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ABSTRACT

Background. Evidence supporting glucagon-like peptide-1 receptor agonists (GLP-1RAs) in kidney transplant recipients
(KTRs) remains scarce. This systematic review and meta-analysis aims to evaluate the safety and efficacy of GLP-1RAs in
this population.

Methods. A comprehensive literature search was conducted in the MEDLINE, Embase and Cochrane databases from
inception through May 2023. Clinical trials and observational studies that reported on the safety or efficacy outcomes of
GLP-1RAs in adult KTRs were included. Kidney graft function, glycaemic and metabolic parameters, weight,
cardiovascular outcomes and adverse events were evaluated. Outcome measures used for analysis included pooled odds
ratios (ORs) with 95% confidence intervals (Cls) for dichotomous outcomes and standardized mean difference (SMD) or
mean difference (MD) with 95% CI for continuous outcomes. The protocol was registered in the International Prospective
Register of Systematic Reviews (CRD 42023426190).

Results. Nine cohort studies with a total of 338 KTRs were included. The median follow-up was 12 months (interquartile
range 6-23). While treatment with GLP-1RAs did not yield a significant change in estimated glomerular filtration rate
[SMD —0.07 ml/min/1.73 m? (95% CI —0.64-0.50)] or creatinine [SMD —0.08 mg/dl (95% CI —0.44-0.28)], they were
associated with a significant decrease in urine protein:creatinine ratio [SMD —0.47 (95% CI —0.77 to —0.18)] and
haemoglobin Alc levels [MD —0.85% (95% CI —1.41 to —0.28)]. Total daily insulin dose, weight and body mass index also
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decreased significantly. Tacrolimus levels remained stable [MD —0.43 ng/ml (95% CI —0.99 to 0.13)]. Side effects were
primarily nausea and vomiting (17.6%), diarrhoea (7.6%) and injection site pain (5.4%).

Conclusions. GLP-1RAs are effective in reducing proteinuria, improving glycaemic control and supporting weight loss in
KTRs, without altering tacrolimus levels. Gastrointestinal symptoms are the main side effects.

GRAPHICAL ABSTRACT

Safety and efficacy of glucagon-like peptide-1 receptor

Clinical : : . .
Kidnn::, agonists among kidney transplant recipients: a systematic

IIC review and meta-analysis

Evidence supporting glucagon-like peptide-1 receptor agonists (GLP-1RAs) in kidney transplant recipients (KTRs) remains scarce.
This systematic review and meta-analysis aims to evaluate the safety and efficacy of GLP-1RAs in this population.

Methods Results
Embase® WMEDLINE:::  (¥) Cochrane Following treatment with GLP-1RAs:

3 databases searching from inception €—> eGFR and creatinine levels

through May 2023

UPCR
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UPCR, urine protein creatinine ratio; SMD, standard mean difference; MD, mean difference
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Conclusion: While GLP-1RAs may lead to an elevated risk of Gl side effects in KTRs,

they demonstrate substantial benefits in reducing proteinuria, improving blood
glucose control, and promoting weight loss, all without impacting tacrolimus levels.

Keywords: GLP-1RAs, glucagon-like peptide-1 receptor agonist, kidney transplantation, Type 2 diabetes mellitus (T2DM),
post-transplant diabetes mellitus (PTDM)
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KEY LEARNING POINTS

What was known:

GLP-1RAs have been shown to be effective for glycaemic control and weight reduction in the general type 2 diabetes mellitus
(T2DM) population.

There is limited data on the safety and efficacy of GLP-1RAs in kidney transplant recipients (KTRs), a population at high risk
for diabetes and its complications.

Concerns also existed about the potential interaction of GLP-1RAs with immunosuppressive agents. A study was needed to
evaluate their safety and efficacy in KTRs.

This study adds:

GLP-1RAs are generally safe for use in KTRs. There are no significant alterations in immunosuppressive drug levels and their
side-effect profile is similar to that of the general population.

This study demonstrates that GLP-1RAs are effective in reducing proteinuria, improving glycaemic control and promoting
weight loss in KTRs.

No significant long-term cardiovascular or mortality outcome differences were observed. Further studies with extended

follow-up are needed.

Potential impact:

arsenal for this high-risk population.

pressive agents and GLP-1RAs.

e This study supports the inclusion of GLP-1RAs as a treatment option for T2DM in KTRs, thus expanding the therapeutic
e These findings may lead to protocol adjustments in the management of KTRs, particularly in the titration of immunosup-

e This study sets the stage for larger, controlled trials to confirm these findings and to explore long-term cardiovascular and
mortality outcomes that would potentially impact future guidelines.

INTRODUCTION

Kidney transplantation is currently widely acknowledged
as the optimal kidney replacement therapy option. It offers
superior survival outcomes, improved quality of life and cost-
effectiveness when compared with maintenance dialysis for
patients with end-stage kidney disease (ESKD) [1-4]. Diabetes
mellitus (DM) is recognized as the leading cause of ESKD
worldwide, contributing to 50-60% of global ESKD cases [5, 6].
In kidney transplant recipients (KTRs) with pre-existing type
2 diabetes mellitus (T2DM), this disease burden translates to
the observed decreased survival rates compared with non-DM
counterparts [7]. This disparity in survival outcomes can be
chiefly attributed to the established correlation between DM
and elevated cardiovascular (CV) risks. The increased CV risk
associated with DM has been demonstrated to not only affect
ESKD patients, but also lead to increased mortality rates across
the general population [5, 8-10].

