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Aim: To assess adherence and discontinuation of injectable glucagon-like peptide-1 receptor 
agonists (GLP-1 RA) at 12 and 24 months among adult type 2 diabetes mellitus (T2DM) 
patients in the United States initiating GLP-1 RA using the administrative claims-based 
database, Optum Clinformatics® Data Mart 7.1.
Methods: A retrospective study was conducted from 01/2009 to 12/2017. Patients were 
required to be continuously enrolled for 12 months prior to their first GLP-1 RA prescription. 
Proportion of days covered (PDC) from prescription claims ≥0.80 defined adherence. 
Discontinuation was defined as a ≥90-day gap from the last date of GLP-1 RA supply to 
the first date of subsequent prescription claim.
Results: A total of 4791 T2DM patients had ≥1 and 3907 had ≥2 GLP-1 RA prescription 
claims. 50.9% and 47.4% of patients were adherent at 12 and 24 months, respectively. 
Adherence was significantly higher among patients on weekly vs daily doses (p<0.001). 
Median time to discontinuation was 13 months. The discontinuation rate was 47.7% and 
70.1% at 12 and 24 months, respectively, with differences at 24 months for age and dosing 
frequency (p<0.001 for both).
Conclusion: Over half of T2DM patients initiating GLP-1 RA were non-adherent and the 
majority (70.1%) discontinued therapy by 24 months. Reasons for non-adherence and 
discontinuation merit further research.
Keywords: GLP-1 RA, adherence, discontinuation, United States

Introduction
Estimates of the prevalence of type 2 diabetes mellitus (T2DM) in the United States 
(US) range between 9.4%-14%.1–4 Although approximately 33% of people who have 
diabetes are not diagnosed,1 over 23 million people in the US receive medical 
treatment for glycemic control.5 Cardiovascular diseases (CVD) are highly prevalent 
among T2DM patients. Reports of CVD vary widely across T2DM study participants 
and patient populations such as 21.5% of patients in a commercial database,6 51% 
among older US Veterans,7 and an estimated 44% based on a meta-analysis of seven 
studies from the US.8 Current guidelines from the American Diabetes Association 
(ADA) recommend a Glucagon-like Peptide-1 receptor agonist (GLP-1 RA) or 
Sodium-Glucose Cotransporter-2 inhibitor (SGLT-2i) with demonstrated CVD ben-
efit as second-line therapy following metformin for T2DM patients with clinical 
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cardiovascular disease due to their demonstrated cardiovas-
cular benefit in clinical trials.9 Notably, the LEADER clin-
ical trial found that when followed for a median of 3.8 
years, T2DM patients on liraglutide – a GLP-1 RA – were 
less likely (Hazard Ratio=0.87, 95% CI (0.78, 0.97)) to 
experience cardiovascular events (13%) than patients 
receiving a placebo and standard of care (14.9%).10

However, it is well known that efficacy of medications 
observed in clinical trials often exceeds their real-world effec-
tiveness due in part to patients’ non-adherence and disconti-
nuation of therapy.11 Patients who meet the strict eligibility 
criteria in clinical trials are not typically representative of 
actual patient populations.12–14 Clinical trial participants are 
more likely to be healthier with fewer comorbidities, more 
motivated, and have resources and support to comply with 
treatment regimens under study.12–14 Sub-optimal adherence 
to diabetes medications increases medical care costs, 
hospitalizations,15 emergency room visits, comorbidities, and 
mortality.16 The primary adverse effects reported from GLP-1 
RA trials and observational studies are gastrointestinal distur-
bances (nausea, vomiting, and diarrhea).17,18 Although some 
of these effects are reported to subside after initial use, several 
studies have attributed their occurrence to lower persistence of 
therapy.17–19 Further, data on adherence and discontinuation of 
GLP-1 RAs in the real world are limited. Studies that have 
previously examined adherence and discontinuation to GLP-1 
RAs have primarily focused on within class comparative 
analyses of GLP-1 RAs, non-US populations, or analyses 
with limited timeframes of 6 to 12 months.13 Clinical benefits 
of these medications have been reported following longer- 
term use; for example, the cardiovascular benefit of liraglutide 
was observed following a median exposure time of 3.8 
years.10 Therefore, assessing adherence and persistence of 
these agents in a US T2DM population over a longer period 
of time is a critical component in understanding their clinical 
effectiveness in the real world.

