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Summary
Background Smoking cessation is challenging, despite making use of established smoking cessation therapies.
Preclinical studies and one clinical pilot study suggest the antidiabetic drug glucagon-like peptide-1 (GLP-1) analogue
to modulate addictive behaviours and nicotine craving. Previously, we reported the short-term results of a
randomised, double-blind, placebo-controlled trial. Herein we report long-term abstinence rates and weight
developments after 24 and 52 weeks.

Methods This single-centre, randomised, double-blind, placebo-controlled, parallel group trial was done at the
University Hospital Basel in Switzerland. We randomly assigned (1:1) individuals with at least a moderate
nicotine dependence willing to quit smoking to either a 12-week treatment with dulaglutide 1.5 mg or placebo
subcutaneously once weekly in addition to standard of care smoking cessation therapy (varenicline 2 mg/day and
behavioural counselling). After 12 weeks, dulaglutide or placebo injections were discontinued and the participants
were followed up at week 24 and 52. The primary outcome of self-reported and biochemically confirmed point
prevalence abstinence rate, and secondary outcome of secondary outcome of weight change were assessed at
weeks 24 and 52. All participants who received one dose of the study drug were included in the intention to treat
set and participants who received at least 10/12 doses of the study drug formed the per protocol set. The trial was
registered at ClinicalTrials.gov, NCT03204396.

Findings Of the 255 participants who were randomly assigned between June 22, 2017 and December 3, 2020, 63%
(80/127) (dulaglutide group) and 65% (83/128) (placebo group) were abstinent after 12 weeks. These abstinence rates
declined to 43% (54/127) and 41% (52/128), respectively, after 24 weeks and to 32% (41/127) and 32% (41/128),
respectively, after 52 weeks. Post-cessation weight gain was prevented in the dulaglutide group (−1.0 kg, standard
deviation [SD] 2.7) as opposed to the placebo group (+1.9 kg, SD 2.4) after 12 weeks. However, at week 24,
increases in weight from baseline were observed in both groups (median, interquartile range [IQR]:
dulaglutide: +1.5 kg, [−0.4, 4.1], placebo: +3.0 kg, [0.6, 4.6], baseline-adjusted difference in weight change −1.0 kg
(97.5% CI [−2.16, 0.16])), and at week 52 the groups showed similar weight gain (median, IQR:
dulaglutide: +2.8 kg [−0.4, 4.7], placebo: +3.1 kg [−0.4, 6.0], baseline-adjusted difference in weight
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change: −0.35 kg (95% CI [−1.72, 1.01])). In the follow-up period (week 12 to week 52) 51 (51%) and 48 (48%)
treatment-unrelated adverse events were recorded in the dulaglutide and the placebo group, respectively. No
treatment-related serious adverse events or deaths occurred.

Interpretation Dulaglutide does not improve long-term smoking abstinence, but has potential to counteract weight
gain after quitting. However, 3 months of treatment did not have a sustained beneficial effect on weight at 1 year.
As post-cessation weight gain is highest in the first year after quitting smoking, future studies should consider a
longer treatment duration with a GLP-1 analogue in abstinent individuals.

Funding Swiss National Science Foundation, the Gottfried and Julia Bangerter-Rhyner Foundation, the
Goldschmidt-Jacobson Foundation, the Hemmi-Foundation, the University of Basel, the Swiss Academy of
Medical Sciences.

Copyright © 2024 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Research in context

Evidence before this study
We searched for clinical trials on PubMed using the terms
“GLP-1” AND “smoking” OR “cigarette” OR “nicotine” (search
period May 2016–December 2023). To date, a pilot
randomised controlled trial (n = 84) using the glucagon-like
peptide-1 (GLP-1) analogue exenatide for 6 weeks as an
adjunct to nicotine patches yielded increased short-term
smoking abstinence rates and decreased post-cessation
weight gain. No studies with longer treatment duration or
follow-up have been published and there are no clinical trials
on dulaglutide effects on smoking cessation.

