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Abstract

Aim: To assess cardiovascular, glycaemic, weight and safety outcomes of long-term

treatment with dulaglutide 1.5 mg compared with placebo in patients with a baseline

HbA1c of less than 7% versus 7% or higher.

Materials and Methods: Intention-to-treat analyses were performed on REWIND par-

ticipants with a baseline HbA1c measurement, using Cox proportional hazards regres-

sion and mixed model for repeated measures. Subgroup analyses with factors for

baseline HbA1c categories and their interaction with treatment group, as well as ana-

lyses within the HbA1c subgroups, were conducted. Additionally, sensitivity analyses

were performed for baseline HbA1c subgroups of 6.5% or less and more than 6.5%.

Results: Of the 9876 eligible participants, 3921 and 5955 had a baseline HbA1c of

less than 7% and 7% or higher, respectively. Mean baseline HbA1c was 6.3% and

8.0% and the mean duration of diabetes was 9.0 and 11.6 years in the respective

subgroups. The less than 7% subgroup was slightly older and less frequently insulin-

treated. There was no evidence of a differential dulaglutide treatment effect on body

mass index (BMI) reduction, cardiovascular or safety outcomes of interest between

the baseline HbA1c subgroups. Treatment-by-baseline HbA1c group interaction was

significant for HbA1c change from baseline (P < .001), with a greater reduction in the

subgroup with higher baseline HbA1c values. Sensitivity analyses by baseline HbA1c

subgroups of 6.5% or less and more than 6.5% showed similar results.

Conclusions: The reduced incidence of cardiovascular events, and the reduction in

BMI in participants treated with once-weekly dulaglutide, were independent of the

baseline HbA1c level. Conversely, participants with a higher baseline HbA1c level

had greater reductions in HbA1c. Dulaglutide has a positive benefit–risk profile and

can be considered in patients with comparatively well-controlled HbA1c levels seek-

ing optimal metabolic control and cardiovascular benefits.
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1 | INTRODUCTION

Several large prospective, multi-centre, randomized clinical trials have

evaluated the efficacy and safety of glucagon-like peptide-1 receptor

agonists (GLP-1 RAs) and found that the treatments were associated

with glycaemic benefits, some weight loss, and limited short-term risks.1

Overall, GLP-1 RA cardiovascular outcomes trials (CVOTs) showed CV

safety or benefit, suggesting that drugs in this class are not associated

with increased CV risk, and indeed some reduce CV risk (three-point

major adverse CV events, CV mortality, or all-cause mortality risk), with-

out altering the safety profile of the medication class.2-4

Several treatment guidelines for type 2 diabetes (T2D) recom-

mend an HbA1c treatment target of less than 7% as an HbA1c goal

for many non-pregnant adults without significant hypoglycaemia, few

co-existing chronic illnesses, and intact cognitive and functional sta-

tus.5-8 Furthermore, the American Association of Clinical Endocrinolo-

gists and American College of Endocrinology statement supports an

HbA1c target of 6.5% or less, provided that it can be achieved with-

out adverse events such as hypoglycaemia.9 Intensive glycaemic con-

trol reduces the risk of microvascular complications8 and there is a

growing body of evidence that it also reduces macrovascular events.

The Researching cardiovascular Events with a Weekly INcretin in

Diabetes (REWIND) trial showed that adding once-weekly GLP-1 RA

dulaglutide to the standard of care significantly reduced the risk of

major adverse CV events in adults with T2D and either established car-

diovascular disease (CVD) or multiple CV risk factors compared with

placebo.10 Unlike other GLP-1 RA CVOTs, REWIND included patients

with moderate to high CVD risk, which may be more representative of

the broader US adult population with T2D.11 A prior post hoc analysis

of the REWIND trial showed no differences in CV benefits and safety

outcomes between older and younger subgroups (aged ≥65 and

<65 years).12 Additionally, of the GLP-1 RA CVOTs published to date,

REWIND had the lowest mean baseline HbA1c of 7.3%4,13 and did not

have a lower HbA1c limit for the enrolment.14 As REWIND had a com-

paratively large population of participants entering the trial with well-

controlled HbA1c, the study provided the opportunity to analyse

whether there is any differential response in patients with a baseline

HbA1c below and above certain targets. The current post hoc analysis

of the REWIND trial evaluated HbA1c, body mass index (BMI), CV and

certain safety outcomes in patients with higher and lower baseline

HbA1c treated with dulaglutide 1.5 mg versus placebo.