To better understand real-world utilization of injectable 
GLP-1 RAs, this study assessed usage patterns among 
T2DM patients newly prescribed GLP-1 RAs over 
24 months of follow-up. The analysis estimated adherence 
to and discontinuation of GLP-1 RAs and differences in 
the distributions for gender, age, and dosing frequency.

Methods
Study Design
A retrospective study was conducted among adult T2DM 
patients using data from the Clinformatics® Data Mart 7.1 

(Optum) database.20 This administrative claims-based data-
base includes over 65 million US patients enrolled in 
a single, large, closed health plan. Institutional Review 
Board approval was not required since this is a claims- 
level study using anonymized data. No primary data was 
collected; only a secondary data analysis was conducted. 
The datasets analyzed during the current study are not 
publicly available because they were accessed under 
a standard license agreement with Optum. The study period 
spans from January 1, 2009 until December 31, 2017. The 
index date was defined as the first claim for a prescription 
for GLP-1 RA monotherapy or dual therapy with metformin 
following an observed 12-month baseline period. Although 
an oral GLP-1 RA – oral semaglutide – was recently 
approved, only injectable GLP-1 RA therapies were avail-
able during the study period. Figure 1 depicts an overview 
of the study design.

Patient Selection
Patients were included in the study if they met the follow-
ing inclusion criteria: i) prescription claim for injectable 
GLP-1 RA between period Jan 01, 2010 to Dec 31, 2016 
ii) ≥18 years of age at index date iii) diagnosed with 
T2DM (based on ICD-9 codes 250.x0 or 250.x2 and 
ICD-10 code E11) in the 12 months prior to the index 
date (ie, baseline period) iv) continuous enrollment in the 
health care plan for the 12 months prior to and after the 
index date v) did not have prescription for any AHAs other 
than metformin within the 90 days prior and 30 days 
following the index date vi) was not diagnosed with 
other forms of diabetes including type 1 diabetes (ICD- 
9250.x1 or 250.x3 or ICD-10 E10), gestational diabetes 
(ICD-9648.8, ICD-10 O24) or other secondary diabetes 
illness (ICD-9249.x, ICD-10 E08 or E13) vii) was not 
pregnant in the 12 months prior to index date.

Adherence
Adherence was measured only among patients who had two 
or more GLP-1 RA prescription claims. To assess non- 
adherence, the study used the proportion of days covered 
(PDC) formula.21 The PDC was defined as the number of 
days covered by a GLP-1 RA prescription divided by the 
number of days during the measurement period. The mea-
surement period was defined as the time from the index date 
until the end of 12 months or 24 months, discontinuation of 
GLP-1 RA medication, or exit from database, whichever 
came first. Patients were classified as adherent if PDC was 
≥0.80 at these time points.
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Discontinuation
Discontinuation of therapy was defined as having at least 
a 90-day gap between the last date of a supply of a GLP-1 
RA and the first date of subsequent prescription claims (if 
any). Switching drug brands of GLP-1 RA did not consti-
tute discontinuation unless >90 days elapsed between pre-
scription claims. Patients who exited the database prior to 
the end of 24 months were censored and did not count as 
a GLP-1 RA discontinuation unless >90 days elapsed 
between prescription claims. A sensitivity analysis defining 
discontinuation as a treatment gap >120 days was also 
conducted.

Patient Characteristics
In addition to age and gender, data on relevant comorbid-
ities, laboratory results and GLP-1 RA prescribed dosing 
frequencies (weekly, daily) were extracted. Comorbidities 
were identified from diagnostic codes, procedure codes, 
and other disease-specific algorithms. Comorbidities 
include microvascular and macrovascular complications, 
kidney, liver, and pancreatic diseases, hyperlipidemia, 
and others listed in Table 1. The Optum database did not 
have sufficient information to accurately estimate the pre-
valence of obesity; diagnostic codes were sparse in claims 

data. For a subset of patient records, clinical laboratory 
test results were available; the most recent test results 
preceding the index date were extracted and reported.

Statistical Analysis
Frequency distributions were generated for categorical 
data and means, standard deviations, 95% confidence 
intervals, medians, and quartiles were generated for con-
tinuous variables.

