why RW effectiveness is significantly less
thanRCT efficacy, suggesting anurgent need to effectively address adherence among
patients with type 2 diabetes.
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Despite thedevelopment of nearly 40new
medications for type 2 diabetes during the
past decade, only approximately half of
adults with type 2 diabetes in the U.S.
achieve a general target glycated hemo-
globin (HbA1c) of,7% (,53mmol/mol), a
proportion that has not improved during
the last 10 years (1–3). The efficacy of
these new medications has been demon-
strated in many randomized controlled
trials (RCTs) (4,5). However, real-world
(RW) medications use may differ from
use in RCTs, potentially contributing to
poorer glycemic outcomes (6,7).
A 2004 systematic review of diabetes

medication adherence indicated that
36–93% of patients were adherent (8),
but more recent studies have found ad-
herence rates to vary from 20 to 50%,
depending on the assessment methods
and drug class (9,10). Numerous studies
have associated poor medication adher-
ence and problematic long-term persis-
tence (or discontinuation) with poor
outcomes for patients with type 2 diabe-
tes, including higher health care costs and
utilization and poorer glycemic control
(10,11). In contrast, patients enrolled in
RCTs may be more likely to take their
study medication as directed because of
the support provided by the trial, and
nonadherent patients are often removed
from the published analysis. Patients en-
rolled in RCTs may also be more motivated
to improve their health, leading to better
medication adherence and other health-
promoting behaviors, and may differ from
the broader population of patients with di-
abetes in ways that influence outcomes
(i.e., diseaseprogressionorbaselineHbA1c).
The objective of this study was to com-

pare the change inHbA1c betweenRWand
RCT settings after initiating a glucagon-
like peptide 1 receptor agonist (GLP-1
RA) or dipeptidyl peptidase 4 (DPP-4)
therapy and determine the factors con-
tributing to any differences observed.
Both medication types have demon-
strated a significant reduction in HbA1c
in RCTs, with additional benefits including
lower incidence of hypoglycemia com-
pared with sulfonylureas (12,13). Sodium–

glucose cotransporter 2 inhibitors are
another new drug class with similar bene-
fits but were excluded owing to the limited
number of patients taking sodium-glucose
cotransporter 2 inhibitors included in the
database used for this study.
To understand the factors associated

with differences between RW and trial

outcomes, this study compared patient
characteristics (e.g., age) and behaviors
(e.g., medication adherence). The con-
cept of medication adherence, also called
compliance, is intended to assess the de-
gree to which patients follow their health
care providers’medication recommenda-
tions (e.g., prescribed dose and fre-
quency) during a specified interval of
time (14). The critical measure used in
this study was based on the percentage
of days covered (PDC), which is the most
commonly used index in the adherence
literature and is used in quality measures
endorsed by the National Quality Forum
and in Medicare Star ratings (15–17).

RESEARCH DESIGN AND METHODS

This study used simulated trial design
framework (18) to compare patients en-
rolled in RCTs of DPP-4s or GLP-1 RAswith
RW patients with type 2 diabetes and
estimated a multivariate model of the
RW change in HbA1c levels. The estimated
model, combined with the descriptive
RW and RCT data, was used to describe
differences between RCT and RW HbA1c
outcomes and the factors contributing to
these differences (Supplementary Fig. 1).

RW Data and Patients
The Optum/Humedica SmartFile data-
base (spanning January 2007 to Decem-
ber 2014), one of the largest and most
comprehensive integrated databases
that includes administrative claims (phar-
macy andmedical) and electronicmedical
records, was used to analyze the change
in HbA1c (from the electronic medical re-
cords) among patients with type 2 diabe-
tes initiating a GLP-1 RA or DPP-4 therapy
in RW settings. The index date for each
patient was the date of the first prescrip-
tion fill for a DPP-4 or GLP-1 RA (index
drug). The baseline period was the year
before the index date, and the follow-up
period was the period of ;1 year be-
tween the index date and a subsequent
HbA1c measurement (6 90 days). Adult
patients with type 2 diabetes (aged
18 years at the index date) were included
if they had at least one prescription drug
fill for a DPP-4 or GLP-1 RA therapy, con-
tinuous health plan enrollment (1 year
before and after the index date), HbA1c
measured at the index date and; 1 year
later, and if they had key baseline charac-
teristics similar to patients in enrolled in
DPP-4 and GLP-1 RA clinical trials (baseline
HbA1c between 7 and 10% [53 and

