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Abstract 

OBJECTIVE 

Dulaglutide is a Glucagon-like Peptide-1 Receptor Agonist (GLP-1RA) indicated 

for the treatment of type 2 diabetes mellitus (T2DM). However, as an injectable 

therapy, treatment with dulaglutide has been complicated by suboptimal adherence 

and persistence rates. The objective of this study was to identify clinical 

characteristics associated with adherence and persistence in T2DM patients treated 

with dulaglutide. 

METHODS 

This retrospective observational cohort study used electronic medical records 

transformed into the Observational Medical Outcomes Partnership Common Data 

Model (OMOP CDM, version 5.3.1) of Seoul National University Hospital (SNUH), 

Seoul, South Korea. Patients with T2DM who initiated treatment with dulaglutide 

(0.75 mg or 1.5 mg) between January 1st, 2018 and December 31st, 2019 were 

included and followed for one year since treatment initiation. Adherence was 

evaluated by using proportion of days covered (PDC) and adherence status (PDC≥

0.8 or PDC<0.8). Persistence was assessed with treatment duration (the number of 

days on treatment without >60 days prescription gap) and continuation status 

(continuer or discontinuer). Multivariate linear regression and multivariate logistic 

regression were used to identify the factors associated with continuous and 

categorical outcome measures, respectively. Subgroup analysis was conducted 

involving patients with high cardiovascular disease (CVD) risk (i.e., having ≥2 

identifiable risk factors for cardiovascular disease). Sensitivity analysis was 

conducted by 1) changing the permissible prescription gap for continuous treatment 

to >90 days and 2) defining subjects with high CVD risk as having ≥3 identifiable 

CVD risk factors. 

RESULTS 

A total of 236 patients met the eligibility criteria and were included in the analyses. 

In multivariate logistic regression analyses, a year increase in age and a unit increase 

in estimated glomerular filtration rate significantly increased the likelihood of 

adherence and treatment continuation. In contrast, patients with baseline obesity and 
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baseline use of sulfonylurea and insulin were significantly less likely to continue 

treatment with dulaglutide. In multivariate linear regression analyses, a year increase 

in age, switching dulaglutide dose, and baseline neuropathy were significantly 

associated with higher PDC and longer treatment duration, while baseline use of 

insulin and sulfonylurea were associated with lower PDC and shorter treatment 

duration. In subgroup analysis, there was no significant differences in dulaglutide 

adherence and persistence between patients with high CVD risk and those with low 

CVD risk. Sensitivity analyses showed no statistically significant difference in the 

adherence and persistence results. 

CONCLUSIONS 

This study found clinical characteristics of dulaglutide users who are more likely to 

be adherent and persistent to dulaglutide. It is expected that the findings of this study 

can be used in guiding prescriptions for T2DM patients considering to initiate 

treatment with dulaglutide. 

 

Keyword: type 2 diabetes mellitus, medication adherence, medication persistence, 

dulaglutide 

Student Number: 2021-27707
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Chapter 1. Introduction 

 

1.1 Study Background 

 

Adequate management of chronic disease is difficult. Patients are often required to 

take one or more medications over the entire lifespan of the disease1. Management 

of chronic disease is further complicated by two patterns of medication non-use: 1) 

missed medication doses (termed non-adherence in this study) and 2) abrupt 

discontinuation or substantial medication gap (termed non-persistence or 

discontinuation in this study)2. In developed countries, average adherence to 

medications for chronic diseases is as low as 50%, while the measure is lower in 

developing countries due to limited access to healthcare resources3, 4. Medication 

non-use aggravates the burden of chronic diseases and clinical outcomes of patients4, 

5. Therefore, ensuring adherence and persistence of medications is key to successful 

management of chronic disease. 

Poor adherence and persistence are a barrier to optimal care for patients with 

type 2 diabetes mellitus (T2DM)6-9. A systematic review found that only 56.2% in 

T2DM patients continued treatment one year after treatment initiation10. Adherence 

and persistence to injection drugs are even lower. The persistence rate of insulin 

glargine in the first year after initiation is below 50%11. Suboptimal persistence 

undermines clinical outcomes, leading to poor glycemic control12, 13 and increases 

mortality and comorbidity burden14, 15. Moreover, low adherence to antidiabetic 

medications increases healthcare costs and diminishes quality of life5, 14, 16. 

The causes of low adherence and persistence to T2DM medications are 

multifactorial17. The World Health Organization classified reasons for medication 

non-use into five categories: patient-related (e.g., age), socioeconomic (e.g., 

medication costs), condition-related (e.g., presence of complications), health-

system-related (e.g., level of continuity of care), and medication-related (e.g., 

adverse effects)4. Similarly, motivations behind medication non-use in T2DM 

patients on injection therapies are multifaceted. Ineffective communication between 
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patients and providers, inadequate knowledge about medications, and confusing 

directions for medication use simultaneously undermine treatment processes18. 

Moreover, the classes of antidiabetic medication are known to influence the 

adherence and persistence to the treatment1, 19. 

Dulaglutide (brand name: Trulicity®) is a Glucagon-like Peptide-1 Receptor 

Agonist (GLP-1RA) indicated for the treatment of type 2 diabetes mellitus (T2DM). 

Dulaglutide consists of two identical, disulfide-linked chains of modified GLP-1 

sequence, which are covalently linked to the modified human immunoglobulin G4 Fc 

chain via a small peptide linker20. Unlike endogenous GLP-1, dulaglutide resists 

degradation by dipeptidyl peptidase-4 (DPP4) and has a molecular size large enough 

to reduce renal clearance21. These molecular characteristics extend the half-life of 

dulaglutide to approximately 5 days, making it suitable for once-weekly dosing20. 

Glucagon-like peptide-1 receptor agonists (GLP-1RA) including 

dulaglutide improve glycemic control and cardiovascular factors, reduce body weight, 

and rarely induce hypoglycemia22. GLP-1RA agents are preferred second-line 

treatment options for T2DM patients with cardiovascular comorbidities23. 

Furthermore, GLP-1RA agents are recommended as the first injectable medication 

before insulin24. As of 2021, nine formulations of injectable GLP-1RA agents have 

been approved worldwide (Table 1). Oral semaglutide (brand name: Rybelsus) was 

the first oral formulation of GLP-1RA approved by the US Food and Drug 

Administration for the treatment of T2DM25. 

Table 1 List of injectable GLP-1RA agents currently in clinical use worldwide 

Drug Dosing frequency 

Exenatide twice a day (BID) 

Liraglutide once a day (QD) 

Exenatide once a week (QW) 

Albiglutide once a week (QW) 

Dulaglutide once a week (QW) 

Exenatide pen once a week (QW) 

Lixisenatide once a day (QD) 

Exenatide auto-injector once a week (QW) 

Semaglutide once a week (QW) 
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GLP-1RAs are administered by subcutaneous injection except for oral 

semaglutide. As with many injectable therapies, GLP-1RAs are prone to medication 

non-use26. For example, when adherence was assessed using the average proportion 

of days covered (PDC) or the number of days covered by prescription fills divided 

by the total number of days27, PDC for injectable GLP-1RAs at six months was only 

0.61-0.7628, lower than 0.8, a PDC of optimal treatment adherence. Furthermore, 

the proportion of non-persistent patients with injectable GLP-1RA in six months 

ranged between 26.0% and 67.9%29. 

Injectable GLP-1RA agents differ in dosing regimens, need for dose titration 

and reconstitution, and administration device features30. These differences led to 

differences in adherence and persistence rates among individual GLP-1RA agents. 

Within this medication class, dulaglutide has demonstrated significantly higher 

adherence and persistence rates than other GLP-1RAs26, 30-32(HR [95% CI] of 

discontinuation compared with dulaglutide: 2.5 [2.1-3.0] for exenatide QW, 1.6 

[1.5-1.8] for liraglutide, 1.4 [1.3-1.5] for semaglutide, and 2.8 [2.3-3.3] for 

lixisenatide; all p<0.001)24, 30. Similarly, dulaglutide was associated with significantly 

higher adherence than other GLP-1RA agents (OR [95% CI] of adherence compared 

with dulaglutide: 0.63 [0.55-0.73] for albiglutide, 0.32 [0.28-0.37] for exenatide 

BID, 0.48 [0.43-0.53] for exenatide QW, and 0.65 [0.59-0.71] for liraglutide; all 

p<0.05)31. Additionally, a recent claims-based study has found that patients treated 

with dulaglutide were significantly more adherent and persistent than those treated 

with oral semaglutide at six-month follow-up33. Nevertheless, the adherence and 

persistence rates in dulaglutide users still fell short of being optimal (mean PDC 0.76; 

37% discontinuation rate)28. 

This result can be explained, at least partly, by dosing frequency and ease of 

use. In general, GLP-1RA agents with QW regimen demonstrated significantly better 

adherence and persistence than GLP-1RA agents with QD or BID regimen22, 31, 34, 35. 

In terms of delivery method, GLP-1RA agents using simple delivery systems 

(single-use pen or auto-injector device) had significantly higher adherence and 

persistence than GLP-1RA using multi-use pen or syringe22, 28, 30, 31, 36. Furthermore, 

treatment-related factors, such as experiencing early response (defined as 

improvements in HbA1c and body weight within six months after treatment initiation), 
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was known to be associated with significantly higher adherence and persistence in 

GLP-1RA users29. However, a comprehensive analysis of clinical characteristics 

associated with treatment adherence and persistence has been lacking. 

