
Occurrence of Gastrointestinal Adverse Events Upon GLP-1
Receptor Agonist Initiation With Concomitant Metformin Use:
A Post Hoc Analysis of LEADER, STEP 2, SUSTAIN-6, and
PIONEER 6

Klara R. Klein, Kim K.B. Clemmensen, Edwin Fong, Søren Olsen, Trine Abrahamsen, and Ildiko Lingvay

Diabetes Care 2024;47(2):280–284 | https://doi.org/10.2337/dc23-1791

Concomitant metformin did not increase the frequency (primary end point) or severity of gastrointestinal adverse effects during
GLP-1RA initiation or titration, and concomitant metformin did not increase GLP-1RA discontinuation
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LEADER, Liraglutide Effect and Action in Diabetes: Evaluation of Cardiovascular Outcome Results; STEP 2, Semaglutide Treatment Effect in People with Obesity;
SUSTAIN-6, Trial to Evaluate Cardiovascular and Other Long-Term Outcomes With Semaglutide in Subjects With Type 2 Diabetes; PIONEER 6, Peptide Innovation for 
Early Diabetes Treatment.

ARTICLE HIGHLIGHTS

� Why did we undertake this study?
Gastrointestinal (GI) symptoms are common adverse events reported with glucagon-like peptide 1 receptor agonists (GLP-1RAs) and metformin.

� What is the specific question we wanted to answer?
Using four clinical trials evaluating GLP-1RAs (Liraglutide Effect and Action in Diabetes: Evaluation of Cardiovascular Outcome Results [LEADER],
Semaglutide Treatment Effect in People with Obesity [STEP] 2, Trial to Evaluate Cardiovascular and Other Long-Term Outcomes With
Semaglutide in Subjects With Type 2 Diabetes [SUSTAIN-6], and Peptide Innovation for Early Diabetes Treatment [PIONEER] 6), we evaluated
whether concomitant metformin use during GLP-1RA initiation and titration worsened GI symptoms.

� What did we find?
Concomitant metformin use did not increase the occurrence or severity of GI adverse events during GLP-1RA initiation or titration. The percentage
of participants randomized to a GLP-1RA who experienced GI adverse events and subsequently discontinued the study product was also similar
regardless of metformin use.

� What are the implications of our findings?
Metformin use during GLP-1RA initiation and titration is well tolerated, indicating that interruption of metformin prior to GLP-1RA initiation is
unnecessary.

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/47/2/280/745955/dc231791.pdf by guest on 13 M
arch 2024



Occurrence of Gastrointestinal
Adverse Events Upon GLP-1
Receptor Agonist Initiation With
Concomitant Metformin Use:
A Post Hoc Analysis of LEADER,
STEP 2, SUSTAIN-6, and
PIONEER 6
Diabetes Care 2024;47:280–284 | https://doi.org/10.2337/dc23-1791

Klara R. Klein,1 Kim K.B. Clemmensen,2,3

Edwin Fong,2 Søren Olsen,2

Trine Abrahamsen,2 and Ildiko Lingvay4

OBJECTIVE

To assess the impact of concomitant metformin use on gastrointestinal adverse
events during the initiation and titration of a glucagon-like peptide 1 receptor agonist
(GLP-1RA).

RESEARCH DESIGN AND METHODS

Using data from four clinical trials of liraglutide and semaglutide (Liraglutide Effect
and Action in Diabetes: Evaluation of Cardiovascular Outcome Results [LEADER], Sem-
aglutide Treatment Effect in People with Obesity [STEP 2], Trial to Evaluate Cardiovas-
cular and Other Long-Term Outcomes With Semaglutide in Subjects With Type 2
Diabetes [SUSTAIN-6], and Peptide Innovation for Early Diabetes Treatment
[PIONEER] 6), we compared the incidence of gastrointestinal adverse events during
GLP-1RA initiation and titration in participants with andwithout concomitantmetformin
use.

RESULTS

Of 16,996 participants, 12,928 (76%) were treated with metformin. Concomitant met-
formin use did not increase the percentage of participants who developed gastrointes-
tinal adverse events or their severity during the observation window. Among
participants experiencing gastrointestinal adverse events, metformin use did not in-
crease study product discontinuation. Within treatment arms (GLP-1RA and placebo),
a numerically higher percentage of metformin nonusers experienced gastrointestinal
adverse events and discontinued the study product compared withmetformin users.

CONCLUSIONS

Concomitant metformin use does not increase occurrence of gastrointestinal
symptoms during GLP-1RA initiation or impact GLP-1RA discontinuation.

