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Abstract 

Background: Cardiovascular outcome trials (CVOTs) are conducted on a background of standard of care including 
metformin. These analyses sought to determine whether the cardiovascular (CV) effects of semaglutide and other 
glucagon-like peptide-1 receptor agonists (GLP-1RAs) vary according to baseline metformin use.

Methods: A post hoc analysis was conducted using pooled SUSTAIN 6 and PIONEER 6 CVOT data in subjects with 
and without metformin use at baseline. Additionally, a trial-level meta-analysis was conducted using data from seven 
CVOTs with GLP-1RAs–SUSTAIN 6, PIONEER 6, HARMONY OUTCOMES, LEADER, REWIND, EXSCEL and AMPLITUDE-O–
including adults with type 2 diabetes at high CV risk, and a primary endpoint of time to first major adverse CV event 
(MACE).

Results: In the post hoc analysis, the no-metformin subgroup was older, with a higher body mass index, lower 
estimated glomerular filtration rate and higher CV risk at baseline vs the metformin subgroup. Hazard ratios (95% con-
fidence intervals) for the reduction in risk of MACE with semaglutide vs placebo in the metformin and no-metformin 
subgroups were 0.70 (0.55;0.89) and 0.86 (0.60;1.22), respectively. No significant interaction between the treatment 
effect on MACE and metformin subgroup was observed. Findings for other CV endpoints were similar. In the meta-
analysis, treatment effect (GLP-1RA vs placebo) on CV outcomes was no different with vs without baseline metformin 
(overall ratio between the hazard ratios for metformin vs no-metformin 1.09 [0.96;1.22]).

Conclusion: These findings indicate that the CV outcomes for semaglutide were similar regardless of baseline met-
formin use, which may also apply to all GLP-1RAs.

Trial registration SUSTAIN 6 (NCT01720446), PIONEER 6 (NCT02692716).

Keywords: Semaglutide, SUSTAIN 6, PIONEER 6, Major adverse cardiovascular event, Cardiovascular outcome trial, 
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Background
Given the increased risk of cardiovascular (CV) morbid-
ity and mortality among people with type 2 diabetes [1], 
the results of CV outcome trials (CVOTs) that showed 
a reduction in CV events with some glucagon-like pep-
tide-1 receptor agonists (GLP-1RA) [2–5] and sodium–
glucose cotransporter-2 inhibitors (SGLT-2is) [6, 7], have 
heralded a new era in diabetes management. Based on the 
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findings of such CVOTs, management guidelines have 
been updated to recommend the use of GLP-1RAs and 
SGLT-2is with proven CV benefits as first-line therapies 
in people with type 2 diabetes at high or very high risk 
of, or with atherosclerotic CV disease [8, 9]. However, 
because the CVOTs were conducted on a background of 
standard of care [2–7], the majority of trial participants 
were receiving concomitant metformin. This raises the 
question of whether the CV benefits of GLP-1RAs and 
SGLT-2is are contingent on background metformin use, 
or whether they are also observed in patients not receiv-
ing metformin; the question is salient given that guide-
line updates from the European Society of Cardiology/
European Association for the Study of Diabetes and the 
American Diabetes Association recommend these thera-
pies as first-line agents in the treatment of drug-naïve 
patients with type 2 diabetes and high or very high risk 
of a CV event [8, 9]. Recent post hoc and exploratory 
subgroup analyses of trials with the GLP-1RAs liraglu-
tide and dulaglutide and the SGLT-2is empagliflozin and 
dapagliflozin have examined this and have suggested that 
the CV benefits of these agents are observed independent 
of background metformin use [10–13]. Furthermore, the 
use of metformin and the CV effects of glucose-lowering 
agents, including some GLP-1RAs (liraglutide and albi-
glutide), SGLT-2is and dipeptidyl peptidase-4 inhibitors 
(DPP-4i), have been investigated in meta-analyses, which 
have shown no evidence that metformin use at baseline 
modified the CV effects of GLP-1RAs or SGLT-2is [14, 
15].

