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Comparative cardiovascular and
renal outcomes of Liraglutide
versus Dulaglutide in Asian type 2
diabetes patients

Jhih-Wei Dai*?, Yuan Lin%3, Xiu-Wei Li**, Chin-Ju Tseng'2, Ming-Lung Tsai®, Ning-lYang?,
Ming-Jui Hung! & Tien-Hsing Chen®**

Given the limited head-to-head comparison of cardiovascular and renal outcomes between liraglutide
and dulaglutide, our study aimed to investigate the clinical outcomes between dulaglutide and
liraglutide in a real-world setting. In this new-user design, comparative and retrospective cohort
study, patients with type 2 diabetes mellitus with prescription for GLP-1RAs from January 1, 2016

to December 31, 2022 (n=8,278) were included. Primary outcome was composite cardiovascular
outcomes which was composed of cardiovascular death, non-fatal myocardial infarction, and non-fatal
ischemic stroke. The composite renal outcome was also interested, including new macroalbuminuria,
doubling of serum creatinine, worsening of estimated glomerular filtration rate (eGFR), and
progression to dialysis. A total of 3,210 subjects receiving liraglutide and 5,068 subjects receiving
dulaglutide were identified. In the adjusted cohort by applying inverse probability of treatment
weighting, the incidence of composite cardiovascular outcomes was 18.4 and 18.7 events per 1000
person-years in the liraglutide and dulaglutide groups, respectively. The risk of cardiovascular
outcomes did not significantly differ between groups (hazard ratio [HR] 0.99, 95% confidence interval
[CI] 0.85-1.15). Moreover, the risk of composite renal outcomes was also comparable between groups
(subdistribution HR 1.07, 95% Cl 0.995-1.16). Liraglutide and dulaglutide demonstrated comparable
cardiovascular and renal outcomes in a real-world setting.
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According to the International Diabetes Federation (IDF), as of 2021, there were an estimated 537 million adults
(aged 20-79) living with diabetes worldwide. This represents a global prevalence of 8.5% among adults in this
age range'. In patients with type 2 diabetes mellitus (DM) and high risks of cardiovascular disease, several trials
and meta-analysis have shown that GLP-1 receptor agonists (GLP-1 RAs) have benefits in protecting against
the occurrence of major adverse cardiovascular events (MACE) in addition to lowering serum glucose levels®™.

In pivotal trials, the LEADER study evaluated the effects of liraglutide on cardiovascular outcomes in a
relatively high-risk population, becoming the first to demonstrate significant cardiovascular benefits®. After a
median follow-up of 3.8 years, the study showed a reduction in major adverse cardiovascular events (MACE),
primarily driven by a decrease in cardiovascular mortality. In contrast, the REWIND study assessed dulaglutide
in a population with lower cardiovascular risk. With a median follow-up of 5.4 years, the study also demonstrated
a reduction in MACE, largely due to a lower incidence of stroke’. The liraglutide and dulaglutide also revealed
the lower composite renal outcome compared to placebo, primarily driven by the new onset of persistent
macroalbuminuria®®. Further meta-analysis also indicated that the GLP-1 RAs reduced MACE and composite
renal outcome in patients with type 2 diabetes mellitus’-1°.

IDivision of Cardiology, Department of Internal Medicine, Keelung Chang Gung Memorial Hospital, Keelung,
Taiwan. 2College of Medicine, Chang Gung University, Taoyuan, Taiwan. 3Department of Emergency Medicine,
Keelung Chang Gung Memorial Hospital, Keelung, Taiwan. “Division of Hepatogastroenterology, Department of
Internal Medicine, Keelung Chang Gung Memorial Hospital, Keelung, Taiwan. *Division of Cardiology, Department
of Internal Medicine, New Taipei Municipal TuCheng Hospital, Chang Gung University College of Medicine, Taoyuan,
Taiwan. ®Division of Cardiology, Department of Internal Medicine, Center of data science and Biostatistics,
Keelung Chang Gung Memorial Hospital, Chang Gung University College of Medicine, Taoyuan, Taiwan. *email:
skyheart0826@gmail.com

Scientific Reports|  (2024) 14:27491 | https://doi.org/10.1038/s41598-024-79255-9 nature portfolio


http://www.nature.com/scientificreports
http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-023-44448-1&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-023-44448-1&domain=pdf

www.nature.com/scientificreports/

Currently, the American Diabetes Association recommends GLP-1 RAs as monotherapy or add-on
medication for patients with type 2 diabetes and established or high risk of atherosclerotic cardiovascular disease
(ASCVD) or patients with chronic kidney disease (CKD) but not tolerate to sodium-glucose cotransporter 2
(SGLT2) inhibitor or contraindicated!!. The European Society of Cardiology guidelines also reccommend use of
GLP-1 receptor agonists with proven CV benefit as first line therapy in type 2 diabetic patients with established
ASCVD™2

To date, no real-world studies have been published comparing the cardiovascular outcomes and renal
protection of GLP-1 RAs. This study enrolled type 2 diabetes patients with prescription for liraglutide or
dulaglutide. The primary outcomes were composite cardiovascular outcomes including cardiovascular death,
myocardial infarction (MI) and ischemic stroke, and composite renal outcome included macroalbuminuria,
worsening of estimated glomerular filtration rate (eGFR), progression to dialysis, and doubling of serum
creatinine. The objective of our study is to assess the cardiovascular and renal outcome between liraglutide and
dulaglutide in patients with type 2 diabetes.

Method

Study design and setting

We collected and analyzed the electronic medical records from the Chang Gung Research Database (CGRD).
The CGRD compiles data from multiple centers within the Chang Gung Memorial Healthcare System.As one
of the largest healthcare providers in Taiwan, Chang Gung Memorial Hospital annually handles an average
of 8.6 million outpatient visits and around 370,000 admissions. The CGRD is the largest multi-institutional
database in Taiwan, containing individual data from about 6% of the Taiwanese population. The CGRD includes
comprehensive clinical data such as emergency service records, inpatient and outpatient history, laboratory tests,
imaging, original surgical reports, and prescription medications including out-of-pocket expenses (self-paid).
The details of CGRD have been described elsewhere!®!%,

The study was conducted in accordance with relevant guidelines and regulations, and in compliance with
the Declaration of Helsinki. Approval was obtained from the Chang Gung Medical Foundation Institutional
Review Board, which waived the requirement for informed consent due to the retrospective study design using
anonymized data with minimal risk to the participants. This research, including tables and supplementary data,
does not contain any personally identifiable information.

