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Abstract

Aim: To compare a glucagon-like peptide-1 receptor agonist with basal insulin at hos-

pital discharge in patients with uncontrolled type 2 diabetes in a randomized clinical

trial.

Methods: A total of 273 patients with glycated haemoglobin (HbA1c) 7%–10% (53–

86 mol/mol) were randomized to liraglutide (n = 136) or insulin glargine (n = 137) at

hospital discharge. The primary endpoint was difference in HbA1c at 12 and

26 weeks. Secondary endpoints included hypoglycaemia, changes in body weight,

and achievement of HbA1c <7% (53 mmol/mol) without hypoglycaemia or

weight gain.

Results: The between-group difference in HbA1c at 12 weeks and 26 weeks was

−0.28% (95% CI −0.64, 0.09), and at 26 weeks it was −0.55%, (95% CI −1.01, −0.09)

in favour of liraglutide. Liraglutide treatment resulted in a lower frequency of

hypoglycaemia <3.9 mmol/L (13% vs 23%; P = 0.04), but there was no difference in

the rate of clinically significant hypoglycaemia <3.0 mmol/L. Compared to insulin

glargine, liraglutide treatment was associated with greater weight loss at 26 weeks

(−4.7 ± 7.7 kg vs −0.6 ± 11.5 kg; P < 0.001), and the proportion of patients with

HbA1c <7% (53 mmol/mol) without hypoglycaemia was 48% versus 33% (P = 0.05)

at 12 weeks and 45% versus 33% (P = 0.14) at 26 weeks in liraglutide versus insulin

glargine. The proportion of patients with HbA1c <7% (53 mmol/mol) without

hypoglycaemia and no weight gain was higher with liraglutide at 12 (41% vs 24%,

P = 0.005) and 26 weeks (39% vs 22%; P = 0.014). The incidence of gastrointestinal

adverse events was higher with liraglutide than with insulin glargine (P < 0.001).
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Conclusion: Compared to insulin glargine, treatment with liraglutide at hospital dis-

charge resulted in better glycaemic control and greater weight loss, but increased

gastrointestinal adverse events.
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1 | INTRODUCTION

Diabetes has reached epidemic proportions, with an estimated 30.4

million people affected in the United States and over 463 million

worldwide.1,2 A number of studies have demonstrated that people

with diabetes have hospital admission rates between two and six

times higher than people without diabetes.3 In addition, several

studies have reported that diabetes increases the risk of hospitali-

zation and unplanned readmission, imposing a substantial burden

on patients, caregivers, health systems, and the economy.4

The transition period after hospital discharge represents a period of

risk for patients with diabetes due to the presence of coexisting chronic

conditions, and the development of severe hyperglycaemia and/or iatro-

genic hypoglycaemia, all of which may lead to increased readmission

rates.5,6 Clinical guidelines and recent prospective studies have rec-

ommended using glycated haemoglobin (HbA1c) levels to tailor discharge

treatment for patients with diabetes.7–9 At discharge, patients with

HbA1c levels between 7% and 9% (53 - 74.9 mmol/mol) should restart

preadmission antidiabetic therapy with the addition of basal insulin at

50% of the hospital daily dose. For patients with HbA1c >9% (74.9

mmol/mol), it is recommended to restart oral agents with 80% of the

basal daily dose or discharge on a basal-bolus insulin regimen. In the Basal

Plus Discharge trial,10 this strategy resulted in a � 1.5% to 2.5% reduction

in HbA1c at 12 weeks of follow-up; however, it was associated with a

high rate of postdischarge hypoglycaemia reported in 25% of patients on

basal insulin alone, 30% on the combination of oral antidiabetic drugs

(OADs) plus basal insulin, and 44% on a basal-bolus insulin regimen.10

Several ambulatory randomized controlled trials (RCTs) have com-

pared the safety and efficacy of various daily and weekly glucagon-like

peptide-1 receptor agonists (GLP-1RAs) and basal insulin for the man-

agement of patients with type 2 diabetes (T2D).11–13 These studies

have shown that the use of GLP-1RAs results in similar improvement in

HbA1c, with lower rates of hypoglycaemia and less weight gain, com-

pared to use of basal insulin.11–13 In the hospital setting, our group

recently reported the safety and efficacy of GLP-1RAs in general medi-

cine and surgery patients with T2D,14 and reported comparable

improvement in glycaemic control with lower rates of hypoglycaemia

than basal-bolus insulin. Based on the available evidence, we hypothe-

sized that the use of liraglutide, a daily GLP-1RA agent, could represent

a valid alternative to the use of insulin treatment in patients with poorly

controlled T2D. Accordingly, we conducted a prospective RCT to com-

pare the safety and efficacy of liraglutide and basal insulin after hospital

discharge in general medicine and surgery patients with T2D.