As semaglutide is a GLP-1RA with proven CV ben-
efits, the aim of this post hoc analysis was to determine 
whether its effect on CV events varies according to met-
formin use. To make as robust an examination as pos-
sible, the analysis was conducted using data from both 
SUSTAIN 6 [4] and PIONEER 6 [16], which were pre-
approval CVOTs of subcutaneous and oral semaglutide, 
respectively, and which had similar designs and subject 
populations. Additionally, a comprehensive meta-anal-
ysis of published GLP-1RA CVOTs with subgroup data 
available was conducted. The aim of the analysis was to 
establish the effect of metformin use at baseline on the 
CV effects of GLP-1RAs as a drug class.

Methods
Trial designs
The trial designs for SUSTAIN 6, PIONEER 6, HAR-
MONY OUTCOMES, LEADER, REWIND, EXSCEL and 
AMPLITUDE-O have been reported previously [2–5, 
16–18]. In brief, adults with type 2 diabetes at high risk of 
a CV event were randomized to a GLP-1RA or placebo in 
addition to standard of care. The primary endpoint in all 
trials was time to first major adverse CV event (MACE; a 

composite of CV death, non-fatal myocardial infarction 
[MI] or non-fatal stroke). GLP-1RAs by trial were as fol-
lows: SUSTAIN 6, semaglutide (once-weekly, subcutane-
ous); PIONEER 6, semaglutide (daily, oral); HARMONY 
OUTCOMES, albiglutide (once-weekly, subcutaneous); 
LEADER, liraglutide (daily, subcutaneous); REWIND, 
dulaglutide (once-weekly, subcutaneous); EXSCEL, 
exenatide (once-weekly, subcutaneous); AMPLITUDE-
O, efpeglenatide (once-weekly, subcutaneous). All trials 
were approved by Independent Ethics Committees and 
Institutional Review Boards at each participating center 
and conducted in compliance with the International 
Conference on Harmonisation Good Clinical Practice 
guidelines and the Declaration of Helsinki. All subjects 
provided written informed consent before any trial-
related activities.

Subgroups, CV risk score and outcomes
In the post hoc analysis of two subgroups (subjects with 
metformin use and subjects without metformin use at 
baseline [metformin/no-metformin]), patient-level data 
from the SUSTAIN 6 and PIONEER 6 trials were pooled: 
semaglutide (subcutaneous and oral) vs placebo. A CV 
risk score for each metformin subgroup was calculated 
based on a previously published CV risk model [19]. In 
this model, low scores indicate lower baseline CV risk 
and, vice versa, high scores indicate higher CV risk.

Event adjudication committee-confirmed CV outcomes 
were assessed in the two metformin subgroups: time to 
first MACE (composite of three-components: CV death, 
non-fatal MI or non-fatal stroke)—the primary outcome; 
time to first expanded MACE (included CV death, non-
fatal MI, non-fatal stroke, hospitalization for unstable 
angina or heart failure and, for SUSTAIN 6 only, revas-
cularization [coronary or peripheral]); death from CV or 
all causes; time to first hospitalization for heart failure 
(HHF).

The metabolic outcomes assessed by subgroup were 
change in glycated hemoglobin  (HbA1c) and body weight 
from baseline to week 80 for SUSTAIN 6 and week 83 for 
PIONEER 6. The safety outcomes assessed by subgroup 
were investigator-reported serious adverse events (AEs) 
and patient-reported severe hypoglycemic episodes.

The use of metformin and CV effects of glucose-low-
ering agents have been investigated in two recently pub-
lished meta-analyses; however, these two meta-analyses 
only included two and four GLP-1RAs, respectively [14, 
15]. The patient-level and trial-level meta-analysis con-
ducted here includes data from seven CVOTs with 
GLP-1RAs: SUSTAIN 6, PIONEER 6, HARMONY OUT-
COMES, LEADER, REWIND, EXSCEL and AMPLI-
TUDE-O (data required were not reported for ELIXA). 
Conducted by trial, data from each of the seven trials 
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were stratified into two subgroups, subjects receiving 
metformin at baseline and subjects with no metformin at 
baseline (metformin/no-metformin), to evaluate the dif-
ferences in treatment effect on CV outcomes according 
to baseline metformin use.