In KTRs, the necessary post-transplantation use of glucocor-
ticoids and calcineurin inhibitors (CNIs) exacerbates the risk of
hyperglycaemia and new-onset diabetes. Glucocorticoids have
been demonstrated to induce hyperglycaemia by exacerbating
insulin resistance, impairing «-cell and g-cell function and in-
hibiting the incretin effect [10-13]. CNIs, particularly tacrolimus,
appear to have an adverse effect on g-cell function thatresults in
reduced insulin secretion [11, 14]. Consequently, post-transplant
diabetes mellitus (PTDM) has become increasingly common af-
ter kidney transplantation, and it can lead to diabetic kidney dis-
ease and allograft dysfunction [3, 15-17]. The estimated preva-
lence of pretransplant DM and PTDM ranges from ~10 to 30%
of KTRs, and this has become an increasingly significant barrier
to improving post-transplant outcomes due to their association
with increased CV risk, mortality and healthcare burden [3, 16].

Glucagon-like peptide-1 (GLP-1) is a natural incretin hor-
mone secreted by the neuroendocrine L-cells located in the dis-
tal intestine following a meal [18, 19]. GLP-1 receptor agonists

(GLP-1RAs) not only stimulate insulin release through a glucose-
dependent mechanism and suppress glucagon release, but also
induce weight loss by slowing gastric emptying time and sup-
pressing appetite [20-22]. GLP-1RAs have demonstrated effec-
tiveness in improving glycaemic control, reducing major adverse
cardiac events (MACE), lowering all-cause mortality, minimizing
hospitalizations due to heart failure and slowing the progression
of renal dysfunction in high-CV-risk individuals with T2DM [22-
27]. Furthermore, there is strong evidence that GLP-1RAs protect
B-cells from glucocorticoid-induced injury and in vitro toxicity
from CNIs [28]. Since GLP-1RAs can slow gastric emptying and
thus potentially alter the absorption and efficacy of concurrent
orally administered medications (such as tacrolimus, an antire-
jection drug with a tightly controlled therapeutic range), caution
has been advised in their post-transplant use [12, 29].

To date, there is limited evidence regarding the safety and
efficacy of GLP-1RAs in KTRs, primarily due to their general ex-
clusion from randomized controlled trials (RCTs) [23-27, 30-33].
Additional treatment options for diabetes in KTRs are sorely
needed to further improve post-transplant outcomes. Emerg-
ing studies suggest that GLP-1RAs may be safe and effective for
managing glycaemic control and promoting weight loss, with-
out significantly impacting immunosuppressive dosages in ei-
ther T2DM and PTDM solid organ transplant recipients, particu-
larly KTRs [34, 35]. Thus we conducted a systematic review and
meta-analysis to comprehensively evaluate the safety and effi-
cacy of GLP-1RAs in KTRs.

MATERIALS AND METHODS
Search strategy and study eligibility

The protocol for this systematic review and meta-analysis was
registered with the International Prospective Register of System-
atic Reviews (CRD42023426190). A pair of investigators (P.X. and
S.S) independently conducted a comprehensive search from
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inception through May 2023 utilizing the Ovid MEDLINE, Embase
and Cochrane databases. In order to assess the safety and effi-
cacy of GLP-1RAs in KTRs, the search terms included ‘GLP-1RAs
OR liraglutide OR semaglutide OR dulaglutide OR lixisenatide OR
exenatide OR albiglutide OR efpeglenatide’ AND ‘kidney trans-
plant OR renal transplant’. The comprehensive search method is
provided in Supplementary Table S1. The scope of the search was
confined to human subjects without language limitations. Fur-
thermore, a manual search into the references of the included
studies and a meticulous search through relevant conference ab-
stracts were undertaken to identify additional pertinent studies.
The Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement was followed for the reporting of
this systematic review [36].

This systematic review incorporated clinical trials and obser-
vational studies that evaluated the safety or efficacy outcomes
of GLP-1RAs after kidney transplantation in adults >18 years
of age. Primary outcomes included the efficacy of GLP-1RAs on
mortality and CV diseases (e.g. myocardial infarction, stroke and
heart failure), on kidney graft function [e.g. changes in crea-
tinine, estimated glomerular filtration rate (eGFR), urine pro-
tein:creatinine ratio (UPCR) or 24-hour urine protein excretion],
on glycaemic and metabolic outcomes (e.g. change in blood glu-
cose or haemoglobin Alc (HbA1lc), blood pressure (BP) and lipid
profile] and on weight reduction. Secondary outcomes included
tacrolimus levels, allograft rejection and any adverse events.

Excluded from this systematic review were case reports,
editorials, reviews without original data and studies that pri-
marily reported on recipients of other organ transplants that
lacked a subgroup analysis specifically for KTRs. Eligibility as-
sessment for retrieved studies was performed independently
by the two investigators (PK. and S.S.). Any disparities were re-
solved through collaborative discussion among all authors.

Data extraction and quality assessment

A standardized data collection template was employed to ex-
tract the following variables from each study included in this
analysis: study title; author(s); publication year; study design;
country where the study was conducted; number of partici-
pants; duration of follow-up; name and dosage of GLP-1RAs;
identity of the comparator drugs in the control group [includ-
ing the type and dosage of insulin and/or other oral antihy-
perglycaemic drugs such as metformin, sulfonylurea, sodium-
glucose co-transporter 2 (SGLT2) inhibitors and pioglitazone];
baseline characteristics including age, body weight, body mass
index (BMI), laboratory test results, existing comorbidities and
the type and dosage of immunosuppressive agents; and treat-
ment outcomes involving GLP-1RAs and control groups, includ-
ing changes in creatinine, eGFR, UPCR or 24-hour urine pro-
tein excretion, blood glucose or HbAlc, BP, body weight or BMI,
tacrolimus levels, incidence of CV events, all-cause mortality
and any adverse events (including allograft rejection).

