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ABSTRACT

Background: Glucagon-like peptide 1 (GLP-1) agonists are widely used for obesity management in patients with or without dia-
betes. However, treatment persistence is often limited due to adverse drug reactions (ADRs). Understanding adherence patterns
in randomized controlled trials (RCTs) is crucial for predicting real-world treatment acceptance.

Objective: To estimate the pooled nonadherence rates and reasons for nonadherence to GLP-1 agonists in overweight or patients
with obesity participating in RCTs.

Methods: A systematic review and meta-analysis of RCTs was conducted to evaluate nonadherence to GLP-1 receptor agonists.
A literature search was performed in PubMed, Embase, and Web of Science from inception to October 2, 2024. Studies were
included if they evaluated GLP-1 receptor agonists for overweight or obesity management and reported adherence outcomes.
Results: The pooled RR for nonadherence to GLP-1 receptor agonists was 0.63 (95% CI: 0.48, 0.82, p=0.01), indicating a 37%
lower risk of nonadherence compared with the control group. However, ADR-induced nonadherence was significantly higher in
the GLP-1 group (RR: 2.29 [95% CI: 1.47, 3.56, p=0.04]), particularly due to gastrointestinal side effects. Nonadherence due to
loss to follow-up was lower in the GLP-1 group (RR: 0.43 [95% CI: 0.27, 0.71, p=0.18]).

Conclusion: GLP-1 receptor agonists were associated with a lower overall nonadherence rate in RCTs compared with control
treatments, suggesting higher persistence. However, ADR-related nonadherence was significantly higher, particularly due to
gastrointestinal side effects. These findings highlight the need for strategies to improve treatment tolerability and adherence in
real-world settings.

1 | Introduction stroke [2, 3]. Despite the availability of multiple weight-loss strat-

egies, pharmacotherapy with glucagon-like peptide 1 (GLP-1)
In the United States, nearly 42% of adults and 20% of children receptor agonists has emerged as a leading option due to its effi-
live with obesity [1], a condition that significantly increases the cacy in promoting sustained weight loss (2). Originally approved
risk of type 2 diabetes, cardiovascular disease, hypertension, and for diabetes management [4, 5], GLP-1 receptor agonists such as

Abbreviations: ADR, adverse drug reaction; BMI, body mass index; GI, gastro intestine; GLP-1, glucagon-like peptide 1; PRISMA, Preferred Reporting Items for
Systematic Reviews and Meta-Analyses; RCT, randomized clinical trial; RR, relative risk; SD, standard deviation.
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semaglutide, liraglutide, and tirzepatide have demonstrated clin-
ically significant weight reductions [6-8], often exceeding the 5%
weight-loss threshold that correlates with meaningful metabolic
improvements [9, 10]. However, the long-term success of these
therapies relies heavily on consistent adherence, as discontinu-
ation often leads to weight regain. These therapies are generally
intended for long-term use in obesity management, as sustained
treatment is often required to maintain weight loss benefits.

Medication nonadherence in randomized controlled trials
(RCTs) is a critical determinant of treatment effectiveness.
Nonadherence can arise from various factors, including adverse
drug reactions (ADRs), loss to follow-up, and lack of perceived
efficacy [11]. Many RCTs do not adequately report adherence
patterns, potentially obscuring the true impact of interventions
[12]. Understanding adherence at the trial level is essential for
predicting real-world persistence, particularly for medications
with tolerability concerns.

Prior studies have highlighted high discontinuation rates with
GLP-1 receptor agonists. For example, 12-month nonadher-
ence rates range from 36.5% to 58% in real-world settings [12],
whereas RCTs suggest greater persistence, likely due to struc-
tured monitoring and participant motivation. However, treat-
ment discontinuation due to gastrointestinal (GI) side effects
remains a major concern, with studies reporting up to 45% of
patients stopping therapy due to ADRs [13]. Given these discrep-
ancies between clinical trials and real-world adherence, a sys-
tematic assessment of adherence patterns in RCTs is crucial to
inform future treatment strategies.

This systematic review and meta-analysis aimed to estimate
nonadherence rates of GLP-1 agonists in RCTs and identify key
reasons for treatment discontinuation. Specifically, this study
explores how medication type, adverse events, and study design
impact adherence, with implications for enhancing real-world
persistence.

2 | Methods

This systematic review and meta-analysis adhered to the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines [14].