Cross-tabulations were generated for adherence and dis-
continuation by age, gender, and prescribed dosing fre-
quency (weekly vs daily). Survival analysis was used to 
produce a Kaplan–Meier curve of time until discontinuation 
over 24 months of follow-up. Chi-Square tests were used to 
detect differences in adherence and discontinuation between 
genders, age and dosing frequency (weekly or daily).

Results
A total of 4791 T2DM patients met all inclusion criteria 
and initiated GLP-1 RA treatment during the study period. 
Among these patients, 3709 (81.5%) had at least two 
prescription claims to assess adherence. The majority of 
patients were <65 years of age (77.2%) and the median 
age was 56 (Table 1). More than half of the cohort was 

Figure 1 Study Design. The study period spans from January 1, 2009 until December 31, 2017. The index date was defined as the first claim for a prescription for GLP-1 RA 
monotherapy or dual therapy with metformin following an observed 12-month baseline period.
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female (58%). Two thirds (66%) of patients received pre-
scriptions for daily-dose GLP-1 RAs.

The prevalence of several comorbidities in this sample 
were disproportionately higher than the general popula-
tion, but consistent with other patient populations with 
diabetes from real-world data6,15 and survey studies.22 

Nephropathy (35.2%) was the most frequent microvascu-
lar complication, followed by neuropathy (22.6%) and 
retinopathy (4.0%). Of the macrovascular complications, 
the prevalence of cardiovascular disease (25.8%) was 
highest and 15.7% of patients had arrhythmia. Most 
patients had hypertension (84.3%) or hyperlipidemia 
(86.6%). The proportion of patients with diagnostic 
codes for liver diseases (15.2%) was higher than chronic 
kidney disease (8.1%). Diagnosis codes for depression 
were present in 25.1% of patient records.

As listed in Table 1, laboratory blood test results were 
reported for a subset of patients. The mean and median 
values for hemoglobin A1c were 8.1% and 7.5%, respec-
tively. The median (159 mg/dL, IQR [116, 228]) and mean 
(200 mg/dL, standard deviation [201.2]) triglyceride levels 
were above normal. HDL-C was borderline low 
(mean=45.6 mg/dL standard deviation [13.0]; median = 
44mg/dL, IQR [37,52]). The mean LDL-C of 92.7 mg/ 
dL (SD=41.7, median=93 mg/dL, IQR [68,117]), was 
within guidelines for healthy adults, but markedly above 
current recommendations for patients at high risk of car-
diovascular events (<70 mg/dL).23

Adherence
For patients who had two or more GLP-1 RA prescription 
claims, the mean PDC was 74.7% and 71.8% at 12 and 24 
months, respectively. One year following initiation of GLP-1 
RA therapy, the prevalence of adherence (PDC ≥80%) was 
50.9%. This decreased slightly to 47.4% cumulatively over the 
two-year study period (Figure 2). Adherence varied by gender, 
age, and prescribed dosing frequency, and generally worsened 
over time. At 12 months, significantly fewer females (48.4%) 
than males (54.2%) (p<0.0001) were adherent and after 24 
months, adherence prevalence decreased to 44.6% among 
females and 51.1% among males (p<0.001). Significantly 
fewer patients younger than age 65 (49.7%) were classified 
as adherent at 12 months compared to patients 65–74 years of 
age (54.7%) or at least 75 years of age (56.4%) (p=0.019). 
Cumulative adherence prevalence at 24 months decreased to 
45.8% among patients <65 years; 52.2% among patients ages 

Table 1 Baseline Characteristics Among Patients with Type 2 
Diabetes Initiating GLP-1 Receptor Agonist, in the Optum 
Clinformatics® Data Mart

Total N=4791 (100%)

Age
<65 years, 3697 (77.2)

65–75 899 (18.8)

75 + 195 (4.1)

Median (Q1, Q3) 56 (48, 64)

Gender
Female 2778 (58.0)

Male 2012 (42.0)

Not Reported 1 0

Dosage
Dailya 3170 (66.2)

Weeklyb 1621 (33.8)

Comorbidities
Microvascular complications

Retinopathy 193 (4.0)

Neuropathy 1081 (22.6)

Nephropathy 1685 (35.2)

Macrovascular 

complications
Cardiovascular Disease 1238 (25.8)

Angina 262 (5.5)

Congestive heart failure 471 (9.8)

Arrhythmia 751 (15.7)