Statistical analysis
Hazard ratios (HRs; semaglutide:placebo) and 95% con-
fidence intervals (CIs) for CV outcomes were estimated 
using a Cox proportional hazards model with treatment 
by metformin subgroup as a fixed factors, stratified by 
trial (SUSTAIN 6/PIONEER 6) and CV risk at screening 
(established CV disease and/or chronic kidney disease, or 
CV risk factors only) (unadjusted analysis). An adjusted 
analysis was then performed using this model by inclu-
sion of CV–renal risk factors at baseline. Consistency of 
the treatment effect across the subgroups was assessed 
using interaction P-values, which indicate whether the 
average treatment effect in a subgroup is significantly 
different from that in another subgroup, with Pinterac-

tion < 0.05 indicating a statistically significant difference. 
No adjustment for multiplicity was performed.

To assess the impact of post-randomization changes in 
metformin use, two sensitivity analyses were conducted 
for the CV outcomes: (1) censoring for initiation and 
discontinuation of metformin during the study using the 
Cox proportional hazards model described above; (2) 
time-dependent Cox regression with metformin use dur-
ing trial as a time-dependent variable.

A subgroup analysis using inverse probability weight-
ing was also performed based on a Cox proportional 
hazards model with treatment (semaglutide, placebo), 
subgroup and treatment by subgroup interaction as fixed 
factors, stratified by trial (SUSTAIN 6/PIONEER 6) [20]. 
Weights were 1/non-stabilized propensity scores (prob-
ability) of treatment, derived from logistic regressions for 
each trial separately with subgroup, baseline covariates 
and subgroup by baseline covariate interactions. Base-
line covariates used were: age, sex, prior cardiovascular 
event, prior heart failure, diabetes duration,  HbA1c, esti-
mated glomerular filtration rate (eGFR), weight, body 
mass index (BMI), diastolic blood pressure, systolic blood 
pressure, heart rate, low-density lipoprotein (LDL) cho-
lesterol, insulin use, thiazolidinedione use, sulfonylurea 
use, angiotensin-converting-enzyme inhibitor (ACEi) 
use, angiotensin II receptor blocker use and statin use.

For change in the metabolic outcomes from baseline 
to week 80 (SUSTAIN 6)/83 (PIONEER 6), analyses were 
based on a mixed model for repeated measurements, 
with treatment by metformin subgroup adjusted for 
baseline value and trial nested within visits. For the safety 
analyses, number of events per 100 patient-years were 
analyzed using a negative binomial regression model 

with a log link and the logarithm of the observation time 
(100  years) as offset, with treatment by metformin sub-
group as fixed factors adjusted by trial.

All analyses were performed using observed in-trial 
data from the full analysis set; data used for all analyses 
(except for the meta-analysis) were patient-level. For CV 
risk at screening, the P-value for the difference between 
groups was estimated using a Wilcoxon test. For the 
meta-analysis (which used both patient-level and trial-
level data), HRs (active comparator: placebo) and 95% 
CIs for CV outcomes were estimated using a Cox propor-
tional hazards model. In the meta-analysis, HRs from the 
individual trials were pooled according to metformin use 
at baseline using the fixed- and random-effect method. 
The HRs were obtained from published papers, except 
for SUSTAIN 6 and PIONEER 6, for which patient-level 
data were used. The fixed-effect model assumed all tri-
als were estimating a common treatment effect; the ran-
dom-effect model assumed that the underlying treatment 
effect could vary across trials [21].

Results
Baseline characteristics
SUSTAIN 6 and PIONEER 6 included 6,480 subjects, of 
whom 4,881 (75%) were receiving metformin at baseline. 
There were notable differences in some baseline char-
acteristics between the subgroups (Table  1). Compared 
with subjects receiving metformin at baseline, those not 
receiving metformin at baseline were older (mean [stand-
ard deviation (SD)]: 67.1 [7.9] vs 64.8 [7.0] years of age), 
with higher BMI (33.2 [7.0] vs 32.3 [6.1] kg/m2) and lower 
eGFR (61.9 vs 79.4 mL/min/1.73  m2). The no-metformin 
subgroup also had a higher proportion of subjects with 
concomitant insulin use (70.7% vs 48.2%) and a lower 
proportion of subjects with concomitant sulfonylurea use 
(28.7% vs 40.5%). Additionally, compared with subjects 
receiving metformin at baseline, the subgroup not receiv-
ing metformin had a higher CV risk score at screen-
ing (‒  0.7 [0.6] and ‒  1.0 [0.5], respectively; P < 0.0001) 
(Fig. 1).

