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Background: Type 2 diabetes mellitus (T2DM) and chronic kidney disease (CKD) frequently coexist, posing a significant challenge due
to increased risks of cardiovascular disease and mortality. Glucagon-like peptide-1 receptor agonists, such as semaglutide, have
demonstrated potential for enhancing glucose control and reducing cardiovascular and renal risks.
Methods: Randomized controlled trials (RCTs) were taken to compare semaglutide with placebo or standard care in adults with
T2DM and CKD. Key outcomes assessed included cardiovascular mortality, major adverse cardiovascular events (MACE), kidney-
related adverse events, all-cause mortality, and hospitalization rates.
Results: Three RCTs involving 10 013 patients were included. Semaglutide demonstrated a 29% reduction in cardiovascular mortality
(risk ratio [RR]: 0.71; 95%confidence interval [CI]: 0.52–0.97;P=0.03; I2 = 59%) and a 20% reduction inMACE (RR: 0.80; 95%CI: 0.71–
0.91;P=0.0007; I2 = 0%). A significant 20%decrease in kidney-related adverse eventswas observed (RR: 0.80; 95%CI: 0.71–0.89;P<
0.0001; I2 = 0%), and semaglutide also reduced the need for cardiovascular medications (RR: 0.86; 95% CI: 0.81–0.91; P < 0.00001;
I2 = 13%).
Conclusion: Semaglutide shows promise as a therapeutic option for T2DM patients with CKD, significantly improving cardio-
vascular and renal outcomes. Its integration into treatment regimens for high-risk patients may enhance clinical outcomes and
reduce treatment complexity. However, more extensive and longer-term studies are needed to confirm these findings.

Keywords: cardiovascular events, chronic kidney disease, GLP-1 receptor agonist, kidney events, meta-analysis, mortality,
semaglutide, type 2 diabetes

Introduction

Type 2 diabetes mellitus (T2DM) is a growing global health issue.
More than 536 million people have T2DM, which is expected to
rise to 783million by 2045[1]. Among the complications of T2DM,
CKD is the most common, with nearly 40% of those diagnosed
withdiabetes affected[2,3]. The combinationofT2DMandCKDnot
only accelerates progression to ESRD but also increases the risk of
CVD and mortality[4–6]. Patients with T2DM and CKD are more
than twice as likely to die fromCVD; indeed, they account for 60%
of years of life lost due to diabetes[7,8]. Patients with T2DM and
CKD, although they havemany treatment options, are at extremely
high risk for both cardiovascular and renal morbidity and

mortality[9]. Most traditional glucose-lowering agents cannot pro-
vide all-around cardiorenal protection; thus, the limitation is a need
for effective therapy[10]. Sodium-glucose cotransporter-2 inhibitors
(SGLT2i) and GLP-1 receptor agonists (GLP-1 RAs) appeared
recently, and their glycemic effects also benefit the cardiovascular
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● Semaglutide significantly improves key cardiovascular and
renal outcomes in T2DM-CKD patients.

● Moderate heterogeneity was noted for certain endpoints,
but sensitivity analyses supported the robustness of the
findings.

● Further large-scale trials are needed to confirm long-term
safety and efficacy in diverse populations.
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and renal front[11–13]. Recent KDIGO (Kidney Disease: Improving
Global Outcomes) and ADA (American Diabetes Association)
guidelines recommend additional treatment for patients with
T2DM at increased risk for atherosclerotic cardiovascular disease,
heart failure, or progression of CKD namely SGLT2i and GLP-1
RA[14,15].
Among the GLP-1 RAs, semaglutide has shown particularly

notable efficacy for glycemic control, weight reduction, and cardi-
ometabolic risk reduction – surpassing many other agents in its
class. It has demonstrated significant effects on glycemic para-
meters,major adverse cardiovascular events,mortality, hospitaliza-
tion for heart failure, and slowing renal function decline[16,17]. This
distinction is a primary reason semaglutide has garnered special
interest in the context of T2DM and CKD, where weight manage-
ment and robust cardiovascular/renal protection are critical factors.
Given the overlapping risks and complexities in managing patients
with T2DM and CKD, a comprehensive safety and efficacy assess-
ment of semaglutide in this high-risk population is not just appro-
priate – it is necessary.
For this purpose, we conducted a systematic review and meta-

analysis of randomized controlled trials (RCTs) comparing sema-
glutide with placebo or standard care in T2DM and CKD. We
aimed to leave no stone unturned in understanding if semaglutide
contributed to kidney adverse events and cardiovascular outcomes
and whether its overall safety profile was affected. The thorough-
ness of our research should provide reassurance about the validity
of our findings,while also addressing a research gap that specifically
examines semaglutide in T2DM-CKD populations.