Patients and study design

This was designed as a new-user comparative study. Patients who received their first prescription of liraglutide or
dulaglutide were included from January 1, 2016 to December 31, 2022. The date of first prescription of liraglutide
or dulaglutide was considered as the index date. The inclusion criteria consisted of being over 20 years of age,
receiving treatment with a GLP-1 receptor agonist, and having a diagnosis of type 2 diabetes mellitus. The
exclusion criteria included patients with type 1 diabetes mellitus, gestational diabetes, missing demographic
information (i.e., age and sex), use of other GLP-1 RAs or combination forms (e.g., insulin glargine and
lixisenatide), and those without follow-up visits. The reason for not including semaglutide was that the health
insurance coverage started later, and it was introduced to Chang Gung Memorial Hospital later, so semaglutide
was not included. Patient followed up less than 30 days, experienced cardiovascular events or drug switch within
30 days were also excluded. Patients were followed until the occurrence of an outcome (e.g., MACE), death, drug
switch, or the last visit in Chang-Gung Memorial Hospitals (the end of database: December 31, 2022), whichever
came first. As the study was retrospective in design, no prior power calculation or sample size estimation was
performed.

Covariates

The baseline characteristics included demographics, severity of diabetes, kidney function and stages, baseline
comorbidities, vital signs, laboratory data, and concomitant medications. Demographic data including age, sex,
body mass index (BMI) and smoking were recorded. The duration of DM, baseline glycated hemoglobin (HbA1c)
level. Kidney function was assessed by calculating the eGFR using the Chronic Kidney Disease Epidemiology
Collaboration Creatinine Eq. 2021. Kidney function and stages were categorized as an eGFR between 15 and
30, < 15 mL/min/1.73m?, and dialysis. The baseline comorbidities included hypertension, hyperlipidemia and
seven others. Charlson’s Comorbidity Index (CCI) score was also recorded. Comorbidities were registered using
the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) diagnostic codes
before 2016, and both ICD-9-CM and Tenth Revision (ICD-10-CM) codes thereafter (Supplemental Table
1). Vital signs included systolic and diastolic blood pressure and heart rate. The biochemistry data included
serum creatinine, triglycerides, total cholesterol, high-density and low-density lipoprotein, urine albumin to
creatinine ratio (UACR), alanine Aminotransferase (ALT) and hemoglobin. Concomitant medications were
classified into glucose-lowering therapies (biguanide, sulfonylurea, insulin, and others) and cardiovascular
agents (antihypertensive agents, lipid-lowering agents, and antiplatelet agents).

Study outcomes

The primary outcome was cardiovascular outcomes which was composed of cardiovascular death, non-
fatal myocardial infarction, and non-fatal ischemic stroke. The composite renal outcome included new
macroalbuminuria, doubling of serum creatinine, worsening of estimated glomerular filtration rate (eGFR),
and progression to dialysis. The urine albumin-to-creatinine ratio (UACR) was calculated as the concentration
of urine albumin divided by urine creatinine concentration (mg/g). The macroalbuminuria was defined as a
UACR exceeding 300 mg/g. The worsening of estimated glomerular filtration rate (eGFR) was defined as an
eGFR decline greater than 50%. Dialysis needs to meet three criteriae: (1) eGFR less than 10 mL/min/1.73m? (2)
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imaging evidence of irreversible change and (3) two nephrologists confirmed necessary of permanent dialysis.
The secondary outcomes were heart failure admission all-cause death, hypoglycemia. The date and cause of
death were confirmed by linking to Taiwan Death Registry database. In additional to clinical events, vital signs
(blood pressure and heart rate), body weight, glycated hemoglobin and renal function during follow up visits
were also collected every six months up to 3 years of follow up.

Statistical analysis

The inverse probability of treatment weighting (IPTW) method, based on propensity scores, was used to balance
the distribution of baseline characteristics between the liraglutide and dulaglutide study groups, resulting in
an average treatment effect. Propensity scores were estimated using generalized boosted modeling with 10,000
trees, instead of traditional regression models like logistic regression!. Propensity scores were calculated based
on all baseline characteristics listed in Table 1, with the follow-up duration substituted for the index date. The
balance of baseline characteristics between the two study groups, before and after IPTW, was evaluated using the
standardized difference (STD), with a value less than 0.1 considered to represent a negligible difference between
groups. In addition, due to substantial missing data, missing data were imputed using the single Expectation-
Maximization algorithm before IPTW and further analysis regarding outcome comparisons.

All outcome comparisons were made in the IPTW-adjusted cohort. We compared the risk of fatal outcomes
(e.g., cardiovascular outcomes and all-cause death) between groups using the Cox proportional hazard model.
We compared the incidence of non-fatal outcomes (e.g., composite renal outcomes and non-fatal ischemic
stroke) between groups using the Fine and Gray subdistribution hazard model, treating all-cause death during
follow-up as a competing risk. We compared the change in continuous measurements (e.g., body weight and
glycated hemoglobin) from baseline to every six months up to a 3-year follow-up between the two groups using
a linear mixed model. This model included main effects of time and study groups and an interaction effect
between study groups and time. The baseline value (intercept) was set as a random effect in the linear mixed
model. The study groups were the only one explanatory variable in the aforementioned regression models. A
two-sided P values <0.05 is considered to be statistically significant. All analyses were performed with SAS
version 9.4 (SAS Institute, Cary, NC).