2 | METHODS

2.1 | Study design and patients

A full description of the REWIND study design and main outcomes

has previously been published.10,14 Briefly, REWIND was a multi-cen-

tre, global, randomized, double-blind, placebo-controlled clinical trial.

Patients with T2D aged 50 years or older with established CVD, aged

55 years or older with subclinical CVD, or aged 60 years or older with

two or more CV risk factors were included. Eligible participants

(N = 9901) were randomized 1:1 to receive a once-weekly subcutane-

ous injection of dulaglutide 1.5 mg or placebo in addition to the stan-

dard of care of their country during the median follow-up of

5.4 years. All participants provided written and informed consent and

the trial was conducted in accordance with the International Confer-

ence on Harmonization Guidelines for Good Clinical Practice and the

Declaration of Helsinki. This study is a post hoc analysis of the

REWIND data.

2.2 | Outcomes

The current analysis assessed the efficacy and safety outcomes in

patients treated with dulaglutide 1.5 mg compared with placebo by

baseline HbA1c subgroups of less than 7% and 7% or higher. HbA1c

subgroups of 6.5% or less and more than 6.5% were used for sensitiv-

ity analysis. The efficacy outcomes evaluated were the incidence of

major adverse cardiovascular events-3 (MACE-3; non-fatal myocardial

infarction [MI], non-fatal stroke, or death from CV or unknown

causes), non-fatal MI, non-fatal stroke, death from CV or unknown

causes, all-cause mortality, hospitalization for heart failure, as well as

change from baseline in HbA1c and change from baseline in BMI. The

safety outcomes of interest analysed were permanent discontinuation

of study drug for any reason, permanent discontinuation of study drug

because of adverse events, severe hypoglycaemia, serious renal or uri-

nary events, and serious gastrointestinal (GI) events. Detailed defini-

tions for these efficacy and safety outcomes have previously been

published.10

2.3 | Statistical analysis

Analyses were conducted in all patients receiving at least one dose of

study medication and with a baseline HbA1c measurement. Baseline

demographic and other characteristics were summarized within each

baseline HbA1c subgroup. Continuous variables were summarized as

means and standard deviations and compared between HbA1c sub-

groups with t-test or Wilcoxon rank sum test (if normality assumption

did not hold). Categorical variables were summarized as counts and

proportions and compared with chi-squared test or Fisher's exact test

(in case of expected frequencies being too low).

For time-to-event outcomes, a Cox proportional hazards (CPH)

regression analysis with fixed effects for treatment group, baseline

HbA1c subgroup, and treatment by subgroup interaction, was con-

ducted. In addition, CPH analyses were performed within baseline

HbA1c subgroups, including only treatment as a fixed effect. Patients

who did not experience the outcome of interest were censored at

their last known follow-up date. For MACE-3, the treatment effect

was also examined using a CPH regression interaction model where

baseline HbA1c was entered as a continuous variable.

Continuous outcomes (change from baseline) were analysed by a

mixed effects model for repeated measures. The initial model included

fixed effects for treatment group, baseline HbA1c subgroup, visit
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(month), treatment-by-visit interaction, corresponding two- and

three-way interaction terms, and the patient as a random effect. Ana-

lyses were also performed within baseline HbA1c subgroups, using a

model that included fixed effects for treatment group, visit (month),

treatment-by-visit interaction, and the patient as a random effect.