2.1 | Eligibility Criteria

We included published RCTs that enrolled adults (> 18years
old) with obesity or overweight and evaluated adherence to
GLP-1 receptor agonists. Studies were eligible if they assessed
GLP-1 receptor agonists for weight management and reported
adherence outcomes. No restrictions were applied on geo-
graphic locations, but only studies published in English were
considered.

We excluded studies that

» Were nonrandomized trials or observational studies.

« Did not report adherence outcomes or reasons for
nonadherence.

« Focused on pediatric populations or used GLP-1 receptor
agonists for nonobesity indications (e.g., diabetes without a
weight-loss focus).

2.2 | Data Sources and Searches

We conducted a comprehensive literature search in PubMed,
Embase, and Web of Science from inception to October 2, 2024.
The search terms included (“Weight Management” OR “weight
reduction” OR “weight loss” OR “overweight” OR “Obes*” OR
Weight Loss [Mesh] OR Overweight [Mesh] OR Obesity [Mesh])
AND (“exenatide” OR “tirzepatide” OR “liraglutide” OR “sema-
glutide” OR “dulaglutide” OR “lixisenatide”) AND (“con-
trolled” OR “randomized” OR “trial” OR “clinical”). Duplicates
were removed, and two independent reviewers (E.A.S. and
M.K.) screened titles and abstracts, followed by full-text review.
Reasons for exclusion at the full-text stage were recorded and
are presented in the PRISMA flow diagram (Figure 1). Full-text
articles were then assessed for inclusion. Any disagreements
were resolved by the third reviewer (T.M.A.).

2.3 | Data Extraction

Two independent reviewers extracted data from each study
using a standardized data extraction form. Interreviewer agree-
ment was high with only a small number of discrepancies, all of
which were resolved through discussion or consultation with a
third reviewer. Given the minimal disagreements, formal calcu-
lation of interrater agreement was not performed. The following
information was collected from each study:

« Study characteristics: First author, year, trial number, coun-
try, study design, sample size, follow-up duration.

« Participant demographics: Age, sex, baseline weight, body
mass index (BMI).

« Intervention details: Type and dose of GLP-1 receptor ago-
nist, type of control.

« Adherence outcomes: Nonadherence rates, reasons for dis-
continuation (e.g., ADRs and loss to follow-up).

2.4 | Risk of Bias Assessment

The risk of bias was assessed using the Cochrane Risk of Bias
Tool [15]. A determination of whether a study was at “low
risk,” “high risk,” or “some concern” was made for five do-
mains (described below) and the overall risk-of-bias judgment
for a specific study. A study receives an overall low risk of bias
designation when all domains present a low risk assessment.
A study obtains a classification of some concerns when it pres-
ents worrying findings in one domain but avoids high risk in
all domains. A study receives a high risk of bias classification
when researchers identify a high risk in one or more study
domains or when several domains trigger concerns due to
their impact on reducing the results' reliability. Two indepen-
dent reviewers (E.A.S. and M.K.) evaluated bias across five
domains:
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Records identified from
Scientific databases
(n=748)

A 4

Records screened for title and abstract
(n = 385)

—

Reports assessed for full text review
(n=13)

Studies included in the final analysis
(n=10)

Duplicate records removed
(n=363)

Records excluded
(n=2372)

Reports excluded due to unintended
comparison group
(n=3)
Did not report adherence outcomes (n = 1)
Non-obesity indication (n = 1)
Ineligible study design (non-RCT) (n = 1)

FIGURE1 | PRISMA flow diagram describing the study flow.

1. Randomization process
2. Deviation from intended interventions
3. Missing outcome data
4. Measurement of outcomes
5. Selective reporting bias
Any disagreements were discussed with the senior reviewer

until consensus was reached. Publication bias was assessed
using funnel plots and Egger's linear regression test (p <0.10).

2.4.1 | Outcome Definitions
Nonadherence was defined as the discontinuation of GLP-1 re-
ceptor agonists during the trial period. The primary reasons for

nonadherence include the following:

« Loss to follow-up (patients did not complete the study).

« ADRSs (e.g., GI side effects).

« Subject withdrawal (voluntary discontinuation due to per-
ceived inefficacy or other personal reasons).