86 mmol/mol] and at least one fill for a
type 2 diabetes medication during the
baseline period). Patients were excluded
if they 1) had a diagnosis of type 1, sec-
ondary, or gestational diabetes mellitus
during the baseline or follow-up periods;
2) had a fill for insulin during baseline;
or 3) were diagnosed with dementia,
hemiplegia, liver disease, metastatic solid
tumor, AIDS, or amalignancy during base-
line or follow-up (diagnosis codes in
Supplementary Table 2). Patients initiating
a GLP-1 RA or DPP-4 were selected based
on National Drug Codes for each ingredi-
ent included in each class (GLP-1 RA: ex-
enatide and liraglutide; DPP-4: sitagliptin,
saxagliptin, linagliptin, and alogliptin).

The database was compliant with the
Health Insurance Portability and Account-
ability Act. All data were deidentified
and thus exempt from institutional board
review.

Trial Data
A targeted literature search for published
English-language RCTs was performed by
searching pharmaceutical manufacturer
websites for trials of GLP-1 RAs (liraglutide
and exenatide) and DPP-4s (sitagliptin and
saxagliptin) in patientswith type2diabetes.
Publications for other DPP-4 therapies (lina-
gliptin and alogliptin) were excluded be-
cause ,5% of RW DPP-4 patients in the
study data set were treated with these
drugs. Studies were limited to published
manufacturer-sponsored trials because
these trials formthebasis forefficacy claims.

Inclusion criteria were applied to iden-
tify trials evaluating the efficacy of one of
the above-listed drugs (often as an add-on
therapy) in patients with type 2 diabetes
initiating GLP-1 RAs or DPP-4s and previ-
ously treatedwith oral antidiabetic agents
but not insulin. Trials in special patient
subpopulations were excluded. A list of
included and excluded RCTs, with the rea-
son for exclusion, is in Supplementary
Table 1. To ensure that the extracted clin-
ical efficacy data reflected the effect of
full/standard dosage of the medication,
data collected from low-dosage treat-
ment arms (0.6 mg) from two liraglutide
trials (19,20) were excluded.

The data elements extracted from RCT
publications includedaverage age, baseline
HbA1c, sex, race, diabetes complications
at baseline, type 2 diabetes therapy be-
foreGLP-1RAorDPP-4 initiation,GLP-1RA
or DPP-4 drug and dose, follow-up dura-
tion, and change in HbA1c. Publications
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were also reviewed to describe how the
analysis handled patients who discon-
tinued their index medication, did not
comply with the drug regimen (poor ad-
herence), or received rescue type 2 dia-
betes therapies during the follow-up
period (e.g., due to high HbA1c).

RW Measures
Change in HbA1c levels was the primary
study outcome, measured from a base-
line reading near drug initiation (up to
90 days before or 14 days after drug ini-
tiation) to a second HbA1c reading 3656
90 days after drug initiation (follow-up
period). For patients with multiple HbA1c
readings near drug initiation, the obser-
vationmeasured closest to the index date
was selected. Patients with multiple
HbA1c readings ;1 year later (365 6
90 days) contributed multiple estimates
of change in HbA1c but were appropri-
ately weighted to ensure these patients
did not contribute disproportionately to
study findings.
Baseline characteristics included age