Results

Baseline characteristics

This study included 9,207 patients with using liraglutide or dulaglutide between January 1, 2016 and December
31,2022 (Fig. 1). According to the exclusion criteria, a total 929 patients were excluded. We identified 3,210 and
5,068 patients prescribed with liraglutide and dulaglutide eligible for analysis. The clinical characteristics of the
study patients were summarized in Table 1 before and after IPTW adjustment. Prior to adjustment, patients
prescribed with liraglutide had an average age of 53.6+ 15 years, while those prescribed with dulaglutide had
an average age of 58.8 +14.3 years (Table 1, left side). The liraglutide group was characterized by a younger age
(53.6+15.0 vs. 58.8 4 14.3 years old respectively), higher body mass index (BMI) (29.5+6.0 vs. 28.5+5.5 kg/
m?2 respectively), a shorter duration of diabetes (4.3 vs. 8.0 years respectively), and a lower established ASCVD
(27.6% and 34.6% respectively and lower multiple risk factors for ASCVD (40.6% vs. 53.9 respectively).
Notably, no significant differences in baseline characteristics between the two groups were observed after IPTW
adjustment, as indicated by the small standardized difference.

Clinical events

The mean follow-up in the IPTW-adjusted cohort was 2.8 years (standard deviation=1.8 years) without
considering censoring and was 2.4 years with considering censoring for both groups (Table 1). The incidence
of composite cardiovascular outcome was 18.4 and 18.7 events per 1000 person-years in the liraglutide and
dulaglutide groups, respectively (Table 2). The risk of the composite cardiovascular outcome did not significantly
differ between groups (hazard ratio [HR] 0.99, 95% confidence interval [CI] 0.85-1.15) (Fig. 2A). The risks
of individual components of composite cardiovascular outcome, including cardiovascular death and non-fatal
ischemic stroke, were also not significantly different between groups (cardiovascular death: HR 1.01, 95% CI
0.79-1.30; ischemic stroke: subdistribution HR 1.18, 95% CI 0.94-1.49). Notably, there was less risk of non-fatal
myocardial infarction in the liraglutide group compared to the dulaglutide group (subdistribution HR 0.69,
95% CI 0.52-0.91) (Fig. 2B). Regarding renal outcomes, no significant difference between groups was observed,
including macroalbuminuria, worsening of estimated glomerular filtration rate (eGFR), progression to dialysis,
doubling of serum creatinine, and composite renal outcomes (subdistribution HR 1.07, 95% CI 0.995-1.16)
(Fig. 2C).

Secondary outcomes

For the secondary outcomes, there was no statistical difference in the risks of all-cause death (HR 1.05, 95%
CI 0.91-1.20) (Fig. 2D). The risk of admission due to heart failure was comparable between the liraglutide and
dulaglutide groups (subdistribution HR 0.96, 95% CI 0.81-1.13). There was no statistical difference in the risk
of adverse effects such as hypoglycemia between the liraglutide and dulaglutide groups (subdistribution HR
1.00, 95% CI 0.83-1.21). During the follow up measurements every six months until 36th month, the change
of vital signs and renal function was comparable between the two groups (Fig. 3A, C and F). As the aspect
of the reduction in body weight, the liraglutide contributed more weight reduction than dulaglutide (P for
interaction < 0.001) (Fig. 3D) In contrast, the dulaglutide brought better hyperglycemic control than liraglutide
(P for interaction < 0.001) (Fig. 3E).
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Before imputation and IPTW* After imputation and IPTW®
Available | Liraglutide | Dulaglutide Liraglutide | Dulaglutide

Variables number | (n=3,210) (n=5,068) STD | (n=7,604.0) | (n=7949.0) | STD
Demographics

Age, year 8,278 53.6+15.0 58.8+14.3 -0.36 | 559+14.6 56.9+14.7 -0.07
Male 8,278 1,471 (45.8) 2,536 (50.0) -0.08 | 48.1 48.1 <0.01
Smoker 8,278 473 (14.7) 873 (17.2) -0.07 | 158 16.4 -0.02
Alcohol 8,278 239 (7.4) 429 (8.5) -0.04 |78 8.0 -0.01
Baseline body mass index, kg/m? 7,593 29.5+6.0 28.5+5.5 0.18 29.0+5.6 28.7+5.5 0.05
Established ASCVD¥t 8,278 886 (27.6) 1,752 (34.6) -0.15 | 32.0 31.6 0.01
Multiple risk factors for ASCVD# 8,278 1,303 (40.6) 2,733 (53.9) -0.27 | 46.9 48.5 -0.03
Severity of DM

Duration of DM, year 8,278 431[0.0,11.7] | 8.0 [2.4, 14.0] | -0.35 |6.4[0.7,12.7] | 6.9 [1.0,13.2] | -0.06
Baseline HbAlc, % 7,229 8.7+2.1 89+1.8 -0.11 [86+1.9 8.6+1.9 -0.01
DM nephropathy 8,278 900 (28.0) 1,873 (37.0) | -0.19 |30.8 33.9 -0.07
DM retinopathy 8,278 539 (16.8) 917 (18.1) -0.03 | 17.0 16.8 0.01
DM neuropathy 8,278 1,420 (44.2) 2,501 (49.3) -0.10 | 483 46.9 0.03
No. of OPD for DM in the prior year 8,278 4.0(0.0,8.0] |5.0][3.0,9.0] |-0.14 |5.0[1.0,9.0] |5.0[1.0,8.0] |0.01
CKD stage at baseline 8,278

Without SCr 436 (13.6) 426 (8.4) 0.17 12.0 10.5 0.04
>60 ml/min/1.73m? 2,068 (64.4) 3,027 (59.7) 0.10 63.0 61.2 0.04
45-59 ml/min/1.73m? 248 (7.7) 464 (9.2) 005 | 7.7 8.3 0.02
30-44 ml/min/1.73m? 219 (6.8) 438 (8.6) -0.07 7.3 7.9 -0.02
15-29 ml/min/1.73m? 116 (3.6) 314 (6.2) -0.12 | 4.7 54 -0.03
<15 ml/min/1.73m? 19 (0.6) 84(1.7) -0.10 |09 14 -0.05
Dialysis 104 (3.2) 315 (6.2) -0.14 | 4.6 53 -0.03
Comorbidity