For randomized controlled trials, the Cochrane Risk of Bias
Tool [37] was utilized. For non-randomized studies, the Risk Of
Bias In Non-randomized Studies of Interventions (ROBINS-I) tool
[38] and Newcastle-Ottawa Scale [39] were utilized, as shown in
Supplementary Tables S2 and S3. Funnel plots and Egger’s test
were used to examine for potential publication bias.

Statistical analysis

The meta-analysis was performed with Comprehensive Meta-
analysis version 3.3.070 (Biostat, Englewood, NJ, USA). For di-

chotomous outcomes, the study utilized odds ratios (ORs) with
95% confidence intervals (ClIs) to express differences in effects.
For continuous outcomes, the summary statistics for each out-
come consisted of the mean change from baseline with asso-
ciated standard deviations (SDs). Calculating the mean change
within each group involved subtracting the final mean from the
baseline mean. Mean differences (MDs) were employed when all
studies reported the same continuous outcome using the same
unit of measure. In other instances, standardized mean differ-
ences (SMDs) with accompanying 95% ClIs were utilized. For the
computation of the SD of mean change, we assumed a conserva-
tive correlation coefficient of 0.5, as suggested in the literature.
Effect sizes were interpreted as follows: 0.2 indicated a small ef-
fect, 0.5 a moderate effect and 0.8 a large effect [40]. In cases
where the original articles did not provide sufficient data, we
sent requests to the investigators for additional data or calcu-
lated estimates from the available figures.

Heterogeneity was examined through the x? test and/or the
I? statistic. A value of > >50% or a P-value <.l was indica-
tive of significant heterogeneity. If the test for heterogeneity
yielded significant results, the subsequent meta-analysis was
conducted using a random effects model [41]. The possibility
of publication bias was evaluated through a funnel plot anal-
ysis and Egger’s test [42]. Subgroup analyses were performed
for short-term (<12 months) and long-term (>12 months) out-
comes. For all analyses, a P-value <.05 was considered statisti-
cally significant.

RESULTS
Study characteristics

Our search strategy (Fig. 1) yielded a total of 153 potential arti-
cles, with 14 identified as duplicates. Therefore, 139 articles un-
derwent screening based on their titles and abstracts. This re-
sulted in the exclusion of 113 articles due to publication type,
lack of topic relevance, ongoing studies or unavailability of the
article. As a result, a total of 26 studies were included for full-
length review. Of these, 17 studies were subsequently removed
from the analysis for the following reasons: being a systematic
review, meta-analysis or case report; lacking KTRs or subgroup
analysis primarily focusing on KTRs; missing outcomes of inter-
est; and duplication of the population. Thus this systematic re-
view ultimately included nine studies with a sample size of 338
participants, including seven retrospective cohort studies with-
out control groups [12,43-48] and two retrospective cohort stud-
ies with control groups [49, 50]. The median follow-up time was
12 months [interquartile range (IQR) 6-23] with a range from 1
to 49.4 months as shown in Table 1.

Among the 338 participants included in this systematic re-
view, 240 individuals received GLP-1RAs and 98 individuals from
two studies [49, 50] received non-GLP-1RAs. Almost all KTRs
(98.5%) had DM, with 80% having pre-existing T2DM and 18.7%
experiencing PTDM. Notably, only 5 of 338 participants from
Gonzalez et al. [48] had no DM.

Overall, 65% of participants were male with a mean age of
57.0 £ 10.5 years (from 331 participants across eight studies [12,
43, 44, 46-50]). The mean body weight was 89.1 + 18.8 kg (from
169 participants across seven studies [12, 43-45, 47-49]) and the
mean BMI was 28.9 + 6.0 kg/m? (from 265 participants across
seven studies [12, 43-45, 47, 48, 50]). In terms of baseline blood
glucose control, the baseline HbAlc was 7.3 + 1.2% (from 260 par-
ticipants across six studies [43-45, 47, 48, 50]) and fasting blood
glucose was 145.1 + 55.0 mg/dl (from 79 participants across five
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Figure 1: PRISMA flow of search methodology and selection process.

studies [12, 43-45, 48]). It should be noted that only two of the
included studies reported pre-existing diabetic retinopathy, af-
fecting 65% of the 60 patients [43, 46].

Regarding baseline kidney function, the mean serum creati-
nine was 1.2 &+ 0.4 mg/dl (from 79 participants across five studies
[12, 4345, 48]), the eGFR was 50.8 £ 18.7 ml/min/1.73 m? (from
252 participants across six studies [12, 43-45, 47, 50]) and the
UPCR was 0.16 + 0.74 g/g (from 100 participants across five stud-
ies [44-48]). Detailed information regarding immunosuppressive
agents was available in six studies with 228 participants [12, 44,
45, 47, 48, 50]. Tacrolimus was prescribed in 99% and corticos-
teroids in 85% of patients. Notably, only one study included a
minority of combined kidney-heart transplant recipients (2/17)
and kidney-liver recipients (1/17) [44].

Of the 240 patients who were prescribed GLP-1RAs, informa-
tion about the specific medication administered was available
for only 142 individuals across seven studies [12, 43-48]. Dulaglu-
tide was the most commonly prescribed GLP-1RA (46.5%), with a
weekly dosage of 0.75-1.5 mg [43, 44, 46-48]. Liraglutide (34.5%)
was the second most frequently prescribed GLP-1RA, with doses
ranging from 0.6 to 1.8 mg/day [12, 44-48], followed by semaglu-
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14 records removed before
screening due to duplications

109 records excluded:
» Reviews, guidelines, letters, surveys
or book chapters (n=62)
* Not related to the topic (n=37)
* Registered protocols or ongoing studies (n=10)

Reports not retrieved due to unavailability (n=4)

17 reports excluded:

» Meta-analysis or systematic reviews (n=2)