(at the index date), baseline HbA1c, use
of advanced type 2 diabetes therapies
(other than metformin monotherapy),
and the presence of diabetes complica-
tions during the baseline year. The pres-
ence of diabetes complications was
assessed based on the Diabetes Compli-
cations Severity Index (DCSI) score, a
13-point scale scored from diagnostic
and laboratory data that is associated
with diabetes progression and greater
risk of death (21,22).
Adherence to the index drug was esti-

mated based on the PDC with a nonover-
lapping supply of the index drug (GLP-1
RA or DPP-4) during the follow-up period.
Consistent with prior literature and stan-
dard quality metrics, patients were classi-
fied as adherent if the PDC was $80%
(15–17). This study alsomeasured discon-
tinuation of the index drug, defined by
the absence of the index drug on hand
for at least 30 days and no subsequent fills
through the end of the follow-up period.
Dosing of the index drug during the

follow-up period was captured based on
the last fill of the index drug in the
follow-up period. Patients were classified
as receiving at least a full or recom-
mended dose based on each product’s
prescribing information.
Other changes to the patient’s regimen

of diabetes drugs (beyond the index drug)
were also measured. Specifically, the

addition and discontinuation of other
(nonindex) type 2 diabetes drugs during
the follow-up period was measured by
comparing drugs on hand during the
90-day period before the first (index)
and second HbA1c measurements. The
measure focused on drugs 90 days before
each HbA1c measurement because HbA1c
measures glycemic control during the
previous 3 months; thus, drugs on hand
during this interval were most relevant to
the observed change in HbA1c.

Analysis of RW Data
The multivariate model estimated the
change in HbA1c during the ;1-year
follow-up in RW patients, controlling for
potentially confounding factorsmeasured
at baseline (HbA1c, age, diabetes compli-
cations, and use of advanced diabetes
therapies) and factors measured during
follow-up (indicators of the addition of
nonindex type 2 diabetes medications
and adherence to the index drug). Sensi-
tivity analyses were conducted to exam-
ine 1) the influence of race/ethnicity and
sex, which were excluded from the main
specification because these factors are
correlated with adherence (23,24); and
2) the effect of excluding a measure of
the use of advanced diabetes therapies
at baseline. The model was estimated us-
ing ordinary least squares, and as a linear
model, each coefficient demonstrates
how much HbA1c levels increased or de-
creasedwith every 1-point increase in the
value of the covariate.

The estimated coefficients were used
to calculate the predicted change in
HbA1c levels in trial and RW settings, es-
timate the gap, and describe factors con-
tributing to the gap. The predicted
change in HbA1c in trial settings was cal-
culated bymultiplying each estimated co-
efficient by the value of that covariate in
trials and summing the products. The pre-
dicted change in HbA1c levels in RW set-
tings can be estimated in the same way
and is alsomathematically identical to the
actual RWchange inHbA1c levels. The gap
between RW and trial outcomes is the
difference between these two predicted
values. The contribution of a variable to
the gap is the regression coefficient mul-
tiplied by differences in the value of that
variable observed in patients enrolled in
trials and the RW. The predicted HbA1c
change in trial settings was compared
with estimates extracted from the trials
to assess the validity of the model’s

predicted value. Three sensitivity analy-
ses were conducted to assess how as-
sumptions affect the gap between RW
and trial HbA1c outcomes and the role
of medication adherence: 1) changes in
patient selection criteria (included all pa-
tients with HbA1c.10%); 2) assumptions
about the percentage of patients in trials
with any diabetes complications at base-
line (varied from 5 to 30%), and 3) as-
sumptions about medication adherence
in trials (varied from 80 to 100%).

The analytic file and descriptive tables
were created in SAS (version 7.1), and the
regression analysis was conducted in
Stata (version 14.2). Significance was as-
sessed at P , 0.05. Categorical variables
were compared with x2 tests and contin-
uous variables with two-sided t tests. To
account for multiple outcomes contrib-
uted by the same patients, all RW analy-
ses (descriptive and regression analyses)
were weighted such that each patient
contributed equally to the results (weights
were equal to the inverse of the number
of HbA1c measurements for a patient).
SEs were corrected as appropriate (e.g.,
clustered SEs) to account for multiple
observations of change in HbA1c per
patient.