Statistical tests were performed at a two-sided α of .05. In all sub-

group analyses, an interaction P value of less than .05 was considered

statistically significant. Analyses presented were exploratory and

hence not controlled for type I error. Analyses were performed using

SAS version 9.4.

3 | RESULTS

3.1 | Baseline characteristics and demographics

Of the 9901 participants in the REWIND study, 9876 were eligible for

this analysis. Of these patients, 39.7% (3921) had a baseline HbA1c of

less than 7% (dulaglutide N = 1972, placebo N = 1949) and 60.3%

(5955) had a baseline HbA1c of 7% or higher (dulaglutide N = 2967,

placebo N = 2988). Important differences and similarities were noted

in the baseline characteristics of the subgroups (Table 1). Patients

with higher HbA1c values had longer and more advanced diabetes;

mean baseline HbA1c was 6.3% and 8.0% in the less than 7% and 7%

or higher subgroups, respectively, whereas the mean duration of dia-

betes was 9.0 and 11.6 years, respectively. Mean age also significantly

differed between the two subgroups (66.7 and 65.9 years in the <7%

and ≥7% subgroups, respectively), while prior CVD did not signifi-

cantly differ between the subgroups (32.4% vs. 30.8%, respectively).

The proportion of patients taking baseline antihyperglycaemic con-

comitant medications was generally lower in the HbA1c less than 7%

subgroup than in the 7% or higher subgroup (Table S2). A significantly

higher proportion of patients with a baseline HbA1c of 7% or higher

was on insulin compared with the less than 7% subgroup (30.1%

vs. 14.4%, respectively; P < .001). CV medication usage was similar

between the subgroups except for fibrates.

TABLE 1 Clinical and demographic characteristics at baseline for the overall intention-to-treat population and the <7% and ≥7% subgroups

Patient characteristics (ITT population) Overall (N = 9876) HbA1c < 7% (N = 3921) HbA1c ≥ 7% (N = 5955) P value

Age, y 66.2 (6.5) 66.7 (6.5) 65.9 (6.5) <.001

Female 4581 (46.4) 1818 (46.4) 2763 (46.4) .975

Race, White 7477 (75.7) 3077 (78.5) 4400 (73.9) <.001

Current tobacco use 1401 (14.2) 563 (14.4) 838 (14.1) .247

HbA1c, % 7.3 (1.1) 6.3 (0.5) 8.0 (0.7) <.001

Diabetes duration, y 10.5 (7.2) 9.0 (6.9) 11.6 (7.3) <.001

eGFR < 60 ml/min/1.73m2 2195 (22.8) 875 (22.9) 1320 (22.8) .568

Albuminuria‡ 3473 (37.7) 1174 (31.9) 2299 (41.4) <.001

Weight, kg 88.7 (18.5) 88.6 (18.5) 88.7 (18.5) .572

BMI, kg/m2 32.3 (5.7) 32.2 (5.7) 32.4 (5.8) .236

Systolic blood pressure, mmHg 137.2 (16.8) 136.4 (16.6) 137.7 (16.9) <.001

Diastolic blood pressure, mmHg 78.4 (9.8) 78.3 (9.8) 78.5 (9.9) .353

Heart rate, beats per min 71.5 (10.9) 70.2 (10.7) 72.3 (10.9) <.001

Total cholesterol, mmol/L 4.52 (1.16) 4.51 (1.14) 4.53 (1.18) .368

LDL cholesterol, mmol/L 2.56 (0.98) 2.54 (0.95) 2.57 (0.99) .436

HDL cholesterol, mmol/L 1.18 (0.34) 1.22 (0.36) 1.16 (0.33) <.001

Triglycerides, mmol/L 1.87 (1.16) 1.76 (1.13) 1.93 (1.18) <.001

Prior CVD* 3103 (31.4) 1271 (32.4) 1832 (30.8) .084

Prior MI 1598 (16.2) 656 (16.7) 942 (15.8) .059

Hypertension 9199 (93.1) 3665 (93.5) 5534 (92.9) .354

Hyperlipidaemia 7833 (79.3) 3085 (78.7) 4748 (79.7) .259

Heart failure 850 (8.6) 358 (9.1) 492 (8.3) .316

Stroke 685 (6.9) 266 (6.8) 419 (7.0) .513

Coronary artery disease 2815 (28.5) 1175 (30.0) 1640 (27.5) .006

Note: Data are presented as mean (SD) or n (%).