Optimizing treatment adherence and persistence is an important determinant 

of clinical outcome37. In this sense, it is beneficial to investigate which clinical 

characteristics are associated with increased adherence and persistence. However, 

such analysis on dulaglutide users remain understudied. Previous studies mostly 

limited their scopes to comparative purposes, with the goal of showing higher 

adherence and persistence in dulaglutide users than users of other antidiabetic 

medications or other GLP-1RAs10, 26, 28, 30-33. Moreover, most of previous studies 

have used claims data, assembled primarily for reimbursement purposes and 

therefore not providing important clinical data such as laboratory test results. There 

are also concerns about inaccuracy and missingness of information in claims data due 

to lack of billing codes for some conditions or up-coding comorbidities38, 39. 

 

1.2 Purpose of Research 

 

The objective of this study was to identify clinical characteristics associated with 

adherence and persistence in T2DM patients treated with dulaglutide. To this end, 

electronic medical records (EMR) transformed into the Common Data Model (CDM) 

at Seoul National University Hospital (SNUH), Seoul, South Korea were used.
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Chapter 2. Methods 

2.1 Data Source 

 

Patient EMRs were collected by using the Observational Medical Outcomes 

Partnership Common Data Model (OMOP CDM, version 5.3.1) of Seoul National 

University Hospital (SNUH), Seoul, South Korea. SNUH is a university-affiliated, 

tertiary-care hospital. The OMOP CDM of SNUH contains over 2.3 billion medical 

records of more than 3 million patients, including patient demographics, diagnosis, 

drug exposures, laboratory test orders and results, surgeries, family histories, and 

past medical histories40, 41. Since w individually identifiable data were not used or 

collected, the SHUH Institutional Review Board (IRB) granted a waiver for obtaining 

informed consent. 

 

2.2 Study Subjects 

 

This was a retrospective observational cohort study. Eligible patients were those 

who were diagnosed with T2DM and initiated treatment with once-weekly 

dulaglutide (0.75 mg or 1.5 mg) between January 1st, 2018 and December 31st, 2019. 

The index date was defined as the first date of dulaglutide prescription with ≥6 

months of identifiable past clinical history (i.e., baseline). Each eligible patient was 

followed for one year after the index date. Patients were excluded if they were <18 

years of age at the index date, without ≥1 record of baseline HbA1c, diagnosed with 

type 1 diabetes or gestational diabetes, or with a record of bariatric surgery. 

Additionally, patients who were lost to follow-up (i.e., without clinical history) were 

considered disenrolled from SNUH and therefore excluded. 

 

2.3 Clinical Characteristics 

 

Records on demographics, comorbidities, concomitant antidiabetic medications, and 



8 

 

laboratory test results at baseline were extracted. Baseline comorbidities recorded 

in SNOMED CT were converted into corresponding International Classification of 

Diseases 10th Revision (ICD-10) codes by using Interactive Map-Assisted 

Generation of ICD Codes (I-MAGIC)42. After conversion, baseline comorbidities 

were categorized into composite events by using the diagnosis designation of the 

ICD-10 codes. Likewise, individual concomitant antidiabetic medications were 

grouped according to drug class. In addition, adverse events (AEs) were defined as 

any of the following conditions during follow up: nausea, vomiting, diarrhea, 

indigestion, abdominal pain, lower abdominal pain, foot ulcer, impaired fasting glucose, 

hyperglycemia, hypoglycemia, gastroparesis, and pancreatitis43. Finally, missingness 

was handled by imputing values for laboratory tests results and demographics with 

missingness <15% using the multiple imputation with chained equation (MICE) 

44 ,whereas those with ≥15% missing data were excluded from analysis45. 

 

2.4 Outcome Measures 

 

Adherence was measured by PDC and adherence status. Adherence status was a 

categorical variable, in which patients with ≥0.8 PDC were classified as adherent 

and those with <0.8 PDC were non-adherent. Similarly, persistence was assessed 

using treatment duration and continuation status. Treatment duration represents the 

number of days on treatment without discontinuation (i.e., >60 days gap between any 

two consecutive prescriptions). Continuation status was a categorical variable, in 

which patients were classified as either continuer or discontinuer based on the 

operational definition of discontinuation. If patients had overlapping days’ supply, 

this study disregarded residual supply from the previous fill. The timeline of this 

study is depicted in Figure 1. 

 



9 

 

 

Figure 1 The timeline of the study for continuer (top) and discontinuer (bottom). The index 

date was the first date of dulaglutide prescription with ≥6 months of identifiable past clinical 

history (i.e., baseline). Each patient was followed for one year after the index date. 

Disenrollment was evaluated in post-follow-up period. 

 

2.5 Statistical Analysis 

 

Multivariate linear regression and multivariate logistic regression were conducted to 

identify the factors associated with continuous and categorical outcome measures, 

respectively. Important independent variables were selected per the highest adjusted 

R2 value and the lowest Akaike Information Criterion (AIC) for the linear regression 

and the logistic regression models, respectively. 

Because dulaglutide is also indicated for the treatment of T2DM patients with 

cardiovascular disease (CVD) risks, a subgroup analysis was performed involving 

patients with high CVD risk defined as having ≥2 identifiable CVD factor(s) (Table 

2)46, 47. The cutoff of 2 identifiable CVD factor(s) was determined based on the 

median number of CVD risk factors in the study subjects. Propensity score (PS)was 

used to match subjects with high CVD risk with those with low CVD risk based on 

baseline characteristics (i.e., demographics, comorbidities, concomitant medications, 

and lab test results). In the analysis, matching with replacement was conducted 

because there were not enough controls (i.e., those without a CVD risk) to fully 

provide one-to-one match. On matched cohorts, the Student’s t-test and Chi-

squared (χ2) test were used to analyze differences between those with high CVD 

risk and those with low CVD risk in continuous and categorical outcome measures, 
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respectively. For treatment duration, log-rank test was conducted, in which event 

was defined as discontinuing dulaglutide. 

Table 2 List of identifiable risk factors for CVD 

Identifiable risk factor Criteria 

LDL-C ≥100 mg/dL 

TG ≥150 mg/dL 

HDL-C <40 mg/dL (men), <50 mg/dL (women) 

Blood Pressure ≥140 mmHg (systolic) and/or ≥90 mmHg (diastolic) 

Baseline hypertension† Diagnosis record exists at baseline 

Baseline obesity Diagnosis record exists at baseline 

Baseline dyslipidemia⸸ Diagnosis record exists at baseline 

Baseline CVD Diagnosis record exists at baseline 

†Counted only the subjects who did not meet the criteria for blood pressure; ⸸Counted only the subjects who did not meet the criteria for LDL-C, TG, and 

HDL-C; Abbreviations: LDL-C, low density lipoprotein Cholesterol; TG, triglyceride; HDL-C, high density lipoprotein cholesterol ;CVD, cardiovascular 

disease 

 

In addition, a separate subgroup analysis was conducted to investigate 

significant differences in the four outcome measures with respect to the specialty of 

prescribers. Analysis of Variance (ANOVA) and χ2 test were used for continuous 

outcome variables (i.e., PDC and treatment duration) and categorical outcome 

variables (i.e., adherence and continuation status), respectively. 

To determine the robustness of the results, sensitivity analyses were 

performed by 1) changing the permissible prescription gap for continuous treatment 

to >90 days and 2) defining subjects with high CVD risk as having ≥3 identifiable 

CVD risk factors. 

A p-value <0.05 was considered statistically significant. Statistical analysis 

was conducted using R (version 4.2.1). 
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Chapter 3. Results 

3.1 Subjects 

 

A total of 38,094 patients with T2DM were identified, of whom 236 patients were 

eligible for this study (Figure 2). 

 

 

Figure 2 Flowchart for study population selection. Abbreviations: T2DM, type 2 diabetes 

mellitus; HbA1c, glycated hemoglobin A1c 

 

The mean age was 55.5 years with sex being evenly distributed (50.4% 

male), and dyslipidemia was the most frequent baseline comorbidity (44.9%) 

followed by hypertension (37.7%) (Table 1). A total of 169 subjects had ≥2 risk 

factors for CVD at baseline and thus were classified as having high risk of CVD. More 

than two-thirds or 76.6% of patients (n=181) initiated treatment with low dose 

(0.75 mg) dulaglutide (Table 3). 
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Table 3 Baseline characteristics of total study population and subjects with high CVD risk (≥

2 identifiable CVD risk factors) 

Variables 
Total  

(n = 236) 

Subjects with ≥2 

identifiable CVD risk 

factors 

(n = 169) 

Sex   

Male, n (%) 119 (50.4%) 76 (45.0%) 

Female, n (%) 117 (49.6%) 93 (55.0%) 

Age at index date, mean (SD) 55.5 (13.7) 55.2 (14.1) 

Baseline lab test results   

HbA1c, % (SD) 8.3 (1.4) 8.2 (1.5) 

Systolic BP, mmHg (SD) 132.1(15.8) 134.4(16.4) 

Diastolic BP, mmHg (SD) 80.0 (11.3) 81.7 (11.6) 

Total cholesterol, mg/dL (SD) 158.7 (37.2) 157.1 (37.5) 