Analysis of Trial Data
The unit of analysis for the trial data was
each relevant trial arm (e.g., for a GLP-1
RA or DPP-4), reported as a mean in the
trial publication. These reported averages
were then pooled, and the weighted av-
erage across all of the trials in each drug
class was estimated. The reported SEs of
the continuous measures (e.g., age,
HbA1c) were extracted from each arm,
and an estimated grouped SE was calcu-
lated for each drug class. Trials that con-
tributed multiple data points (e.g., two
arms with different doses) received a
weight summing to 1, where the weight
was the inverse of the number of trial
arms included in themean. Themaximum
and minimum change in HbA1c was re-
ported for each drug class.

RESULTS

Trial Publications
A total of 11 RCTs were selected
(Supplementary Table 1), composed of
7 GLP-1 RA trials (5 of liraglutide [n =
2,243] and 2 of exenatide [n = 357])
(19,20,25–29) and 4 DPP-4 trials (2 of
sitagliptin [n = 825] and 2 of saxagliptin
[n = 845]) (30–33). A sitagliptin arm

care.diabetesjournals.org Carls and Associates 1471

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/40/11/1469/551853/dc162725.pdf by guest on 09 April 2024

http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc16-2725/-/DC1
http://care.diabetesjournals.org


(n = 219) reported in a liraglutide trial (19)
was also included. Only 1 of the 11 RCTs
reported data on diabetes severity of pa-
tients enrolled in the study (25).
Data extracted from the selected RCTs

are provided in Supplementary Table 3.
All but one of the trials monitored pa-
tients for 24–26 weeks (Garber et al.
[28] monitored patients for 52 weeks).
All of the RCTs included protocols to res-
cue patients and excluded data from
these patients by imputing data after res-
cueusing last observation carried forward
or by removing the patients entirely from
the analysis, emphasizing the need to
control for the addition of other medica-
tions in the RW.

RW Data
Among 873 RWpatients with type 2 diabe-
tes meeting the inclusion criteria, 652 pa-
tients receivedDPP-4 therapy (contributing
911 observations) (Supplementary Fig. 2),
and 221 patients received GLP-1 RA
therapy (contributing 297 observations)
(Supplementary Fig. 3). About half of
GLP-1–treated patients initiated liraglutide
(54%), and three-fourths of DPP-4–treated
patients initiated sitagliptin. Most pa-
tients (80–96%) were receiving the rec-
ommended or maximum drug dose
(Table 1).
Demographic characteristics were sim-

ilar across data sources and treatments
(Table 1). Baseline HbA1c levels were sim-
ilar among RW and RCT patients using
GLP-1 RAs, but the mean baseline HbA1c
of patients in DPP-4 RCTs was lower than
in RW patients. Baseline use of advanced
therapy was more prevalent among RW
patients compared with patients enrolled
in RCTs (Table 1), suggesting that RCT pa-
tients may be earlier in the progression of
type 2 diabetes than RW patients.

RW Medication Use After Initiation
of a GLP-1 RA or DPP-4
During the follow-up period, low percent-
ages of RW patients treated with GLP-1
RAs and DPP-4s were adherent to their
medications (29% and 37% were adher-
ent, respectively), much lower than
would be expected in trials (Table 1).
Approximately one-third of RW pa-

tients added another type 2 diabetes
medication to their treatment regimens
after initiation of GLP-1 RA or DPP-4 ther-
apy (Table 1). These patients included
possible rescues (among patients con-
tinuing their index drug) and possible

switchers (among patients discontinuing
their index drug). Medication discontinu-
ation occurred in 40.3% (DPP-4) to 45.2%
(GLP-1 RA) of RW patients (Table 1). Of
the patients who discontinued GLP-1 RA
or DPP-4 therapy, less than half (44% and
42%, respectively) added another drug,
suggesting these patients switched to an-
other medication. Of the RW patients
who did not discontinue their GLP-1 or
DPP-4 therapy, less than one-third (21%
and 29%, respectively) added another
drug, suggesting rescue therapy.