Gastrointestinal (GI) adverse events associate with both metformin and glucagon-like
peptide-1 receptor agonists (GLP-1RAs), two first-line agents for the treatment of type 2
diabetes that are frequently prescribed in combination. GLP-1RAs are initiated at a
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low dose and titrated to minimize the oc-
currence of GI symptoms. Still, most
treatment-related GI adverse events occur
during the dose titration period. Few anal-
yses have examined whether concomitant
metformin use exacerbates GLP-1RA–
associated GI symptoms, and real-world
data and meta-analyses of randomized
controlled trials are inconsistent (1–3). Re-
gardless, some experts suggest metformin
discontinuation or dose reduction during
GLP-1RA initiation (4). The purpose of this
study was to examine whether concomi-
tant metformin use exacerbates GLP-1RA–
induced GI adverse events or increases
early GLP-1RA discontinuation. Using data
from four clinical trials examining GLP-1RA
in type 2 diabetes (Liraglutide Effect and
Action in Diabetes: Evaluation of Cardiovas-
cular Outcome Results [LEADER], Semaglu-
tide Treatment Effect in People with Obesity
[STEP 2], Trial to Evaluate Cardiovascular
and Other Long-Term Outcomes With Sem-
aglutide in Subjects With Type 2 Diabetes
[SUSTAIN-6], and Peptide Innovation for
Early Diabetes Treatment [PIONEER] 6), we
compared the incidence of GI adverse
events during the GLP-1RA titration period
in participants with and without concomi-
tant metformin use and evaluated whether
concomitant metformin use impacted study
product discontinuation.

RESEARCH DESIGN AND METHODS

The trial designs for LEADER, STEP 2,
SUSTAIN-6, and PIONEER 6 have been pre-
viously published (5–8). All studies ana-
lyzed were large, randomized, double-blind,
placebo-controlled clinical trials assessing
the safety and efficacy of GLP-1RA in
people with type 2 diabetes and did not
require participants to be treated with
metformin at baseline. Efficacy outcomes
varied by trial.
In this post hoc analysis, we evaluated

GI adverse events during GLP-1RA initiation

and titration until the maintenance dose
was achieved. We chose this period be-
cause GI adverse events commonly start
during GLP-1RA initiation, continue through
titration, and resolve after themaintenance
dose is reached (9). We defined the obser-
vation window as the time from GLP-1RA
initiation until the day of the last titration
plus four half-lives of the GLP-1RA (esti-
mated time to achieve final steady state).
The observation windows are shown in
Table 1. LEADER evaluated liraglutide (half-
life: 0.5 days; target dose 1.8 mg). STEP 2
and SUSTAIN-6 evaluated subcutaneous
semaglutide (half-life: 7 days; STEP 2: tar-
get doses 1.0 and 2.4 mg and SUSTAIN-6:
target doses 0.5 and 1.0 mg). PIONEER 6
evaluated oral semaglutide (half-life: 7
days; target dose 14 mg).

The primary end point was the per-
centage of participants with at least one
GI adverse event during the observation
window stratified by metformin use at
baseline. Repeat events were not analyzed.
We also evaluated specific events of clinical
interest, including nausea, vomiting, and
serious GI adverse events. Finally, we
examined the number of participants
experiencing GI adverse events who sub-
sequently discontinued the study prod-
uct at any time. Sensitivity analyses that
evaluated a consistent 140-day window for
all trials are provided in the Supplementary
Material.

Because baseline metformin use was
not randomized, statistical comparison be-
tween participants with or without metfor-
min within the treatment arms (GLP-1RA
and placebo) could not be made. Instead,
we used a logistic regression to evaluate
the effect of the randomized treatment
on GI adverse events within subgroups of
metformin users or nonusers. The logistic
model used GI adverse events as the bi-
nary outcome and GLP-1RA, metformin,
and an interaction term as predictors. A

Wald test was used to test for significance
of the interaction within each trial.

RESULTS

Of 16,996 participants in these four trials,
12,928 (76%) were treated with metformin
at baseline. STEP 2 had a higher proportion
of metformin users (89.6%) among all trials
(LEADER: 74.7%, SUSTAIN-6: 73.2%, and
PIONEER 6: 77.3%). Baseline characteristics
are provided in Table 2 and were similar
between treatment arms within the trials,
except for the estimated glomerular filtra-
tion rate (eGFR). Participants treated with
baseline metformin had a higher eGFR
compared with those not treated with
metformin in all trials except in STEP 2,
where the eGFR was equivalent (metfor-
min users: 95.7 mL/min/1.73 m2, metfor-
min nonusers: 92.9 mL/min/1.73 m2).
Differences in characteristics among trials,
such as duration of type 2 diabetes, age,
and presence of chronic kidney disease,
reflected the eligibility criteria and the pri-
mary outcome of the specific trial.