2 | RESEARCH DESIGN AND METHODS

This multicentre, prospective, noninferiority open-label randomized

study was conducted at four academic institutions in the United

States, including: Emory University, Atlanta, Georgia; the Metro

Health Medical Centre, Cleveland, Ohio; the State University of

New York at Buffalo; the University of Miami, Miami, Florida; and the

Cemediab Medical Center, in Buenos Aires, Argentina. The institu-

tional review boards at Emory University and participating institutions

approved the study protocol. Informed consent was obtained from all

participants during hospitalization prior to discharge. This trial is regis-

tered with clinicaltrials.gov: NCT01919489.

2.1 | Participant recruitment

We screened patients with T2D during their hospital admission from

medical or general surgical services. We enrolled patients with glucose

levels between 7.8 and 22.2 mmol/L and HbA1c levels >7% to 10%,

aged 18 to 80 years, whose home diabetes regimen included diet

and/or OADs including sulphonylureas, repaglinide, nateglinide, or met-

formin, either as monotherapy or in combination therapy, or taking a

low total daily dose of insulin (≤0.4 unit/kg/d). Owing to the inpatient

enrolment used in this study, there was no run-in period. We excluded

patients with a history of diabetic ketoacidosis or hyperosmolar hyper-

glycaemic state or with laboratory evidence of ketoacidosis,15 patients

with history of type 1 diabetes, medullary thyroid cancer or multiple

endocrine neoplasia, acute or chronic pancreatitis, pancreatic cancer or

gallbladder disease or previous treatment with GLP-1RAs during the

past 3 months prior to admission. We also excluded patients admitted

to or expected to require admission to an intensive care unit, cortico-

steroid therapy >5 mg/d of prednisone equivalent, clinically relevant

hepatic disease or impaired renal function (estimated glomerular filtra-

tion rate <30 mL/min per 1.73 m2), body mass index (BMI) < 25

and > 45 kg/m2, pregnancy, parenteral nutrition, immunosuppressive

treatment, or mental condition rendering the participant unable to

understand the nature, scope and possible consequences of the study.

2.2 | Randomization procedure and study protocol

During the hospital stay, patients were managed with a standard basal

or basal-bolus regimen according to hospital protocol.9,16 Participants
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were randomized to receive liraglutide or insulin glargine at the time

of discharge, either as monotherapy in treatment-naïve patients or as

add-on therapy to the participant's preadmission diabetes regimen

(Appendix, Table S1). Randomization tables for each site were created

by Dr Limin Peng, the statistician for the group based at Emory Uni-

versity School of Public Health. Randomization was allocated by a

research pharmacist at each site who was not involved in enrolment.

Liraglutide was started at 0.6 mg once daily by subcutaneous

injections, with dose escalation every 2 weeks by increments of

0.6 mg until the maintenance dose of 1.8 mg was reached. Injections

were given at any time of the day and irrespective of meals; however,

it was recommended that the time of injection be consistent through-

out the trial. Dose escalation was extended over 4 weeks at the dis-

cretion of the investigator in case of adverse events. Treatment-naïve

patients with HbA1c < 8% (<64 mmol/mol) received liraglutide

as monotherapy or in combination with metformin if HbA1c was > 8%

(> 64 mmol/mol). Liraglutide therapy was given as add-on to the par-

ticipant's preadmission OAD regimen. The dose of insulin secreta-

gogues (sulphonylureas, nateglinide and repaglinide) was reduced by

50% or stopped at the discretion of the investigator, otherwise, the

dose of OAD remained unchanged throughout the trial.

Insulin glargine U-100/mL was provided in 3-mL pen cartridges.

Treatment-naïve patients with HbA1c < 8% (<64 mmol/mol) received

glargine as monotherapy or in combination with metformin if HbA1c

was >8% (> 64 mmol/mol). Patients who were treated with OADs prior

to admission with HbA1c between 7% and 9% (53 – 75 mmol/mol) were

discharged on their preadmission OADs in combination with glargine at

50% of the hospital daily dose. Patients with HbA1c > 9% (� 75 mmol/

mol) were discharged on 80% of the hospital glargine dose. Dipeptidyl

peptidase-4 inhibitors were not used in combination with liraglutide dur-

ing the study period. The total daily dose of insulin secretagogues was

reduced by 50% or stopped at the discretion of the investigator.