* Lacked kidney population or no subgroup
analysis of kidney transplant population (n=8)

* Lacked outcome of interest (n=3)

* Case reports (n=2)

* Duplicated populations (n=2)

153 potential records identified:
c * EMBASE (n=123)
o * MEDLINE (n=9)
§ » Cochrane Central Register of Controlled Trials (n=12)
E » Cochrane Database of Systematic Reviews (n=9)
q:)
o
Records screened (n=139)
Records sought for retrieval (n=30)
=)
(=
s
o
o
(%]
(7]
Records assessed for eligibility (n=26)
°
5 9 studies underwent meta-analysis and systematic review:
% B * 2 cohort studies with the control group
£ « 7 cohort studies without the control group

tide (18.3%) [47, 48] and exenatide (0.7%) [44]. The timing for ini-
tiation of GLP-1RAs after kidney transplantation was reported in
only two studies as a mean of 7.7 £+ 5.3 months [49] and a median
of 24 months (IQR 15-61) [47].

Efficacy of GLP-1RAs on kidney graft function

Six studies with a total of 165 individuals receiving GLP-1RAs
were included for the meta-analysis on kidney graft func-
tion [12, 44-47, 50]. Overall, the change in eGFR after GLP-
1RA treatment was comparable to baseline, with an SMD of
—0.07 ml/min/1.73 m? (95% CI —0.64-0.50), P = .814, I> = 79%;
Fig. 2A). A similar pattern was observed in the creatinine anal-
ysis, involving five studies with 65 participants [12, 44-46, 47].
The change in creatinine levels after GLP-1RA treatment was
similar to that of baseline values, with an SMD of —0.08 mg/dl
(95% CI —0.44-0.28, P = .668, I> = 0%; Fig. 2B). However, GLP-1RA
treatment did show a significant reduction in UPCR from base-
line, with an SMD of —0.47 g/g (95% CI —0.77 to —0.18, P = .002,
12 = 74%; Fig. 2C) across five studies involving 100 participants
[44-48].
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A. eGFR
Study name Statistics for each study Std diff in means and 95% Cl

Std diff Standard Lower Upper
inmeans error Variance limit limit Z-Value p-Value
Pinelli et al (2013) 0.358 0.652 0426 -0920 1637 0549 0583
Liou etal (2018)  0.318 0.548 0.300 -0.756 1.392 0.581 0.561
Kukla et al (2020) 0.192 0.346  0.120 -0.486 0.870 0.555 0.579
Vigara et al (2022) 0.117 0224 0.050 -0.323 0557 0522 0.602
Mallik et al (2023) 0.112 0.296 0.088 -0.468 0.692 0379 0.704
Sato etal (2023) -1.096 0.209  0.044 -1.506 -0.686 -5.234  0.000 E 3
-0.069 0.291 0.085 -0.640 0503 -0.235 0.814
F=79% 400 200 000 200  4.00
Lower Higher
eGFR eGFR

B. Creatinine

Study name

.Std diff Standard

Statistics for each study

Lower

U

Fpe.f
imit Z-Value p-Value

Std diff in means and 95% Cl

inmeans error Variance limit

Pinelli et al (2013) -0.199 0639 0408 -1.451 1.053 -0.312 0.755 !
Liou et al (2018) -0.156 0.538 0.289 -1.209 0.898 -0.289 0.772 -
Kukla et al (2020)  -0.221 0413 0171 -1.031 0589 -0.535 0.593 =
Gonzalez et al (2021) 0.000 0.408 0.167 -0.800 0.800 0.000 1.000
Mallik et al (2023)  0.000 0.295 0.087 -0.578 0.578 0.000 1.000

-0.079  0.185 0.034 -0442 0.283 -0.429 0.668
12=0% 200 100 0.0 1.00 2.00

Lower Higher
Creatinine Creatinine

C. Urine protein creatinine ratio
Study name Statistics for each study Std diff in means and 95% ClI

Std diff Standard Lower Upper

inmeans error Variance limit limit Z-\Value p-Value
Liou et al (2018) -0.603 0.581 0.338 -1.742 0536 -1.038 0.299
Kukla et al (2020) -0.224 0.347 0.121 -0.904 0457 -0.644 0.520
Gonzalez et al (2021) -0.092 0.393 0.154 -0.862 0.679 -0.233 0.816
Vigara et al (2022) -0.844 0.260 0.068 -1.355 -0.334 -3.242 0.001 a
Mallik et al (2023) -0.354 0.304 0.092 -0.949 0242 -1.163 0.245

-0.474 0.152 0023 -0.772 -0.176 -3.117 0.002 4

2= 74% -8.00 -4.00 0.00 4.00 8.00
Lower Higher
UPCR UPCR

Figure 2: Changes in kidney graft function from baseline after GLP-1RAs treatment in KTRs. (A) eGFR presented on a scale ranging from —4 to 4 ml/min/1.73 m?.
(B) Creatinine presented on a scale ranging from —2 to 2 mg/dl. (C) UPCR presented on a scale ranging from —8 to 8 g/g. Studies are identified by the name of the first
author and the year of publication. SMDs were determined using the random effects model.

Subgroup analyses by treatment duration (>12 or
<12 months) were performed for both eGFR and creati-
nine. These analyses did not identify any statistically sig-
nificant change in either eGFR or creatinine levels when
compared with baseline, as shown in Supplementary Figs. S1
and S2.