Added value of this study
This is the first randomised, placebo-controlled study to
assess a treatment with the GLP-1 analogue dulaglutide for 12
weeks concomitant to smoking cessation therapy with a
follow-up phase of one year to examine prolonged effects. No

effect of dulaglutide on neither short-term (12 weeks) nor
long-term (24 and 52 weeks) smoking abstinence rates was
detected. Positive effects on short-term post-cessation weight
gain wore off after discontinuation of dulaglutide and the
participants regained weight similar to the placebo group.

Implications of all the available evidence
Our data show no benefits of dulaglutide on smoking
abstinence but emphasise the problem of post-cessation
weight gain. A treatment duration of only 12 weeks with
dulaglutide as an adjunct to smoking cessation therapy may
be too short to have sustained beneficial effects on post-
cessation weight gain. A longer treatment duration could
yield different conclusions and potentially motivate more
individuals who smoke to quit or at least prevent metabolic
complications of smoking cessation such as substantial
weight gain or diabetes in the long term.
Introduction
Smoking is a leading risk factor for increased morbidity
and mortality worldwide.1,2 Smoking cessation is able to
mitigate or even reverse the negative consequences of
smoking and most individuals who smoke wish to quit
and often attempt to quit.3,4 Unfortunately, many do not
succeed and relapse rate is high.5–7 Even with the most
effective treatment consisting of pharmacotherapy and
behavioural counselling, abstinence rates at one year
remain unsatisfactorily low.8,9 Common obstacles of
prolonged smoking abstinence are nicotine dependence
as well as post-cessation weight gain.10,11 An average
weight gain of 4–5 kilograms (kg) within the first year
after smoking cessation was reported, although there is
great inter-individual variability.12 Useful countermea-
sures against post-cessation weight gain are not estab-
lished yet but needed.13 Using the weight loss properties
of glucagon-like peptide-1 (GLP-1) analogues might be a
new strategy to address this issue, especially as GLP-1
analogues may also play a role in reward regulation
and in the pathophysiology of addiction.14–16 A pilot trial
(n = 84) using exenatide for smoking cessation showed
promising results with increased abstinence rates after
six weeks compared to placebo (46.3% versus 26.8%)
and less post-cessation weight gain.17 Previously, we
reported the short-term results of a randomised, double-
blind, placebo-controlled trial (n = 255) investigating a
12-week treatment with dulaglutide as an adjunct to
smoking cessation therapy.18 No effect on abstinence
rates after 12 weeks was found (63% in the dulaglutide
group versus 65% in the placebo group), however,
dulaglutide counteracted post-cessation weight gain,
whereas weight increased in the placebo group (base-
line-adjusted difference in weight change between
www.thelancet.com Vol 68 February, 2024
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groups was −2.9 kg (95% CI [−3.59, −2.3], p < 0.001)).
Here we report prespecified outcomes such as long-
term smoking abstinence rates as well as changes in
body weight and glucose homeostasis at weeks 24
and 52.
Methods
Study design and participants
This is the follow-up of a randomised, double-blind,
parallel group, placebo-controlled, single-centre, supe-
riority study conducted at the University Hospital Basel,
Switzerland. The study protocol and the results of the
main outcomes (abstinence rate and weight change at
12 weeks) have been published previously.18,19 In brief,
between June 2017 and July 2021, 255 participants were
recruited and randomised to either a 12-week treatment
with the GLP-1 analogue dulaglutide or placebo
concomitant to a standard of care smoking cessation
therapy (partial nicotinic receptor agonist varenicline
2 mg/day plus behavioural counselling). After 12 weeks,
dulaglutide or placebo and smoking cessation therapy
were discontinued and the participants were followed
up at week 24 and 52.

Inclusion criteria entailed daily smoking individuals
aged 18–75 years, who were willing to quit and showed
at least a moderate nicotine dependence (as defined by a
Fagerstroem Score of ≥5 points), and signature of
informed consent form.20,21 Pregnancy, severe renal
insufficiency and prior therapy with GLP-1 analogues
were exclusion criteria.

The study was conducted in accordance to the
guidelines on Good Clinical Practice of the Interna-
tional Conference on Harmonization and to the ethical
principles of the Declaration of Helsinki and was
approved by the Ethics Committee of Northwestern-
and Central Switzerland (EKNZ 2017-00286) and the
Swiss Agency for Therapeutic Products (Swissmedic
2017DR2066). The trial was registered on ClinicalTrials.
gov (NCT03204396).