2.5 | Statistical Analysis

Relative risks (RRs) were extracted from included studies or cal-
culated from reported event counts where not directly provided.
A random-effects model was employed to estimate pooled RRs
of nonadherence, accounting for heterogeneity across studies.
Nonadherence was analyzed as a binary outcome based on the
cumulative incidence of treatment discontinuation within each
study period, and RRs were calculated by comparing the pro-
portion of participants who discontinued treatment between
intervention and control groups. As follow-up durations varied
across studies, this approach does not explicitly adjust for time-
to-event differences; however, a random-effects model was used
to account for between-study heterogeneity.
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Heterogeneity was assessed using the I? statistic and Q-test
(p<0.10 indicating significant heterogeneity). A random-effects
model was chosen because our study included multiple RCTs
examining the nonadherence rate of a medication, but the stud-
ies differed in patient characteristics, GLP-1 agonist types, and
study settings. Given these variations, a random-effects model
was appropriate to account for both within-study variance
(sampling error) and between-study variance (heterogeneity).
To explore potential sources of heterogeneity and assess the ro-
bustness of our findings, we conducted prespecified subgroup
analyses stratified by individual medications. Additionally,
sensitivity analyses were performed using a leave-one-out ap-
proach, sequentially excluding each study to assess its impact on
the overall pooled effect. Study selection was facilitated using
Rayyan (Qatar Computing Research Institute, Doha, Qatar), a
web-based tool for systematic review management [16]. All the
meta-analyses were conducted in R software using the meta for
package.

2.6 | Ethical Considerations

This study was based on published RCT data; therefore, ethi-
cal approval was not required. All supporting data are provided
within the article and its Supporting Information.

3 | Results
3.1 | Characteristics of Studies and Participants

A total of 748 articles were identified from database searches:
PubMed (n=561), Embase (n =164), and Web of Science (n =23).
After removing 363 duplicates, 385 unique records were screened
by title and abstracts. Of these, 372 were excluded for not meeting
the eligibility criteria. The full text of 13 studies was reviewed,
and 10 RCTs were included in the final meta-analysis (Figure 1).
The 10 included studies enrolled a total of 25,656 participants, of
whom 14,118 (55%) received GLP-1 receptor agonists and 11,538
(45.0%) to the control group. Among the intervention group,
83.5% received semaglutide and 16.5% received tirzepatide. The
control groups primarily received placebo treatment. The mean
participant age was 48.02years (SD+11.27), with a mean BMI
of 36.56kg/m? (SD+6.01). The mean follow-up duration was
77.2weeks. Participants in the GLP-1 receptor agonists achieved
an average weight loss of 13.8kg, whereas those in the control
groups lost 3.1kg on average (Table 1). The majority of RCTs in-
cluded in the study exhibited a low risk of bias or some concerns
(50.0% vs. 40.0%), respectively, but only 10% of the study exhib-
ited high risk of bias (Figures S2 and S3).

3.2 | Adherence and Nonadherence Rates

The overall nonadherence rate was 5.5% in the GLP-1 receptor
agonist group compared with 6.4% in the control group, reflect-
ing a small absolute difference. The crude RR from the aggre-
gated proportions is 0.815. However, the pooled meta-analytic
estimate, which is derived from study-level RRs with inverse-
variance weighting, showed a significantly lower risk of non-
adherence among GLP-1 users (RR=0.63 [95% CI: 0.48, 0.83,

p=0.01]), indicating a 37% lower risk of treatment discontinu-
ation compared with the control group (Figure 2 and Table 2).

3.3 | Reasons for Nonadherence
3.3.1 | ADRs

The pooled RR for ADR-induced nonadherence was 2.29 (95% CI:
1.47, 3.56; p=0.04), indicating that participants receiving GLP-1
receptor agonists were 2.29 times more likely to discontinue due to
ADRs compared with the control group (Figure 2). Among those
who discontinued due to ADRs, 75.2% experienced GI side effects,
including nausea, vomiting, and diarrhea (Figure 3 and Table 2).

3.3.2 | Loss to Follow-Up

The pooled RR for nonadherence due to loss to follow-up was
0.43 (95% CI: 0.27,0.71; p=0.18), suggesting that GLP-1 receptor
agonists were associated with a 56% lower risk of dropout com-
pared to the control group (Figure 4 and Table 2).