Efficacy of GLP-1RAs in glycaemic and metabolic
outcomes

A total of 210 participants receiving GLP-1RAs from seven stud-
ies were included in the meta-analysis on HbAlc [43-48, 50].
Overall, there was a significant HbAlc reduction after treat-
ment with GLP-1RAs, with an MD of —0.85% (95% CI —1.41 to
—0.28, P = .003, I> = 77%; Fig. 3A). In subgroup analysis, it is
notable that GLP-1RAs achieved a statistically significant reduc-

tion in HbA1c levels only in the context of short-term treatment
(<12 months), with an MD of —0.74% (95% CI —1.22 to —0.25,
P = .003, I = 68%; six studies [43, 44, 46-48, 50]). In contrast,
our findings did not reveal a statistically significant reduction
in HbA1lc during long-term treatment (>12 months), with an MD
of —0.51% (95% CI —1.45-0.43, P = .287, I? = 70%; two studies [46,
50]; Supplementary Fig. S3).

Regarding total daily insulin doses, our meta-analysis incor-
porated data from five studies comprising 138 participants re-
ceiving GLP-1RAs [43, 44, 46, 47, 49]. GLP-1RAs demonstrated a
statistically significant reduction in total daily insulin dose from
baseline, yielding an MD of —7.62 units (95% CI —12.41 to —2.82,
P = .002, I? = 0%) when administered as short-term treatment
(Fig. 3B). Only one study provided data for long-term outcomes
of GLP-1RAs on insulin use at 24 months; this revealed a reduc-
tion in the total daily insulin dose by —2.5 + 23.7 units [46].


https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae018#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae018#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae018#supplementary-data
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A. HbA1c
Study name Statistics for each study Difference in means and 95% CI

Difference Standard Lower Upper

inmeans error Variance limit limit Z-Value p-Value
Liou et al (2018) -2.260 0.685 0.469 -3.602 -0.918 -3.301 0.001 —a—
Kukla et al (2020) -0.600 0.395 0.156 -1.374 0174 -1.520 0.129
Gonzalez et al (2021) -0.700 0.767 0.588 -2.204 0.804 -0.913 0.361
Kim et al (2021) -0.120 0.247  0.061 -0.603 0.363 -0.487 0.627
Vigara et al (2022)  -0.800 0.215 0.046 -1.221 -0.379 -3.727 0.000 |
Mallik et al (2023) -3.200 0.772 0.595 4.712 -1.688 -4.143 0.000
Sato et al (2023) -0.120 0.215  0.046 -0.542 0.302 -0.558 0.577
-0.846 0.287  0.082 -1409 -0.283 -2.946 0.003 3
12=77% -8.00 -4.00 0.00 4.00 8.00
Lower Higher
oy o " HbA1C HbA1C
B. Total dally insulindose
Study name Statistics for each study Difference in means and 95% Cl
Difference Standard Lower Upper
inmeans error Variance limit limit Z-Value p-Value
Kukla et al (2020)  -19.000 17.000 289.000 -52.319 14.319 -1.118 0.264
Kim et al (2021) -9.600 3.484 12.140 -16.429 -2.771 -2.755 0.006 E 3
Vigara et al (2022)  -4.000 6.708 45.000 -17.148 9.148 -0.596 0.551 —a—
Mallik et al (2023) 5600 4405 19.402 -14.233 3.033 -1.271 0.204 -
Campana et al (2023) -5.150 11.626 135.166 -27.937 17.637 -0.443 0.658 —_—
-7.618 2447 5988 -12.414 -2.822 -3.113 0.002 L 2
2= 0% -75.00  -37.50 0.00 37.50 75.00
Lower Higher
Insulin Dose Insulin Dose

C. Total Cholesterol

Study name Statistics for each study Difference in means and 95% CI
Difference Standard Lower Upper
inmeans error Variance limit limit Z-Value p-Value
Kukla et al (2020) -12.000 19.143 366.455 -49.520 25.520 -0.627 0.531 I i I
Vigara et al (2022) -12.100 9.541 91.035 -30.800 6.600 -1.268 0.205 L
Mallik et al (2023) -7.700 8.549 73.087 -24.456 9.056 -0.901 0.368 ——
-9.893 6.042 36.502 -21.734 1949 -1.637 0.102 i
2=0% -50.00  -25.00 0.00 25.00  50.00
Lower Higher

Total Cholesterol Total Cholesterol

Figure 3: Changes in glycaemic and metabolic outcomes from baseline after GLP-1RAs treatment in KTRs. (A) HbAlc presented on a scale ranging from —8 to 8%.

(B) Total daily insulin dose presented on a scale ranging from —75 to 75 units. (C)

Total cholesterol presented on a scale ranging from —50 to 50 mg/dl. Studies are

identified by the name of the first author and the year of publication. MDs were determined using the random effects model.

In terms of cholesterol profile, three studies involving 80 par-
ticipants receiving GLP-1RAs reported short-term outcomes on
total cholesterol [44, 46, 47]. GLP-1RAs did not exhibit a signif-
icant reduction in total cholesterol levels compared with base-
line, with an MD of —9.89 mg/dl (95% CI —21.73-1.95, P = .102,
I2 = 0%; Fig. 3C).

BP data were available in only two of the included stud-
ies, encompassing a total of 63 patients receiving GLP-1RAs [46,
47]. Following a 6-month course of treatment, GLP-1RAs did not
reach a statistically significant decrease in systolic BP (SBP), with
an MD of —5.12 mmHg (95% CI —10.53-0.17, P = .058, I2 = 2%).
Similarly, there was no statistically significant impact on dias-
tolic BP (DBP), with an MD of —0.98 mmHg (95% CI —4.66-2.70,
P = .602, 12 = 0%; Fig. 4).