LDL, mg/dL (SD) 86.5 (30.4) 89.6 (31.1) 

HDL, mg/dL (SD) 47.1 (12.1) 45.0 (11.1) 

Triglyceride, mg/dL (SD) 171.8 (105.3) 187.6 (114.5) 

eGFR (MDRP), mL/min/1.73 m2 (SD) 85.6 (27.0) 86.8 (26.5) 

eGFR (CKDEPI), mL/min/1.73 m2 (SD) 88.5 (25.1) 85.9 (26.5) 

Postprandial glucose, mg/dL (SD) 158.6 (54.2) 159.1 (54.6) 

Starting Dose   

0.75 mg, n (%) 181 (76.7%) 129 (76.3%) 

1.5 mg, n (%) 55 (23.3%) 40 (23.7%) 

Baseline concomitant antidiabetic medication   

Metformin, n (%) 217 (91.9%) 157 (94.1%) 

Insulin, n (%) 88 (37.3%) 66 (39.1%) 

Meglitinide, n (%) 1 (0.4%) 0 (0%) 

DPP4 inhibitor, n (%) 42 (17.8%) 29 (17.2%) 

SGLT2 inhibitor, n (%) 46 (19.5%) 33 (19.5%) 

Alpha glucosidase, n (%) 2 (0.8%) 2 (1.2%) 

Thiazolinedione, n (%) 9 (3.8%) 4 (2.4%) 

Sulfonylurea, n (%) 149 (63.1%) 101 (59.8%) 

DPP4 inhibitor plus metformin combination drug, n (%)   50 (21.2%) 38 (22.5%) 

SGLT2 inhibitor plus metformin combination drug, n (%) 3 (1.3%) 2 (1.2%) 

Sulfonylurea plus metformin combination drug, n (%) 6 (2.5%) 4 (2.4%) 

Pioglitazone plus DPP4 inhibitor combination drug, n (%)  2 (0.8%) 1 (0.6%) 

Injection History 134 (56.8%) 102 (60.4%) 

Previously treated with insulin, n (%)  126 (53.4%) 96 (56.8%) 

Previously treated with GLP-1RA other than dulaglutide, n (%)  28 (11.9%) 24 (14.2%) 

Baseline comorbidity   

Hypertension, n (%) 89 (37.7%) 84 (49.7%) 
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Obesity, n (%) 21 (8.9%) 21 (12.4%) 

Dyslipidemia, n (%) 106 (44.9%) 83 (49.1%) 

Cardiovascular disease, n (%) 29 (12.3%) 26 (15.4%) 

Kidney disease, n (%) 50 (21.2%) 38 (22.5%) 

Eye disease, n (%) 72 (30.5%) 49 (29.0%) 

Neuropathy, n (%) 29 (12.3%) 20 (11.8%) 

Mental or memory impairment, n (%)  10 (4.2%) 10 (5.9%) 

Disease history   

Previously diagnosed with myocardial infarction, n (%)  12 (5.1%) 9 (5.3%) 

Previously diagnosed with heart failure, n (%) 4 (1.7%) 3 (1.8%) 

Previously diagnosed with lesion in thyroid, n (%) 23 (9.7%) 13 (7.7%) 

CVD Risk at Baseline   

Low (<2 CVD risk factor(s)) 67 (28.4%) 0 (100%) 

High (≥2 CVD risk factors) 169 (71.6%) 169 (0%) 

SD, standard deviation; PDC, proportion of days covered; HbA1c, glycated hemoglobin A1c; BP, blood pressure; LDL, low density lipoprotein; HDL, high 

density lipoprotein; eGFR, estimated glomerular filtration rate; MDRP, modification of diet in renal disease; CKDEPI, chronic kidney disease epidemiology 

collaboration; DPP4, dipeptidyl peptidase 4; SGLT2, sodium glucose cotransporter 2; GLP1-RA, glucagon-like peptide 1 receptor agonist; CVD, 

cardiovascular disease 

 

Furthermore, 41.1% of patients (n=97) switched dose after treatment 

initiation with dulaglutide, among whom 92.8% (n=90) switched to high dose (1.5 

mg). Dulaglutide was well-tolerated; <1% of subjects experienced one or more pre-

defined AEs except abdominal pain (1.3%)(Table 4). 

 

Table 4 Treatment adherence and persistence results 

Variables 
Total  

Subjects with ≥2 identifiable CVD Risk 

Factor(s) 

(n = 236) (n = 169) 

Continuation status       

Continued, n (%) 119 (50.4%) 80 (47.3%) 

Discontinued, n (%) 117 (49.6%) 89 (52.7%) 

Treatment duration, mean days (SD) 236.8 (124.9) 230.5 (125.0) 

PDC, mean (SD) 0.6 (0.3) 0.63 (0.34) 

Adherence, n (%)       

Yes (PDC≥0.8) 115 (48.7%) 78 (46.2%) 

No (PDC<0.8) 121 (51.3%) 91 (53.8%) 

Switching       

Yes, n (%) 97 (41.1%) 63 (37.3%) 

1.5 mg to 0.75 mg in 1st switching 7 (7.2%) 4 (6.3%) 

0.75 mg to 1.5 mg in 1st switching 90 (92.8%) 59 (93.7%) 

No, n (%) 139 (58.9%) 106 (62.7%) 

Adverse events   
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Nausea, n (%) 1 (0.4%) 0 (0%) 

Vomiting 0 (0.0%) 0 (0.0%) 

Diarrhea 0 (0.0%) 0 (0.0%) 

Indigestion, n (%) 2 (0.8%) 1 (0.6%) 

Abdominal pain, n (%) 3 (1.3%) 3 (1.8%) 

Lower abdominal pain, n (%) 1 (0.4%) 1 (0.6%) 

Hyperglycemia, n (%) 2 (0.8%) 2 (1.2%) 

Hypoglycemia, n (%) 1 (0.4%) 0 (0%) 

Impaired fasting glucose, n (%) 1 (0.4%) 1 (0.6%) 

Foot ulcer, n (%) 1 (0.4%) 0 (0%) 

Gastroparesis, n (%) 1 (0.4%) 1 (0.6%) 

Pancreatitis, n (%) 0 (0.0%) 0 (0.0%) 

SD, standard deviation; PDC, proportion of days covered 

 

 

3.2 Adherence 

 

The mean PDC was 0.6, and 48.7% of subjects were adherent (Table 4). Increase in 

age, switching dose, and having neuropathy at baseline significantly increased PDC 

(β-coefficients [95% Confidence Interval, or CI]: 0.006 [0.002, 0.010], 0.09 [0.003, 

0.18], 0.14 [0.01, 0.27], respectively; all p<0.05) (Table 5). In contrast, baseline 

uses of sulfonylurea or insulin significantly decreased PDC (β-coefficients [95% 

CI]: -0.13 [-0.23, -0.022] and -0.11 [-0.21, -0.005], respectively). On the other 

hand, subjects were 4% more likely adherent as age increased (Odds Ratio or OR 

[95% CI]: 1.04 [1.010, 1.074], p<0.05). Moreover, increase in estimated glomerular 

filtration rate (eGFR) was significantly associated with increased adherence (OR [95% 

CI]: 1.02 [1.002, 1.030], p<0.05) (Figure 3). 
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Figure 3 Factors affecting adherence status (top) and continuation status (bottom) of all 

subjects (n=236). P values were determined by multivariate logistic regression. Abbreviations: 

95% CI, 95% confidence interval; CVD, cardiovascular disease; PG, postprandial glucose; eGFR, 

estimated glucose filtration rate (CKD-EPI) 
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Table 5 Clinical factors affecting PDC and treatment duration 

 PDC Treatment duration 

 Factor β-coefficient (95% CI) P value Factor β-coefficient (95% CI) P value 

A
ll
 p

a
ti

e
n
ts

 

(
n
=

2
3
6
) 

Age 0.006 (0.002, 0.010) 0.002 Age 2.17 (0.78, 3.55) 0.002 

eGFR 0.002 (-0.0003, 0.0003) 0.11 eGFR 0.55 (-0.12, 1.23) 0.11 

Switching dose 0.09 (0.003, 0.18) 0.04 Switching dose 32.9 (0.81, 64.9) 0.04 

Baseline Insulin -0.11 (-0.21, -0.005) 0.04 Baseline Insulin -38.9 (-76.1, -1.68) 0.04 

Baseline Sulfonylurea -0.13 (-0.23, -0.022) 0.02 Baseline Sulfonylurea -43.6 (-83.2, -8.08) 0.02 

Baseline obesity -0.12 (-0.27, 0.03) 0.12 Baseline obesity -43.4 (-98.3, 11.5) 0.12 

Baseline neuropathy 0.14 (0.01, 0.27) 0.04 Baseline neuropathy 50.6 (2.94, 98.3) 0.04 

Baseline CVD -0.11 (-0.24, 0.03) 0.12 Baseline CVD -39.2 (-88.4, 10.0) 0.12 

P
a
ti

e
n
ts

 w
it

h
 ≥

2
 i
d
e
n
ti
fi

a
b
le

 C
V

D
 R

is
k
(
s
)
 

(
n
=

1
6
9
) 