3.4 | Subgroup Analysis Based on GLP-1
Receptor Agonist Type

Subgroup analysis by GLP-1 receptor agonist type showed that
semaglutide was associated with a 24% lower risk of nonadherence
compared with the control group (RR: 0.76 [95% CI: 0.64-0.91],
p=0.01) (Figure S5), whereas Tirzepatide showed a 44% lower
risk of nonadherence (RR: 0.56 [95% CI: 0.41-0.76], p=0.01)
(Figure S4).

3.5 | Sensitivity Analysis

A leave-one-out sensitivity analysis was performed to confirm
the robustness of the meta-analysis. The pooled RR estimates re-
mained stable regardless of which study was excluded, with the
pooled effect size ranging from 34.99% to 51.97% lower risk of
nonadherence across iterations. The direction of effect remained
negative, and confidence intervals excluded 1.0 in all analyses,
confirming statistical significance in the risk of nonadherence
between the intervention and the control group, consistent with
the main analysis (Table S1).

3.6 | Publication Bias

Publication bias was assessed by funnel plots and further con-
firmed by the Egger tests. Upon visual inspection, the fun-
nel plot appears asymmetric, with a noticeable concentration
of studies on the left side (indicating negative log risk ratios)
and fewer studies on the right side, particularly among those
with higher standard errors. This asymmetry suggests the po-
tential presence of publication bias. Overall, the distribution
of the studies suggests a generally lower risk of nonadherence
in the GLP-1 agonist group, as reflected by the negative log
risk ratios. To explore and adjust for possible publication bias,
Egger's test was performed. Egger’s test for publication bias is a
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FIGURE 2 | Overall nonadherence to GLP-1 agonists in patients with obesity/overweight compared to placebo. The pooled log relative risk

(logRR) with 95% confidence intervals is shown, analyzed using a random-effects model. A vertical dashed line at logRR =0 (RR=1) indicates no

difference in the risk of nonadherence between intervention and control groups.

TABLE 2 | Rates and reason of nonadherence in the GLP-1 agonist versus control group.

Nonadherence rate GLP-1 agonist N (%) Control N (%) Total N (%)
Overall nonadherence treatment discontinuation 781 (5.5%) 743 (6.4%) 1524 (5.94%)
Loss to follow-up 311 (2.2%) 312 (2.7%) 623 (2.42%)
ADR induced 343 (2.43%) 105 (0.91%) 448 (1.74%)
GI adverse effect 226 (1.6%) 32(0.27%) 258 (1.0%)

Other?

189 (1.33%)

304 (2.63%) 493 (1.92%)

2Pregnancy, protocol violation, lack of efficacy, investigator's discretion, and other.

regression-based method used to detect funnel plot asymmetry.
The test yielded borderline evidence of asymmetry, with a p-
value of 0.06 and an intercept (b) of —0.04 (95% CI: —0.3 to 0.2).
Although the p-value suggests potential asymmetry, the confi-
dence interval for the intercept includes zero, which weakens
the statistical evidence for publication bias (Figure S1).

4 | Discussion

Adherence to GLP-1 receptor agonists is crucial for achieving
meaningful weight loss outcomes, yet nonadherence remains
a significant barrier. This systematic review and meta-analysis
quantified the extent of nonadherence in RCTs and identified
key factors contributing to treatment discontinuation. Our find-
ings demonstrate that GLP-1 receptor agonists were associated
with a 33% lower risk of nonadherence compared with control
groups. However, ADR-induced discontinuation was 2.29 times
higher in the GLP-1 group, primarily due to GI side effects.
These findings underscore the dual challenge of ensuring treat-
ment persistence while managing tolerability issues.

Recent studies highlight significant adherence challenges as-
sociated with GLP-1 receptor agonists, particularly in real-
world settings. A 2024 systematic review emphasized that cost,
accessibility, and GI side effects remain major contributors to

treatment discontinuation [26]. Additionally, a posttreatment
analysis of an RCT found that weight regain often occurs within
1year of stopping GLP-1 therapy, emphasizing the need for long-
term adherence strategies [27]. The adherence rates observed in
this meta-analysis align with previous RCT-based estimates but
contrast with real-world data, where discontinuation rates are
significantly higher. For instance, adherence rates to cardiovas-
cular medications in large trials such as the MEGA study (65.6%)
[28] and the ALERT trial (74.9%) [29] were similar across inter-
vention and control groups, whereas real-world adherence to
GLP-1 receptor agonists ranges between 36.5% and 58% within
the first year [12]. This discrepancy may be explained by sev-
eral factors. In clinical trials, participants are typically subject to
structured follow-up, closer monitoring, and more frequent con-
tact with healthcare providers, which may enhance adherence.
In contrast, real-world settings often involve barriers such as
medication cost, limited access, reduced follow-up, and varying
levels of patient support. Additionally, RCTs frequently apply
strict inclusion criteria, enrolling more motivated and healthier
participants, which may not reflect the broader patient popula-
tion. These differences likely contribute to the higher rates ob-
served in real-world settings and underscore the need for further
research on real-world persistence.