Randomisation and masking
For details of the randomization, masking, study pro-
cedures and standard of care smoking cessation therapy
during the treatment phase of 12 weeks we refer to the
study protocol and our previous publication of the main
results.18,19

Procedures
Participants received dulaglutide or placebo once weekly
for a total duration of 12 weeks (subcutaneously either
0.5 ml dulaglutide or 0.5 ml sodium chloride (NaCl
0.9%)) by unblinded study staff at the study site, see
Figure S1 in the Supplementary Appendix. Dulaglutide
dose was increased from the initial dose of 0.75 mg/
0.5 ml at week 1 to 1.5 mg/0.5 ml for the remaining 11
weeks. In parallel, the participants received standard of
www.thelancet.com Vol 68 February, 2024
care smoking cessation therapy. The treatment phase
ended after 12 weeks by ceasing dulaglutide or placebo
injections and routine treatment with varenicline and
behavioural counselling.

The follow-up phase data collection was conducted at
the University Hospital Basel at week 24 and week 52 by
blinded study staff. Smoking abstinence was assessed by
self-report and end-expiratory exhaled carbon monoxide
(CO) measurement at week 24 and 52. Furthermore,
body weight, glycated haemoglobin (HbA1c) and urine
cotinine levels were measured. The participants were
asked to report any adverse events for safety assessment.
If, for any reasons, participants were not able to come to
the study site for assessment, the visit was conducted by
phone. Consequently, data on CO measurement,
HbA1c or urine cotinine levels were missing for these
participants.

Outcomes
We prespecified the assessment of long-term smoking
abstinence at week 24 and 52 after a 12-week treatment
with dulaglutide or placebo and standard of care
smoking cessation therapy. Prespecified outcomes
included point prevalence abstinence rates, prolonged
abstinence rates and smoking reduction. Point preva-
lence abstinence was defined as self-reported 7-days
nicotine abstinence and biochemically confirmed by an
end-expiratory exhaled CO measurement of 10 ppm or
less. Additionally, negative urine cotinine levels were
required for a stricter definition of abstinence. Pro-
longed abstinence at week 24 or 52 was given by the
condition that the criteria of abstinence were met at
previous assessments (week 12 or week 12 and 24,
respectively). Smoking reduction was defined by num-
ber of cigarettes per day and at least a reduction of 50%
of end-expiratory exhaled CO.

Further prespecified outcomes included changes of
weight and of haemoglobin A1c (HbA1c, %) levels from
baseline to week 24 and 52, switch rates to medically
prescribed nicotine substitutes instead of smoking cig-
arettes and time to quit smoking.

Statistical analysis
Analysis sets
The intention to treat set included all 255 participants.
Participants, who received a least 80% of the trial
medication during the treatment phase (10/12 doses),
formed the per protocol set (n = 204), see Fig. 1.

Statistical methods
All analyses were predefined in a statistical analysis
plan unless explicitly indicated as post-hoc. Sample
size estimation was based on estimated smoking absti-
nence rates at week 12. For more information see
Supplementary Appendix.

Confidence intervals for differences in proportions
were constructed using the Wilson score method with
3

http://ClinicalTrials.gov
http://ClinicalTrials.gov
www.thelancet.com/digital-health


Fig. 1: Consort flow diagram. Participant selection and follow-up phase is presented in this diagram. Participants either showed up at the study
centre or the visit was done by phone or they were lost to follow-up.
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continuity correction. Continuous outcomes were ana-
lysed using linear regression. HbA1c showed a skewed
residual distribution and was therefore analysed using
quantile regression for the median.