Abbreviations: BMI, body mass index; CVD, cardiovascular disease; eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein; ITT,

intention-to-treat; LDL, low-density lipoprotein; MI, myocardial infarction; N, number of patients in subgroup of ITT population; n, number of patients with

stated characteristic; SD, standard deviation; UACR, urine albumin to creatinine ratio.

*Prior CVD was defined as MI, ischaemic stroke, unstable angina with electrocardiogram changes, myocardial ischaemia on imaging or stress test, or

coronary, carotid, or peripheral revascularization. ‡Albuminuria was defined as UACR ≥ 30 mg/g.
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When the groups were divided according to an HbA1c of 6.5% or

less versus more than 6.5%, 24.1% (2382) had a baseline HbA1c of

6.5% or less and 75.9% (7494) had a baseline HbA1c of more than

6.5% (Table S1). The differences in baseline characteristics between

the 6.5% or less and more than 6.5% subgroups were similar to those

between the less than 7% and 7% or more subgroups. Mean baseline

HbA1c was 6.0% and 7.8% in the 6.5% or less and more than 6.5%

subgroups, respectively, while the mean duration of diabetes was 8.6

and 11.2 years, respectively. Overall, 32% of the 6.5% or less sub-

group and 31.2% of the more than 6.5% subgroup had prior CVD.

Antihyperglycaemic concomitant medication usage was generally

lower in the HbA1c 6.5% or less subgroup than in the more than 6.5%

subgroup, including patients on insulin. CV medication usage was sim-

ilar between the subgroups except for fibrates.

3.2 | HbA1c change from baseline

Both the baseline HbA1c less than 7% and 7% or higher subgroups

showed an immediate decline in HbA1c in patients treated with dul-

aglutide compared with those treated with placebo, followed by con-

tinued separation over 60 months (Figure 1A). There were significant

differences in HbA1c change by baseline HbA1c subgroup in patients

treated with dulaglutide versus placebo (interaction P < .001). The

average least squares mean (LSM) difference in HbA1c for those with

a baseline HbA1c of less than 7% was �0.5% (95% CI �0.54% to

�0.45%; P < .001), and for those whose baseline HbA1c was 7% or

more it was �0.73% (95% CI �0.78% to �0.68%; P < .001). Sensitiv-

ity analyses using baseline HbA1c subgroups of 6.5% or less and more

than 6.5% provided consistent results (Figure S1A; interaction

P < .001).

3.3 | BMI change from baseline

Consistent with the overall results with dulaglutide in the REWIND

trial,10 there was a difference in the BMI reduction between the dul-

aglutide and placebo groups. These differences in BMI were observed

regardless of baseline HbA1c (Figure 1B; interaction P = .345). The

average LSM difference in BMI change from baseline in the overall

population was �0.55 kg/m2 (95% CI �0.62 to �0.48; P < .001). Sen-

sitivity analyses using baseline HbA1c subgroups of 6.5% or less and

more than 6.5% provided consistent results (Figure S1B).

3.4 | CV and safety outcomes

For CV events, there was no evidence of a differential treatment

effect between the baseline HbA1c subgroups (Figure 2A; interaction

P values not significant). The treatment effect of dulaglutide versus

F IGURE 1 Mean HbA1c and body mass index (BMI) over 60 months of treatment by randomized treatment and higher or lower HbA1c
group. Changes in A, HbA1c, and B, BMI, show that HbA1c values were significantly lower and BMI reduction was significantly greater in the
baseline HbA1c <7% and ≥7% subgroups treated with dulaglutide (DU). Treatment-by-baseline HbA1c group interaction was significant for
change from baseline in HbA1c (P < .001). Treatment-by-baseline HbA1c group interaction was not significant for change from baseline in BMI
(P = .345). BL, baseline; LSM, least squares mean
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placebo across a range of continuous baseline HbA1c values showed