Hypertension 8,278 1,941 (60.5) 3,536 (69.8) -0.20 | 65.3 65.9 -0.01
Hyperlipidemia 8,278 2,082 (64.9) 3,657 (72.2) -0.16 | 69.5 68.5 0.02
Coronary artery disease 8,278 685 (21.3) 1,349 (26.6) -0.12 | 24.6 24.5 <0.01
Heart failure hospitalization 8,278 151 (4.7) 368 (7.3) -0.11 |5.7 6.4 -0.03
Coronary intervention 8,278 251 (7.8) 580 (11.4) -0.12 9.7 10.1 -0.02
Ischemic stroke 8,278 166 (5.2) 367 (7.2) -0.09 |63 6.5 -0.01
Intracerebral hemorrhage 8,278 70 (2.2) 162 (3.2) -0.06 | 3.0 2.7 0.02
Carotid artery stent 8,278 7(0.2) 12 (0.2) <0.01 | 0.4 0.2 0.04
Myocardial infarction 8,278 161 (5.0) 324 (6.4) -0.06 |59 5.6 0.01
Atrial fibrillation 8,278 96 (3.0) 211 (4.2) -0.06 | 3.6 3.7 -0.01
Major adverse limb events$ 8,278 189 (5.9) 315 (6.2) -0.01 | 6.6 5.7 0.04
Malignancy 8,278 268 (8.3) 532 (10.5) -0.07 |93 9.6 -0.01
Charlson’s Comorbidity Index score 8,278 29+25 3.6+2.5 -0.29 |[3.2+24 33+2.4 -0.06
Vital signs at baseline

Systolic blood pressure, mmHg 7,930 138.6+21.0 |138.6+20.8 |<0.01 |138.7+20.4 |138.2+20.3 |0.03
Diastolic blood pressure, mmHg 7,928 77.8+12.6 77.3+£12.6 0.04 |77.6+123 77.6+12.3 <0.01
Heart rate, beat/min 7,913 86.6+13.5 85.8+13.7 0.06 86.3+12.9 86.0+13.3 0.02
LVEF at baseline 2,671 66.2+11.9 64.8+12.9 0.12 66.1+7.1 65.9+7.6 0.02
Biochemistry data

Creatinine, mg/dL 6,997 1.0+0.7 1.2+0.9 -0.18 | 1.1+£0.7 1.1+£0.8 -0.05
Triglyceride, mg/dL 6,929 200.7+174.8 | 196.0+160.1 | 0.03 196.1+155.9 | 193.0+148.4 | 0.02
Total cholesterol, mg/dL 6,831 178.4+45.0 171.0+£44.3 0.17 175.4+40.9 174.1+£40.8 0.03
High-density Lipoprotein, mg/dL 6,558 43.6+£12.0 43.9+12.3 -0.03 | 44.0+10.9 444+11.1 -0.04
Low-density lipoprotein, mg/dL 7,129 105.4+51.5 98.4+49.9 0.14 102.9+46.3 101.7 +46.8 0.02
UACR, mg/g 4,478

<30 664 (39.4) 1,069 (38.3) 0.02 38.1 38.8 -0.01
30-300 568 (33.7) 1,004 (36.0) -0.05 | 349 35.8 -0.02
>300 455 (27.0) 718 (25.7) 003 |27.0 254 0.04
ALT, U/L 7,006 34.2+28.0 32.3+26.2 0.07 33.3+25.1 33.1+£25.0 0.01
Hemoglobin, g/dL 4,173 13.1+2.1 12.6+2.3 0.22 13.2+1.7 13.1+1.7 0.03
Continued
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Before imputation and IPTW* After imputation and IPTW®

Available | Liraglutide | Dulaglutide Liraglutide | Dulaglutide
Variables number | (n=3,210) (n=5,068) STD | (n=7,604.0) | (n=7949.0) | STD
Glucose lowering therapies 8,278
Biguanide 8,278 1,761 (54.9) 3,398 (67.0) -0.25 | 61.2 63.8 -0.05
Sulfonylurea 8,278 1,443 (45.0) 3,278 (64.7) -0.40 | 554 58.1 -0.05
Thiazolinedione 8,278 455 (14.2) 1,406 (27.7) -0.34 | 20.6 23.5 -0.07
Glinide 8,278 156 (4.9) 316 (6.2) -0.06 |58 52 0.02
Alpha glucosidase 8,278 391 (12.2) 941 (18.6) -0.18 | 13.8 16.6 -0.08
SGLT2i 8,278 657 (20.5) 1,459 (28.8) -0.19 | 247 25.9 -0.03
Dipeptidyl peptidase 4 inhibitors 8,278 1,133 (35.3) | 2,443(482) |-0.26 |41.6 44.4 -0.06
Insulin 8,278 804 (25.0) 821 (16.2) 0.22 20.6 18.5 0.05
No. of oral hypoglycemic agents used 8,278 2.1+1.6 2.8+1.5 -043 |24+1.6 2.6+1.6 -0.08
Cardiovascular agents
RASi 8,278 1,512 (47.1) | 2,868 (56.6) |-0.19 |51.1 533 -0.04
Beta-blocker 8,278 701 (21.8) 1,435 (28.3) -0.15 | 24.7 26.3 -0.04
DCCB 8,278 1,138 (35.5) 2,198 (43.4) -0.16 |38.3 41.1 -0.06
Oral anticoagulants 8,278 81(2.5) 196 (3.9) -0.08 |3.1 34 -0.02
Digoxin 8,278 20 (0.6) 34(0.7) -0.01 |09 0.6 0.03
Loop diuretics 8,278 280 (8.7) 642 (12.7) -0.13 | 9.8 114 -0.05
Thiazide 8,278 103 (3.2) 161 (3.2) <0.01 | 3.6 3.0 0.03
MRA 8,278 111 (3.5) 231 (4.6) -0.06 | 3.9 42 -0.01
Nitrates 8,278 282 (8.8) 561 (11.1) -0.08 | 10.1 10.2 <0.01
Vasodilator 8,278 48 (1.5) 132 (2.6) -0.08 | 1.6 24 -0.06
Ivabradine 8,278 15 (0.5) 36 (0.7) -0.03 | 0.6 0.6 <0.01
Statins 8,278 1,757 (54.7) 3,424 (67.6) -0.27 | 61.1 63.3 -0.05
Fibrates 8,278 265 (8.3) 435 (8.6) -0.01 | 8.6 8.5 0.01
Aspirin 8,278 706 (22.0) 1,361 (26.9) -0.11 | 25.6 24.9 0.02
P2Y12 inhibitors 8,278 239 (7.4) 618 (12.2) -0.16 |9.2 10.9 -0.06
Follovs{—up year without considering 8278
censoring
Mean +SD 3.0+2.0 26+1.7 0.22 28+1.8 2.8+1.8 0.04
Median [QI, Q3] 3.0[1.2,4.8] 24[1.1,39] |NA 2.7 [1.2,4.3] 2.6[1.1,4.1] NA
Follow-up year with considering censoring* | 8,278
Mean +SD 26+1.9 23+1.6 0.13 24+1.8 24+1.7 -0.04
Median [Q1, Q3] 2.1[0.8,4.2] |2.0[0.9,3.5] |NA 2.0[0.7,3.8] |2.1[0.9,3.8] |NA