The outcomes regarding smoking abstinence, weight
and HbA1c changes were assumed to measure three
different treatment effects of the GLP-1 analogue dula-
glutide. Hence, three separate groups of hypotheses
were constructed. Confirmatory analyses for each sepa-
rate group of hypotheses were only performed if a
respective short-term treatment effect had been shown at
week 12, which was the case for changes in weight and
HbA1c levels. For these outcomes, the Bonferroni-Holm
procedure was applied to keep the family-wise error rate
at 5% within each group and confidence intervals and p-
values were adjusted for multiple testing. These analyses
were performed on the intention to treat and per protocol
set and complete case analysis was carried out addi-
tionally. Since no short-term effect has been shown for
point prevalence abstinence, prolonged abstinence and
www.thelancet.com Vol 68 February, 2024
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smoking reduction, the analyses of the corresponding
long-term effects on the intention to treat and per pro-
tocol set were purely descriptive. No adjustments be-
tween groups of hypotheses were performed nor any
adjustments for multiple testing were implemented for
the per protocol or supplementary analyses.

Missing data related to smoking abstinence, regard-
less of the reason, were assumed to be closely linked to
active smoking and those participants were hence
considered smoking.

Detailed statistical methods, supplemental analyses
and further handling of missing data are described in
the Supplementary Appendix. All analyses were per-
formed using the statistics program R: Language and
environment for statistical computing, Version 4.2.3.22

Role of the funding source
The funders had no role in study design, data collection,
data analysis, data interpretation, or writing of the report.
HL, SL and BW had access to all data and had final re-
sponsibility for the decision to submit for publication.

Results
The follow-up visits took place between December 2017
and July 2022 and included 186 (72.9%) and 179 (70.2%)
of the participants at week 24 and week 52, respectively.
Main reasons for missing values were lost to follow-up
and study visits by phone, see Fig. 1.

Participants were more female (60.8%) with a mean
age of 43.2 years (standard deviation [SD] 13.1). Mean
body mass index (BMI) was 27.1 kg/m2 (SD 5.0) and
median HbA1c was 5.4% (interquartile range [IQR] 5.1,
5.7), see Table 1. Baseline characteristics of the per
protocol set are presented in Table S1 of the
Supplementary Appendix.

The point prevalence abstinence rates declined from
almost two thirds of all participants at week 12 to 43%
(54/127) in the dulaglutide and 41% (52/128) in the
placebo group at week 24 and to 32% (41/127) and 32%
(41/128) at week 52, respectively, see Fig. 2. The pro-
portion of participants with prolonged abstinence at
week 24 was 39% (50/127) in the dulaglutide and 40%
(51/128) in the placebo group. At week 52, 29% (37/127)
and 27% (35/128) of the participants, respectively, were
prolonged abstinent. The point prevalence abstinence
rates and prolonged abstinence rates in the per protocol
set, respectively, were slightly higher, but also similar
between groups, see Supplementary Appendix. Similar
but slightly lower abstinence rates yielded from a stricter
definition of abstinence (including urine cotinine
levels), see Supplementary Appendix.

Smoking reduction, i.e. CO-reduction of more than
50% or by number of cigarettes per day at week 24 and
week 52, was similar between the dulaglutide and pla-
cebo groups, see Supplementary Appendix. No partici-
pant switched to nicotine substitutes instead of smoking
cigarettes.
www.thelancet.com Vol 68 February, 2024
Time to quit and the proportion of participants who
quit smoking and maintained prolonged abstinence
until the end of the study is depicted in Figure S2 of the
Supplementary Appendix. Seventy one participants quit
before week 12, only one participant quit between week
12 and 24 and ten participants quit between week 24
and 52. Eighty-four participants, who were abstinent at
week 12, did not maintain abstinence until week 52.

Weight gain since baseline at week 24 was observed
in both groups (median, IQR: dulaglutide: +1.5 kg,
[−0.4, 4.1], placebo: +3.0 kg, [0.6, 4.6]). At week 52,
weight gain since baseline was similar in the dulaglutide
group (median, [IQR]: +2.8 kg [−0.4, 4.7]) compared to
the placebo group (median, [IQR]: +3.1 kg [−0.4, 6.0]),
see Fig. 3A. The baseline-adjusted difference in weight
change at week 24 between groups was −1.0 kg (97.5%
CI [−2.16, 0.16], p-value = 0.11) and at week 52 it
was −0.35 kg (95% CI [−1.72, 1.01], p-value = 0.61).
Weight change at week 24 and 52 according to treatment
and smoking status is depicted in Fig. 3B and presented
in Table S2 and Figure S3 of the Supplementary
Appendix. In the complete case and per protocol anal-
ysis, a small difference at week 24 was observed, but not
at week 52, see Supplementary Appendix. The data
provide no support for an association between change in
weight with total dose of dulaglutide, which was high
overall (median, [IQR]: 15.75 mg [11.25, 16.88]) nor that
the effect of dulaglutide depended on baseline HbA1c or
baseline BMI, see Tables S3 and S4 of the
Supplementary Appendix.