The primary outcome is shown in Table 3.
Across all trials, participants random-
ized to a GLP-1RA experienced more GI
adverse events. However, concomitant
metformin use did not increase the per-
centage of participants who developed
any GI adverse event during the observa-
tion window. The coefficient for interac-
tion was not significant for any study
except LEADER (Table 3). Sensitivity analy-
ses that evaluated a consistent 140-day
window for all trials demonstrated the
same trends, but the coefficient of varia-
tion was no longer significant for the
LEADER trial (Supplementary Table 1).
Concomitant metformin use was not as-
sociated with an increased risk of serious
GI adverse events, nausea, or vomiting in
any trial (Supplementary Tables 2–4).

Finally, we examined rates of prema-
ture study product discontinuation in par-
ticipants who experienced any GI adverse
event during GLP-1RA initiation and titra-
tion. As shown in Table 4, concomitant
metformin use did not associate with in-
creased discontinuation of the study prod-
uct at any point during the trial. Instead,
in both randomized arms, GLP-1RA and
placebo, a numerically higher percentage
of participants who were not treated
with concomitant metformin discontin-
ued the study product. The same trend
in discontinuation was observed during
the GLP-1RA initiation and titration

Table 1—Observation windows

Half-life (days) Escalation period (days) Observation window (days)

LEADER 0.5 14 16

STEP 2

1.0 mg semaglutide 7 56 84
2.4 mg semaglutide 7 112 140

SUSTAIN-6

0.5 mg semaglutide 7 28 56
1.0 mg semaglutide 7 56 84

PIONEER 6 7 56 84
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observation window (Supplementary
Table 5).

CONCLUSIONS

GI adverse events are the most prevalent
adverse effects associated with GLP-1RAs.
Although largely temporary and mild-
to-moderate in severity, GI adverse events
lead to discontinuation of GLP-1RAs both
in clinical trial programs and in the real
world (5–8,10). Factors that modify the
risk or severity of GI symptoms are not
well established, but practical ways to mit-
igate GI adverse events and prevent GLP-
1RA discontinuation are needed given the
glycemic, weight loss, and cardiovascular
benefits of GLP-1RAs that have made them
a potential first-line therapy for type 2 dia-
betes and obesity (11–13). Although the
mechanisms for GI intolerance are different,
reasonable clinical concern exists that
metformin use may exacerbate GLP-1RA–
induced GI symptoms, as metformin alone
can cause abdominal pain, cramps, and

diarrhea (14). Whether metformin should
be paused to promote successful GLP-1RA
initiation remains an important clinical
question. In this post hoc analysis of four
large GLP-1RA trials in type 2 diabetes, we
demonstrate that concomitant metformin
use during GLP-1RA initiation does not as-
sociate with increased risk or severity of GI
adverse events or premature discontinua-
tion of study product. We did not evaluate
simultaneous initiation of metformin and
GLP-1RA.

Interestingly, in every study, the percent-
age of participants experiencing any GI
adverse event was numerically higher in
participants without concomitant metfor-
min treatment, irrespective of randomiza-
tion to GLP-1RA or placebo.We also found
that of those who experienced GI adverse
events, a higher percentage of participants
without concomitant metformin treatment
discontinued the study product in both
treatment arms across all four studies.These
data are consistentwith real-world evidence
from the U.K. suggesting metformin use

associates with lower odds of GI adverse
events or drug discontinuation among pa-
tients treated with GLP-1RA (2).

The reasons for this finding are likely
multifactorial but may be due to in-
creased baseline or susceptibility to GI
symptoms. In LEADER, SUSTAIN-6, and
PIONEER 6, people who were not treated
with metformin had lower kidney func-
tion. As such, people without concomi-
tant metformin treatment may reflect a
sicker population with a greater symptom
burden. Nonetheless, similar findings were
seen in STEP 2, where the eGFRwas equiv-
alent between metformin users and non-
users. As metformin was considered the
single first-line pharmacological therapy for
type 2 diabetes when all four studies were
enrolling (15), it is conceivable that partici-
pants who did not tolerate treatment with
metformin may be more susceptible to GI
adverse events independent of the study
product. Techniques for mitigating GLP-
1RA–induced GI symptoms, such as in-
depth counseling and slow titration (4,9),

Table 2—Demographics

LEADER STEP 2 SUSTAIN-6 PIONEER 6

Metformin No metformin Metformin No metformin Metformin No metformin Metformin No metformin