Methods

This systematic review and meta-analysis followed the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines[18], also the work has been reported in line
with Assessing the methodological quality of systematic reviews
Guidelines and is registered on PROSPERO under the ID
CRD42024610029. We performed a comprehensive search to
identify relevant studies assessing the safety and efficacy of semaglu-
tide in patientswithT2DMand chronic kidney disease (CKD),with
or without cardiovascular disease (CVD).

Data sources and search strategy

Electronic databases, includingMEDLINE, Embase, andCochrane
CENTRAL,were systematically searched from their inception until
May 2024. We used a combination of Medical Subject Headings
and keywords, such as “semaglutide,” “type 2 diabetes mellitus,”
“chronic kidney disease,” “cardiovascular disease,” “randomized
controlled trial,” and “placebo.” Boolean operators (AND, OR)
were applied to refine search results, and database-specific filters
(e.g. limiting to RCTs in humans, English language) were used to
ensure methodological rigor. Reference lists of relevant systematic
reviews and meta-analyses were examined to identify additional
studies. We also searched clinical trial registries and conference
abstracts for potentially unpublished or ongoing trials. The detailed
search strategy is given in Supplemental Digital Content Table 1,
available at:. http://links.lww.com/MS9/A760.

Inclusion and exclusion criteria

We included RCT studies involving adults aged 18 years or older
diagnosed with T2DM and CKD. Eligible studies compared
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semaglutide with placebo or standard care and reported on at least
one predetermined clinical outcome. These outcomes encompassed
major kidney adverse events, major adverse cardiovascular events
(MACE), cardiovascularmortality, nonfatal myocardial infarction,
nonfatal stroke, all-cause mortality, serious adverse events, hospi-
talization due to unstable angina or heart failure, and the use of
cardiovascular medications.
Studies were excluded if they were observational, such as cohort

or case-control studies, case reports, case series, reviews, editorials,
or lacked a control group. We also excluded studies that did not
report relevant clinical outcomes or were published in languages
other than English.

Study selection and data extraction

Two independent reviewers screened the titles and abstracts of all
retrieved articles to assess eligibility. Full-text articles were obtained
for studies that appeared to meet the inclusion criteria or when
eligibility was uncertain. Disagreements between reviewers were
resolved through discussion or consultation with a third reviewer.
Data extracted included study characteristics, patient demo-
graphics, interventions, outcomes, and assessments of risk of bias,
using a standardized data extraction form.

Risk of bias assessment

The quality of the included RCTs was assessed using the Cochrane
Risk-of-Bias tool for Randomized Trials (RoB 2.0)[19]. This tool
evaluates potential bias in five domains: the randomization process,
deviations from intended interventions,missingoutcomedata,mea-
surement of the outcome, and selection of the reported result. Each
domainwas rated as“low risk,” “some concerns,” or “high risk”of
bias. Any discrepancies were resolved by consensus among the
reviewers.

Statistical analysis

Statistical analyses were conducted using Review Manager
(RevMan) software version 5.4 (The Cochrane Collaboration,
Copenhagen, Denmark). For dichotomous outcomes, we calcu-
lated risk ratios (RRs) with 95% confidence intervals (CIs) using
a random-effects model to account for potential heterogeneity
among studies. Heterogeneity was assessed with the Chi-squared
test and quantified using the I2 statistic, where I2 values of 25%,
50%, and 75% indicate low, moderate, and high heterogeneity,
respectively[20]. AP-value less than 0.05was considered statistically
significant.Due to the limited number of studies (fewer than10),we
did not assess publication bias through funnel plots. Several studies
followed this methodology[21–24]