HbA1c did not change substantially from baseline to
week 24 nor to week 52, see Fig. 4 and Table S5 of the
Supplementary Appendix. The baseline-adjusted me-
dian difference in HbA1c between both groups at week
24 was 0.01% (95% CI [−0.12, 0.13], p-value = 0.932) and
at week 52 it was −0.04% (97.5% CI [−0.14, 0.06], p-
value = 0.83). Results from complete case and per pro-
tocol analyses were similar, see Supplementary
Appendix. Numbers of participants with new-onset
prediabetes or diabetes per group are given in the
Supplementary Appendix.

From week 12 to week 52, 99 adverse events (dula-
glutide: n = 51, placebo: n = 48) were recorded, see
Table S7 of the Supplementary Appendix. Most adverse
events were mild or moderate and were judged to be
unrelated to the study treatment. Most common adverse
events include upper respiratory tract infections and
musculoskeletal events. In total, 17 serious adverse
events (dulaglutide: n = 11, placebo: n = 6) were recor-
ded and judged to be unrelated to the study treatment,
see Table S8 of the Supplementary Appendix.
Discussion
This long-term follow up of a randomised clinical trial
found no difference in abstinence rates between the
group treated with dulaglutide and the group treated
5
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Overall (n = 255) Dulaglutide (n = 127) Placebo (n = 128)

Demographics, clinical parameters, laboratory values

Gendera

Female–n (%) 155 (60.8) 83 (65.4) 72 (56.3)

Male–n (%) 100 (39.2) 44 (34.6) 56 (43.8)

Mean Age (SD)–y 43.2 (13.1) 42.7 (13.8) 43.2 (13.1)

Caucasian–n (%) 247 (96.9) 126 (99.2) 121 (94.5)

Mean systolic blood pressure (SD) -mmHg 120.8 (14.2) 119.5 (13.6) 122.2 (14.7)

Mean diastolic blood pressure (SD)–mmHg 78.3 (8.4) 77.6 (8.5) 78.9 (8.3)

Mean heart rate (SD)- bpm 75.1 (10.3) 75.3 (10.8) 75.0 (9.8)

Mean weight (SD)–kg 80.1 (17.9) 79.0 (17.9) 81.2 (17.9)

Mean BMI (SD)–kg/m2 27.1 (5.0) 27.1 (5.1) 27.1 (5.0)

BMI category

BMI <25 kg/m2–n (%) 95 (37.3) 46 (36.2) 49 (38.3)

BMI 25–29.9 kg/m2–n (%) 97 (38.0) 52 (40.9) 45 (35.2)

BMI >30 kg/m2–n (%) 63 (24.7) 29 (22.8) 34 (26.6)

Median HbA1c [IQR]–% 5.4 [5.1, 5.7] 5.3 [5.1, 5.7] 5.4 [5.1, 5.6]

Median end-expiratory exhaled CO [IQR]–ppm 19 [13, 27] 18 [13, 25] 19 [13, 28]

Smoking status

Median no. of cigarettes per day [IQR] 20 [15, 20] 18 [14, 20] 20 [5, 25]

Median no. of total pack years smoked [IQR] 20 [11, 35] 19 [10, 35] 20.5 [13, 36]

Mean Fagerstroem (SD)–total sum score 7.0 (1.5) 6.9 (1.3) 7.0 (1.6)

Tobacco related diseases, n (%)

Pulmonal disease 57 (22.4) 24 (18.9) 33 (25.8)

Cardiovascular disease 65 (25.5) 29 (22.8) 36 (28.1)