Table 1. Baseline characteristics of patients who received liraglutide versus dulaglutide. IPTW inverse
probability of treatment weighting, STD standardized difference, ASCVD atherosclerotic cardiovascular
disease, DM diabetes mellitus, HbAIc glycated hemoglobin, OPD outpatient department, CKD chronic kidney
disease, SCr serum creatinine, LVEF left ventricular ejection fraction, UACR urine albumin to creatinine

ratio, ALT alanine aminotransferase, SGTL2i sodium-glucose cotransporter 2 inhibitors, RASi renin-
angiotensin-system inhibitor, DCCB dihydropyridine calcium channel blockers, MRA mineralocorticoid
receptor antagonists, P2Y12 purinergic receptor P2Y G-protein coupled, 12. *Data were presented as
frequency (percentage), mean + standard deviation or median [25th, 75th percentiles]; ®Data were presented
as percentage, mean + standard deviation or median [25th, 75th percentiles]. TAny of coronary heart disease,
coronary intervention, ischemic stroke, intracerebral hemorrhage, carotid artery stent, myocardial infarction,
peripheral artery disease and lower limb endovascular therapy/bypass; *Male over 55 years old and female over
60 years old with any of hyperlipidemia, hypertension and smoke; $Any of peripheral arterial disease, critical
limb ischemia, claudication, lower limb endovascular therapy/bypass; *Patients were followed until death, drug
switch, or the last visit in Chang-Gung Memorial Hospitals (the end of database: December 31, 2022).

Discussion

This cohort study presented a comprehensive real-world comparison of cardiovascular and renal outcomes
between liraglutide and dulaglutide in a Taiwanese population with type 2 diabetes mellitus. The results revealed
that both liraglutide and dulaglutide were associated with similar composite cardiovascular outcomes in patients
with type 2 diabetes. Furthermore, there was no disparity observed in composite renal outcomes or their
individual components between the liraglutide and dulaglutide groups. Additionally, our study indicated similar
rates of all-cause mortality between the two groups. Taken together, liraglutide and dulaglutide have similar
effects in preventing cardiovascular diseases, delaying kidney diseases and all-cause mortality.
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Patients diagnosed with diabetes mellitus who first-ever
received liraglutide or dulaglutide between Jan. 2016
and Dec. 2022 in Chang-Gung Memorial Hospitals

(n=9,207)

A

Patients with type 2 diabetic mellitus eligible for analysis

(n=8,278)

h 4

A

Exclusion

Missing demographics: O

Type 1 diabetes mellitus: 268
Age <20vyears: 47
Gestational diabetes mellitus: 123

Use of insulin glargine and lixisenatide: 0

Use of other GLP-1 RAs: 95

No available follow-up: 160
Exclusion during the 30-day follow-up

Follow-up less than 30 days: 148

Cardiovascular events: 41

Drug switch: 47

Liraglutide Dulaglutide
(n=3,210) (n = 5,068)
Fig. 1. The flowchart for the inclusion and exclusion of the study patients.
GLP-1 RAs, glucagon-like peptide-1 receptor agonists.
Liraglutide (n =7,604.0) Dulaglutide (n=7949.0) HR/SHR (95% CI) | P
Outcome Event rate (%) | Incidence (95% CI)* | Event rate (%) | Incidence (95% CI)* | For liraglutide value
Primary outcome: MACE# 4.3 18.4 (16.4-20.4) 44 18.7 (16.7-20.6) 0.99 (0.85-1.15) 0.856
Cardiovascular outcome
Cardiovascular death 1.5 6.5 (5.3-7.7) 1.6 6.4 (5.3-7.6) 1.01 (0.79-1.30) 0.927
Non-fatal myocardial infarction 1.1 4.6 (3.6-5.6) 1.6 6.7 (5.5-7.9) 0.69 (0.52-0.91) 0.008
Non-fatal ischemic stroke 2.0 8.4 (7.1-9.8) 1.7 7.1 (5.9-8.3) 1.18 (0.94-1.49) 0.158
Kidney outcome
Composite renal outcomes 17.7 87.1(82.5-91.8) 17.3 81.5(77.2-85.8) 1.07 (0.995-1.16) 0.069
eGFR decline > 50% 9.5 42.7 (39.6-45.9) 9.4 41.2 (38.3-44.2) 1.04 (0.94-1.15) 0.492
Doubling of SCr 7.6 33.7 (30.9-36.4) 7.6 32.5(29.9-35.2) 1.03 (0.92-1.15) | 0.624
Progression to dialysis 29 12.6 (10.9-14.3) 2.8 11.6 (10.1-13.2) 1.08 (0.90-1.30) 0.421
Newly UACR > 300, mg/g 9.6 44.3 (41.1-47.5) 9.5 42.4 (39.4-45.4) 1.05 (0.95-1.16) 0.381
Secondary outcomes
All-cause death 5.4 22.7 (20.5-24.9) 53 21.8 (19.7-23.9) 1.05(0.91-1.20) | 0.528
Heart failure admission 3.4 14.8 (13.0-16.6) 3.7 15.5(13.7-17.2) 0.96 (0.81-1.13) 0.627
Hypoglycemia (glucose <54 mg/dL) | 2.8 12.0 (10.4-13.6) 2.9 12.0 (10.5-13.6) 1.00 (0.83-1.21) 0.993