Efficacy of GLP-1RAs in weight reduction

Of eight studies with a total of 167 participants receiving GLP-
1RAs [12,43-49], the overall impact on weight reduction was sta-

tistically significant with an MD of —4.03 kg (95% CI —5.30 to
—2.77, P < .001, I> = 0%; Fig. 5A). Subgroup analysis, stratified
by treatment duration, revealed that GLP-1RAs significantly re-
duced weight in both short-term treatment [MD —4.08 kg (95%
CI —5.36 to —2.81), P < .001, I = 0%; seven studies [12, 43, 44,
46-49]] and long-term treatment [MD —4.38 kg (95% CI —7.27
to —1.50), P = .003, I*> = 0%, two studies [45, 46]], as shown in
Supplementary Fig. S4.

In terms of BMI, the meta-analysis included six studies in-
volving 198 participants receiving GLP-1RAs [44-48, 50]. GLP-
1RAs exhibited a significant reduction in BMI compared with
baseline, with an MD of —1.34 kg/m? (95% CI —1.80 to —0.89,
P < .001, I? = 0%; Fig. 5B). Subgroup analysis stratified by treat-
ment duration also demonstrated a significant reduction in BMI
with GLP-1RAs treatment for both short-term [MD —1.30 kg/m?
(95% CI —1.76 to —0.83), P < .001, > = 0%, five studies [44, 46—
48, 50]] and long-term use [MD —0.95 kg/m? (95% CI —1.82 to
—0.07), P = .034, I> = 0%; three studies [45, 46, 50]], as shown in
Supplementary Fig. S5.


https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae018#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae018#supplementary-data
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A. Systolic blood pressure (SBP)

Statistics for each study
Difference Standard Lower Upper

Study name

inmeans error Variance limit
Vigara et al 2022 -8.600 4.334 18.787 -17.095 -0.105
Mallik et al 2023  -3.000 3440 11.837 -9.743 3.743
-5.179 2730  7.455 -10.531 0.172

12=2%

B. Diastolic blood pressure (DBP)

Difference in means and 95% Cl

imit Z-Value p-Value

-1.984  0.047
-0.872  0.383
-1.897  0.058
-50.00  -25.00 0.00 25.00  50.00
Lower SBP Higher SBP

Statistics for each study

Difference Standard Lower Upper
inmeans error Variance limit

Study name

Vigara et al 2022 -0.200 2494 6219 -5088 4.688
Mallik et al 2023  -2.000 2.857 8.160 -7.599 3.599
-0.979 1879 3529 4.661 2.704

12=0%

Difference in means and 95% CI

imit Z-Value p-Value

-0.080 0.936
-0.700 0484
-0.5621  0.602
-50.00 -25.00 0.00 25.00 50.00
Lower DBP Higher DBP

Figure 4: The changes in BP from baseline after GLP-1RAs treatment in KTRs. (A) SBP and (B) DBP. Studies are identified by the name of the first author and the year
of publication and the outcomes are presented on a scale ranging from —50 to 50 mmHg. MDs were determined using the random effects model.

Efficacy of GLP-1RAs in CV and mortality outcomes

Among nine included studies with a total of 240 participants
evaluated for CV and mortality outcomes, there were no re-
ported cases of myocardial infarction, stroke or heart failure.
Only one death (0.4%) was reported during the follow-up period
[46]. The specific cause of death was not stated.

Safety of GLP-1RAs in KTRs

Table 2 presents an overview of the adverse events observed in
the included studies. Overall, the discontinuation rate of GLP-
1RAs due to any cause was 10%. The most common reported ad-
verse events were nausea and vomiting (17.6%), diarrhoea (7.6%)
and injection site pain (5.4%). Hypoglycaemia was a rare occur-
rence (3.8%), reported in only three cases within one study [43].
Notably, two patients developed pancreatic diseases during GLP-
1RA treatment in two separate studies: one case of pancreatitis
[44] and one case of pancreatic cancer [47].

Five studies with a total of 86 patients evaluated the im-
pact of GLP-1RAs on immunosuppressive agents [12, 45-48]. The
meta-analysis demonstrated that GLP-1RAs did not result in a
significant change in tacrolimus trough levels when compared
with baseline, with an MD of —0.43 ng/ml (95% CI —0.99-0.13,
P =.129,1? = 0%, Fig. 6). Tacrolimus dose changes following treat-
ment with GLP-1RAs at 12 months were reported in two stud-
ies (Supplementary Table S4). Notably, only one of these studies
reported a significant reduction in tacrolimus dosage in three
of five patients [45]. It should be noted that no cases of graft
rejection or graft dysfunction were reported in any of the nine
included studies.

Sensitivity analysis

To enhance robustness in our analysis, we conducted an addi-
tional sensitivity analysis by excluding the studies of Pinelli et al.

[12] and Campana et al. [49]. The Pinelli et al. [12] study, despite
its titled as a ‘case series’, involved systematic patient sampling
based on exposures and followed them over a total study pe-
riod, which is compatible with the concept of a cohort study, as
described in ‘Distinguishing case series from cohort studies’ by
Dekkers et al. [51], while the Campana et al. [49] study was the
sole contribution sourced from a conference abstract.

Following the exclusion of Pinelli et al. [12], the changes
of eGFR, creatinine and tacrolimus levels after GLP-1RA treat-
ment remained comparable to the baseline with an SMD of
—0.12 ml/min/1.73 m? (95% CI —0.74-0.50, P = .710, I?> = 82%), an
SMD of —0.07 mg/dl (95% CI —0.45-0.31, P = .724, 1> = 0%) and an
MD of —0.51 ng/ml (95% CI —1.11-0.10, P = .102, I> = 0%), respec-
tively, as shown in Supplementary Fig. S6.

Upon the exclusion of Campana et al. [49], a statistically
significant reduction in total daily insulin dose from base-
line following GLP-1RA treatments persisted, yielding an MD of
—7.73 units (95% CI —12.64 to —2.83, P = .002, I? = 0%), as shown
in Supplementary Fig. S7.