Results

After applying the inclusion and exclusion criteria, three RCTs
involving a total of 10 013 patients with T2DM and CKD were
included in the meta-analysis[15,25,26]. The study selection pro-
cess is illustrated in the PRISMA flowchart (Fig. 1A). 1750
records were identified (1640 from databases and 110 from
registers), 400 duplicates were removed, 1350 titles/abstracts
were screened (811 excluded), and after assessing 340 full-text
articles, three studies met all eligibility criteria and were included
in the final analysis. Table 1 summarizes the detailed

characteristics of the included studies. All studies were assessed
to have a low risk of bias based on the Cochrane Risk-of-Bias
tool (Fig. 1B and C and Supplemental Digital Content Table 2,
available at: http://links.lww.com/MS9/A760).

Primary outcomes

Cardiovascular mortality

Semaglutide was associated with a statistically significant reduc-
tion in cardiovascular mortality compared to placebo (RR: 0.71;
95% CI: 0.52–0.97; P = 0.03; I2 = 59%) (Fig. 2). This corre-
sponds to a 29% relative risk reduction in death from cardiovas-
cular causes. However, the moderate heterogeneity (I2 = 59%)
indicates some variability among the studies, but its nonsignifi-
cant P-value (0.09) mitigates it.

Major adverse cardiovascular events

Semaglutide also significantly decreased the incidence of MACE
(RR: 0.80; 95% CI: 0.71–0.91; P = 0.0007; I2 = 0%) (Fig. 3),
suggesting a 20% reduction in the risk ofMACE among patients
with T2DM and CKD.

Secondary outcomes

Major kidney adverse events

The meta-analysis revealed that patients treated with semaglu-
tide experienced a significant reduction in major kidney adverse
events compared to those receiving a placebo (RR: 0.80; 95%
CI: 0.71–0.89; P < 0.0001; I2 = 0%) (Fig. 4). This indicates
a 20% relative risk reduction in significant kidney adverse
events with semaglutide treatment.

Nonfatal myocardial infarction

The incidence of nonfatal myocardial infarction was lower in the
semaglutide group compared to placebo, but this difference did
not reach statistical significance (RR: 0.86; 95% CI: 0.66–1.12;
P = 0.27; I2 = 24%) (Fig. 5). The 14% relative risk reduction
suggests a potential benefit, but the wide CI crossing unity
indicates uncertainty in the effect estimate. The low heterogene-
ity among studies (I2 = 24%) suggests consistent findings.

Nonfatal stroke

Semaglutide did not significantly reduce the incidence of non-
fatal stroke compared to placebo (RR: 0.86; 95%CI: 0.53–1.40;
P = 0.54; I2 = 64%) (Supplemental Digital Content Figure 1,
available at: http://links.lww.com/MS9/A760). The high hetero-
geneity (I2 = 64%) indicates substantial variability among stu-
dies, but its non-significance (P-value: 0.06) suggests no effect of
heterogenicity.

All-cause mortality

With semaglutide treatment, a nonsignificant trend toward
reduced all-cause mortality was observed (RR: 0.79; 95% CI:
0.59–1.07; p = 0.12; I2 = 61%) (Supplemental Digital Content
Fig. 2, available at: http://links.lww.com/MS9/A760). This repre-
sents a 21% relative risk reduction, although the CI includes 1,
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indicating that the result is not statistically significant. Moderate
heterogeneity is also seen, which is insignificant (P-value: 0.08).

Serious adverse events

Semaglutide significantly reduced the occurrence of serious adverse
events compared to placebo (RR: 0.92; 95% CI: 0.86–0.99;
P = 0.03; I2 = 38%) (Supplemental Digital Content Figure. 3,
available at: http://links.lww.com/MS9/A760). This 8% relative
risk reduction highlights a favorable safety profile for semaglutide
in this patient population. The moderate heterogeneity indicates
some variability but does not compromise the overall finding as it is
insignificant (P-value: 0.20).

Hospitalization for unstable angina

There was no significant difference between semaglutide and
placebo groups regarding hospitalizations due to unstable
angina (RR: 1.01; 95% CI: 0.55–1.85; P = 0.98; I2 = 28%)
(Supplemental Digital Content Figure 4, available at: http://
links.lww.com/MS9/A760). The RR close to 1 suggests no effect,
and the wide CI reflects limited precision due to low event

rates. The low heterogeneity indicates consistent results across
studies.