After discharge, a member of the diabetes research team contacted

patients via telephone call every 2 weeks to assess response to therapy

and titrate study medications. Patients were asked to attend an outpa-

tient clinic visit at 4, 12 and 26 weeks after hospital discharge. Data

were collected during research visits in an electronic Health Insurance

Portability and Accountability Act -compliant platform.

2.3 | Measured outcomes

The study objective was to compare the efficacy and safety of liraglutide

versus insulin glargine with regard to glycaemic control in general medi-

cine and surgical patients with T2D after hospital discharge.

The primary efficacy endpoint of the study was change in HbA1c

concentration at 12 and 26 weeks from discharge. Secondary end-

points were differences between treatment groups after hospital

discharge in fasting and postprandial glucose concentration, incidence

rate and number of hypoglycaemic events (3.9 mmol/L [<70 mg/dL]),

clinically significant (<3 mmol/L [54 mg/dL]) and severe hyp-

oglycaemic events (<2.2 mmol/L [40 mg/dL]), proportion of patients

with 12- and 26-week HbA1c level <7.0% and no hypoglycaemia

<3.9 mmol/L (<70 mg/dL), and proportion of patients with 12- and

26-week HbA1c <7.0%, no hypoglycaemia and no weight gain.

In addition, we compared differences between groups in cardio-

vascular risk factors including changes in blood pressure, heart rate,

and lipid profile between treatment groups, as well as total daily dose

of insulin, change in body weight and BMI, development of acute kid-

ney injury, defined as a clinical diagnosis of acute renal failure with

documented new-onset abnormal renal function (increment in creati-

nine ≥0.5 mg/dL (44.2 umol/L) from baseline), and number of emer-

gency room visits and hospital readmissions.

2.4 | Statistical analysis

The overall hypothesis was that patients with T2D discharged on

liraglutide and glargine will experience similar improvement in

glycaemic control (HbA1c level) at 12 and 26 weeks after discharge. To

show the noninferiority of liraglutide to basal glargine insulin in terms

of glycaemic control, we set the equivalence margin at 0.5%, given that

an HbA1c difference < 0.5% is usually not considered clinically signifi-

cant. Based on preliminary Basal Plus Discharge Trial results,8 we

assumed a standard deviation of 26-week HbA1c to be bounded

approximately 1.5%. We set the margin of equivalence as 0.5% and

assumed the true difference between mean HbA1c to be 0. A sample

size of 124 for each treatment group would achieve 80% power to

reject the hypothesis that the mean HbA1c in patients treated with

liraglutide is <0.5% more than that in patients treated with insulin

glargine, based on a two-sample one-sided t-test, with α = 0.05.

The primary endpoint was difference in HbA1c at 12 and

26 weeks. Secondary endpoints included hypoglycaemia, changes in

body weight, and achievement of HbA1c <7% without hypoglycaemia

or weight gain. Nonparametric Wilcoxon tests were used to compare

continuous outcomes, such as HbA1c at 12 and 26 weeks, between

the liraglutide and insulin glargine groups. Chi-squared tests or Fish-

er's exact tests were used to compare binary or categorical outcomes,

such as the occurrence of hypoglycaemia. Normal approximations

were used to compute the 95% confidence intervals (CIs) of the out-

come differences between the two treatment groups. P values <0.05

were taken to indicate statistical significance. We performed statisti-

cal analyses using SAS 9.4 software.

3 | RESULTS

A total of 306 patients gave consent to participate, of whom 19 were

screen failures, 140 were randomized to liraglutide and 147 were ran-

domized to insulin glargine. A total of 273 patients were included the

intention-to-treat analysis, 136 patients in the liraglutide group and

137 in the basal insulin group. After randomization, in the liraglutide

group, four patients withdrew consent to participation due to the

need for injections, 10 patients withdrew as a result of gastrointesti-

nal adverse events, two patients withdrew for hospital admissions,

there were two deaths, and 30 patients were lost to follow-up at
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12 weeks and eight patients at 26 weeks. In the insulin glargine group,

seven patients discontinued participation due the need for daily injec-

tions, nine patients discontinued due to hospital readmission, there

was one death, and 20 patients were lost to follow-up at 12 weeks

and seven patients at 26 weeks (Appendix, Figure S1).

There were no significant differences between groups with regard

to clinical characteristics at randomization including age, BMI, body

weight or duration of diabetes or diabetes treatment prior to admission.