Age 0.006 (0.001, 0.011) 0.009 Age 2.23 (0.54, 3.91) 0.001 

Male sex 0.079 (-0.023, 0.180) 0.129 Male sex 28.48 (-8.69, 65.66) 0.132 

TG 0.0004 (-0.00008, 0.0009) 0.103 TG 0.147 (-0.03, 0.323) 0.103 

eGFR 0.0028 (0.0006, 0.0049) 0.015 eGFR 1.017 (0.205, 1.830) 0.014 

Switching dose 0.1304 (0.0022, 0.243) 0.019 Switching dose 48.2 (7.74, 88.66) 0.020 

Baseline Insulin -0.143 (-0.277, -0.0089) 0.037 Baseline Insulin -52.24 (-101.28, -3.20) 0.037 

Baseline Sulfonylurea -0.158 (-0.275, -0.0416) 0.008 Baseline Sulfonylurea -57.75 (-100.31, -15.19) 0.008 

Injection history 0.0905 (-0.037, 0.219) 0.166 Injection history 32.92 (-13.99, 79.83) 0.168 

Baseline neuropathy 0.1415 (-0.0145, 0.297) 0.075 Baseline neuropathy 51.57 (-5.44, 108.58) 0.076 

Baseline obesity -0.1453(-0.300, 0.0094) 0.065 Baseline obesity -53.02 (-109.54, 3.52) 0.066 

PDC, proportion of days covered; eGFR, estimated glomerular filtration rate; CVD, cardiovascular disease; TG, triglyceride; P value determined by the multivariate linear regression after variables were removed from the model using 

backward selection method 
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3.3 Persistence 

 

The mean treatment duration was 236.8 days, and 50.4% of subjects were 

continuously treated with dulaglutide during follow up (Table 4). Increase in age, 

switching dose, and having neuropathy at baseline significantly increased treatment 

duration by 2.17 days (95% CI: 0.78, 3.55 days), 32.9 days (95% CI: 0.81, 64.9 

days), and 50.6 days (95% CI: 2.94, 98.3 days), respectively (all p<0.05) (Table 5). 

In contrast, baseline uses of sulfonylurea or insulin significantly reduced treatment 

duration (β-coefficients [95% CI]: -43.6 days [-83.2, -8.80 days] and -38.9 

days [-76.1, -1.68 days], respectively; both p<0.05). On the other hand, subjects 

who had experience with injectable therapies were over twice more likely to continue 

treatment than those who did not (OR [95% CI]: 2.27 (1.106, 4.845), p<0.05) 

(Figure 3). Furthermore, subjects were significantly more likely to be continuously 

treated as age increased (OR [95% CI]: 1.04 [1.010, 1.060], p<0.05). Contrastingly, 

subjects using sulfonylurea or insulin or who had obesity at baseline were 

significantly less likely to continue treatment with dulaglutide (OR [95% CI]: 0.41 

(0.200, 0.811), 0.26 (0.110, 0.583), 0.33 (0.113, 0.912), respectively; all p<0.05). 

Those results in adherence and persistence did not significantly change in the 

sensitivity analysis using 90-day of permissible prescription gap (Table 6). 

 

Table 6 Sensitivity analysis results (using cutoff as 90-day prescription gap) 

Endpoint 60-day prescription gap 

(n=236) 

90-day prescription gap 

(n=236) 

P value 

PDC, mean (SD) 0.65 (0.3) 0.67 (0.3) 0.46 

Treatment duration, mean (SD) 236.8 (124.9) 244.9 (116.7) 0.46 

Adherence, n (%) 115 (48.7) 115 (48.7) 0.93 

Continuation, n (%) 119 (50.4) 131 (55.5) 0.27 

SD, standard deviation; PDC, proportion of days covered; P value determined by Student’s t-tests for PDC and treatment duration and by χ2 tests for 

adherence and continuation 
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3.4 Impact of CVD Risk on Dulaglutide Adherence and Persistence  

 

After propensity scores were calculated based on baseline demographics, 

comorbidities, laboratory test results, and concomitant medications, 67 subjects with 

<2 identifiable CVD risk factor with 169 subjects with ≥2 identifiable CVD risk 

factors were matched (Table 7). 

 

Table 7 Comparison of baseline characteristics between matched cohorts 

Variable 

Subjects with ≥2 

identifiable CVD risk factors 

(n=169) 

Subjects with <2 

identifiable CVD risk 

factor (n=67) 

p value 

Demographics    

Age (years), mean (SD) 55.2 (14.1) 56.3 (12.8) 0.594 

Sex (male, %) 45.0 52.2 0.120 

Laboratory test results    

HbA1c (%), mean (SD) 8.2(1.4) 8.4 (1.4) 0.310 

eGFR (mL/min/1.72 m2), mean (SD) 85.9 (26.5) 85.0 (28.4) 0.810 

PG (mg/dL), mean (SD) 159.1 (54.6) 157.3 (53.7) 0.820 

Concomitant medication    

Metformin users (%) 94.0 89.6 0.557 

Insulin users (%) 39.5 32.8 0.459 

DPP4 inhibitor users (%) 17.4 19.4 0.828 

SGLT2 inhibitor users (%) 19.8 19.4 1.000 

Sulfonylurea users (%) 60.5 71.6 0.120 

Comorbidities    

Kidney disease (%) 22.5 17.9 0.549 

Eye disease (%) 29.0 34.3 0.518 

Neuropathy (%) 11.8 13.4 0.907 

CVD, Cardiovascular disease; SD, standard deviation; HbA1c, glycated hemoglobin A1c; GFR, glomerular filtration rate; PG, postprandial glucose; DPP4, 

dipeptidyl peptidase 4; SGLT2, sodium glucose co-transporter 2; p values were calculated using Student’s t-tests and χ2 tests for continuous and 

categorical variables, respectively. 
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The outcome measures were compared using Student’s t-tests and χ2 

tests between the matched cohorts. There was no statistically significant difference 

(all p>0.05) (Table 8).  

 

Table 8 Comparative analysis of endpoints in patients with ≥2 identifiable CVD risk factors 

and those with <2 identifiable CVD risk factors 

Endpoint Subjects with ≥2 identifiable 

CVD risk factors (n=169) 

Subjects with <2 identifiable 

CVD risk factors (n=67) 

P value 

PDC, mean (SD) 0.63 (0.34) 0.69 (0.34) 0.219 

Treatment duration, mean (SD) 230.5 (125.0) 252.6 (123.9) 0.221 

Adherence, n (%) 78 (46.2) 37 (55.2) 0.210 

Continuation, n (%) 80 (47.3) 39 (58.2) 0.132 

SD, standard deviation; PDC, proportion of days covered; CVD, cardiovascular disease; P value determined by Student’s t-tests for PDC and treatment 

duration and by χ2 tests for adherence and continuation 

 

 

Furthermore, regression analysis results showed that the outcome measures 

of subjects with ≥2 CVD risk(s) were affected by similar factors in addition to the 

clinical characteristics associated with CVD, such as the low density lipoprotein 

cholesterol (LDL-C) level and the presence of hypertension or obesity at baseline 

(Figure 4). 
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Figure 4 Factors affecting adherence status (top) and continuation status (bottom) of 

subjects with ≥2 CVD risk(s) (n=169). P values determined by multivariate logistic 

regression. Abbreviations: 95% CI, 95% confidence interval; CVD, cardiovascular disease; 

TG, triglyceride; HbA1c, glycated hemoglobin A1c; LDL-C, low density lipoprotein 

cholesterol; eGFR, estimated glomerular filtration rate (CKD-EPI) 
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Finally, the result of log-rank test showed there was no significant difference 

in the time to discontinue dulaglutide between the matched cohorts (p=0.16) (Figure 

5). Sensitivity analysis comparing subjects with ≥3 CVD risk factors to those with 

<3 CVD risk factors showed no significant difference in the results (Table 9, Figure 

6). 

 

Table 9 Comparative analysis of endpoints in patients with and without CVD risk (sensitivity 

analysis) 

Endpoint 
Patients with ≥3 CVD risk 

(n = 77) 

Patients with <3 CVD risk 

(n = 159) 
P value 

PDC, mean (SD) 0.66 (0.35) 0.64 (0.34) 0.62 

Treatment duration, mean (SD) 242.5 (125.6) 233.9 (124.8) 0.62 

Adherence, n (%) 39 (50.6) 76 (47.8) 0.68 

Continuation, n (%) 40 (51.9) 79 (49.7) 0.74 

SD, standard deviation; PDC, proportion of days covered; CVD, cardiovascular disease; P value determined by Student’s t-tests for PDC and treatment 

duration and by χ2 tests for adherence and continuation 
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Figure 5 Kaplan-Meier curve for the comparison of time to treatment discontinuation on the matched cohorts between subjects with <2 CVD 

risk factor (n=67) and subjects with ≥2 CVD risks (n=169). Median was 280 days for subjects with ≥2 CVD risks and was not reached for 

subjects with <2 CVD risk factor. P value was determined by log-rank test (χ2=2, 1 degree of freedom). Abbreviations: CVD, cardiovascular 

disease 
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Figure 6 Kaplan-Meier curve for the comparison of time to treatment discontinuation on the matched cohorts between subjects with 3< CVD 

risk (n=159) and subjects with ≥3 CVD risk(s) (n=77). Median was not reached for subjects with ≥3 CVD risks and was 292 days for 

subjects with <3 CVD risk factors. P value was determined by log-rank test (χ2=0.1, at 1 degree of freedom). Abbreviations: CVD, 

cardiovascular disease 
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3.5 Adherence and persistence comparison by the prescriber 

specialty 

 

There were six categories of prescriber specialty in the study subjects: 1) 

endocrinology, 2) family medicine, 3) internal medicine, 4) nephrology, 5) neurology, 

and 6) unknown. Most of the study subjects (n=182, or 77.1%) were prescribed 

with dulaglutide by endocrinologists at index date (Figure 7). 