no interaction for MACE-3 (Figure 2B; P = .798). Similarly, there were

no differences between the baseline HbA1c less than 7% and 7% or

higher subgroups regarding the effect of dulaglutide treatment on

safety events analysed in patients treated with dulaglutide versus pla-

cebo (Figure 3; interaction P values not significant). Consistent results

F IGURE 2 Legend on next page.
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were seen with sensitivity analysis performed using baseline HbA1c

subgroups of 6.5% or less and more than 6.5% (Figures S2 and S3).

4 | DISCUSSION

This post hoc analysis of the REWIND CVOT showed that patients

treated with once-weekly dulaglutide had a lower incidence of

MACE-3 and other CV outcomes without an increased risk of severe

hypoglycaemia or other adverse events (study drug discontinuations

because of any reason, serious renal or urinary events, or serious GI

events) in all patients, regardless of baseline HbA1c, when compared

with placebo. It also showed that patients with a higher baseline

HbA1c experienced a greater reduction in HbA1c and a similar reduc-

tion in BMI compared with those with a lower baseline HbA1c.

The REWIND trial did not have a lower HbA1c limit for enrol-

ment.14 Once-weekly dulaglutide or placebo injections were added to

the background antihyperglycaemic medication regimens of patients,

and investigators were encouraged to manage patients' glucose levels

and CV risk according to their best judgement as informed by local

clinical practice guidelines. Patients treated with dulaglutide had

HbA1c reductions in both baseline HbA1c of less than 7% and 7% or

higher subgroups, with a greater decrease observed in the 7% or

higher subgroup, which is consistent across the GLP-1 RA class.15-18

F IGURE 2 Hazard ratios (HRs) for cardiovascular events by HbA1c subgroups. A, There was no evidence of a differential treatment effect
between the baseline HbA1c subgroups in major adverse cardiovascular events-3 (MACE-3), non-fatal myocardial infarction events, non-fatal
stroke events, cardiovascular-related deaths, all-cause deaths, and hospitalizations because of heart failure events by overall patient groups, and
baseline HbA1c <7% and ≥7% subgroups. Number of overall patients: dulaglutide = 4949; placebo = 4952. Number of patients with baseline

HbA1c < 7%: dulaglutide = 1972; placebo = 1949. Number of patients with baseline HbA1c ≥ 7%: dulaglutide = 2967; placebo = 2988. The
overall population also contains 25 patients that could not be included in any HbA1c subgroup because of missing HbA1c at baseline. aNumber of
patients per 100 person-years. bIncludes deaths of unknown causes. B, Treatment effect of dulaglutide (N = 4939) compared with placebo
(N = 4937) as a function of baseline HbA1c (continuous, [%]) for the primary outcome, MACE-3. The solid black line represents the estimated HR
of the treatment effect. The grey shaded area represents the 95% CI around the treatment effects. The dotted horizontal line represents an HR of
1 (i.e. no difference between randomized groups). Estimated HR and 95% CI values are displayed for baseline HbA1c between the observed 10th
and 90th percentiles

F IGURE 3 Hazard ratios (HRs) for safety outcomes of interest by HbA1c subgroups. Analysis of discontinuations for any reason,
discontinuations because of adverse events, severe hypoglycaemia events, serious renal or urinary events, and serious gastrointestinal events by
overall patients, and baseline HbA1c <7% and ≥7% subgroups. Number of overall patients: dulaglutide = 4949; placebo = 4952. Number of
patients with baseline HbA1c <7%: dulaglutide = 1972; placebo = 1949. Number of patients with baseline HbA1c ≥7%: dulaglutide = 2967;
placebo = 2988. The overall population also contains 25 patients that could not be included in any HbA1c subgroup because of missing HbA1c at
baseline. aNumber of patients per 100 person-years
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The sharp decline in HbA1c seen by 3 months in patients treated with