Change in HbA1c Levels
Theoverall unadjusted change inHbA1c lev-
els from baseline was similar among RW
users of the two drug classes (GLP-1 RA:
20.52% [6 mmol/mol]; DPP-4: 20.51%
[6 mmol/mol]) despite the greater effi-
cacy of GLP-1 RAs demonstrated in RCTs
(GLP-1RARCTs:21.30%[214mmol/mol];
DPP-4 RCTs: 20.68% [28 mmol/mol])
(Table 1).

Adherent RW GLP-1 RA patients dem-
onstrated more than double the HbA1c
reduction compared with poorly adher-
ent patients, with and without adjust-
ment for potentially confounding factors
(Table 1 and Fig. 1). The difference be-
tween adherent and poorly adherent pa-
tients was smaller for patients treated
with a DPP-4.

Coefficients from the regressionmodel
used to estimate the change in HbA1c level
in RW patients are reported in Table 2
and show that baseline HbA1c levels in
both drug classes were important explan-
atory factors in the change inHbA1c owing
to their large (in absolute value terms)
and statistically significant coefficients.
The coefficient of 20.275 for baseline
HbA1c level in the GLP-1 RA regression in-
dicates that for every 1-point increase in
baseline HbA1c levels, HbA1c decreased
by an additional 0.275% (2 mmol/mol).

Predicted change inHbA1c using the val-
ues of covariates in the RCTs estimated a
change of 21.03% (212 mmol/mol)
among patients receiving GLP-1 RA and
20.69% (28 mmol/mol) among patients
receiving DPP-4 (Fig. 2). These predicted
values were within the range of the
mean change in HbA1c levels reported
by the RCTs and 95% CIs of most of the
selected RCTs. The gap between RW and
trial change in HbA1c levels was estimated
to be 0.51% (6 mmol/mol; P , 0.01) for
patients receiving GLP-1 RA therapy and
0.18% (2mmol/mol; P = 0.07) for patients

receiving DPP-4 therapy (Fig. 2). This was
calculated as the predicted reduction in
HbA1c levels under typical trial conditions
(GLP-1RA: 1.03%;DPP-4: 0.69%)minus the
RW change in HbA1c (GLP-1 RA: 0.52%;
DPP-4: 0.51%), yielding the gap of 0.51%
for GLP-1 RA and 0.18% for DPP-4.

The degree to which each covariate
contributed to the estimated gap is pre-
sented in Fig. 2. The efficacy gap can be
explained by differences in adherence,
the addition of another type 2 diabetes
drug, and baseline characteristics (includ-
ing HbA1c levels, use of prior advanced
therapy, age, and disease complications).
Medication adherence accounted for
;75% (0.39%) of the estimated 0.51%
HbA1c gap between RW and RCT patients
receiving GLP-1 RA therapy and 72% of
the gap between RW and RCT results
amongDPP-4–treatedpatients. Other fac-
tors may also play a role in explaining the
gap between RW and trial outcomes, al-
though any additional contribution to the
gap is likely to be much smaller.

Sensitivity Analysis
Sensitivity analyses around the inclusion
of other factors in the model, including
patients with high baseline HbA1c

(.10%) in the RW sample and varying
assumptions about adherence and sever-
ity of diabetes among trial patients, did
not alter conclusions regarding the effi-
cacy gap between RW and RCT patients
and the important role of medication ad-
herence in explaining this gap. Previous
RW studies have demonstrated sex and
race/ethnicity differences in glycemic
control among patients with type 2 dia-
betes, largely driven by differences in
medication adherence (34–36). The inclu-
sion of race and sex as variables in the
current analysis slightly attenuated the
effect of adherence on HbA1c levels (sen-
sitivitymodel 2 in Table 2).Whenpatients
with baseline HbA1c.10%were included
(estimates not shown), the estimated ef-
fect of adherence on change in HbA1c
from baseline became even more nega-
tive for the GLP-1 RA cohort but was sim-
ilar for the DPP-4 cohort (the adherence
coefficient changed from 20.581 to
20.706 in the sensitivity analysis in the
GLP-1 RA regression and from 20.227
to20.224 in the DPP-4 regression).