Hospitalization for heart failure

Similarly, semaglutide did not significantly affect the rate of
hospitalizations for heart failure (RR: 1.03; 95% CI: 0.76–
1.40; P = 0.86; I2 = 0%) (Supplemental Digital Content
Figure 5, available at: http://links.lww.com/MS9/A760). The
lack of heterogeneity (I2 = 0%) suggests that the findings are
consistent among the included studies. The RR indicates no
significant difference between groups.

Use of cardiovascular medications

The use of cardiovascular medications was significantly reduced
in the semaglutide group compared to placebo (RR: 0.86; 95%
CI: 0.81–0.91; P < 0.00001; I2 = 13%) (Supplemental Digital
Content Figure 6, available at: http://links.lww.com/MS9/A760).
This 14% relative risk reduction suggests that patients treated
with semaglutide may require fewer additional cardiovascular
therapies, potentially due to improved cardiovascular outcomes.
The low heterogeneity supports the reliability of this finding.
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Assessment of heterogeneity and sensitivity analyses

Heterogeneity was moderate to high for some outcomes, such as
cardiovascular mortality and nonfatal stroke. Sensitivity analyses
(including leave-one-out approaches) did not significantly alter the
overall effect estimates, suggesting that the findings remain robust.
Nevertheless, possible sources of variabilitymay include differences
in baseline severity of CKD or T2DM, variations in follow-up
durations, and heterogeneity in patient demographics. Further sub-
group or sensitivity analyses in larger datasets could help clarify
these differences.

Publication bias

Due to the inclusion of fewer than 10 studies, assessment of pub-
lication bias using funnel plots was not feasible. Therefore, the
possibility of publication bias cannot be entirely excluded. Given
the small number of included RCTs, this limitation could influence
the robustness of our conclusions and underscores the need for
additional research.

Meta-regression

A meta-regression was impossible because fewer than five studies
were included in the analysis. The limitednumber of studies restricts
the statistical power required to drawmeaningful conclusions from
such an analysis. Consequently, the findings may not accurately
reflect the broader trends or relationships that could be observed in
amore substantial dataset. This limitation underscores the necessity
for further research to enhance the body of evidence on this topic.

Discussion

This systematic review andmeta-analysis evaluated the safety and
efficacy of semaglutide in patients with T2DM and CKD, with or

without CVD. Data from three RCTs encompassing 10 013
patients were analyzed. Our findings indicate that semaglutide
significantly reduces the risk of significant kidney adverse events
and MACE compared to placebo. Additionally, semaglutide was
associated with a reduction in cardiovascular mortality and ser-
ious adverse events. While reductions in nonfatal myocardial
infarction, nonfatal stroke, and all-cause mortality did not
achieve statistical significance, the observed trends favored sema-
glutide. Furthermore, the use of cardiovascular medications was
significantly decreased in the semaglutide group.
Our results alignwith previous studies that have underscored the

cardiovascular and renal benefits of GLP-1 RAs in patients with
T2DM[27]. For instance, the SUSTAIN-6 trial demonstrated
a significant reduction in MACE among semaglutide-treated
patients, consistent with our findings[28]. Similarly, the PIONEER
trials highlighted the renal protective effects of semaglutide, corro-
borating our observation of reduced major kidney adverse
events[15]. However, unlike some earlier studies, our meta-analysis
did not find a statistically significant reduction in nonfatal myocar-
dial infarction or stroke. This discrepancy may be attributed to the
limited number of included studies, variations in study populations,
differences in follow-up durations, or heterogeneous baseline char-
acteristics across trials. Despite the lack of statistical significance,
the clinical implications remain noteworthy for patient care and
may inform future research, particularly as semaglutide could still
offer important benefits in broader populations or with longer
follow-up[26].
The beneficial effects of semaglutide can be attributed to its

multifacetedmechanisms of action. Semaglutide enhances glycemic
control and induces weight loss, both pivotal in mitigating the
progression of CKD and reducing cardiovascular risk[28].
Additionally, semaglutide exhibits anti-inflammatory and anti-
atherogenic properties, contributing to the stabilization of athero-
sclerotic plaques and improvement in endothelial function[29,30].