CV outcomes and all‑cause mortality
The HRs (95% CIs) for the reduction in risk of three-
component MACE (primary endpoint) with semaglu-
tide vs placebo in the metformin and no-metformin 
subgroups were 0.70 (0.55;0.89) and 0.86 (0.60;1.22), 
respectively, in the adjusted analysis (Fig. 2). There was 
no significant interaction between the treatment effect 
(semaglutide vs placebo) on MACE and subgroup (met-
formin, yes/no) (Pinteraction not significant). Findings for 
expanded MACE were similar, both within each sub-
group for semaglutide vs placebo and for interaction 
analyses between the two subgroups (Fig. 2). The results 
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of the unadjusted analyses were similar to the adjusted 
analyses (Additional file 1: Fig. S1). Additionally, there 
was no significant reduction in the HR for CV death, 
all-cause mortality or HHF in either metformin sub-
group and no significant interaction between the treat-
ment effect (semaglutide vs placebo) on these outcomes 
and subgroup (metformin, yes/no) (Pinteraction not sig-
nificant for either outcome). Both sensitivity analyses 

and CV outcomes by trial supported the findings of the 
main analysis (Additional file 1: Figs. S2–5). The results 
of the propensity analysis also supported the main anal-
ysis (Additional file 1: Fig. S6).

Metabolic outcomes
Semaglutide reduced  HbA1c and body weight com-
pared with placebo regardless of baseline metformin use 
(Fig. 3). No significant differences in change from base-
line in  HbA1c or body weight were observed between the 
two subgroups (Pinteraction: 0.42 and 0.51, respectively).

Safety
Within each metformin subgroup, the proportions of 
subjects experiencing either an investigator-reported 
serious AE or a patient-reported severe hypoglycemic 
episode with semaglutide and placebo were comparable. 
Cardiac disorder events classified in the system organ 
class were experienced by 8.5% and 9.9% of subjects in 
the metformin at baseline subgroup receiving semaglu-
tide and placebo, respectively, and by 11.7% and 12.7% 
of subjects in the subgroup not receiving metformin. 
Gastrointestinal disorders were experienced by 2.8% and 
1.9% in the metformin, and 4.5% and 3.4% of subjects in 
the no-metformin subgroup receiving semaglutide and 
placebo, respectively.

With both semaglutide and placebo, the proportion of 
subjects experiencing serious AEs was higher in those 
without metformin use at baseline compared with those 
receiving metformin at baseline: 279/805 (34.7%) and 
303/794 (38.2%) without metformin with semaglutide 
and placebo, respectively, and 610/2,434 (25.1%) and 
695/2,447 (28.4%) with metformin. Similarly, a higher 
proportion of subjects experienced severe hypoglyce-
mic episodes in the no-metformin subgroup compared 
with the metformin subgroup: 18/805 (2.2%) and 20/794 
(2.5%) in no-metformin patients with semaglutide and 
placebo, respectively, and 33/2,434 (1.4%) and 25/2,447 
(1.0%) in the metformin at baseline patients. The esti-
mated treatment differences/estimated risk ratios are 
shown in Fig.  3 for metabolic and safety outcomes, 
respectively.