Adherence was assumed to be 95% in
clinical trials in all of the results reported
thus far. A final sensitivity analyses was
conducted using the main model in Table
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2 and varying the assumed adherence in
trials from 80 to 100%. This sensitivity anal-
ysis found that adherence accounted for 72–
75%of thegap, similar to themainfindings.

CONCLUSIONS

Our findings demonstrate that the effi-
cacy observed in GLP-1 RA and DPP-4
RCTs in patients with type 2 diabetes
has not been fully realized in RW settings
for either drug class, and poormedication
adherence is a key reason. These results
are consistent with a recent study of RW
glycemic control in patients treated with
liraglutide, which found an 0.80% reduc-
tion in HbA1c among adherent patients
and half that (0.42%) among poorly ad-
herent patients (10)dsimilar to findings
reported here for GLP-1–treatedpatients,
more than half of whom were treated
with liraglutide. Patients included in that
study also had similar characteristics to

this study: baseline HbA1c was 8.22%
(vs. 8.34% currently) and 34% of patients
were adherent (vs. 29%) (10).

Four additional publications have ex-
amined RW change in HbA1c among pa-
tients treated with liraglutide, exenatide,
sitagliptin, and DPP-4s as a class (37–40);
none of these examined the role of med-
ication adherence, and the patient popu-
lations differed from our study and the
previous study of medication adherence
(10). Two of these studies selected pa-
tients that may bias toward patients
more adherent than typical by requiring
patients to have at least 3 months of fills
and 6 months of follow-up (38,39). These
two studies reported a change in HbA1c
of 21% to 20.9% for liraglutide, 0.68%
for exenatide, and 0.63% for sitagliptin,
similar to our findings among adherent
RW patients, or a little lower in the case
of exenatide (our study showed reduction

of 0.86% for GLP-1s and 0.60% for DPP-4s).
In addition, these studies reported HbA1c
reductions for liraglutide-treated patients
andDPP-4–treated patients thatwere sim-
ilar to adherent patients in our study.
These two studies also monitored pa-
tients for less than 1 year (6–9 months)
but did not appear to have required pa-
tients to have a minimum number of fills
to be included (37,40). One study was
limited to a single employer, and the
other used matching techniques to select
DPP-4–treated patients who were similar
to patients treatedwith canagliflozin (this
comparison was the focus of the study),
potentially limiting the generalizability of
the study to a broader patient population
treated with a DPP-4 or liraglutide.

An additional study conducted in Eu-
rope, by Ahrén et al. (41), is worth noting
because it explicitly compared trial HbA1c
outcomeswith outcomes among patients

Table 1—Patient Baseline and Treatment Characteristics and Change in HbA1c

GLP-1 RA DPP-4

RW (n = 221) RCTsa (n = 2,600) RW (n = 652) RCTsa (n = 1,889)

Baseline patient characteristics
Age (years), mean (SE) 57 (0.71) 56 (0.20) 63 (0.46) 56 (0.22)
Male sex, % (n) 58 (127) 53 (1,378) 58 (378) 53 (1,001)
White race, % (n) 82 (181) 68 (1,768) 81 (525) 77 (1,455)
HbA1c (%), mean (SE) 8.34 (0.06) 8.41 (0.02) 8.15 (0.03) 7.81 (0.02)
HbA1c (mmol/mol), mean (SE) 67 (0.7) 68 (0.25) 66 (0.3) 62 (0.35)
Any diabetes complications,b % (n) 62 (136) 15 (390)c 62 (401) 15 (283)c

Use of advanced type 2 diabetes
therapy before index,d % (n)

83 (184) 50 (1,300) 71 (460) 7 (132)

Treatment characteristics during follow-up
Adherent to index drug, % (n) 29 (64)e 95 (2,470)e 37 (242) 95 (1,795)f

Discontinued index drug, % (n) 45 (100)g,h 0 (0) 40 (263)g,h 0 (0)
Switched to another class of diabetes drug,