Cerebrovascular disease 10 (3.9) 7 (5.5) 3 (2.3)

Cancer 17 (6.7) 8 (6.3) 9 (7.0)

Gastrointestinal disease 28 (11.0) 13 (10.2) 15 (11.7)

Osteoporosis 10 (3.9) 5 (3.9) 5 (3.9)

Other comorbidities, n (%)

Diabetes mellitus 13 (5.1) 6 (4.7) 7 (5.5)

Dyslipidemia 42 (16.5) 23 (18.1) 19 (14.8)

Psychiatric disease 71 (27.8) 36 (28.3) 35 (27.3)

Concomitant medication if > 5%, n (%)

Any 178 (69.8) 88 (69.3) 90 (70.3)

Antihypertensives 51 (20.0) 25 (19.7) 26 (20.3)

Contraceptives 25 (9.8) 14 (11.0) 11 (8.6)

Acetylsalicylic acid 19 (7.5) 8 (6.3) 11 (8.6)

Proton pump inhibitors 26 (10.2) 12 (9.4) 14 (10.9)

Lipid-lowering drugs 29 (11.4) 17 (13.4) 12 (9.4)

Antipsychotics, neuroleptics 23 (9.0) 12 (9.4) 11 (8.6)

Percentages may not total 100 because of rounding. Abbreviations: CO = carbon monoxide, n = numbers, SD = standard deviation, y = years, BMI = body mass index,
IQR = interquartile range. aParticipants self-identified as female or male.

Table 1: Baseline characteristics.

Articles

6

with placebo after 24 and 52 weeks, consistent to the
previous findings at week 12. The high point preva-
lence abstinence rates of almost two thirds in both
groups at week 12 dropped continuously to about one
third after one year. Furthermore, the positive effect of
dulaglutide on post-cessation weight gain and glucose
metabolism gradually subsided after discontinuation
of dulaglutide.
The decline in abstinence rates observed in the
present study highlights the difficulty of achieving
long-term abstinence. This is in line with previous re-
sults of similar interventions with abstinence rates of
around 30% at best after one year since trying to quit
smoking.23–25 As a first requirement for long-term
abstinence, short-term abstinence needs to be
reached and typically several cessation attempts are
www.thelancet.com Vol 68 February, 2024
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necessary.26 The intensive 12-week smoking interven-
tion with pharmacotherapy, behavioural counselling
and weekly face-to-face study visits including feedback
using CO measurement was successful in achieving
higher short-term abstinence rates in this study than in
other smoking cessation studies with varenicline and
behavioural counselling.27,28 This emphasises the value
of a close supervision in the early phase, when the
chance of quitting is highest. Once short-term absti-
nence is achieved, the risk of smoking relapse is
particularly high within the first year after the cessation
date.7,26 The fact that we observed similar abstinence
rates at week 52 to previously reported results of other
smoking cessation studies (despite higher abstinence
rates at week 12) may be related to the abrupt discon-
tinuation of the smoking cessation intervention after
the treatment phase.28

Therefore, a short-term intervention seems not suf-
ficient and the development of new strategies to impede
high relapse rates seems inevitable. So far, the contin-
uation of behavioural counselling after smoking cessa-
tion failed to lower relapse rates.29 According to a recent
meta-analysis on 13 randomised clinical trials, only an
extended treatment duration (>12 weeks) with pharma-
cotherapies (e.g., varenicline) may help prevent smoking
relapses.30

In our study, abstinent participants gained more
weight after cessation within a year compared to par-
ticipants who continued to smoke. This was to be ex-
pected as post-cessation weight gain is common and
occurs mostly within a year after cessation.31 Managing
post-cessation weight gain is challenging, which is also
highlighted by a similar randomised placebo-controlled
www.thelancet.com Vol 68 February, 2024
clinical trial (n = 84) that investigated the anti-obesity
drug lorcaserin during 24 weeks as an adjunct to
smoking cessation therapy without showing a substan-
tial difference in post-cessation weight gain among the
treatment groups.32 Using dulaglutide as a new strategy
to counteract post-cessation weight gain turned out to be
promising in the short term.18 Not surprisingly, after
discontinuation of dulaglutide, the beneficial effects
diminished over time and weight development aligned
with that of the placebo group. Weight regain after
discontinuation of GLP-1 analogues is a common
concern and has been observed in many previous
studies.33–36