Other diseases
Hypertension 4040 (84.3)

Hyperlipidemia 4147 (86.6)

Hypoglycemia 227 (4.7)

Chronic Kidney Disease 387 (8.1)

Liver Diseases 727 (15.2)

Pancreatitis 56 (1.2)

Gallstone 293 (6.1)

Depression 1202 (25.1)

Malignant neoplasms 321 (6.7)

Laboratory 

Assessments

N Mean (SD) Median (Q1, Q3)

HbA1c % 1992 8.1 (3.1) 7.5 (6.6, 9)

HbA1c mmol/mol 1992 65 (10) 58 (49, 75)

eGFR mL/min 1969 79.2 (40.5) 91.5 (62,108.5)

Triglycerides mg/dL 1887 200.9 (201.2) 159 (116, 228)

LDL-C mg/dL 1890 92.7 (41.7) 93 (68, 117)

HDL-C mg/dL 1860 45.6 (13.0) 44 (37, 52)

Total 

Cholesterol mg/dL

1880 182.5 (47.4) 178 (153, 207)

Notes: aDaily dosages included Liraglutide and Exenatide. bWeekly dosages 
included Liraglutide and Exenatide and Albiglutide. 
Abbreviations: HbA1c, glycated haemoglobin; eGFR, estimated glomerular filtration 
rate; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein 
cholesterol; LDL-C, low-density lipoprotein cholesterol; SD, standard deviation.
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Figure 2 Proportion of Patients Who Were Adherent based on PDC ≥0.8 to GLP-1 RA Therapy, n=3907. Bar charts depicting percentage of patients who were adherent to 
GLP-1 RA therapy over the 12 months and 24 months study period. Proportions are assessed by overall total and the following stratifications: Age groups (<65, 65–75, 75+), 
Gender (Male, Female), Dosage (Daily Weekly). Adherence was only assessed among patients with 2 or more GLP-1 RA prescription fills. 12 months: *Age < 65 vs 65–74 
years, p=0.01, **Male vs female p<0.01, ***Weekly vs daily p<0.01. 24 months (Cumulative): ‡Age <65 vs 65–74 years p<0.01, ±<65 years vs 75+years p=0.01, §Male vs 
female p<0.01, £weekly vs daily p<0.01.

Figure 3 Time to Discontinuation of GLP-1 RAs, Kaplan–Meier Plot, n=4791. Kaplan–Meier plot of days until GLP-1 RA therapy discontinuation. Patients discontinued 
at median of 406 days (95% CI 386–424) after initiating therapy.
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65–74 years (p<0.01); it remained at 56.4% for patients ≥75 
years (p=0.01).

Dosing frequency exhibited the largest difference in 
adherence between groups (Figure 2). After 12 months of 
follow-up, 43.8% of patients prescribed daily dosing were 
adherent in contrast to 64.2% of patients prescribed 
weekly injections (p<0.0001). The cumulative prevalence 
of adherence at 24 months decreased to 40.8% for daily 
doses and to 59.8% for weekly doses (p<0.01).

Discontinuation
Figure 3 displays the Kaplan-Meier plot of days until GLP-1 
RA therapy discontinuation. Patients discontinued at median 
of 406 days (95% CI 386–424) after initiating therapy.

Overall, 47.7% of the cohort discontinued GLP-1 RA 
therapy by 12 months of follow-up (Figure 4). The propor-
tions of patients were comparable with respect to gender 
(~47%, p=0.48) and prescribed dosing frequency (~48%, 
p=0.73). A higher proportion of patients ≥75 years (57.4%), 
however, discontinued therapy at 12 months than patients 
ages 65–74 years (49.1%) and younger than 65 years 
(46.8%) (p=0.01).

After 24 months of follow-up, 70.1% of patients overall 
discontinued therapy (Figure 4). Most patients younger than 
65 years of age (68.2%) discontinued GLP-1 RA therapy at 

24 months, while 75.3% and 82.6% of those 65–74 years 
and ≥75 years of age, respectively, discontinued therapy 
(p=0.01). Approximately 70% of both males and females 
discontinued GLP-1 RAs at two years. Significantly more 
patients on weekly dosing discontinued (73.2%) therapy 
than daily dosing (68.5%) (p<0.01). In sensitivity analysis, 
(>120-day gap between prescription claims), the overall 
proportion of patients who discontinued therapy was 
44.6% at 12 months and 67.4% at 24 months.