Table 2. Follow-up outcomes of patients who received liraglutide versus dulaglutide in the IPTW-adjusted
cohort. IPTW inverse probability of treatment weighting, HR hazard ratio, SHR subdistribution hazard ratio,
CI confidence interval, MACE major adverse cardiac events, eGFR estimated glomerular filtration rate, SCr
serum creatinine, UACR urine albumin to creatinine ratio, DKA diabetic ketoacidosis, HHS hyperosmolar
hyperglycemia state; *Number of events per 1,000 person-years; *Any of cardiovascular death, non-fatal
myocardial infarction or non-fatal ischemic stroke; SAny of peripheral arterial disease, claudication, critical
limb ischemia, endovascular thrombectomy or non-traumatic amputation.
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Fig. 2. The cumulative event rates of non-fatal myocardial infarction (A), major adverse cardiovascular
events (B), composite renal outcomes (C), and all-cause death (D) among patients who received liraglutide
versus dulaglutide in the IPTW-adjusted cohort. IPTW inverse probability of treatment weighting, SHR
subdistributional hazard ratio, CI confidence interval, HR hazard ratio.

Cardiovascular outcomes
Our study indicated comparable composite cardiovascular outcomes between liraglutide and dulaglutide.
The LEADER and REWIND trials provided evidence supporting the reduction of death from cardiovascular
causes and non-fatal stroke, respectively. The potential mechanisms of GLP-1 RAs in mediating cardiovascular
protection are not solely explained by lowering serum glucose levels. Other potential mechanisms, such as
reducing inflammatory processes, improving vascular function to decrease blood pressure, and promoting more
stabilized, less vulnerable plaques, have also been reported!®-°.

In Taiwan, most people used liraglutide and dulaglutide during our study period. The LEADER trial included
a higher proportion of patients with very high cardiovascular risk (81%), whereas the REWIND trial included a
lower proportion of high-risk patients (31%)*°. This difference in patient populations suggests variation in the
study groups. One meta-analysis discussed the cardiovascular protective effects between populations with and
without established cardiovascular disease, finding no significant difference in the benefits of GLP-1 receptor
agonists (GLP-1 RAs) on major adverse cardiovascular events (MACE) between these groups®®. Despite this,
direct comparisons of cardiovascular outcomes between dulaglutide and liraglutide remain limited. Our
retrospective study examined type 2 diabetes mellitus (DM) patients receiving either liraglutide or dulaglutide
treatment to assess the impact of these medications on cardiovascular outcomes. We found no significant
differences in composite cardiovascular outcomes between the liraglutide and dulaglutide groups. GLP-1 RAs
also exert multiple effects on cardiovascular risk factors, including reductions in systolic blood pressure and
LDL cholesterol, improved glycemic control, and body weight reduction?"-*2. Our study found that dulaglutide
contributed to better glycemic control, while liraglutide led to a larger reduction in body weight. Additionally, we
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Fig. 3. The change of systolic blood pressure (A), diastolic blood pressure (B), heart rate (C), body weight (D),
glycated hemoglobin (E) and eGFR (F) from baseline to follow up measurements among patients who received
liraglutide versus dulaglutide in the IPTW-adjusted cohort. IPTW inverse probability of treatment weighting,
eGFR estimated glomerular filtration rate.

observed no significant differences in systolic and diastolic blood pressure or heart rate between the liraglutide
and dulaglutide groups. These findings may help explain the comparable composite cardiovascular outcomes
observed over the three-year follow-up period. Our study provides real-world evidence on the cardiovascular
outcomes of both liraglutide and dulaglutide.

Renal outcomes

Our study found no significant differences between the liraglutide group and the dulaglutide group regarding
composite renal outcomes, reduction of estimated glomerular filtration rate, and the incidence of new
macroalbuminuria. Currently, there is limited data available on the use of liraglutide and dulaglutide in
patients with more advanced stages of chronic kidney disease (CKD)?. The LEADER and REWIND studies
demonstrated benefits in composite renal outcomes, primarily due to a reduction in the incidence of new-onset
macroalbuminuria. However, these trials excluded patients with more advanced CKD stages, defined as an
estimated glomerular filtration rate (éGFR) less than 30 ml/min/1.73m? and 15 ml/min/1.73m?, respectively>*.
Only one Japanese cohort study reported a significant reduction in eGFR decline in stage 5 CKD patients*.
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Additionally, GLP-1 receptor agonists (GLP-1RAs) exert their effects on the kidneys by increasing renal plasma
flow and glomerular filtration rate through GLP-1 receptors, and these effects may vary depending on the
underlying renal pathology®. As a result, the renal protective effect of GLP-1RAs in patients with type 2 diabetes
and advanced CKD remains inconclusive. Our study provided evidence of a comparable renal protective effect
with liraglutide and dulaglutide treatment in patients with CKD and type 2 diabetes.