In the same line, improvements in cardiometabolic
risk factors such as lipid or glucose metabolism also
wear off after discontinuation of GLP-1 analogues,
consistent with our findings on glucose metabolism.34,37

Post-cessation weight gain is associated with increased
risk of type 2 diabetes, especially up to 3 years after
quitting.38–40 In our study, a new onset of prediabetes or
diabetes was observed only in a few participants in both
groups, possibly due to non-excessive median weight
gain. As weight gain, risk of type 2 diabetes and risk of
smoking relapse are greatest in the first years after
quitting, longer treatment with GLP-1 analogues for the
period of highest risk should be evaluated in future
studies as a means of controlling the metabolic conse-
quences of smoking cessation. Consistent with previous
studies, no adverse events related to dulaglutide
occurred after discontinuation.41

This study is subject to the following limitations:
First, missing information of approximately 30% on
smoking status or metabolic parameters may have
7
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Fig. 3: Panel A. Relative change in weight (%) from baseline to end of follow-up phase according to treatment group at weeks 12, 24
and 52 (intention to treat set). Panel B. Relative change in weight (%) from baseline to end of follow-up phase according to treatment
group and smoking status at weeks 12, 24 and 52 (intention to treat set). Panel A: The y-axis shows the change in weight in %, the x-axis
represents the weeks 12, 24, 52. Thick lines indicate the median; boxes indicate the interquartile range (IQR); whiskers include all points within
the range of 1.5x the IQR; dots outside the whiskers represent all points outside 1.5x the IQR. Purple and blue colours represent the treatment
group (dulaglutide and placebo, respectively). Panel B: The y-axis shows the change in weight in %, the x-axis represents the weeks 12, 24, 52.
Box plots are subdivided into 4 groups: (persistent) smokers and quitters on dulaglutide or placebo, respectively. Thick lines indicate the median;
boxes indicate the IQR; whiskers include all points within the range of 1.5x the IQR; dots outside the whiskers represent all points outside 1.5x
the IQR. Purple and blue colours represent the treatment group (dulaglutide and placebo, respectively), brightness indicates smoking status
(bright = abstinent, dark = smoker).
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influenced the results. However, the proportion of
missing information is comparable to other smoking
cessation studies.23,24 Second, only two follow-up visits
took place, allowing only a rough insight into the time
course of smoking abstinence and weight change.
Third, using another more potent GLP-1 analogue
www.thelancet.com Vol 68 February, 2024
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instead of dulaglutide, might have yielded different re-
sults, e.g., exenatide seems to have the best ability to
cross the blood–brain barrier, but weight loss capability
is limited, whereas semaglutide or dual GLP-1 and
glucose-dependent insulinotropic polypeptide (GIP) re-
ceptor agonists have greater potential for weight loss.42–44

Forth, sample size estimation was based on expected
smoking abstinence rates at week 12 and not powered
for outcomes such as smoking abstinence, weight
change or HbA1c levels at week 24 or 52. Fifth, a
monocentric study with a relatively young and pre-
dominantly overweight population with a high preva-
lence of cardio-pulmonary comorbidity and medication
limits the generalizability. A key strength of our study
was the randomised controlled study design with a
follow-up phase of 52 weeks. Our study provides
important insights on long-term smoking abstinence
and weight development after a smoking cessation
intervention with a GLP-1 analogue.

In conclusion, a 12-week treatment with dulaglutide
could not impede the decline in long-term abstinence
from smoking. Discontinuation of dulaglutide dimin-
ished the beneficial metabolic effects on weight and
glucose homeostasis observed at week 12. To find an
effective countermeasure against post-cessation weight
gain, further research should focus on longer treatment
duration in individuals who achieve short-term absti-
nence, ideally with more potent GLP-1 analogues or
dual incretin receptor agonists that are available
nowadays.
www.thelancet.com Vol 68 February, 2024
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