Clinical characteristics and demographics in both groups are

shown in Table 1. More patients were recruited from medicine ser-

vices (87%) than surgery services (13%). Prior to admission, most

patients in both groups were treated with OADs or OADs plus insulin

therapy (Table 1).

The mean daily dose of glargine at hospital discharge was

16 ± 7.9 U/d, and increased to 18 ± 9.8 U/d at 12 weeks and to

21 ± 11.1 U/d at 26 weeks. All patients in the liraglutide group were

discharged on an initial daily dose of 0.6 mg. The mean daily dose of

liraglutide was 1.53 ± 0.40 mg/d at 12 weeks and 1.65 ± 0.32 mg/d

at 26 weeks. Among patients treated with OADs prior to admission,

140 (77%) were discharged on metformin, 17 (9%) were discharged

on sulphonylureas, and no patients were discharged on

thiazolidinediones. During follow-up, nine patients in the liraglutide

group received additional insulin therapy as basal insulin (n = 5), pre-

mixed insulin (n = 1) or prandial insulin (n = 3). Among those dis-

charged on prandial insulin, three patients received added prandial

(basal-bolus) regimen.

The primary endpoint analysis showed that mean HbA1c levels

significantly decreased from baseline to end-of-study period in both

treatment groups. The admission HbA1c in the liraglutide group was

8.3 ± 0.9% and decreased to 7.14 ± 1.3% at 12 weeks and

7.12 ± 1.3% at 26 weeks of follow-up. In the insulin glargine group,

the admission HbA1c was 8.40 ± 0.8% and decreased to 7.42 ± 1.2%

at 12 weeks and 7.68 ± 1.6% at 26 weeks of follow-up (Table 2). The

between-group difference (liraglutide vs insulin glargine) at 12 weeks

TABLE 1 Baseline clinical characteristics of the intention-to-treat population

Characteristic Liraglutide Glargine P

Age, years (liraglutide, n = 136; insulin glargine,

n = 137)

56.1 ± 9.5 55.9 ± 11.2 0.93

Weight, kg (liraglutide, n = 136; insulin glargine,

n = 137)

101.0 ± 20.6 98.2 ± 18.0 0.24

BMI, kg/m2 (liraglutide, n = 136; insulin glargine,

n = 137)

33.5 ± 5.3 33.3 ± 5.3 0.79

Sex, n (%) 0.09

Female 47 (35) 61 (45)

Male 89 (65) 76 (55)

Race, n (%) 0.83

Black 97 (71) 95 (69)

White 23 (17) 27 (20)

Other 16 (12) 15 (11)

Duration of diabetes, years (liraglutide, n = 135;

insulin glargine, n = 137)

9.5 ± 7.8 9.8 ± 9.1 0.77

Hospital service, n (%) 0.35

Medicine 116 (85%) 122 (89%)

Surgery 20 (15) 15 (11)

Treatment prior to admission, n (%) 0.90

No diabetes medication 22 (16) 24 (18)

Oral agents 61 (45) 69 (51)

Insulin 22 (16) 19 (14)

Oral agents + insulin 30 (22) 23 (17)

Admission HbA1c, % (mmol/mol) 8.3 ± 0.9

67.2 ± −13.6
8.4 ± 0.8

68.3 ± −14.7
0.41

Admission blood glucose, mmol/L (liraglutide,

n = 136; insulin glargine, n = 136)

11.05 ± 3.7 10.77 ± 3.5 0.38

Randomization blood glucose, mmol/L (liraglutide,

n = 134; insulin glargine, n = 131)

10.3 ± 3.1 10.1 ± 3.0 0.68

Median (range) length of stay, days 4.0 (1.0, 58) 4.0 (1.0, 33) 0.35

Note: Data are means ± SD, unless otherwise indicated.