Discussion
This study investigated GLP-1 RA therapy adherence and 
discontinuation among patients with T2DM using real- 
world data from a large administrative claims database of 
prescription claims in a single closed health insurance plan. 
Approximately half of patients overall were non-adherent. 
Adherence patterns differed significantly with respect to 
gender and age, but the difference in adherence by dosing 
frequency (daily vs weekly) was the most pronounced; 
adherence was lower among with patients prescribed daily 
doses. In contrast, discontinuation by dosing frequency was 
comparable for weekly and daily doses at 12 months and 
more frequent among weekly users at 24 months. The 
majority (70.1%) of patients discontinued GLP-1 RA ther-
apy within 24 months of initiating therapy.

Figure 4 Proportion of Patients Who Discontinued GLP-1 RA Therapy, n=4791. Discontinuation was defined as a gap of >90 days from end of days of supply of GLP-1 RA 
claim and the first date of subsequent pescription claims (if any). Bar charts depicting percentage of patients who discontinued GLP-1 RA therapy over the 12 months and 24 
months study period. Proportions are assessed by overall total and the following stratifications: Age groups (<65, 65–75, 75+), Gender (Male, Female), Dosage (Daily 
Weekly). Year 1: *Age <65 vs 75+ years p<0.01. Year 2: †Age <65 years vs 65–75 years; ‡Age <65 years vs 75 + years; £Weekly vs daily dosing, p<0.01.
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These findings for adherence are consistent with pre-
vious reports regarding antihyperglycemic agents (AHAs). 
A meta-analysis of 13 studies covering all classes of oral 
AHAs estimated the pooled mean medication possession 
ratio (MPR) to be 75.3% (95% CI [68.8–81.7%]) over 
6–24 months of follow-up.24 This suggests that non- 
adherence is not unique to GLP-1 RAs. For GLP-1 RAs 
specifically, it has been noted that adherence varies sig-
nificantly across studies.13 That said, several studies using 
administrative and electronic medical record datasets from 
a number of European countries and the US have observed 
a similar trend to this study with increased GLP-1 RA 
dosing frequency increasing non-adherence.13,25–28

However, the findings for discontinuation diverged sub-
stantially from past studies. As noted previously, past real- 
world studies have generally characterized persistence over 
a shorter time frame (6 or 12 months) or in specific GLP-1 RA 
agents. Studies that assessed discontinuation rates among 
specific agents are challenging to compare to this study as 
this study did not consider switching to another agent within 
the GLP-1 RA class to be discontinuation. However, a similar 
study that examined GLP-1 RAs as an overall class (not by 
specific agent) reported a 12-month GLP-1 RA discontinua-
tion rate of 29.5% and 36.4% in the UK and Germany, 
respectively.28 Comparatively, the current study found that 
47.7% of patients discontinued GLP-1 RAs within 12 months.

Discontinuation rates observed in this study deviate even 
further from those reported in clinical trials. For example, the 
median time of exposure to liraglutide in the LEADER trial 
was 3.8 years.10 In the SUSTAIN6 trial, 22.6% of patients on 
semaglutide prematurely discontinued therapy during the 24- 
month trial period.29 Yet, in this real-world study, 70.1% of 
patients who initiated GLP-1 RA therapy discontinued ther-
apy within 24 months. The sensitivity analysis expanding the 
allowable gap in days of supply between two GLP-1 RA 
prescription claims to 120 days before classifying a patient as 
discontinued negligibly altered the percent of patients con-
sidered discontinued (67.4% at 24 months). This result 
further supports that the majority of patients, in fact, discon-
tinue GLP-1 RA therapy within 24 months.