Male, n (%) 4,540 (65.2) 1,450 (61.6) 533 (48.9) 60 (50.8) 1,463 (60.7) 531 (60.6) 1,693 (68.8) 482 (66.9)

Age, years 63.9 (7.0) 65.4 (7.8) 55.3 (10.5) 55.6 (11.6) 63.9 (7.0) 66.4 (8.0) 66.4 (8.0) 67.8 (7.6)

Duration of duration, years 12.5 (7.7) 13.9 (8.9) 8.2 (6.1) 7.0 (5.7) 13.3 (7.7) 15.5 (8.9) 14.3 (8.2) 16.8 (9.5)

BMI, kg/m2 32.5 (6.1) 32.6 (6.9) 35.7 (6.3) 36.2 (6.3) 32.8 (5.9) 32.9 (7.0) 31.9 (6.3) 33.6 (7.0)

HbA1c, % 8.6 (1.5) 8.9 (1.6) 8.1 (0.8) 8.0 (0.7) 8.6 (1.4) 8.9 (1.5) 8.1 (1.6) 8.3 (1.6)

eGFR, mL/min/1.73 m2 83.0 (19.2) 67.6 (25.8) 95.7 (18.7) 92.9 (16.9) 81.3 (19.4) 61.0 (25.1) 77.5 (19.4) 62.9 (22.1)

Data are mean (SD) unless otherwise stated; n = number of subjects exposed. eGFR was calculated with Chronic Kidney Disease Epidemiology
Collaboration equation.

Table 3—Any GI adverse events

Trial*

GLP-1RA Placebo

P value for
interaction

Total
n/N (%)

Metformin
n/N (%)

No metformin
n/N (%)

Metformin
n/N (%)

No metformin
n/N (%)

LEADER 188/9,321 (2.0) 117/3,447 (3.4) 43/1,210 (3.6) 15/3,520 (0.4) 13/1,144 (1.1) 0.026

STEP 2

1.0 mg semaglutide 254/804 (31.6) 164/372 (44.1) 14/30 (46.7) 63/353 (17.8) 13/49 (26.5) 0.436
2.4 mg semaglutide 319/805 (39.6) 204/364 (56.0) 22/39 (56.4) 78/353 (22.1) 15/49 (30.6) 0.371

SUSTAIN-6

0.5 mg semaglutide 543/2,467 (22.0) 178/615 (28.9) 77/208 (37.0) 207/1,202 (17.2) 81/442 (18.3) 0.191
1.0 mg semaglutide 615/2,463 (25.0) 223/593 (37.6) 91/226 (40.3) 216/1,202 (18.0) 85/442 (19.2) 0.894

PIONEER 6 233/3,182 (7.3) 128/1,221 (10.5) 66/370 (17.8) 26/1,241 (2.1) 13/350 (3.7) 0.942

n = number of subjects with event; N = total number of subjects exposed. *Differences in adverse event data collection explain the lower
number of adverse events in the LEADER and PIONEER 6 trials. STEP 2 and SUSTAIN-6 evaluated two doses of semaglutide, which were ana-
lyzed separately. Doses are indicated in the table.
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may be necessary in individuals with a
low eGFR or those who did not tolerate
metformin.
In all studies, we compared active

treatment to placebo within the two met-
formin subgroups (metformin users and
metformin nonusers) and demonstrated
no statistical difference in three trials. Al-
though there were few GI adverse events
within the short observation window of
liraglutide (16 days) and a numerically
higher percentage of GI adverse events in
metformin nonusers, the analysis sug-
gested a statistically significant increase in
GI adverse events in participants treated
with metformin. The marked difference in
pharmacokinetics between liraglutide and
semaglutide could account for this differ-
ence. However, it is more likely that the
statistical significance of this finding is due
to the small sample size resulting from
the method of adverse event collection.
Accordingly, statistical significance was not
observed in the sensitivity analysis that in-
cluded more adverse events by extending
the observation to 140 days. Consistently,
although a prior meta-analysis suggested
statistically significant increased GI-adverse
events in people treated with concomitant
metformin, this was largely mediated by
short-acting GLP-1RAs (exenatide, lixisena-
tide), as no statistically significant increase
in GI adverse events was seen with longer-
acting GLP-1RAs like liraglutide (1).
Taken together, these data indicate

that concomitant metformin use does not
exacerbate GLP-1RA–induced GI symp-
toms and suggest that metformin discon-
tinuation or dose reduction is unnecessary.
Instead, although counseling about GI

symptoms is necessary in all patients, in-
creased counseling or slowed titration
may be necessary in metformin nonusers.
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