Meta‑analysis
Across seven of the CVOTs—SUSTAIN 6, PIONEER 6, 
HARMONY OUTCOMES, LEADER, REWIND, EXS-
CEL and AMPLITUDE-O—treatment effect on CV out-
comes (GLP-1RA vs placebo) was no different in subjects 
with or without metformin at baseline (Fig. 4). Although 
the effect on MACE with and without metformin trended 
in different directions comparing the ratio of the HR in 
the different CVOTs, there was no statistical evidence 

Table 1 Baseline characteristics by metformin use subgroup, 
based on pooled SUSTAIN 6 and PIONEER 6 data

Data are mean (SD) unless stated otherwise
a Albuminuria percentage is calculated based on number of subjects with a 
urinary albumin-to-creatinine ratio measurement at baseline (only available for 
SUSTAIN 6)
b P-value for interaction between different blood glucose-lowering medication, 
which included TZDs and other classes of medications
c P-value for interaction between different anti-hypertensive therapy, which 
included ACEis, ARBs and other classes of medications
d P-value for interaction between different lipid-lowering medications, which 
included statins and other classes of medications

ACEi angiotensin-converting enzyme inhibitor, ARB angiotensin receptor 
blocker, BMI body mass index, BP blood pressure, DPP-4i dipeptidyl peptidase-4 
inhibitor, eGFR estimated glomerular filtration rate, HbA1c glycated hemoglobin, 
LDL low-density lipoprotein, N/A not available, SD standard deviation, TZD 
thiazolidinedione

Metformin No‑metformin P‑value

Randomized, N (%) 4881 1599

Age, years 64.8 (7.0) 67.1 (7.9)  < 0.0001

Female, n (%) 1718 (35.2) 584 (36.5) 0.3366

Prior cardiovascular event, 
n (%)

2190 (44.9) 694 (43.4) 0.3060

Prior heart failure, n (%) 852 (17.5) 313 (19.6) 0.0555

Diabetes duration, years 13.8 (8.0) 16.0 (9.2)  < 0.0001

HbA1c, % 8.4 (1.5) 8.6 (1.6)  < 0.0001

HbA1c, mmol/mol 68.1 (16.8) 70.5 (17.6)  < 0.0001

eGFR, mL/min/1.73  m2 79.4 (19.5) 61.9 (23.8)  < 0.0001

eGFR < 60 mL/min/1.73m2, 
n (%)

880 (18.0) 819 (51.2)  < 0.0001

Albuminuria, n (%)a 855 (36.0) 449 (51.9) N/A

Concomitant insulin use, n (%) 2351 (48.2) 1130 (70.7)  < 0.0001

TZD use, n (%) 129 (2.6) 65 (4.1)  < 0.0001b

Sulfonylurea, n (%) 1978 (40.5) 459 (28.7)  < 0.0001

DPP-4i, n (%) 5 (0.1) 2 (0.1)  < 0.0001

Body weight, kg 90.8 (20.3) 93.6 (22.5) 0.0002

BMI, kg/m2 32.3 (6.1) 33.2 (7.0) 0.0004

Diastolic BP, mmHg 76.8 (9.9) 75.7 (10.4)  < 0.0001

Systolic BP, mmHg 135.4 (17.1) 136.2 (18.2) 0.1289

Heart rate, bpm 71.8 (11.2) 70.7 (10.9) 0.0015

LDL-cholesterol, mmol/L 2.2 (0.9) 2.4 (0.9)  < 0.0001

LDL-cholesterol, mg/dL 85.6 (35.2) 91.7 (36.1)  < 0.0001

ACEis, n (%) 2304 (47.2) 680 (42.5) 0.3541c

ARBs, n (%) 1800 (36.9) 570 (35.6) 0.3541c

Statin, n (%) 3798 (77.8) 1200 (75.0) 0.0229d
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to suggest that baseline metformin use modified the 
CV effect of any of the GLP-1RAs (Fig. 4). The random-
effect estimated ratio between the HRs for metformin 
vs no-metformin groups was similar (1.09 [0.96;1.22], 
P = 0.3921), and inconsistency across the estimates was 0 
 (I2), suggesting no heterogeneity was observed between 
trials. Similar results were also obtained using a fixed-
effect model.

Discussion
This analysis indicates that semaglutide provides CV 
benefits regardless of baseline metformin use, as there 
was no significant interaction between the semaglutide 
treatment effect and metformin use at baseline. This find-
ing was consistent across the unadjusted and adjusted 
analysis and was supported by both sensitivity analyses 
and the propensity analysis.