Subgroup analyses in this meta-analysis showed lower nonad-
herence rates in trials evaluating tirzepatide compared with
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FIGURE 3 | Nonadherence to GLP-1 agonists in patients with obesity/overweight due to ADR.
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semaglutide, with a 44% lower risk of nonadherence compared
with control groups. These findings are supported by head-
to-head clinical evidence from the SURPASS-2 trial, which
demonstrated superior weight-loss and glycemic efficacy for
tirzepatide compared to semaglutide [30]. However, it remains
unclear whether these superior clinical outcomes directly
translate to improved behavioral adherence in real-world pop-
ulations. The differences observed in our analysis are based on
indirect comparisons across studies and should be interpreted

with caution. The underlying mechanisms, whether driven
by dosing schedules, varied adverse effect profiles, or higher
patient expectations following weight loss, remain to be elu-
cidated through direct comparative adherence studies in real-
world environments.

ADRSs remain a major driver of GLP-1 discontinuation, with
ADR-induced nonadherence significantly higher (RR: 2.29,
p=0.04) compared with control groups. GI side effects,
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including nausea, vomiting, and diarrhea, accounted for 75.2%
of reported ADRs, a trend supported by a 2024 cross-sectional
study showing that 57.6% of GLP-1 users experienced GI symp-
toms [31]. To mitigate ADR-related discontinuation, expert
recommendations emphasize personalized titration strategies,
dietary modifications, and patient education on expected side
effects.

Our analysis found that participants randomized to GLP-1 ago-
nist experienced significant weight reductions, averaging 12.9%
of baseline weight, compared with 3.11% in the control group.
This efficacy aligns with findings from individual trials, such
as a double-blind trial that demonstrated a 14.9% weight reduc-
tion with semaglutide versus 2.4% with placebo over 68 weeks
[7], and a trial that reported a 20.9% reduction with tirzepatide
versus 3.1% with placebo over 72 weeks [8]. This observed effec-
tiveness profile supports the claim that patients in the GLP-1
agonist arm are more likely to continue the assigned inter-
vention, potentially leading to improved adherence. Although
RCTs are typically blinded to minimize bias, differences in per-
ceived treatment effects or side-effect profiles may influence
participant behavior and adherence. For example, individuals
experiencing noticeable benefits or adverse effects may be more
likely to continue or discontinue treatment, respectively. On the
other hand, participants in the placebo arm may become less
motivated to adhere, especially if they experience no tangible
benefits [32]. Moreover, participants may receive more atten-
tion or encouragement/monitoring from study staff in the ac-
tive treatment arm, even unintentionally, which can improve
adherence [33].

Despite improved adherence in the GLP-1 agonist group, pa-
tients might still skip or discontinue their intervention for
several reasons. Particularly, the nonseriousness of the dis-
ease obesity/overweight might preclude treatment adherence
to GLP-1 agonist, and patients might withdraw their therapy
anytime. Patients who do not view obesity or overweight as a
serious health condition may lack motivation to adhere to long-
term pharmacological treatments. They may underestimate the
associated risks, such as diabetes, cardiovascular disease, and
cancer, which are not immediately evident [34]. Of note, patients
who are seeking immediate effect may discontinue their ther-
apy if they do not observe swift improvement in health outcomes
[35]. Emphasizing the long-term health risks of obesity through
comprehensive education and advocating the gradual benefits
of GLP-1 agonists is required to achieve a clinically meaningful
weight reduction.