Abbreviations: BMI, body mass index; HbA1c, glycated haemoglobin.
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TABLE 2 Primary and secondary outcomes at baseline, 12 and 26 weeks of follow-up*

Outcome Liraglutide Glargine P

HbA1c, %

12 weeks (liraglutide, n = 88, 100) 7.1 ± 1.3 7.4 ± 1.2 0.04

26 weeks (liraglutide, n = 80, 93) 7.13 ± 1.3 7.68 ± 1.69 0.016

Fasting blood glucose, mmol/L

12 weeks (liraglutide, n = 60; insulin glargine, n = 79) 7.96 ± 3.3 7.70 ± 2.6 0.40

26 weeks (liraglutide, n = 53; insulin glargine, n = 60) 7.61 ± 2.2 8.56 ± 3.8 0.21

Postprandial blood glucose, mmol/L

12 weeks (liraglutide, n = 44; insulin glargine, n = 42) 7.67 ± 1.6 9.32 ± 2.8 0.002

26 weeks 8.23 ± 2.8 8.72 ± 2.3 0.21

Body weight change from baseline, kg

12 weeks (liraglutide, n = 87; insulin glargine, n = 89) −1.1 ± 16 −1.3 ± 7.8 0.09

26 weeks (liraglutide, n = 73; insulin glargine, n = 91) −4.77 ± 8 +0.6 ± 11 <0.01

Hypoglycaemia, n (%)

<3.88 mmol/L, n (%) 18 (13) 31 (23) 0.038

<3.0 mmol/L, n (%) 1 (1) 4 (3) 0.37

<2.2 mmol/L, n (%) 2 (1) 3 (2) 0.68

HbA1c < 7% (53 mmol/mol) without hypoglycaemia, n (%)

12 weeks 40 (48) 31 (33) 0.05

26 weeks 34 (45) 29 (33) 0.14

HbA1c < 7% (53 mmol/mol) without weight gain, n (%)

12 weeks 40 (45) 24 (25) 0.005

26 weeks 32 (41) 21 (23) 0.01

HbA1c < 7% (53 mmol/mol) without hypoglycaemia and no

weight gain, n (%)

12 weeks 35 (41) 23 (24) 0.02

26 weeks 30 (39) 20 (22) 0.014

Systolic BP, mm Hg

At discharge (liraglutide, n = 104; insulin glargine, n = 112) 134 ± 17 130 ± 16 0.027

12 weeks (liraglutide, n = 86; insulin glargine, n = 89) 135 ± 22 134 ± 21 0.47

26 weeks (liraglutide, n = 73; insulin glargine, n = 90) 136 ± 22 134.9 ± 19 0.86

Heart rate, beats/min

At discharge (liraglutide, n = 104; insulin glargine, n = 112) 79 ± 14 79 ± 14 0.99

12 weeks (liraglutide, n = 86; insulin glargine, n = 87) 82 ± 12 77.4 ± 13 0.004

26 weeks (liraglutide, n = 73; insulin glargine, n = 90) 83 ± 13 79 ± 14 0.06

Adverse events, n (%)

Nausea 37 (46) 3 (4) <0.01

Vomiting 18 (24) 0 (0) <0.01

Medication discontinued due to AEs 13 (10) 0 (0) <0.001

Emergency department visit 31 (23) 23 (17) 0.24

Congestive heart failure 12 (9) 13 (9) 0.85

Acute myocardial infarction 0 (0) 1 (1) >0.99

Acute kidney injury 1 (1) 3 (2) 0.62

Cerebrovascular event 0 (0) 3 (2) 0.25

Readmission 35 (26) 43 (31) 0.30

Death 2 (1) 1 (1) 0.62

Note: Data are expressed as mean ± SD, unless otherwise indicated.

Abbreviations: AE, adverse event; BP, blood pressure; HbA1c, glycated haemoglobin.
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and 26 weeks was −0.28% (95% CI −0.64, 0.09), and −0.55% (95% CI

−1.01, −0.09), respectively.

The mean fasting glucose was 7.7 ± 2.2 mmol/L at discharge,

7.96 ± 3.3 mmol/L at 12 weeks and 7.61 ± 2.2 mmol/L at 26 weeks

of follow-up in the liraglutide group, and 7.55 ± 2.2 mmol/L at dis-

charge, 7.70 ± 2.6 mmol/L at 12 weeks and 8.56 ± 3.8 mmol/L at

26 weeks of follow-up in the glargine group (all P = nonsignificant).

Patients performed 2-hour postprandial glucose testing while on

therapy, which was performed on the day prior to the 12- and

26-week follow-up visits. A lower postprandial blood glucose was

observed at 12 weeks of follow-up in the liraglutide group than in the

insulin glargine group: 7.67 ± 1.6 versus 9.32 ± 2.8 mmol/L

(P = 0.002). A trend towards lower postprandial glucose levels contin-

ued at 26 weeks in the liraglutide group (8.23 vs 8.72 mmol/L;

P = 0.21), although this was not significant.