% of patients who discontinued (n)
44 (44) d 42 (110) d

Did not discontinue index drug, % (n) 55 (121)g,h 100 (2,600) 60 (389)g,h 100 (1,889)
Added new diabetes medication and continued

index therapy (e.g., rescue therapy), % of
patients who did not discontinue (n)

21 (26) d 29 (114) d

Addition of other type 2 diabetes drug(s)
after GLP-1 RA/DPP-4 initiation, % (n)

32 (70)h 0 (0)i 34 (224)h 0 (0)i

Change in HbA1c level;1 year after drug initiation
Level difference (%), mean (95% CI) [range] 20.52 (20.66, 20.38) 21.30 [21.60, 20.84]j 20.51 (20.59,20.43) 20.68 [20.90,20.47]j

Level difference (mmol/mol), mean (95% CI) [range] 26 (216.3,227.6) 214 [218, 29]j 26 (217.1, 228.2) 28 [210,25]j

aInformation from sevenGLP-1 RA and four DPP-4 trialswas extracted. OneGLP-1 RA trial was a head-to-head comparison against a DPP-4 agent (19). Data
for both treatment armswere extracted. bPatientswere considered to have diabetes complications if their DCSI scorewas greater than 1 (22) and included
the following seven categories of complications: cardiovascular disease, nephropathy, retinopathy, peripheral vascular disease, stroke, neuropathy,
and metabolic. cPatients in GLP-1 RA and DPP-4 trials were assumed to have a similar percentage of patients with any diabetes complications as to
the percentage reported in one of the selected GLP-1 RA trials (25). dUse of advanced diabetes medications was defined as equal to 1 if the patient was
treated with any monotherapy or combination of type 2 diabetes drugs beyond metformin monotherapy and defined as equal to 0 if the patient
was treated with metformin monotherapy during the baseline year. eFor patients with multiple treatment measurements due to multiple weight
measurements eligible for the study, PDC was weighted by the number of observations per patient. fMedication adherence was not widely reported in
RCTs and was assumed to be 95% based on information reported in the included RCTs (see Supplementary Table 1). gDiscontinuation was defined by
the absence of the index drug on hand for at least 30 days and until the second HbA1c measurement date. hFor patients with multiple treatment
measurements due to multiple HbA1c measurements eligible for the study, discontinuation and treatment augmentation associated with the latest
observationof eachpatientwere reported. iBecause data after patients receive additional diabetes drugs (e.g., rescue therapy) are excluded fromanalyses
of trial data, the addition of type 2 diabetes drugs post index in trial settings was assumed to be zero for the purpose of predicting change in HbA1c under
typical trial conditions. jOwing to the lack of individual patient-level data of RCTs, ranges of change in HbA1c were reported for GLP-1 RA and DPP-4
studies, respectively.
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treated with vildagliptin enrolled in a pro-
spective “real-life” observational study.
Ahrén et al. found that “real-life” patients
treated with vildagliptin experienced sim-
ilar reductions in HbA1c as those enrolled
in RCTs. However, these patients chose to
enroll in a trial and may have had greater
motivation to treat their diabetes and re-
main adherent tomedication than typical
RW patients. We, therefore, conclude
that our finding that efficacy in RCTs is
often not realized in RW settings, with
poor medication adherence as a key ex-
planatory factor, is consistent with prior
literature.

This study identifiedmedication adher-
ence as a key explanatory factor for the
gap between RW effectiveness and RCT
efficacy. A drug cannot be expected to
provide full benefit if the recommended
therapeutic dose is not taken by the pa-
tient consistently. Reasons for poor ad-
herence are likely multifactorial and
have been previously noted to include
issues such as adverse effects, cost, and
patients’medication beliefs (42). A large
fraction of patients taking both oral
(GLP-1) and injectable (DPP-4) agents
were not adherent in this study. These
routes of administration may be difficult

to maintain for long periods in the treat-
ment of chronic diseases such as type 2
diabetes. Innovation in dose delivery mo-
dality, particularly dose regimen simplifi-
cation, has been previously associated
with improved patient adherence via re-
duced dosing frequency, a lower rate of
adverse effects, and increased safety
(43–45).