dulaglutide is consistent with the AWARD studies.19 The subsequent

increase in HbA1c trajectory until 5 years suggests possible disease

progression. The effect of dulaglutide treatment compared with pla-

cebo on HbA1c reductions was more pronounced in the baseline

HbA1c 7% or higher subgroup than in the less than 7% subgroup,

which could be accounted for by a greater treatment effect at higher

baseline HbA1c levels.5-9

In dulaglutide-treated patients, the incidence of CV outcomes

was reduced by a similar degree in patients whose baseline HbA1c

was less than 7% and 7% or higher. Glucose concentrations that

increase the risk of CVD have previously been studied and indicate

that hyperglycaemia may be a risk factor for CVD. From a large, ran-

domized, controlled trial perspective, the UKPDS reported a sustained

protective CV effect of intensive glycaemic control on MI and death

from any cause during the 10 years of follow-up.22 Several other pro-

spective studies, including the ACCORD, VADT, and ADVANCE trials,

did not observe a macrovascular benefit with long-term intensive

glycaemic control, and ACCORD reported an increased mortality risk

with an HbA1c treatment target of less than 6%.23-25 In light of these

previous findings, the consistent benefit–risk profile observed with

dulaglutide treatment across different levels of HbA1c despite signifi-

cant glucose lowering is reassuring. Differences in the results between

REWIND and these previous trials may be explained by the fact that

most members of the GLP-1 RA and sodium-glucose co-transporter-2

inhibitor (SGLT-2i) classes were not approved at the time of the

ACCORD, VADT, and ADVANCE studies,8 and those that were, were

not widely used. With the increasing use of GLP-1 RA and SGLT2-i

therapies with proven CV benefit and lower hypoglycaemia risk, these

therapies may be considered for intensive glycaemic control. In addi-

tion, this study supports the 2022 American Diabetes Association

guidelines, which state that for patients with T2D at risk of or with

established atherosclerotic CVD, a GLP-1 RA and/or a SGLT2-i is rec-

ommended to reduce the risk of major CV events, independent of

HbA1c.26 The mechanisms underpinning the CV benefits of the

GLP-1 RA class are not clear, however, there are several possible

explanations. GLP-1 RAs may directly improve CV outcomes by

increasing endothelial function, reducing vascular inflammation, and

improving smooth muscle and mitochondrial function.10,27 Indirectly,

the improved CV outcomes may be a consequence of reduced adi-

pose tissue, improved blood pressure, glucose regulation or improved

lipid profile, with GLP-1 RA treatment.10,27 Whether GLP-1 RAs can

reduce CV outcomes in patients without diabetes remains unknown

and warrants further research.

The analyses reported here have several strengths. The REWIND

trial had a large patient cohort (N = 9901) and a long follow-up period

(median 5.4 years). Additionally, REWIND had the largest enrolment

of patients with CV risk factors, as opposed to established CVD, of

any GLP-1 RA CVOT to date, which may be more reflective of the

general population.10 It also contained a comparatively high propor-

tion of patients with a near-normal HbA1c level at baseline. The main

limitation of these analyses is that they are post hoc and do not show

cause and effect. The REWIND study was not designed to achieve or

maintain specific HbA1c treatment goals. Investigators were not

blinded to patients' HbA1c values during the trial and managed

patients' glucose levels and CV risk according to their best judgement

as informed by local clinical practice guidelines. The standard of care

practice may differ across sites and patients.

In conclusion, our post hoc analysis indicates that

dulaglutide-treated patients had a lower incidence of CV events

with HbA1c and BMI reductions, and without compromising

safety outcomes of interest in patients with T2D, regardless of

HbA1c status compared with placebo. These observations sup-

port consideration of this GLP-1 RA even in comparatively well-

controlled patients with T2D seeking CV benefits, as well as opti-

mal metabolic control.
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