Treatment with liraglutide was associated with a lower number of

hypoglycaemic events (< 3.9 mmol/L) during follow-up compared to

basal insulin therapy (Table 2, Figure 1). A total of 31 patients (23%) in

the insulin glargine group and 18 patients (13%) in the liraglutide

group had mild hypoglycaemia (P = 0.04), which represents a risk

reduction with an odds ratio equal to 0.52 for liraglutide compared to

insulin glargine. The number of individual hypoglycaemic episodes

was also significantly lower in the liraglutide group (mean: 0.25 ± 0.71

events; total: 34 events) compared to the insulin glargine group

(mean: 0.74 ± 2.18 events; total: 101 events; P = 0.04). However,

there were no differences in clinically significant hypoglycaemia

(<3 mmol/L) or severe hypoglycaemia (<2.2 mmol/L). Only three

patients in the insulin glargine group and one patient in the liraglutide

group reported clinically significant hypoglycaemia and two patients

in the insulin glargine and one in the liraglutide group experienced

severe hypoglycaemia (Table 2).

Differences in body weight change at 12 and 26 weeks are

shown in Table 2. There was no difference in body weight change at

12 weeks with liraglutide or insulin glargine (−1.1 ± 16 vs

1.3 ± 7.8 kg, respectively; P = 0.69). The difference in body weight

change between groups was significant at 26 weeks of follow-up. The

mean weight loss from baseline of 4.8 ± 7.7 kg achieved in the

liraglutide group was superior to the change of body weight

(0.6 ± 11.5 kg) in the insulin glargine group (P < 0.001), resulting in a

mean treatment difference of 5.38 (95% CI 2.28−8.48; Figure 2).

The liraglutide group had a greater number of patients with

HbA1c <7% without hypoglycaemia at 12 weeks (48% vs 33%;
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F IGURE 1 Primary and secondary outcomes in patients with type 2 diabetes discharged on liraglutide and insulin glargine. A, glycated
haemoglobin (HbA1c) at baseline, 12 weeks, and 26 weeks. B, Change in body weight from baseline. C, HbA1c < 7% (53 mmol/mol) and no
hypoglycaemia or weight loss. D, HbA1c < 7% (53 mmol/mol) and no hypoglycaemia
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P = 0.05) and 26 weeks (45% vs 33%; P = 0.14 [Figure 1C]. The

liraglutide group also had a greater proportion of patients with an

HbA1c < 7% without hypoglycaemia and no weight gain at 12 weeks

(41% vs 24%; P = 0.02) and at 26 weeks (39% vs 22%; P = 0.014). As

expected, the incidence of gastrointestinal adverse events was higher

with liraglutide than with insulin glargine (P < 0.001; Figure 1D).

Treatment-emergent adverse events are reported in Table 2. Par-

ticipants in the liraglutide group experienced more episodes of nausea

and vomiting compared to those in the insulin glargine group

(P < 0.001; Table 2). No participants in the insulin glargine group and

13% of participants in the liraglutide group withdrew from the study

because of a treatment-emergent adverse event (P < 0.001; Table 2).

The rate of complications including infections, cardiovascular disease,

acute kidney injury and mortality was similar in the two groups

(Table 2). There was no difference in emergency room visits or hospi-

tal readmissions between groups.

Patient attrition was higher in the liraglutide group compared to

the insulin glargine group (Appendix, Figure S1). Data on HbA1c, the

primary outcome after hospital discharge, was available for

188 patients (68.8%) at 12 weeks and 173 (63.3%) at 26 weeks.

Among patients in the liraglutide group, an HbA1c value was col-

lected in 88 (64.7%) and 80 patients (58.8%) at 12 and 26 weeks,

respectively. In the insulin glargine group, an HbA1c value was col-

lected in 100 (72.99%) and 93 patients (67.88%) at 12 and 26 weeks,

respectively. Treatment discontinuation was most common in

patients not receiving injectable medications before enrolment, and

in patients who were not previously treated by our clinical diabetes

service prior to admission. There were also more patients in the

liraglutide group (10%) who discontinued therapy due to adverse

events compared to insulin glargine (0%). In addition, some patients

were lost to follow-up during the COVID-19 pandemic due to fear

and the closure of our clinical research programme between

February and July 2020.