In addition, this study deviates from several analyses of 
real-world data from Europe and the US with respect to 
discontinuation and dosing frequency. Previous studies 
have observed an increase in discontinuation for patients on 
more frequent dosing regimens of GLP-1 RAs. For example, 
a retrospective study of GLP-1 RAs from Italy compared five 
GLP-1 RA treatment regimens. Rates of persistence were 
highest for weekly dosing at six months as compared to one 

or two daily doses.30 Similarly, another retrospective study of 
a German and UK population observed that an increased 
dosing frequency of GLP-1 RAs was associated with greater 
discontinuation at 12 months.28 Further, a retrospective study 
in a US-based population found that patients on twice daily 
exenatide were more likely to discontinue therapy at 12 
months than those on once-daily liraglutide.26 In contrast, 
the proportions of patients in the current study who discon-
tinued at 12 months post-initiation of GLP-1 RA therapy 
were comparable for weekly and daily doses and, at 24 
months, significantly more patients on weekly dosing com-
pared to daily discontinued therapy. As a retrospective data-
base study, it is difficult to ascertain why this study found that 
patients were more likely discontinue weekly therapy at 24 
months as this seems inconsistent with previous findings. 
However, given no other study examined this phenomenon 
at 24 months, it is possible this may be reflecting longer-term 
results of cost, side effects, or patients/provider preferences 
with regards to weekly GLP-1 RA agents.

In T2DM patients at high risk for cardiovascular events 
in the LEADER clinical trial, those who received the GLP-1 
RA liraglutide experienced fewer events in the primary 
composite outcome (the first occurrence of death from 
cardiovascular causes, nonfatal myocardial infarction, or 
nonfatal stroke) than the placebo group, with a median 
follow-up of 42 months.10 Our findings suggest that patients 
on GLP-1 RAs often discontinue therapy in the real world 
and this could impact the effectiveness of the treatment. 
Limited studies have evaluated real-world effectiveness of 
GLP-1 RAs to date and those that have yielded inconsistent 
results, possibly related to inconsistent approaches to 
accounting for adherence and discontinuation.12,31–35 

Future studies should consider evaluating the impact of 
adherence and persistence on glycemic effectiveness to 
better understand potential gaps in translating randomized 
trials efficacy into real-world effectiveness.

This study has several limitations. First, the use of pre-
scription claims data to assess adherence lacks sensitivity 
because it tracks prescription claims. Determining if patients 
actually took their medication or capturing adjustments to 
dosing outside of the prescription (for example, physicians 
gradually up-titrating patients’ doses) was not possible. 
Acknowledging this as a limitation of observational research, 
different formulae can be applied to administrative claims data 
as proxy measures for adherence. This study used the 
Proportion of Days Covered (PDC) because it is more sensi-
tive to capturing uncovered days compared to the Medication 
Possession Ratio.21 Another limitation to this study is that it is 
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descriptive and did not consider potential confounding factors 
as the database lacked information to fully characterize 
patients. Specifically, determining comorbidities was restricted 
to the presence of diagnostic codes and thresholds of some 
laboratory tests, including HbA1c, were available for only half 
of the cohort. Baseline obesity was not available. Future 
studies may wish to investigate additional factors and their 
impact on GLP-1 RA adherence. Finally, information that may 
explain the underlying reasons for these findings was unavail-
able. For example, it is possible that the gastro-intestinal side 
effects experienced when initiating therapy reported in clinical 
trials explains the low adherence and high discontinuation 
rates seen in this study, particularly in year 1.19,36 This is 
supported by the finding that, from the total cohort of 4709 
patients in this study, 18.5% did not have a second prescription 
claim in their records. Generally, though, it is difficult to 
ascertain the reasons patients discontinue therapy in a claims 
database study as information on out of pocket expenses 
associated with these medications, side effects, or patient/ 
provider preferences cannot be obtained. Future studies may 
wish to investigate the impact of additional factors, such as 
HbA1c lowering, weight loss, side effects, and route of admin-
istration on GLP-1 RA adherence and discontinuation. Finally, 
this patient population is not generalizable to other patient 
populations in the US because all patients were in the same 
closed health care plan. This study also limited the analysis to 
those on GLP-1 RA monotherapy and dual therapy with 
metformin in order to minimize the influence of multiple 
AHAs on adherence and discontinuation; as a result, it may 
not be generalizable to all patients on GLP-1 RA therapy. 
Despite the shortcomings of claims data, using this real- 
world data nevertheless provided insights about patterns of 
patient use and clinical practice.

In conclusion, this study of 4791 T2DM patients on 
injectable GLP-1 RAs found that approximately half of 
patients were non-adherent, half also discontinued therapy 
by the end of 12 months and the majority (70%) discon-
tinued by the end of the 24-month follow-up period. The 
real-world clinical benefit of adherence to these agents 
merits further investigation.
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