 

Figure 7 Distribution of the number of subjects based on the specialty of the prescriber from 

whom they received prescriptions for dulaglutide at index date 

 

 The one-way ANOVA test results showed that there was no statistically 

significant difference among patients treated with 6 different categories of prescriber 

specialty with respect to PDC and treatment duration (Table 10, Figure 8). 
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Table 10 Dulaglutide adherence and persistence of subjects based on prescriber specialty 

specialty PDC, mean (SD) 

Treatment 

duration, mean 

(SD) 

Adherence, n 

(%) 

Continuation, n 

(%) 

Endocrinologist (n=182) 0.66 (0.35) 240.9 (126.9) 92 (51.6) 96 (52.7) 

Family Medicine (n=2) 0.135 (0.08) 49 (29.7) 0 (0) 0 (0) 

Internal Medicine (n=3) 0.77 (0.32) 281.3 (116.4) 2 (66.7) 2 (66.7) 

Nephrology (n=15) 0.58 (0.30) 210.8 (109.2) 4 (26.7) 6 (40) 

Neurology (n=2) 0.27 (0.14) 99 (50.9) 0 (0) 0 (0) 

Unknown (n=32) 0.66 (0.32) 241.2 (116.4) 15 (46.8) 15 (46.8) 

p value 0.143 0.143 0.169 0.348 

SD, standard deviation; PDC, proportion of days covered; P value determined by one-way ANOVA tests for PDC and treatment duration and by χ2 tests 

for adherence and continuation 

 

 

Figure 8 Box plots for PDC (left) and treatment duration (right) of subjects prescribed with 

dulaglutide at index date by six categories of prescriber specialty (specialty indicators 1 to 6 

represent unknown, neurology, nephrology, internal medicine, family medicine, and 

endocrinology, respectively). One-way ANOVA test results for the comparison of PDC and 

treatment duration were F statistics=1.668 (p=0.143, degrees of freedom=5), and 1.67 

(p=0.143, degrees of freedom=5), respectively. 

 

Likewise, there was no statistically significant difference among patients 

treated with 6 different categories of prescriber specialty with respect to the 

proportion of adherent subjects and continuers (Table 10, Figure 9). 
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Figure 9 Bar plots for the proportion (grey) and the number (blue) of adherent subjects (left) 

and continuers (right) based on the specialty of the prescribers of dulaglutide at index date. 

The χ2 test results for the comparison of the proportion of adherent subjects and continuers 

were χ2= 7.775 (p=0.1691, degrees of freedom=5) and χ2= 5.5912 (p=0.348, degrees of 

freedom=5), respectively. 
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Chapter 4. Discussion 

This study found the clinical characteristics that are associated with the adherence 

and persistence to the treatment with dulaglutide. Most notably, this study found that 

a year increase in age significantly improved PDC, treatment duration, and the 

likelihood of adherence and continuation. The results were consistent with previous 

studies, which have identified older age as a significant predictor of adherence and 

persistence in T2DM patients treated with antidiabetic medications48-51. To the best 

of our knowledge, reports on the association between age and the adherence and 

persistence particularly in dulaglutide users have been lacking. Older age is known 

to be associated with increasing severity of illness and greater awareness of health 

status52, which can lead to higher adherence and persistence rates. Given that 

polypharmacy and increasing susceptibility to AEs and complications in older 

populations may undermine treatment adherence and persistence53, this finding is 

reassuring. 

In addition, this study found that changing the treatment dose of dulaglutide 

significantly improves PDC and treatment duration. Previous studies have found that 

patients who initiated the low dose (0.75 mg) dulaglutide and then switched to the 

high dose (1.5 mg) were significantly more likely to be adherent and persistent30, 54. 

Of note, dose switching in this study considered both escalation and de-escalation 

of dulaglutide dose. Nevertheless, over 90% of the subjects who had switched dose 

underwent dose escalation. In this sense, the finding of this study was consistent 

with the previous findings. A clinical study of dulaglutide found that the frequency of 

gastrointestinal AEs in dulaglutide-treated patients increased in dose-dependent 

manner, which could potentially undermine adherence and persistence55. However, 

the results of this study showed that dulaglutide was well tolerated overall. Thus, it 

may be suggested that dose escalation may improve rather than undermine the 

adherence and persistence of dulaglutide users despite the potentially higher risk of 

gastrointestinal AEs. 

Moreover, this study found that baseline neuropathy significantly increased 

both PDC and treatment duration. This finding was consistent with a previous study 

investigating insulin adherence and persistence in T2DM patients, which found that 
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patients with neuropathy were more likely to be persistent56. As of yet, more real-

world evidence has to be established about the efficacy of dulaglutide on managing 

neuropathic comorbidities and its impact on dulaglutide adherence and persistence. 

Nevertheless, this finding leads to a speculation that the higher PDC and treatment 

duration in the subjects with neuropathy can be attributed to the once-weekly dosing 

interval of dulaglutide, which offers an added benefit of convenience. Neuropathic 

comorbidities are known to complicate routine tasks of diabetes management (e.g., 

checking blood glucose level) because of exaggerated pain response57. In this sense, 

the once-weekly dosing of dulaglutide may reduce the frequency of such tasks in 

T2DM patients with baseline neuropathy58 and improve adherence and persistence. 

Moreover, it is possible that patients with baseline neuropathy are more likely to 

have longer T2DM duration, greater disease severity, and more failed previous 

treatments. These factors may have heightened their awareness of health status and 

thus improved their adherence and persistence. 

This study also found that higher baseline eGFR was associated with 

significantly higher likelihood of dulaglutide adherence and continuation. It is unlikely 

that this association is due to the pharmacokinetic profile of dulaglutide. Dulaglutide 

is composed of two GLP-1 analogues fused to a modified IgG4 Fc fragment by a 

small peptide link55. Due to the large molecular size, dulaglutide is not cleared by the 

kidney, and no clinically relevant difference in the pharmacokinetics (e.g., total 

clearance) of dulaglutide was observed in T2DM patients with impaired kidney 

function55. Instead, it may be suspected that factors external to dulaglutide, such as 

higher medical cost in T2DM patients with impaired kidney function59, may have 

affected dulaglutide adherence and persistence. However, a further investigation is 

warranted. Renal protective effects of GLP-1RAs including dulaglutide, which are 

known to reduce protein kinase C, oxidative stress, and inflammatory response, have 

been well established in preclinical studies60, 61. Moreover, in clinical studies, 

treatment with dulaglutide was associated with a significantly smaller decline in 

eGFR or reduced composite renal outcomes than comparators and placebo62, 63. An 

analysis of integrated data from 9 phase II and III trials of dulaglutide has also found 

that treatment with dulaglutide decreased albuminuria and was not associated with 

an increase in AEs reflecting potential acute renal failure64. Considering T2DM is the 
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leading cause of chronic kidney disease65 and eGFR typically declines approximately 

2 to 4 mL/min/year in T2DM patients64, 66, the renal protective effect of dulaglutide 

can greatly benefit the patients with low kidney function. Therefore, attention must 

be paid to such patients to improve treatment adherence and persistence and 

eventually treatment outcome. 

This study found that the presence of obesity at baseline significantly 

reduced the likelihood of dulaglutide continuation. The weight benefit of GLP-1 RAs 

including dulaglutide have been demonstrated by randomized clinical trials (RCTs)67, 

68. For example, a phase 3 clinical of dulaglutide has found a clinically meaningful 

weight loss (mean bodyweight change from baseline: -2.9 kg) in patients treated 

with 1.5 mg dulaglutide over 26 weeks69. However, previous real-world studies have 

reported a significant heterogeneity in the magnitude of weight loss in GLP-1 RA 

users, a substantial proportion of whom underwent no significant change in 

bodyweight70, 71. Treatment effect observed in RCTs often exceeds the real-world 

effectiveness due in part to insufficient representativeness of clinical trial 

participants72 or greater accessibility to resources and support systems that help 

comply with treatment regimen during RCTs54. Considering that clinical improvement 

may improve treatment persistence73, the efficacy-effectiveness gap pertaining to 

the weight benefit of dulaglutide may have led to the significantly lower likelihood of 

continuing dulaglutide in subjects with baseline, despite the purported weight benefit 

of dulaglutide. 