After excluding both Pinelli et al. [12] and Campana et al. [49],
the impact of GLP-1RAs on weight reduction remained statisti-
cally significant, with an MD of —4.09 kg (95% CI —5.37 to —2.81,
P <.001, I> = 0%), as shown in Supplementary Fig. S8.

Evaluation of publication bias

The funnel plots of standard error by SMD or MD were evalu-
ated using Egger’s regression asymmetry. These assessments re-
vealed no indication of publication bias, as all analyses yielded
P-values >.05, as shown in Supplementary Fig. S9.

DISCUSSION

This is the first systematic review and meta-analysis focusing
on the safety and efficacy of GLP-1RAs in KTRs. Our findings


https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae018#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae018#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae018#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae018#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae018#supplementary-data
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A. Weight
Stud Statistics fi f i Diff g 195% CI
Difference Standard Lower Upper
inmeans error Variance limit limit Z-Valuep-Value
Pinelli et al (2013) -2.200 11.335 128.488 -24.417 20.017 -0.194 0.846
Liou et al (2018) -0.300 5505 30.304 -11.089 10.489 -0.054 0.957
Kukla et al (2020) -9.400 6.506 42332 -22.152 3352 -1.445 0.149
Gonzalez et al (2021) -9.900 31477 10.092 -16.126 -3.674 -3.116 0.002 —
Kim et al (2021) -4.900 2628 6907 -10.051 0.251 -1.864 0.062
Vigara et al (2022) -2.400 3836 14.716 -9.919 5119 -0.626 0.532
Mallik et al (2023) -3.800 0.709 0503 -5.190 -2.410 -5.360 0.000 =
Campana et al (2023) -0.900 5.022 25221 -10.743 8943 -0.179 0.858
2= 0% -4.032 0645 0416 -5.296 -2.768 -6.253 0.000 L 2
-20.00  -10.00 0.00 10.00 20.00
Weight Loss Weight Gain
B. BMI
Study name Statistics for each study Difference in means and 95% CI

Difference Standard

Lower Upper

inmeans error Variance limit

Liou et al (2018) -0.900 1877 3521 4578 2778
Kukla et al (2020) -1.900 1313 1.723 4473 0673
Gonzalez et al (2021) -1.700 1454 2115 4550 1.150
Vigara et al (2022)  -1.100 1196  1.431 -3.445 1.245
Mallik et al (2023) -1.400 0.271  0.073 -1.931 -0.869
Sato et al (2023) -1.000 0.581 0.338 -2.140 0.140

-1.341 0.232 0.054 -1.795 -0.886

2=0%

imit Z-Valuep-Value

0.480 0.632
1447 0.148
1169 0.242
0.919 0.358 —
-5.165  0.000 L |
1720 0.085 ——
-5.783  0.000 *
800 400 0.00 400  8.00
Lower BMI Higher BMI

Figure 5: The changes in weight and BMI from baseline after GLP-1RAs treatment in KTRs. (A) Weight presented on a scale ranging from —20 to 20 kg. (B) BMI presented
on a scale ranging from —8 to 8 kg/m?. Studies are identified by the name of the first author and the year of publication. MDs were determined using the random

effects model.

Table 2: Adverse events

Patients Incidence,

Adverse events evaluated, n n (%)
Drug discontinuation due to 140 14 (10)
any cause

Nausea and vomiting 119 21 (17.6)
Diarrhoea 79 6 (7.6)
Injection site pain 37 2(5.4)
Hypoglycaemia 79 3(3.8)
Pancreatitis 154 1(0.6)
Pancreas cancer 154 1(0.6)

indicate that the administration of GLP-1RAs in KTRs is gener-
ally safe and without significant alterations in immunosuppres-
sive drug levels. Moreover, these patients experience favourable
outcomes in terms of proteinuria reduction, glycaemic control
and weight loss, similar to the general T2DM population. Due to
the limited evidence, however, we were unable to conclusively
ascertain the impact of GLP-1RAs on reducing CV diseases and
mortality in KTRs.

Among individuals with T2DM, a meta-analysis conducted
by Sattar et al. [27] revealed that GLP-1RAs yield a 14% reduction
in composite MACE, which encompasses CV death, myocardial
infarction and stroke. Moreover, GLP-1RAs also demonstrated a
reduction in all-cause mortality, hospitalization for heart failure
and composite kidney outcomes while avoiding any significant
increase in the risk of adverse events [27]. It is important to note,
however, that all of the RCTs included in this aforementioned

meta-analysis specifically excluded KTRs [23-26, 30-33, 52, 53].
Our meta-analysis was conducted to evaluate the potential
use of GLP-1RAs in KTRs, a population unique in its high
pill burden with potential medication interactions, increased
cardiovascular risk and high risk for diabetes and its related
complications.

A major safety concern for GLP-1RAs is their potential to
delay gastric emptying, which could impact the absorption of
immunosuppressants such as tacrolimus [12, 29]. It should be
noted that our meta-analysis did not reveal any significant
change in tacrolimus levels following GLP-1RA treatment. This
finding was reinforced by the absence of any reported cases of
graft rejection or dysfunction in any of the included studies. A
possible explanation is that the metabolic pathway of GLP-1RAs
primarily involves proteolytic degradation and does not interact
with cytochrome P450 enzyme [47]. As a result, the likelihood of
interaction with concurrent immunosuppressive drugs remains
relatively low.