Figure 2. Cardiovascular mortality.

Figure 3. Major adverse cardiovascular events.
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These combined effects likely underpin the observed reductions in
major kidney adverse events and MACE. Furthermore, semaglu-
tide may improve lipid profiles and reduce oxidative stress, which
are critical factors in cardiovascular health and renal function[31,32].
The significant decrease in cardiovascular medications suggests
semaglutide may facilitate better managing cardiovascular risk
factors, thereby reducing the need for additional pharmacotherapy
and simplifying treatment regimens.
Despite the positive outcomes, this meta-analysis exhibited

moderate heterogeneity in particular outcomes, such as cardio-
vascular mortality (I2 = 59%) and all-cause mortality (I2 = 61%).
Possible sources of variability include differences in patient
comorbidities, baseline kidney function, or follow-up durations
among the included RCTs. Future studies might employ addi-
tional sensitivity or subgroup analyses (e.g. stratifying patients
by CKD stage or baseline body mass index) to isolate and under-
stand these factors more thoroughly. Indeed, the lack of detailed
BMI variation data in the included RCTs is an important con-
sideration given semaglutide’s weight-dependent effects.
Clinically, our findings advocate for the integration of sema-

glutide into treatment regimens for patients with T2DM and
CKD, particularly those at high risk for cardiovascular events.
The significant reduction in adverse events in the primary kidney
and cardiovascular system positions semaglutide as a valuable
therapeutic option for improving patient outcomes[33,34].
Additionally, the decrease in the use of cardiovascular medica-
tions suggests potential simplification of treatment protocols
and enhanced patient adherence, which can lead to better overall
management of comorbid conditions. This is especially relevant
in clinical settings where polypharmacy is a concern, as reducing
the number of medications can improve patient quality of life
and reduce the risk of medication-related adverse effects[29,35].
Also, it is an important consideration in healthcare systems,
where polypharmacy is common and cost-effectiveness must be

evaluated. Further economic evaluations or real-world adher-
ence studies would offer valuable insights into whether semaglu-
tide’s benefits extend to cost savings or improvement in patient
compliance. Future research should focus on large-scale, long-
term, RCTs to confirm these benefits and explore the potential
synergistic effects of semaglutide with other cardioprotective
agents such as SGLT2i. Moreover, studies investigating the
impact of semaglutide in diverse patient populations and varying
stages of CKD would provide more comprehensive insights into
its efficacy and safety[36].
However, this study is subject to several limitations. The

small sample size (three RCTs) and limited follow-up durations
restrict the generalizability of our findings and may affect the
capacity to detect significant differences in certain endpoints
(e.g. nonfatal stroke, and long-term mortality). Additionally,
the inability to thoroughly assess publication bias (due to
fewer than 10 included studies) raises caution regarding the
robustness of the results. The reliance on published aggregate
data rather than individual patient data restricts our ability to
perform detailed subgroup analyses or adjust for confounding
factors. Furthermore, the absence of long-term outcome data
means that the enduring safety and efficacy of semaglutide
remain to be fully established. Finally, all included studies were
conducted by the same research group, which may introduce
a risk of bias and affect the robustness of the findings. These
considerations underscore the need for cautious interpretation
and future research refinement.

Conclusion

In conclusion, semaglutide significantly reduces primary kidney
and cardiovascular events in patients with T2DM and CKD and
has a favorable safety profile. These findings advocate for

Figure 4. Major kidney adverse events.

Figure 5. Nonfatal myocardial infarction.
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considering semaglutide as part of the therapeutic strategy for
managing T2DM and CKD to improve cardiovascular and renal
outcomes. Nevertheless, the limited number of available studies
and relatively short follow-up periods hamper capturing long-
term safety and efficacy data. Larger, more diverse patient
cohorts and longer trial durations are warranted to confirm
these results and to explore specific directions, such as investi-
gating optimal dosing, targeting particular patient subgroups
(e.g. varying stages of CKD or higher BMI ranges), or designing
new RCTs with distinct methodologies. As the evidence base
grows, clinicians will be better equipped to determine semaglu-
tide’s precise role and cost-effectiveness in managing T2DM
and CKD.
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