In the subgroup analysis involving patients at higher risk of CVD (i.e., with 2 

or more identifiable CVD risk factors), this study found that the dulaglutide 

adherence and persistence in those with high CVD risk and those with low CVD risk 

were not significantly different. This result may be attributed to the large portion of 

the study subjects having high CVD risk (n=169, or 71.6%). Furthermore, it may be 

speculated that the comparable adherence and persistence rates in dulaglutide users 

at high CVD risk may be due to the potential delay of the CVD preventive effect of 

dulaglutide. Cardiovascular benefits of dulaglutide and their durability, particularly in 

middle-aged or older T2DM patients, are well-established74. However, underlying 

metabolic abnormalities that eventually lead to CVDs may remain asymptomatic for 

years before clinical manifestation75, 76. Similarly, the CVD preventive effect of a 



30 

 

medication may become apparent over an extended period of time. Considering that 

perceived or objective clinical improvement may improve treatment adherence and 

persistence73, such delay may have prevented the CVD benefits of dulaglutide from 

improving dulaglutide adherence and persistence, at least within a year. On the other 

hand, the set of clinical factors associated with the adherence and persistence of 

dulaglutide users with high CVD risk was comparable to those of all subjects. Of note, 

this study found that in subjects with high CVD risk, the presence of baseline 

hypertension and the higher baseline LDL-C level significantly increased the 

likelihood of adherence. These results may be an indication that in T2DM patients 

with high CVD risk, the CV benefit of dulaglutide may lead to better dulaglutide 

adherence. However, a further investigation is warranted whether such phenomenon 

is due to the experience of clinical improvement or an expectation for it. 

Previous studies have found that one of the reasons for discontinuing 

dulaglutide is experiencing AEs like gastrointestinal symptoms30, 36. The results of 

this study showed that AEs known to be associated with dulaglutide were relatively 

rare in the study subjects. <1% of the study subjects experienced an AE except 

abdominal pain (1.3%). These results may suggest that dulaglutide was generally 

well tolerated, and the experience of AEs at least within a year may not significantly 

interfere with medication-taking behaviors in dulaglutide users. Of note, the 

incidence rates of AEs as reported by a meta-analysis of RCTs of dulaglutide were 

higher, with 7.8%, 11.2%, 7.3%, and 5% of RCT participants treated with dulaglutide 

reporting to have experienced hypoglycemia, nausea, vomiting, and diarrhea, 

respectively77. Thus, the results of this study pertaining to AEs should be taken with 

caution due to potential underreporting of the symptoms that were transient or non-

emergent. Moreover, a previous study reported that experiencing early response 

(defined as improvements in HbA1c within three to six months after treatment 

initiation) was associated with significantly higher adherence and persistence in 

GLP-1RA users including those treated with dulaglutide29. However, in the post hoc 

analysis of this study involving the subjects with ≥90 days of treatment duration, 

there was no significant difference in the magnitude of early response (i.e., net or 

percent changes in HbA1c level within 3 months) between adherent patients (or 

continuers) and non-adherent patients (or discontinuers) after propensity score 
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matching on baseline characteristics (Figure 10). 

 

Figure 10 Between group comparison of net change in HbA1c level (top) and percent change 

in HbA1c level (bottom) at 3 months after dulaglutide initiation 

 

This study found that the dulaglutide adherence in the study subject was not 

optimal. Moreover, only one half of the subjects (50.4%) continued treatment with 

dulaglutide for one year. These results are consistent with the findings of previous 

studies28, 29, 31, 34, which reported the adherence and persistence rates of injectable 

antidiabetic medications including dulaglutide were suboptimal. Notably, the subjects 

of this study demonstrated a congruity in treatment adherence and treatment 

continuation (Figure 11). Most subjects either 1) adherently continued treatment 

with dulaglutide or 2) were non-adherent discontinuers. Only few subjects were 

adherent discontinuers or non-adherent continuers. These results suggest that the 

subjects who adhered to dulaglutide treatment tended to take the medication without 

substantial missed doses. Moreover, these results may account for the clinical 

factors that affect both adherence and persistence in a congruent manner. 
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Figure 11 Distribution of subjects based on adherence status and continuation status; 

Adherence and non-adherence status was discriminated at the cutoff value of PDC=0.8; 

Continuation and discontinuation status was determined based on the absence and presence of 

>60 days prescription gap between two consecutive prescription records. 

 

This study had a few strengths. First, this study used electronic medical 

records stored in a tertiary university hospital. Previous studies have utilized 

administrative claims data to analyze dulaglutide adherence and persistence and 

demonstrate higher adherence and persistence in dulaglutide users than other GLP-

1RA users31, 32, 78. The longitudinal records contained in claims data are known for 

relatively low risk of selection bias and high external validity 38. However, claims 

data lack information about procedures and prescriptions outside insurance coverage. 

Moreover, claims data do not contain patient-level laboratory test results, which 

could contain as much if not more clinically meaningful information as the records of 

medical activities. By using electronic medical records of a tertiary university 

hospital, this study was able to provide a higher granularity information on the factors 

for dulaglutide adherence and persistence, including CVD risks. Second, this study 

analyzed dulaglutide adherence and persistence by using four outcome variables. By 

doing so, this study was able to identify the clinical characteristics that affect 

dulaglutide adherence and persistence congruently or distinctly. Assessing 

dulaglutide adherence and persistence using four outcome variables enabled the 

observation of the pattern in medication taking behavior in dulaglutide users. Third, 

the follow-up period of this study was one year, which was relatively longer than 
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the previous studies. Previous studies measured dulaglutide adherence and 

persistence over a six-month period28, 30, 31. Although the study subjects ’ 

adherence and persistence rates were comparable to the studies, the longer follow-

up period may have provided a more accurate assessment of dulaglutide adherence 

and persistence. 

This study had a few limitations. First, the results of this study could not be 

corroborated by causal explanations. Of note, there were unmeasured confounders 

that could have affected the medication behavior in dulaglutide users. It is well-

established that there are multiple dimensions of factors for treatment adherence 

and persistence: health care-related factors (e.g., access to health care), condition-

related factors (e.g., the alleviation of symptom), therapy-related factors (e.g., ease 

of taking medication), but also social factors (e.g., social support, economic factors), 

patient-related factors (e.g., demographics, health beliefs), and social factors (e.g., 

social support, economic factors)73. Specifically, the data source of this study did not 

contain data on social factors and health care-related factors. Moreover, condition-

related factors, patient-related factors, or therapy-related factors that are not 

routinely captured by EMR may not have been included in the analysis. Despite the 

unmeasured potential confounders, the results of this study were consistent with 

those of the previous studies. A further investigation using more comprehensive data 

from multiple data sources may be warranted to provide a more holistic description 

of characteristics associated with dulaglutide adherence and persistence. Second, 

this was a single center study with a small sample size. This study used EMR from 

a tertiary university hospital, in which patients with greater disease severity are 

more likely to be treated, leading to a potential risk of selection bias. However, the 

results of this study on dulaglutide adherence and persistence were similar to those 

of the previous studies which used national claims data. Third, this study was 

conducted by assuming that the decision to adhere to and continue the treatment 

with dulaglutide is largely patient-oriented. In the analysis, it was not possible to 

ascertain the extent to which the decision to continue (or discontinue) dulaglutide 

was driven by physicians or patients. However, by employing four distinct outcome 

measures, the impact of such uncertainty may have been mitigated. On the one hand, 

persistence, as measured by treatment duration and continuation status, can be more 
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prone to the uncertainty in understanding the driver of clinical decisions. On the other 

hand, adherence as measured by PDC and adherence status describes the density or 

sparseness of prescription filling records while on treatment. In this sense, it may 

be reasonable that adherence rather than persistence may be more appropriate for 

evaluating the medication taking behavior in T2DM patients treated with dulaglutide. 
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Chapter 5. Conclusion 

Clinical characteristics of dulaglutide users that could have affected their adherence 

and persistence were identified, which were generally comparable to the reports of 

the previous studies. Physicians treating T2DM patients with dulaglutide can refer 

to those clinical characteristics identified in this study to finetune their approaches 

to optimize the adherence and persistence to dulaglutide, and possibly to other anti-

diabetic medications, not only before, but during the treatment. 

 



36 

 

Bibliography 

 

1. McGovern A, Hinton W, Calderara S, et al. A class comparison of medication 

persistence in people with type 2 diabetes: a retrospective observational study. 

Diabetes Therapy. 2018;9(1):229-242. 

2. McGovern A, Tippu Z, Hinton W, et al. Comparison of medication adherence and 

persistence in type 2 diabetes: A systematic review and meta‐analysis. 

Diabetes, Obesity and Metabolism. 2018;20(4):1040-1043. 

3. Jermendy G, Wittmann I, Nagy L, et al. Persistence of initial oral antidiabetic 

treatment in patients with type 2 diabetes mellitus. Medical science monitor: 

international medical journal of experimental and clinical research. 

2012;18(2):CR72. 

4. Organization WH. Adherence to long-term therapies: evidence for action: 

World Health Organization 2003. 

5. Abegunde DO, Mathers CD, Adam T, et al. The burden and costs of chronic 

diseases in low-income and middle-income countries. The Lancet. 

2007;370(9603):1929-1938. 

6. Asche C, LaFleur J, Conner C. A review of diabetes treatment adherence and 

the association with clinical and economic outcomes. Clinical therapeutics. 

2011;33(1):74-109. 

7. Flory J, Gerhard T, Stempniewicz N, et al. Comparative adherence to diabetes 

drugs: A n analysis of electronic health records and claims data. Diabetes, 

Obesity and Metabolism. 2017;19(8):1184-1187. 

8. Jha AK, Aubert RE, Yao J, et al. Greater adherence to diabetes drugs is linked 

to less hospital use and could save nearly $5 billion annually. Health Affairs. 

2012;31(8):1836-1846. 

9. Kennedy-Martin T, Boye KS, Peng X. Cost of medication adherence and 

persistence in type 2 diabetes mellitus: a literature review. Patient preference 

and adherence. 2017;11:1103. 