4 | DISCUSSION

This is the first RCT comparing the efficacy and safety of a GLP-1RA

with basal insulin treatment after hospital discharge in general

medicine and surgery patients with T2D. Our results indicate that

treatment with liraglutide and insulin glargine produced clinically

meaningful improvements in glycaemic control after hospital dis-

charge. The between-group HbA1c difference at 12 weeks was

−0.28% (95% CI −0.64, 0.09), and at 26 weeks it was −0.55% (95% CI

−1.01, −0.09) in favour of liraglutide. Analysis of secondary endpoints

indicate that liraglutide treatment was associated with greater weight

loss, and a higher percentage of patients achieving an HbA1c <7%

without weight gain or hypoglycaemia. As expected, liraglutide ther-

apy was associated with higher rates of gastrointestinal adverse

events, leading to discontinuation in 10% of patients. These results

indicate that the addition of liraglutide is a sound strategy with which

to improve glycaemic control after hospital discharge in patients with

poorly controlled T2D.

Extensive data exist regarding the importance of diabetes care

during the hospital stay. A large number of observational trials and

RCTs in hospitalized patients have shown that hyperglycaemia

and diabetes increase the risk of complications and mortality,17–21

and that improved glycaemic control is associated with improved clini-

cal outcome, shorter length of stay, as well as reduced risk of infec-

tions and overall complications.17,20,22–24 Clinical guidelines from

professional organizations25–27 recommend the use of subcutaneous

basal-bolus insulin as the preferred therapy for glycaemic control in

general medical and surgical patients with T2D. The use of a basal-

bolus regimen improves glycaemic control and can reduce the rate of

hospital complications28–31; however, this regimen requires multiple

insulin daily injections and is associated with a significant risk of

hypoglycaemia, which has been reported in up to 32% of patients

with T2D not treated in the intensive care unit.29–31 Increasing evi-

dence indicates that incretin-based agents are safe and effective for

the hospital management of patients with T2D.32–34 Recent RCTs

comparing differences in glycaemic control between treatment with

dipeptidyl peptidase-4 inhibitors, alone or in combination with basal

insulin, compared to a basal-bolus regimen reported no differences in

mean daily blood glucose, frequency of hypoglycaemia, length of hos-

pital stays, and complications in general medicine and surgery patients

with T2D.32–35 Similarly, we recently reported that treatment with

exenatide improves glycaemic control and, in combination with basal

insulin, resulted in a higher proportion of blood glucose levels in target

range of 70–180 mg/dL (3.9–10 mmol/L) compared with a basal-

bolus regimen.14

Adding basal insulin to a diabetes regimen is not equivalent to

adding noninsulin agents such as GLP-1RAs or sodium-glucose co-

transporter-2 inhibitors in the outpatient setting, particularly in high-

risk patients with T2D. These newer classes are now preferred in

patients with cardiorenal risk or those with excess weight.36 In addi-

tion, these agents do not increase the risk of hypoglycaemia compared

to insulin or sulphonylureas. Given the known association with weight

gain and increased risk of iatrogenic hypoglycaemia, the addition of

basal insulin is now reserved for patients failing noninsulin agents,

those with higher HbA1c levels, or those with symptomatic hyper-

glycaemia. Our results show that intensifying therapy with a non-

insulin agent is acceptable and may be superior compared to adding
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insulin at discharge. A meta-analysis of comparing the clinical effects

of short- or long-acting GLP-1RAs versus insulin treatment from

head-to-head clinical trials showed slightly better glycaemic control

can be achieved by adding GLP-1RAs to oral agents compared to

adding insulin.37

Few prospective studies have assessed different treatment strat-

egies during the transition period from the inpatient to the outpatient

care setting. Following the recommendations of the Endocrine Society

guideline for the management of hospitalized patients with diabetes,

we conducted a prospective study on insulin titration according to the

admission HbA1c levels.10 In that study, patients with HbA1c <7%

were discharged on their preadmission diabetes therapy. Patients with

HbA1c between 7% and 9% were discharged on a preadmission regi-

men plus basal insulin at 50% of hospital daily dose. Patients with

HbA1c > 9% were discharged on oral antidiabetic agents plus basal

insulin at 80% of the inpatient dose, or on a basal-bolus insulin regi-

men.10 This strategy resulted in a significant improvement in

glycaemic control, but it also contributed to high rates of

hypoglycaemia, reported in 30% and 44% of patients discharged on

basal plus OADs and basal-bolus regimen, respectively.10

Recent studies have explored alternative therapies to insulin at

hospital discharge, aiming to reduce hypoglycaemic risk. In one study

patients were discharged on the combination of sitagliptin/metfor-

min7 with or without insulin according to an HbA1c-based algorithm.