GLP-1RA adverse events were largely consistent with those
observed in the general population [54]. Gastrointestinal (GI) side
effects, particularly nausea and vomiting, were the most preva-
lent in our included studies, with an incidence of 17.6%. This
aligns with two prior meta-analyses conducted by Bettge et al.
[55] and Hathmacher et al. [56] that reported an incidence of ~10-
20% for nausea and ~5-10% for vomiting in the non-transplant
general population. Since the majority of the included studies
[12, 43-45, 47] followed a protocol that favoured titration of GLP-
1RAs to the highest optimal doses that patients could tolerate,
this may account for the similarity in the incidence rate of GI
side effects between KTRs and the general population.
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Study name

Difference Standard

Statistics for each study

Lower Upper
imit Z-Value p-Value

inmeans error Variance limit
Pinelli et al (2013) 0.000 0.760 0.578 -1.490 1.490
Liou et al (2018) 0.300 0998 0.996 -1.656 2.256
Gonzalez et al (2021) -0.800 1.062 1.127 -2.881 1.281
Vigara et al (2022)  -0.300 0425 0.181 -1.134 0.534
Mallik et al (2023) -1.050 0.569 0.324 -2.166 0.066
-0.434 0.286 0.082 -0.994 0.127

Difference in means and 95% CI

12=0%

0.000 1.000
0.301 0.764
-0.754  0.451
-0.705  0.481
-1.845  0.065
1517 0129
-8.00 -4.00 0.00 4.00 8.00
Lower Higher

Tacrolimus level Tacrolimus level

Figure 6: The change in tacrolimus trough level from baseline after GLP-1RAs treatment in KTRs. Studies are identified by the name of the first author and the year of
publication and the outcomes are presented on a scale ranging from —8 to 8 ng/ml. MDs were determined using the random effects model.

The incidence of overall hypoglycaemia in KTRs receiving
GLP-1RAs in our review was 3.8%, comparable to the 1-2% of se-
vere hypoglycaemic episodes reported in a previous review of
landmark RCTs [54]. Notably, hypoglycaemia risk is known to
increase when GLP-1RAs are used in conjunction with sulfony-
lureas (SUs), insulin secretagogue medication [54]. Given that
only a minority of our included patients were on SU therapy at
baseline, our findings of a lower hypoglycaemia risk are consis-
tent with the clinical context.

Regarding renal outcomes with GLP-1RAs in KTRs, we ob-
served a significant reduction in UPCR from baseline. However,
no significant effects on eGFR or serum creatinine levels were
noted. This finding aligns with the prior meta-analysis by
Sattar et al. [27], which similarly demonstrated a significant
reduction in composite kidney outcomes, primarily driven
by the efficacy of GLP-1RAs in reducing macroalbuminuria
without significantly preventing worsening of kidney function.
Conversely, it should be emphasized that our meta-analysis
provides reassurance regarding the safety of initiating GLP-1RAs
in KTRs since there were no significant adverse changes in eGFR
or creatinine levels. This remains consistent even in light of the
significant GI side effects associated with GLP-1RAs use, which
may potentially lead to volume depletion and pre-renal acute
kidney injury [57, 58].

Changes in glycaemic and metabolic outcomes were also
evaluated in our meta-analysis. Treatment with GLP-1RAs sig-
nificantly lowered HbA1lc levels and reduced the total daily in-
sulin dose in KTRs, consistent with findings in the general popu-
lation [54, 59, 60]. Interestingly, a recent meta-analysis of 31 RCTs
by Yeh et al. [60] reported a reduction in HbAlc of —0.78% (95% CI
—0.97 to —0.60) and weight reduction of —4.05 kg (95% CI —5.02
to —3.09). These results closely align with our findings in KTRs,
where GLP-1RAs resulted in an HbAlc reduction of —0.85% (95%
CI —1.41 to —0.28) and a weight reduction of —4.03 kg (95% CI
—5.30 to —2.77).

However, our meta-analysis did not demonstrate a signifi-
cant effect of GLP-1RAs on BP reduction in KTRs. This is in com-
parison to a previous meta-analysis by Sun et al. [61] that demon-
strated an SBP reduction of —1.84 to —4.60 mmHg with GLP-1RAs
versus placebo. Due to the statistical marginal insignificance ob-
served in our meta-analysis (P = .058), this disparity could be
attributed to the limited number of included studies.

Limitations

It is important to acknowledge that our systematic review
has some limitations. First, among the nine studies included,

only two included comparator groups. Consequently, all meta-
analyses were performed by comparing outcomes with the base-
line rather than the control group. Second, there was signifi-
cant heterogeneity among the included studies, particularly in
eGFR, UPCR and HbAlc outcomes. This may be due to follow-
up duration, as one of the included studies [45] had the short-
est follow-up time of 1 month. In an effort to mitigate this het-
erogeneity, subgroup analyses were conducted based on treat-
ment duration. However, even stratified within these subgroups,
a notable degree of heterogeneity persisted. Third, due to lim-
ited available data in included studies, subgroup analyses for the
type and dosage of GLP-1RAs, relationship between GLP-1RAs
and other oral hypoglycaemic drugs and types of DM (T2DM ver-
sus PTDM) were precluded. Fourth, despite an Egger’s test show-
ing no significant publication bias, the forest and funnel plots
for eGFR and HbAlc changes suggest the presence of a poten-
tial publication bias and small-study effect. This finding implies
that smaller studies might have disproportionately influenced
the pooled SMD/MD and heterogeneity values. This recognition
necessitates a cautious interpretation of our findings. Lastly,
this systematic review could not assess long-term CV outcomes
or death due to the short-term follow-up period of the major-
ity of included studies. Therefore, future studies with control
groups, larger sample sizes and extended follow-up periods are
needed to address these limitations and validate our findings.
Despite these limitations, our systematic review provides valu-
able insights into the safety and efficacy of GLP-1RAs among
KTRs.

CONCLUSION

While GLP-1RAs may lead to an elevated risk of GI side effects
in KTRs, they demonstrate significant benefits in reducing pro-
teinuria, improving blood glucose control and promoting weight
loss while avoiding changes in tacrolimus levels.
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