For metabolic outcomes, there was homogeneity in the 
treatment differences across the metformin subgroups.

More serious AEs and severe hypoglycemic episodes 
were observed in subjects not receiving metformin than 
in those receiving metformin at baseline. One hypoth-
esis that may explain the safety findings in this analysis 
is that metformin tends to be discontinued in more frail 
individuals, such as the elderly and those with decreased 
kidney function [22]. In these CVOTs, patients without 
metformin use at baseline may represent a frailer sub-
group, who are at greater risk of serious AEs, than the 
metformin subgroup. Clinically meaningful differences in 
their baseline characteristics support this hypothesis, as 
does the externally derived CV risk score.

Compared with the metformin subgroup, those with-
out metformin at baseline were also more likely to be 
receiving concomitant insulin at baseline, which may 
help to explain the increased proportion of subjects in 
the no-metformin subgroup who experienced a severe 
hypoglycemic episode. The no-metformin subgroup may 
also have been at increased risk of hypoglycemia, as sub-
jects in this group were older and with a lower eGFR. 
Although the risk of hypoglycemia with GLP-1RAs is 
low due to their glucose-dependent mechanism of action 
[23], when used in combination with other drugs the risk 
of hypoglycemia may increase. Indeed, lowering the dose 
of insulin or sulfonylurea can reduce this risk when initi-
ating treatment with semaglutide [24].

The meta-analysis showed that metformin use did 
not modify the CV effects in any of the trials analyzed. 
These results support the findings of two similar meta-
analyses that looked at the effect of baseline metformin 
use in the HARMONY-OUTCOMES and LEADER trials, 
and the HARMONY-OUTCOMES, REWIND, EXSCEL 
and LEADER trials, respectively [14, 15], as well as indi-
vidual analyses investigating the impact of baseline met-
formin use on CV risk in patients treated with different 
GLP-1RAs reported previously [10–12]. This includes the 
recently reported AMPLITUDE-O analyses, which sug-
gested that the CV benefits seen with efpeglenatide were 
independent of baseline metformin use [17]. The results 
are also supported by a meta-analysis considering only 
data from subjects not receiving metformin at baseline 
in the HARMONY-OUTCOMES and LEADER trials, 

Fig. 1 CV risk  score* according to metformin use at baseline. The light gray color indicates the overlap between the metformin and no-metformin 
subgroups. *Derived from a prediction model developed using independent data sets from the liraglutide CV outcomes trial and previously applied 
to SUSTAIN 6 and PIONEER 6 [19]. CV cardiovascular
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Fig. 2 A CV outcomes/mortality by baseline metformin use (adjusted analysis); B Kaplan–Meier curves of primary outcome by baseline metformin. 
Figures (A) and (B) compare semaglutide with placebo. *n-numbers are based on the FAS; the number of subjects included for each endpoint 
analysis differed according to data availability. A Analyses for SUSTAIN 6 and PIONEER 6 are based on a Cox proportional hazards model with 
treatment (semaglutide, placebo) by metformin subgroup as fixed factors, stratified by trial and CV risk group (established CVD and/or CKD vs 
risk factors), and adjusted by baseline variables: sex (male vs female), smoker (current smoker, previous smoker, never smoked), previous MI/
stroke/TIA (yes vs no), region (European Union, North America, other), antidiabetic treatment (yes vs no), diabetes duration, eGFR-MDRD and age. 
CI confidence interval, CKD chronic kidney disease, CV cardiovascular, CVD cardiovascular disease, eGFR-MDRD estimated glomerular filtration 
rate-modification of diet in renal disease, FAS full analysis set, HbA1c glycated hemoglobin, HHF hospitalization for heart failure, HR hazard ratio 
(semaglutide vs placebo), MACE major adverse cardiovascular event, MET metformin, MI myocardial infarction, TIA transient ischemic attack
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which found that GLP-1RAs are effective at reducing CV 
risk in metformin-naïve subjects [25].