Secondary outcomes

We found no significant differences of all-cause death between two groups. Our liraglutide group exhibited
comparable composite cardiovascular outcome, composite renal outcome, cardiovascular death, and heart
failure admission compared to dulaglutide group. There finding may indirectly account for the comparable rates
of all-cause death. Additionally, we demonstrated better weight control with liraglutide, consistent with the
result of the AWARD-6 trial, which showed significantly larger body weight reduction associated with liraglutide
compared to dulaglutide at 26 weeks?. The reason for the different effects on body weight is that dulaglutide
is less transported across the blood-brain barrier or through fenestrated capillaries than liraglutide, thereby
contributing less to satiety effects in the central nervous system?” Moreover, dulaglutide resulted in a larger
decrease in glycosylated hemoglobin. The AWARD-6 trial demonstrated the non-inferiority of reduction in
HbA1c of dulaglutide versus liraglutide at 26 weeks®. Interestingly, a Japanese trial also showed the comparable
effect on lowering HbAlc effect at 26 weeks?’. However, with a longer follow-up period, the Japanese trial
reported significant HbAlc reduction for dulaglutide versus liraglutide at 52 weeks?’. Our real-world study is
consistent with previous research and demonstrates greater benefits of glycemic control associated with the use
of dulaglutide compared to liraglutide over a three-year follow-up period, with differences becoming apparent
as early as six months into the study.

Limitations

Our study, based on real-world data, examines the outcomes of patients with type 2 diabetes receiving either
liraglutide or dulaglutide. However, there are several limitations to consider. First, due to the retrospective
observational design of our study, we can identify correlations but cannot establish causality between liraglutide
or dulaglutide and cardiovascular or renal outcomes. Currently, there is a lack of direct head-to-head comparative
trials of GLP-1RAs on long-term cardiovascular outcomes, highlighting the need for future studies with long-
term follow-up periods. Second, potential selection bias may exist in our study, including possible coding errors.
We attempted to mitigate these errors by cross-referencing diagnostic codes with drug registration data. For
example, we defined hypertension as patients receiving antihypertensive agents and a diagnosis of hypertension,
with similar definitions applied to other diseases. Third, as a retrospective design study, it is challenging to
control for confounding factors that may influence outcome, such as medication compliance. Fourth, more
frequent measurements could indeed result in more accurate endpoints. However, since this is a retrospective
study, we are unable to conduct tests at precise time points as in a prospective study, nor can we conduct more
frequent testing. Lastly, comparison of dulaglutide with semaglutide would be also important as both being once-
weekly injections. Nevertheless, due to the small number of patients using semaglutide during our study period,
we precluded them in this study. Recently, the FLOW trial (Effects of Semaglutide on Chronic Kidney Disease
in Patients with Type 2 Diabetes) specifically focused on the impact of semaglutide on CKD progression®. The
study demonstrated that semaglutide reduced the risk of major kidney disease events by 24% and slowed the
annual decline in kidney function in patients with type 2 diabetes and CKD. Additionally, semaglutide lowered
the risk of major cardiovascular events and death from any cause. It is worth exploring whether liraglutide and
dulaglutide can also help slow the deterioration of kidney function in patients with type 2 diabetes and CKD.
Future research evaluating the primary kidney outcomes of GLP-1 receptor agonist treatments and comparisons
in real-world settings is warranted.

Conclusion

In conclusion, the real-world study comparing the treatment outcomes of liraglutide and dulaglutide in type 2
diabetic populations revealed similar cardiovascular and renal outcomes, cardiovascular death rates, all-cause
mortality, and rates of heart failure admission. Liraglutide was found to result in greater body weight loss, while
dulaglutide showed a more significant reduction in HbAlc levels.

Data availability

The datasets generated and analyzed during the current study are not publicly available due to the policy and
regulation of the Institutional Review Board of Chang Gung Memorial Hospital, but are available from the cor-
responding author on reasonable request.

Received: 15 August 2024; Accepted: 7 November 2024
Published online: 11 November 2024

References
1. Pélsson, R. & Patel, U. D. Cardiovascular complications of diabetic kidney disease. Adv. Chronic Kidney Dis. 21(3), 273-280 (2014).
2. Marso, S. P. et al. Liraglutide and Cardiovascular outcomes in type 2 diabetes. N Engl. J. Med. 375(4), 311-322 (2016).
3. Gerstein, H. C. et al. Dulaglutide and cardiovascular outcomes in type 2 diabetes (REWIND): a double-blind, randomised placebo-
controlled trial. Lancet 394(10193), 121-130 (2019).
4. Giugliano, D. et al. GLP-1 receptor agonists and cardiorenal outcomes in type 2 diabetes: an updated meta-analysis of eight CVOTs.
Cardiovasc. Diabetol. 20(1), 189 (2021).

Scientific Reports |

(2024) 14:27491 | https://doi.org/10.1038/s41598-024-79255-9 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

. Gerstein, H. C. et al. Dulaglutide and renal outcomes in type 2 diabetes: an exploratory analysis of the REWIND randomised,

placebo-controlled trial. Lancet 394(10193), 131-138 (2019).

. Mann, J. E E. et al. Liraglutide and renal outcomes in type 2 diabetes. N Engl. J. Med. 377(9), 839-848 (2017).
. Kristensen, S. L. et al. Cardiovascular, mortality, and kidney outcomes with GLP-1 receptor agonists in patients with type 2 diabetes:

a systematic review and meta-analysis of cardiovascular outcome trials. Lancet Diabetes Endocrinol. 7(10), 776-785 (2019).

. Palmer, S. C. et al. Sodium-glucose cotransporter protein-2 (SGLT-2) inhibitors and glucagon-like peptide-1 (GLP-1) receptor

agonists for type 2 diabetes: systematic review and network meta-analysis of randomised controlled trials. BMJ 372, m4573 (2021).

. Tsapas, A. et al. Comparative effectiveness of glucose-lowering drugs for type 2 diabetes: a systematic review and network Meta-

analysis. Ann. Intern. Med. 173(4), 278-286 (2020).

Zelniker, T. A. et al. Comparison of the effects of Glucagon-Like peptide receptor agonists and sodium-glucose cotransporter 2
inhibitors for Prevention of Major adverse Cardiovascular and renal outcomes in type 2 diabetes Mellitus. Circulation 139(17),
2022-2031 (2019).