This study reported significant improvement in glycaemic control with

a low risk of clinically significant hypoglycaemia.7 In agreement with

ambulatory studies comparing insulin glargine and liraglutide in indi-

viduals with T2D taking oral agents,12,38 we observed that treatment

with liraglutide was as effective as basal insulin in reducing HbA1c by

�1.5% from baseline. The modest difference observed in HbA1c

between groups may be related to a potential higher efficacy of

adding a GLP-1RA versus adding insulin therapy.37 Another possibility

may also be the fear by investigators aggressively uptitrate inulin

doses given the known risk of iatrogenic hypoglycaemia in this popu-

lation7,8 with glycaemic control relatively close to goal.

In the present study, a higher proportion of patients in the insulin

glargine group (23%) experienced hypoglycaemia <3.9 mmol/L com-

pared to 13% in the liraglutide group, with an overall two-third reduc-

tion in the total frequency of hypoglycaemic events in the liraglutide

group. However, there were no differences in the number of clinically

significant and severe hypoglycaemic events between treatment

groups, Thus, the modest difference in the number of mild hyp-

oglycaemic events is not clinically significant and is unlikely to trans-

late into measurable clinical outcomes.

The EAGLE study reported weight gain of 2.0 kg for insulin glargine

and − 3.0 kg for liraglutide, and the LEAD 5 trial reported a weight

increase of 1.6 kg with insulin glargine and weight loss of −1.8 kg with

liraglutide, resulting in a mean treatment difference of −3.43 kg (95% CI

−4.00, −2.86; P < 0.0001). Although we did not observe an expected dif-

ference in weight between groups at 12 weeks, we observed a signifi-

cant reduction in weight at 26 weeks with liraglutide (−4.8 kg vs 0.6 kg;

P < 0.001). The impact of liraglutide may reach its highest effect after

20 weeks of exposure as previously reported,39 and may explain a

significant difference observed only at 26 weeks. The lack of significant

weight gain in the glargine group, increased risk of mild hypoglycaemia,

along with a decline in HbA1c from baseline, suggest additional factors

may affect glycaemic control in this population after discharge. We spec-

ulate this may be related to changes in usual patterns of oral intake after

an acute illness, and further research is needed to identify optimal treat-

ment strategies in this vulnerable population.

In general, participants tolerated their injectable therapies during the

26 weeks of this trial. As expected, patients randomized to liraglutide

experienced more gastrointestinal events. Fifty-five patients in the

liraglutide group and three in the insulin glargine group experienced at

least one gastrointestinal adverse event during the study period. There

were no differences in the number of emergency room visits, hospital

readmissions, infections, heart failure exacerbations, or cardiovascular,

neurological and renal complications during the study period.

Limitations of this study include the open-label design of the trial.

Masking treatment allocation was not feasible because insulin glargine

and liraglutide have different titration requirements. The duration of

the study was relatively short at 6 months, although this was similar

to previous trials comparing diabetes drugs.12,38 The short study dura-

tion and fear of hypoglycaemia may have prevented some participants

from reaching the target HbA1c. Approximately 40% of patients were

lost to follow-up or discontinued participation in the study. The

observed rate of treatment discontinuation was higher than the rate

of discontinuation reported in previous hospital discharge studies.7,10

In the Basal Plus Discharge trial10 and in a sitagliptin discharge study7

we observed a 38% and 30% discontinuation rate after 3 and

6 months of follow-up, respectively. In addition, treatment discontinu-

ation rates were higher than the 25% to 40% reported in ambulatory

studies with the use of GLP-1RAs29,30 and basal insulin therapy at

6 months of therapy.31 Treatment discontinuation after hospital dis-

charge was higher in patients not receiving injectable medications

prior to admission and in patients who were not previously treated by

our clinical diabetes service. There were also more patients in the

liraglutide group (10%) who discontinued therapy due to adverse

events compared to the insulin group (0%).

In conclusion, the results of our comparative effectiveness and

safety study of a GLP-1RA and basal insulin after hospital discharge pro-

vide important and practical clinical information. Both basal insulin and

GLP-1RA treatment result in improved glycaemic control after hospital

discharge. While the transition from inpatient to outpatient is a high-risk

period, the use of liraglutide was associated with better glycaemic con-

trol, greater weight loss, and a higher proportion of patients achieving

the target of HbA1c <7% without weight gain and without

hypoglycaemia. As expected, liraglutide treatment was associated with a

higher rate of gastrointestinal adverse events. Based on these results, we

conclude that the addition of liraglutide is a sound strategy to manage

patients with poorly controlled diabetes after hospital discharge.
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