The high incidence of ADR could also preclude the persistence
of patients toward their weight loss medications. In this study, it
was observed that patients on GLP-1 agonists experienced a two
times higher risk of treatment discontinuation compared with
the control group. Particularly, GLP-1 agonists are associated
with mild to severe GI adverse effects. In our study, a signif-
icant number of patients in the GLP-1 receptor agonist group
discontinued the treatment due to ADR. The majority of the
ADRs were associated with GI adverse effects. A recent study
from the cross-sectional analysis of the National Institutes of
Health All of Us Cohort reported that patients on GLP-1 ago-
nists experienced various GI symptoms including abdominal
pain (57.6%), constipation (30.4%), diarrhea (32.7%), nausea and

vomiting (23.4%), GI bleeding (15.9%), gastroparesis (5.1%), and
pancreatitis (3.4%) (23). Another real-world study of patients
with type 2 diabetes reported that 45.4% of patients on GLP-1
agonists discontinued due to GI adverse effects (13). A system-
atic review and network meta-analysis revealed that GLP-1
agonists caused GI adverse reactions that required treatment
withdrawal [36]. Because of continuous reports of ADR-induced
GLP-1 discontinuation, a team of experts reached a consensus
and recommendation to minimize ADR due to GLP-1 agonists
and to increase persistence with therapy. This recommendation
for patients to minimize occurrence/severity of GI ADRs when
starting GLP-1 agonists includes eating slowly, eating in smaller
portions, avoiding lying down after having a meal, increasing
meal frequency, eating without distractions, trying not to be
too active after eating, and avoiding eating too close to bedtime
[37]. These clinician guides also advise/advocate extending the
dose escalation phase duration, avoiding dose escalation while
GI adverse effects persist, increasing the dose gradually, setting
a dose lower than the maximum recommended one in the case
of persistent tolerability limitations, and withholding treatment
temporarily until the resolution of the ADR [37]. However,
structured adherence interventions remain underutilized, and
emerging approaches, such as pharmacogenomic profiling to
predict GLP-1 tolerability, may offer new avenues to improve
long-term persistence [38].

4.1 | Strength and Limitations of the Study

Our study has several notable strengths that enhance its scien-
tific rigor and clinical relevance. First, by focusing exclusively
on RCTs, the study leverages high-quality evidence, minimiz-
ing bias and confounding that are often present in observational
studies. The use of a systematic review and meta-analysis ap-
proach strengthens the generalizability and statistical power of
the findings by synthesizing results from multiple RCTs. A major
strength of this study lies in its focused and clinically significant
research question—understanding patterns and causes of nonad-
herence to GLP-1 receptor agonists among overweight individu-
als and individuals with obesity, a topic of increasing importance
given the growing use of these agents in weight management.
Furthermore, the study provides a comprehensive analysis by ex-
amining not only the overall nonadherence rates but also specific
causes, including those related to ADRs and loss to follow-up.
Notably, the identification of GI side effects as a key driver of
ADR-related nonadherence offers actionable insights for clini-
cians aiming to improve treatment tolerability and persistence.

However, this study is not without limitations, including
variability in adherence definitions across trials, which may
have influenced pooled estimates. Within each trial, baseline
characteristics between intervention and control groups were
comparable due to randomization. However, differences in
study populations across trials (e.g., inclusion of participants
with or without type 2 diabetes) may contribute to between-
study heterogeneity. Additionally, real-world discontinuation
rates may be driven by factors beyond tolerability, such as
medication costs, insurance coverage, and supply shortages,
yet these barriers remain underexplored [39]. Another key
limitation is the lack of long-term data, as the average fol-
low-up of less than 2years may not capture the full trajectory
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of long-term nonadherence, particularly given emerging evi-
dence of substantial weight regain following treatment dis-
continuation [8]. Although most included trials were blinded,
differential perception of treatment effects or adverse events
may have influenced adherence behavior, potentially intro-
ducing bias in reported discontinuation rates. To address these
gaps, future research should incorporate real-world evidence
from insurance claims and patient registries to better under-
stand adherence barriers and evaluate scalable interventions
such as mobile health reminders, telemedicine support, and
pharmacist-led counseling.

5 | Conclusion

In summary, GLP-1 receptor agonists demonstrated lower over-
all nonadherence rates in RCTs compared with control groups,
but ADR-related discontinuation remained a significant chal-
lenge. Bridging the gap between clinical trial adherence and
real-world persistence will require enhanced patient education,
tailored titration strategies, and adherence-support interven-
tions. Future research should focus on monitoring long-term
adherence, real-world cost barriers, and innovative strategies
to improve persistence and optimize clinical outcomes.
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