ElSayed, N. A. et al. Introduction and methodology: standards of Care in Diabetes-2023. Diabetes Care 46(Suppl 1), S1-s4 (2023).
Marx, N. et al. 2023 ESC guidelines for the management of cardiovascular disease in patients with diabetes. Eur. Heart J. 44(39),
4043-4140 (2023).

Shao, S. C. et al. The Chang Gung Research Database-A multi-institutional electronic medical records database for real-world
epidemiological studies in Taiwan. Pharmacoepidemiol Drug Saf. 28(5), 593-600 (2019).

Tsai, M. S. et al. Chang Gung Research Database: a multi-institutional database consisting of original medical records. Biomed. J.
40(5), 263-269 (2017).

McCaffrey, D. E et al. A tutorial on propensity score estimation for multiple treatments using generalized boosted models. Stat.
Med. 32(19), 3388-3414 (2013).

Bruen, R. et al. Liraglutide attenuates preestablished atherosclerosis in apolipoprotein E-Deficient mice via regulation of Immune
Cell Phenotypes and Proinflammatory mediators. J. Pharmacol. Exp. Ther. 370(3), 447-458 (2019).

Rakipovski, G. et al. The GLP-1 analogs Liraglutide and Semaglutide reduce atherosclerosis in ApoE(-/-) and LDLr(-/-) mice by a
mechanism that includes inflammatory pathways. JACC Basic. Transl Sci. 3 (6), 844-857 (2018).

McLean, B. A. et al. Revisitincomplexitylexity of actionActionsites Sites of Synthesreceptorcactivationvation. Endocr. Rev. 42(2),
101-132 (2021).

Ussher, J. R. et al. Cardiovascular effects of Incretin-based therapies: integrating mechanisms with Cardiovascular Outcome trials.
Diabetes. 71(2), 173-183 (2022).

Marsico, F. et al. Effects of glucagon-like peptide-1 receptor agonists on major cardiovascular events in patients with type 2 diabetes
mellitus with or without established cardiovascular disease: a meta-analysis of randomized controlled trials. Eur. Heart J. 41(35),
3346-3358 (2020).

Muzurovic, E. & Mikhailidis, D. P. Impact of glucagon-like peptide 1 receptor agonists and sodium-glucose transport protein 2
inhibitors on blood pressure and lipid profile. Expert Opin. Pharmacother 21(17), 2125-2135 (2020).

Marx, N. et al. GLP-1 receptor agonists for the reduction of atherosclerotic Cardiovascular risk in patients with type 2 diabetes.
Circulation 146(24), 1882-1894 (2022).

Michos, E. D. et al. Glucagon-like peptide-1 receptor agonists in diabetic kidney disease: a review of their kidney and heart
protection. Am. J. Prev. Cardiol. 14, 100502 (2023).

Hirose, N. et al. Utilization of glucagon-like peptide-1 receptor agonists and changes in clinical characteristics in patients with type
2 diabetes by chronic kidney disease stage in Japan: a descriptive observational study using a nationwide electronic medical records
database. Diabetes Obes. Metab. 24 (3), 486-498 (2022).

Hviid, A. V. R. & Sorensen, C. M. Glucagon-like peptide-1 receptors in the kidney: impact on renal autoregulation. Am. J. Physiol.
Ren. Physiol. 318(2), F443-F454 (2020).

Dungan, K. M. 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. Lancet 384(9951), 1349-1357 (2014).

Lund, A., Knop, E K. & Vilsboll, T. Glucagon-like peptide-1 receptor agonists for the treatment of type 2 diabetes: differences and
similarities. Eur. J. Intern. Med. 25(5), 407-414 (2014).

Miyagawa, J. et al. Once-weekly glucagon-like peptide-1 receptor agonist dulaglutide is non-inferior to once-daily liraglutide and
superior to placebo in Japanese patients with type 2 diabetes: a 26-week randomized phase III study. Diabetes Obes. Metab. 17(10),
974-983 (2015).

Odawara, M. et al. Once-weekly glucagon-like peptide-1 receptor agonist dulaglutide significantly decreases glycated haemoglobin
compared with once-daily liraglutide in Japanese patients with type 2 diabetes: 52 weeks of treatment in a randomized phase III
study. Diabetes Obes. Metab. 18(3), 249-257 (2016).

Perkovic, V. et al. Effects of Semaglutide on chronic kidney disease in patients with type 2 diabetes. N Engl. J. Med. 391(2), 109-121
(2024).

Author contributions

JWD, THC: study design; YL, XWL: data extraction; CJT, MLT: verification of extracted data; JWD, MJH: data
analysis and execution of statistical analysis; JWD, THC: manuscript drafting; NIY, JWD: manuscript revision.
All authors reviewed and approved the final manuscript.

Declarations

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/1
0.1038/s41598-024-79255-9.

Correspondence and requests for materials should be addressed to T.-H.C.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Scientific Reports |

(2024) 14:27491 | https://doi.org/10.1038/s41598-024-79255-9 nature portfolio


https://doi.org/10.1038/s41598-024-79255-9
https://doi.org/10.1038/s41598-024-79255-9
http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives
4.0 International License, which permits any non-commercial use, sharing, distribution and reproduction in
any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide
a link to the Creative Commons licence, and indicate if you modified the licensed material. You do not have
permission under this licence to share adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence
and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to
obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommo
ns.org/licenses/by-nc-nd/4.0/.

© The Author(s) 2024

Scientific Reports|  (2024) 14:27491 | https://doi.org/10.1038/s41598-024-79255-9 nature portfolio


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.nature.com/scientificreports

	﻿Comparative cardiovascular and renal outcomes of Liraglutide versus Dulaglutide in Asian type 2 diabetes patients
	﻿Method
	﻿Study design and setting
	﻿Patients and study design
	﻿Covariates
	﻿Study outcomes
	﻿Statistical analysis

	﻿Results
	﻿Baseline characteristics
	﻿Clinical events
	﻿Secondary outcomes

	﻿Discussion
	﻿Cardiovascular outcomes
	﻿Renal outcomes