10. Iglay K, Cartier SE, Rosen VM, et al. Meta-analysis of studies examining 

medication adherence, persistence, and discontinuation of oral 



37 

 

antihyperglycemic agents in type 2 diabetes. Current medical research and 

opinion. 2015;31(7):1283-1296. 

11. Baser O, Tangirala K, Wei W, et al. Real-world outcomes of initiating insulin 

glargine-based treatment versus premixed analog insulins among US patients 

with type 2 diabetes failing oral antidiabetic drugs. ClinicoEconomics and 

outcomes research: CEOR. 2013;5:497. 

12. Aikens JE, Piette JD. Longitudinal association between medication adherence 

and glycaemic control in type 2 diabetes. Diabetic medicine. 2013;30(3):338-

344. 

13. Rozenfeld Y, Hunt JS, Plauschinat C, et al. Oral antidiabetic medication 

adherence and glycemic control in managed care. American Journal of Managed 

Care. 2008;14(2). 

14. Hong JS, Kang HC. Relationship between oral antihyperglycemic medication 

adherence and hospitalization, mortality, and healthcare costs in adult 

ambulatory care patients with type 2 diabetes in South Korea. Medical care. 

2011:378-384. 

15. Currie CJ, Peyrot M, Morgan CL, et al. The impact of treatment noncompliance 

on mortality in people with type 2 diabetes. Diabetes care. 2012;35(6):1279-

1284. 

16. Egede LE, Gebregziabher M, Dismuke CE, et al. Medication nonadherence in 

diabetes: longitudinal effects on costs and potential cost savings from 

improvement. Diabetes care. 2012;35(12):2533-2539. 

17. Sabaté E, Sabaté E. Adherence to long-term therapies: evidence for action: 

World Health Organization 2003. 

18. Chandran A, Bonafede MK, Nigam S, et al. Adherence to insulin pen therapy is 

associated with reduction in healthcare costs among patients with type 2 

diabetes mellitus. American health & drug benefits. 2015;8(3):148. 

19. Christofides EA. Practical Insights Into Improving Adherence to Metformin 

Therapy in Patients With Type 2 Diabetes. Clinical Diabetes. 2019;37(3):234-

241. 

20. Barrington P, Chien J, Tibaldi F, et al. LY2189265, a long‐acting glucagon‐like 

peptide‐1 analogue, showed a dose‐dependent effect on insulin secretion in 



38 

 

healthy subjects. Diabetes, Obesity and Metabolism. 2011;13(5):434-438. 

21. Nauck M, Weinstock RS, Umpierrez GE, et al. Efficacy and safety of dulaglutide 

versus sitagliptin after 52 weeks in type 2 diabetes in a randomized controlled 

trial (AWARD-5). Diabetes care. 2014;37(8):2149-2158. 

22. Guerci B, Charbonnel B, Gourdy P, et al. Efficacy and adherence of glucagon-

like peptide-1 receptor agonist treatment in patients with type 2 diabetes 

mellitus in real-life settings. Diabetes & metabolism. 2019;45(6):528-535. 

23. Association AD. 9. Pharmacologic approaches to glycemic treatment: Standards 

of Medical Care in Diabetes—2020. Diabetes care. 2020;43(Supplement 

1):S98-S110. 

24. Svensson AM, Toll A, Lebrec J, et al. Treatment persistence in patients with 

type 2 diabetes treated with glucagon‐like peptide‐1 receptor agonists in clinical 

practice in Sweden. Diabetes, Obesity and Metabolism. 2021;23(3):720-729. 

25. Nordisk N. Rybelsus (semaglutide) tablets [prescribing information]. 

Plainsboro, NJ, Novo Nordisk. 2019. 

26. Lee DSU, Lee H. Adherence and persistence rates of major antidiabetic 

medications: a review. Diabetology & Metabolic Syndrome. 2022;14(1):1-23. 

27. Karve S, Cleves MA, Helm M, et al. Good and poor adherence: optimal cut-

point for adherence measures using administrative claims data. Current medical 

research and opinion. 2009;25(9):2303-2310. 

28. Mody R, Grabner M, Yu M, et al. Real-world effectiveness, adherence and 

persistence among patients with type 2 diabetes mellitus initiating dulaglutide 

treatment. Current medical research and opinion. 2018;34(6):995-1003. 

29. Durden E, Liang M, Fowler R, et al. The effect of early response to GLP-1 RA 

therapy on long-term adherence and persistence among type 2 diabetes 

patients in the United States. Journal of managed care & specialty pharmacy. 

2019;25(6):669-680. 

30. Mody R, Yu M, Nepal B, et al. Adherence and persistence among patients with 

type 2 diabetes initiating dulaglutide compared with semaglutide and exenatide 

BCise: 6‐month follow‐up from US real‐world data. Diabetes, Obesity and 

Metabolism. 2021;23(1):106-115. 

31. Alatorre C, Fernández Landó L, Yu M, et al. Treatment patterns in patients with 



39 

 

type 2 diabetes mellitus treated with glucagon‐like peptide‐1 receptor agonists: 

H igher adherence and persistence with dulaglutide compared with once‐weekly 

exenatide and liraglutide. Diabetes, Obesity and Metabolism. 2017;19(7):953-

961. 

32. Yu M, Xu Y, Kwan A, et al. PDB116 REAL-WORLD ADHERENCE AND 

PERSISTENCE AMONG ELDERLY PATIENTS WITH T2DM INITIATING 

DULAGLUTIDE VS. LIRAGLUTIDE OR EXENATIDE ONCE-WEEKLY IN THE 

US. Value in Health. 2019;22:S159. 

33. PACZKOWSKI R, HOOG M, PELESHOK J, et al. 92-LB: Higher Adherence and 

Persistence for Dulaglutide Compared with Oral Semaglutide at Six-Months 

Follow-Up with US Real-World Data. Diabetes. 2022;71(Supplement_1). 

34. Nguyen H, Dufour R, Caldwell-Tarr A. Glucagon-like peptide-1 receptor 

agonist (GLP-1RA) therapy adherence for patients with type 2 diabetes in a 

Medicare population. Advances in therapy. 2017;34(3):658-673. 

35. Uzoigwe C, Liang Y, Whitmire S, et al. Semaglutide Once-Weekly Persistence 

and Adherence Versus Other GLP-1 RAs in Patients with Type 2 Diabetes in 

a US Real-World Setting. Diabetes Therapy. 2021;12(5):1475-1489. 

36. Tofé S, Argüelles I, Mena E, et al. An observational study evaluating 

effectiveness and therapeutic adherence in patients with Type 2 Diabetes 

initiating dulaglutide vs. subcutaneous semaglutide in Spain. Endocrine and 

Metabolic Science. 2021;2:100082. 

37. Cramer J, Benedict A, Muszbek N, et al. The significance of compliance and 

persistence in the treatment of diabetes, hypertension and dyslipidaemia: a 

review. International journal of clinical practice. 2008;62(1):76-87. 

38. Behrendt C-A, Debus ES, Mani K, et al. The strengths and limitations of claims 

based research in countries with fee for service reimbursement. European 

Journal of Vascular and Endovascular Surgery. 2018;56(5):615-616. 

39. Stein JD, Lum F, Lee PP, et al. Use of health care claims data to study patients 

with ophthalmologic conditions. Ophthalmology. 2014;121(5):1134-1141. 

40. BATHELT F. The usage of OHDSI OMOP–a scoping review. Proceedings of the 

German Medical Data Sciences (GMDS). 2021:95-95. 

41. Ryu B, Yoo S, Kim S, et al. Development of Prediction Models for Unplanned 



40 

 

Hospital Readmission within 30 Days Based on Common Data Model: A 

Feasibility Study. Methods of information in medicine. 2021;60(S 02):e65-e75. 

42. Fung KW. Interactive Map-Assisted Generation of ICD Codes (I-MAGIC). 

National Library of Medicine 2021. 

43. Burness CB, Scott LJ. Dulaglutide: a review in type 2 diabetes. BioDrugs. 

2015;29(6):407-418. 

44. White IR, Royston P, Wood AM. Multiple imputation using chained equations: 

issues and guidance for practice. Statistics in medicine. 2011;30(4):377-399. 

45. Jetley G, Zhang H. Electronic health records in IS research: Quality issues, 

essential thresholds and remedial actions. Decision Support Systems. 

2019;126:113137. 

46. Cannon CP. Cardiovascular disease and modifiable cardiometabolic risk factors. 

Clinical cornerstone. 2007;8(3):11-28. 

47. Committee ADAPP. 1. Improving Care and Promoting Health in Populations: 

Standards of Medical Care in Diabetes—2022. Diabetes Care. 

2022;45(Supplement_1):S8-S16. 

48. Cai J, Divino V, Burudpakdee C. Adherence and persistence in patients with 

type 2 diabetes mellitus newly initiating canagliflozin, dapagliflozin, DPP-4s, or 

GLP-1s in the United States. Current medical research and opinion. 

2017;33(7):1317-1328. 

49. Shani M, Lustman A, Vinker S. Diabetes medication persistence, different 

medications have different persistence rates. Primary Care Diabetes. 

2017;11(4):360-364. 

50. Tiv M, Viel J-F, Mauny F, et al. Medication adherence in type 2 diabetes: the 

ENTRED study 2007, a French population-based study. PloS one. 