The findings of this study should be
considered in light of several limitations.
First, patients were not randomly as-
signed to RW versus RCT settings; RW
patients may differ in ways that may af-
fect the ability to achieve lower glucose

Figure 1—Change in HbA1c among RW patients overall and by adherence to GLP-1 RA (A) and to DPP-4 (B).
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levels. Although we examined important
parameters that can be measured and
observed in the RW data, unobservable
factors, such as disease duration and ex-
tent of progression, could bias results.
RW patients appeared to be further pro-
gressed (more were previously treated
with an advanced therapy compared
with RCT patients), and these patients
continued taking these therapies during
follow-up. We controlled for the use of
prior advanced therapy in the regression
model, but it is possible that this metric
did not capture the full affect of later use
(and possibly poorer b-cell function), po-
tentially understating the gap in glycemic
benefit between RW and trial outcomes.
RW patients may take more medications
and have more comorbid conditions;
these factors could contribute to the
poor adherence observed in the RW, al-
though the reasons for poor RW adher-
ence were not examined in this study.
There is evidence that older patients are
more adherent to their diabetes medica-
tions (23). However, this study controlled
for age, so this is unlikely to significantly
bias results. Second, data on the use of
medication samples were not available in
the database. Third, medication adher-
ence is likely overstated in claims data be-
cause administrative claims only measure
filled prescriptions; not all medications dis-
pensedcanbeconfirmed tobe takenby the
patient. This is also likely to understate the
role of adherence in explaining differences
in outcomes in the RW and trial settings.
Fourth, because this study did not control
for differences between DPP-4– and GLP-1
RA–treated patients, comparisons across
classes should be made with caution. The
similar percentage of the gap explained
by adherence for the two drug classes is
likely an artifact of choosing the RW
change in HbA1c as the denominator of
this percentage. Finally, although adher-
ence toGLP-1RAorDPP-4was the study’s
focus, many patients were taking other
medications (e.g.,metformin), and adher-
ence to these drugs could affect results.

In conclusion, this study found that
patients with type 2 diabetes receiving
GLP-1 RA and DPP-4 therapies suffer
from poorer outcomes in RW settings
compared with their counterparts in
RCTs, signifying an important gap in effi-
cacy/effectiveness between trials and the
RW. This result is unsurprising because
numerous studies have documented dif-
ferences between trial efficacy and RW
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effectiveness (46). The contribution of
this report is to identify reasons for this
difference. The multivariate model used
in this study showed poor medication ad-
herence was the most important reason
for the lower effectiveness observed in
the RW, which may also extend to other

classes of type 2 diabetes medications.
Glycemic control data have only recently
become available in large RW databases.
Future studies of RW outcomes in diabe-
tes should measure and account for med-
ication adherence, because this can be an
important confounding factor. Oral and

injectable administration routes both
rely on consistent patient action to main-
tain adherence, yet studies such as this
one frequently find low adherence rates.
For chronic diseases such as type 2 diabe-
tes, effective measures for improving ad-
herence are often complex combinations

Figure 2—Observed RW, modeled, and published trial estimates of HbA1c change from baseline. The addition of other type 2 diabetes medications post
index reduced the efficacy gap by 17% for GLP-1 RA (A) and 5% for DPP-4 (B). Adherence in RCTs was assumed to be 95%. aBaseline patient characteristics
include age, baseline HbA1c, drug therapy, and any diabetes complications. bTrial change in HbA1c reported in Garber et al. (28). cTrial change in HbA1c
reported in Blevins et al. (27). dTrial change in HbA1c reported in Arechavaleta et al. (32). eTrial change in HbA1c reported in Pratley et al. (19).
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of patient education, reminders, reinforce-
ment, and convenience (47,48), which will
necessitate sophisticated coordination of
care (49). The results of this study indicate
an urgent need for strategies to improve
RW medication adherence so patients
with type 2 diabetes can realize the full
benefit of therapy and achieve optimal
health outcomes.
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