While a full discussion of the mechanisms behind 
GLP-1RA-mediated CV risk reduction is beyond the 
scope of this article, we note that the interaction P-val-
ues suggest no difference in the treatment effect on CV 
outcomes when semaglutide is used with or without met-
formin. This finding indicates that, while glycemic con-
trol may play a role in CV risk reduction, it is not the only 
mechanism involved. This is in line with previous find-
ings with semaglutide and other GLP-1RAs [26].

Limitations of both the analysis reported here 
and previous meta-analyses are that the trials they 
include were not specifically designed to address these 
research questions, and that the trials included sub-
jects at high risk of a CV event and, as such, may not 

be representative of the broader type 2 diabetes popu-
lation. Additionally, one impetus for this analysis was 
the updates to guidelines stating that GLP-1RAs can be 
used as first-line therapy in patients with type 2 diabe-
tes and high CV risk [8, 9]. First-line therapy indicates 
use in treatment-naïve patients; however, the no-met-
formin subgroup is not precisely representative of such 
a population. Also, there are limitations inherent to 
any post hoc (vs prospective) analyses of randomized 
clinical trials. A further limitation of the present post 
hoc analysis of SUSTAIN 6 and PIONEER 6 is that the 
number of CV events was low, and the trial durations 
were shorter than for other CVOTs; therefore, expo-
sure to study drug was limited. There were also fewer 
subjects in the no-metformin subgroup compared with 
the metformin subgroup, and the interaction results 

Fig. 3 Metabolic and safety outcomes with semaglutide vs placebo by baseline metformin use. Figure compares semaglutide with 
placebo. Data-points are proportional to subgroup size. For change in metabolic outcomes, analyses were based on a mixed model for repeated 
measurements at week 80 (SUSTAIN 6) or week 83 (PIONEER 6), with treatment by subgroup adjusted for baseline value and trial nested within visits. 
For the safety analyses, number of events per 100 patient-years were analyzed using a negative binomial regression model with a log link and the 
logarithm of the observation time (100 years) as offset, with treatment by subgroup as fixed factors adjusted by trial. Dashed vertical lines represent 
lines of null effect (0 for ETDs and 1 for ERRs). ETD/ERR is for semaglutide vs placebo. *Defined as an episode requiring assistance of another person 
to actively administer carbohydrate, glucagon, or to perform other resuscitative actions. †n-numbers are based on the FAS; the number of subjects 
included for each analysis was smaller according to data availability.  AE adverse event, CI confidence interval, ERR estimated risk ratio, ETD estimated 
treatment difference, FAS full analysis set, HbA1c glycated hemoglobin, MET metformin, R events per 100 patient-years observed
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have limited statistical power; furthermore, the test for 
interaction did not indicate the direction of the treat-
ment effect. Additionally, although an adjusted analysis 
was conducted, not all factors may have been accounted 
for. Urinary albumin-creatinine ratio was, for instance, 
not included as these data were not available from PIO-
NEER 6. However, a subgroup analysis using inverse 
probability weighting including a wider range of covari-
ates was conducted, and the findings of this analysis 
were aligned with those of the main analysis. The pos-
sible effect of other glucose-lowering medications was 
also not analyzed. The trials included in the meta-anal-
ysis had different durations; subject characteristics may 
also have differed between trials and between the sub-
groups with and without metformin, which could influ-
ence the CV effect of different drugs.

Despite these limitations, the data reported here add 
to the growing body of evidence that the effect of sema-
glutide on MACE is similar regardless of metformin 
use at baseline. Our meta-analysis showed that baseline 
metformin did not modify the CV benefit shown across 
CVOTs evaluating different GLP-1RA therapies. While, 

for reasons of cost and access, metformin may be used as 
first-line therapy in some countries, the data presented 
here and elsewhere support the use of GLP-1RAs, such as 
semaglutide, in patients with type 2 diabetes and a high 
or very high risk of a CV event whether they are receiving 
metformin or not.

Conclusions
In conclusion, these findings indicate that the CV, met-
abolic and safety outcomes for semaglutide were similar 
regardless of metformin use at baseline. These find-
ings may be applicable to all GLP-1RAs, and support 
the guideline recommendation that GLP-1RAs such as 
semaglutide should be used in patients with type 2 dia-
betes and a high or very high risk of CV events [8, 9].
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