2012;7(3):e32412. 

51. Yang Y, Thumula V, Pace PF, et al. Predictors of medication nonadherence 

among patients with diabetes in Medicare Part D programs: a retrospective 

cohort study. Clinical therapeutics. 2009;31(10):2178-2188. 

52. Janz NK, Becker MH. The health belief model: A decade later. Health education 

quarterly. 1984;11(1):1-47. 

53. Ofori-Asenso R, Jakhu A, Zomer E, et al. Adherence and persistence among 



41 

 

statin users aged 65 years and over: a systematic review and meta-analysis. 

The Journals of Gerontology: Series A. 2018;73(6):813-819. 

54. Guerci B, Charbonnel B, Gourdy P, et al. Efficacy and adherence of glucagon-

like peptide-1 receptor agonist treatment in patients with type 2 diabetes 

mellitus in real-life settings. Diabetes & Metabolism. 2019;45(6):528-535. 

55. Jendle J, Grunberger G, Blevins T, et al. Efficacy and safety of dulaglutide in 

the treatment of type 2 diabetes: a comprehensive review of the dulaglutide 

clinical data focusing on the AWARD phase 3 clinical trial program. 

Diabetes/Metabolism Research and Reviews. 2016;32(8):776-790. 

56. He X, Chen L, Wang K, et al. Insulin adherence and persistence among Chinese 

patients with type 2 diabetes: a retrospective database analysis. Patient 

preference and adherence. 2017;11:237. 

57. Davies M, Brophy S, Williams R, et al. The prevalence, severity, and impact of 

painful diabetic peripheral neuropathy in type 2 diabetes. Diabetes care. 

2006;29(7):1518-1522. 

58. Bzowyckyj A. Managing the multifaceted nature of type 2 diabetes using once‐

weekly injectable GLP‐1 receptor agonist therapy. Journal of Clinical Pharmacy 

and Therapeutics. 2020;45:7-16. 

59. Vupputuri S, Kimes TM, Calloway MO, et al. The economic burden of 

progressive chronic kidney disease among patients with type 2 diabetes. 

Journal of Diabetes and its Complications. 2014;28(1):10-16. 

60. Filippatos TD, Elisaf MS. Effects of glucagon-like peptide-1 receptor agonists 

on renal function. World journal of diabetes. 2013;4(5):190. 

61. Tanaka T, Higashijima Y, Wada T, et al. The potential for renoprotection with 

incretin-based drugs. Kidney international. 2014;86(4):701-711. 

62. Gerstein HC, Colhoun HM, Dagenais GR, et al. Dulaglutide and renal outcomes 

in type 2 diabetes: an exploratory analysis of the REWIND randomised, 

placebo-controlled trial. The Lancet. 2019;394(10193):131-138. 

63. Tuttle KR, Lakshmanan MC, Rayner B, et al. Dulaglutide versus insulin glargine 

in patients with type 2 diabetes and moderate-to-severe chronic kidney 

disease (AWARD-7): a multicentre, open-label, randomised trial. The lancet 

Diabetes & endocrinology. 2018;6(8):605-617. 



42 

 

64. Tuttle KR, McKinney TD, Davidson JA, et al. Effects of once‐weekly dulaglutide 

on kidney function in patients with type 2 diabetes in phase II and III clinical 

trials. Diabetes, Obesity and Metabolism. 2017;19(3):436-441. 

65. Foundation NK. KDOQI clinical practice guideline for diabetes and CKD: 2012 

update. American Journal of Kidney Diseases. 2012;60(5):850-886. 

66. Fujita H, Morii T, Fujishima H, et al. The protective roles of GLP-1R signaling 

in diabetic nephropathy: possible mechanism and therapeutic potential. Kidney 

international. 2014;85(3):579-589. 

67. Aroda VR. A review of GLP‐1 receptor agonists: evolution and advancement, 

through the lens of randomised controlled trials. Diabetes, Obesity and 

Metabolism. 2018;20:22-33. 

68. Dar S, Tahrani AA, Piya MK. The role of GLP‐1 receptor agonists as weight 

loss agents in patients with and without type 2 diabetes. Practical Diabetes. 

2015;32(8):297-300b. 

69. Dungan KM, Povedano ST, Forst T, et al. Once-weekly dulaglutide versus 

once-daily liraglutide in metformin-treated patients with type 2 diabetes 

(AWARD-6): a randomised, open-label, phase 3, non-inferiority trial. The 

Lancet. 2014;384(9951):1349-1357. 

70. Brown E, Wilding JP, Barber TM, et al. Weight loss variability with SGLT2 

inhibitors and GLP-1 receptor agonists in type 2 diabetes mellitus and obesity: 

Mechanistic possibilities. Obesity Reviews. 2019;20(6):816-828. 

71. Weiss T, Yang L, Carr RD, et al. Real-world weight change, adherence, and 

discontinuation among patients with type 2 diabetes initiating glucagon-like 

peptide-1 receptor agonists in the UK. BMJ Open Diabetes Research and Care. 

2022;10(1):e002517. 

72. Nordon C, Karcher H, Groenwold RH, et al. The “efficacy-effectiveness gap”: 

historical background and current conceptualization. Value in Health. 

2016;19(1):75-81. 

73. Kardas P, Lewek P, Matyjaszczyk M. Determinants of patient adherence: a 

review of systematic reviews. Frontiers in pharmacology. 2013;4:91. 

74. Gerstein HC, Colhoun HM, Dagenais GR, et al. Dulaglutide and cardiovascular 

outcomes in type 2 diabetes (REWIND): a double-blind, randomised placebo-



43 

 

controlled trial. The Lancet. 2019;394(10193):121-130. 

75. Poirier P, Eckel RH. Obesity and cardiovascular disease. Current 

atherosclerosis reports. 2002;4(6):448-453. 

76. Tichelli A, Bhatia S, Socié G. Cardiac and cardiovascular consequences after 

haematopoietic stem cell transplantation. British journal of haematology. 

2008;142(1):11-26. 

77. Zhang L, Zhang M, Zhang Y, et al. Efficacy and safety of dulaglutide in patients 

with type 2 diabetes: a meta-analysis and systematic review. Scientific reports. 

2016;6(1):1-11. 

78. Mody R, Huang Q, Yu M, et al. Adherence, persistence, glycaemic control and 

costs among patients with type 2 diabetes initiating dulaglutide compared with 

liraglutide or exenatide once weekly at 12‐month follow‐up in a real‐world 

setting in the United States. Diabetes, Obesity and Metabolism. 

2019;21(4):920-929. 



44 

 

국문 초록 

Dulaglutide는 Glucagon-like Peptide 1 수용체 작용체(GLP-1RA) 계열의 제2형 

당뇨병(T2DM) 치료제다. 그러나 Dulaglutide는 주사제로 사용되기 때문에 치료 

순응도와 지속도가 낮다. 본 연구는 대한민국에서 Dulaglutide로 치료받는 제2형 당뇨병 

환자의 순응도 및 지속도에 영향을 미치는 임상적 특징을 분석했다. 본 연구는 후향적 

코호트 연구로 서울대학교병원(SNUH)의 Observational Medical Outcomes 

Partnership Common Data Model(OMOP CDM, 버전 5.3.1)로 변환된 전자 의무 

기록을 사용했다. 2018년 1월 1일부터 2019년 12월 31일 사이에 Dulaglutide(0.75mg 

또는 1.5mg)로 치료를 시작한 제2형 당뇨병 환자의 치료 시작 후 1년간 기록된 정보를 

분석에 사용했다. 순응도는 proportion of days covered(PDC)와 adherence 

status(PDC≥0.8 또는 PDC<0.8)를 사용해 평가했다. 지속도는 60일을 초과하는 처방 

공백 없이 지속적으로 치료받은 기간과 치료 중단 여부로 평가했다. 다변량 선형 회귀 

및 다변량 로지스틱 회귀 분석을 사용해 연속 및 범주형 결과변수에 영향을 주는 요인을 

분석했다. 또한 2 가지 이상의 심혈관질환(Cardiovascular disease, CVD) 위험 인자를 

가진 환자를 대상으로 하위집단 분석을 수행했다. 마지막으로 민감도분석을 통해 결과의 

강건성(robustness)을 평가했다. 총 236명의 환자가 분석에 포함됐다. 다변량 로지스틱 

회귀분석 결과 연령 및 사구체 여과율이 높을수록 순응도 및 치료 지속도가 유의하게 

증가했다. 반면 비만이 있거나 설포닐유레아 및 인슐린을 사용하는 환자는 치료 지속 

가능성이 낮았다. 다변량 선형 회귀분석 결과, 연령 및 용량 변경, 신경병증이 PDC와 

치료 기간을 유의하게 증가시켰다. 심혈관질환 고위험군을 대상으로 실시한 하위집단 

분석 결과 심혈관질환 위험도는 Dulaglutide 순응도와 지속도에 통계적으로 유의한 

영향을 주지 않았다. 본 연구 결과가 Dulaglutide로 치료받는 제2형 당뇨병 환자의 

순응도 및 지속도를 향상시키고 궁극적으로 치료효과를 높이는데 활용되길 기대한다. 

주요어 : type 2 diabetes mellitus, medication adherence, medication persistence, 

dulaglutide 

학   번 : 2021-27707 
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