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Abstract

BACKGROUND
Type 2 diabetes (T2D), as well as obesity, are risk factors for chronic kidney
disease (CKD) and end-stage renal disease. The renal impacts of glucose-lowering
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and weight-lowering drugs and their potential benefits in preventing CKD often guide clinicians in choosing them
appropriately. Only limited data based on randomized controlled trials (RCTs) is currently available on the renal
effects and safety profile of tirzepatide.

AIM
To explore the renal benefits and safety of tirzepatide vs controls.

METHODS

RCTs involving patients receiving tirzepatide for any indication in the intervention arm and placebo or active
comparator in the control arm were searched through multiple electronic databases. The co-primary outcomes
were percent change from baseline (CFB) in urine albumin-to-creatinine ratio (UACR) and absolute CFB in esti-
mated glomerular filtration rate (¢GFR; in mL/min/1.73 m?); the secondary outcome was tirzepatide’s renal safety
profile. RevMan web was used to conduct meta-analysis using random-effects models. Outcomes were presented
as mean differences (MD) or risk ratios with 95% confidence intervals.

RESULTS

Fifteen RCTs (n = 14471) with mostly low risk of bias (RoB) were included. Over 26-72 weeks, tirzepatide 10 mg
[MD -26.95% (-40.13, -13.76), P < 0.0001] and 15 mg [MD -18.03% (-28.58, -7.47), P = 0.0008] were superior to placebo
in percent reductions of UACR. Tirzepatide, at all doses, outperformed insulin in percent reductions of UACR.
Compared to the placebo, the percent UACR reduction was greater in subjects with T2D than those with obesity
but without T2D (MD -33.25% vs -7.93%; P = 0.001). The CFB in eGFR with all doses of tirzepatide was comparable
[5 mg: MD 0.36 (-1.41, 2.14); 10 mg: MD 1.17 (-0.22, 2.56); 15 mg: MD 1.42 (-0.04, 2.88)]; P > 0.05 for all] vs insulin.
Tirzepatide (pooled and separate doses) did not increase the risks of adverse renal events, urinary tract infection,
nephrolithiasis, acute kidney injury, and renal cancer compared to the placebo, insulin, and glucagon-like peptide-
1 receptor agonists.

CONCLUSION

Short-term data from RCTs with low RoB suggests that tirzepatide positively impacts UACR without detrimental
effects on eGFR in subjects with T2D and obesity without T2D, with a reassuring renal safety profile. Larger RCTs
are warranted to prove the longer-term renal benefits of tirzepatide, which might also prevent eGFR decline and
worsening of CKD.

Key Words: Tirzepatide; Type 2 diabetes; Obesity; Urine albumin creatinine ratio; Estimated glomerular filtration rate; Renal
safety; Acute kidney injury; Chronic kidney disease

©The Author(s) 2025. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: It is important to appraise the renal impacts and safety profile of Tirzepatide for optimal use of this molecule by
clinicians for managing patients with type 2 diabetes (T2D), the most common cause of chronic kidney disease across the
globe. Based on 15 randomized controlled trials (RCTs) with mostly low risk of bias involving 14471 participants, this
systematic review identified that Tirzepatide significantly reduces urine albumin-to-creatinine ratio compared to placebo and
insulin, with a neutral impact on estimated glomerular filtration rate (¢GFR) in individuals with T2D and obesity without
T2D. Moreover, tirzepatide does not appear to increase the risks of renal adverse events. Larger and longer-term RCTs are
warranted to prove the renal benefits of tirzepatide and its potential to prevent eGFR decline in patients.
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INTRODUCTION

Chronic kidney disease (CKD) is defined as an estimated glomerular filtration rate (eGFR) persistently < 60 mL/min/1.73
m? and/or elevated urinary albumin excretion > 30 mg/day[1]. CKD in diabetes, often referred to as diabetic kidney
disease (DKD), results from prolonged hyperglycemia, which causes glomerular hyperfiltration, thickening of the
glomerular basement membrane, and mesangial expansion. This impairs glomerular filtration and leads to proteinuria,
inflammation, and fibrosis, ultimately resulting in chronic kidney failure[2]. About 50% of people with type 2 diabetes
(T2D) may experience CKD, one of the most prevalent microvascular complications of the disease, at some point during
their T2D journey[1]. Obesity is also an independent risk factor for the new onset and progression of CKD; however, the
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link is unclear. Obesity may cause renal dysfunction directly through obesity-related glomerulopathy (ORG) and
indirectly through comorbidities like atherosclerosis, hypertension, and T2D. Adipocytokines are linked to glomerular
inflammation, oxidative stress, endothelial dysfunction, glomerular hyperfiltration, and, ultimately, proteinuria[3]. The
true prevalence of ORG is unknown, although the prevalence of significant proteinuria [> 1+ by urine dipstick or urine
albumin-to-creatinine ratio (UACR) = 30 mg/mmol] is 4%-10% amongst patients with obesity. Moreover, obesity, which
is an important risk factor for T2D and very common in these patients, accelerates the progression of both diabetic and
non-diabetic CKD[4]. Both eGFR and UACR (normal < 30 mg/g) are recommended for risk assessment of DKD[2].
Currently, there are no specific well-established criteria for diagnosing ORG; such a diagnosis is primarily based on the
presence of obesity and abdominal obesity, proteinuria, and typical microscopic appearance with the exclusion of
secondary causes[5].

Optimizing control of glycemia, blood pressure, and lipids reduces the risk and slows down DKD progression and,
thereby, the cardiovascular risk, which are the cornerstones of managing patients with DKD[6]. However, the benefits of
intensive glycemic control rest upon reducing albuminuria only; it does not affect eGFR decline[7]. Drugs acting on the
renin-angiotensin-aldosterone system (RAAS) are the specific therapeutic options for DKD; either an angiotensin-
converting enzyme inhibitor (ACEi) or an angiotensin receptor blocker (ARB) is recommended to prevent the progression
of DKD and reduce cardiovascular events in this condition[6]. Finerenone, a nonsteroidal mineralocorticoid receptor
antagonist, has demonstrated significant cardiovascular and kidney protection for patients with proteinuric kidney
disease due to T2D when used with maximally tolerated ACEi or ARB[8]. However, in contrast to other microvascular
complications, DKD hasn’t decreased as a complication of T2D in recent years, even with the increased screening rate[9].
A definite treatment recommendation for ORG is lacking. Weight loss and RAAS blockers have a protective effect on
obesity-related CKD, but even so, a significant proportion of patients eventually progress to end-stage renal disease
(ESRD) despite treatment. Weight loss and RAAS blockers have a protective effect on obesity-related CKD. However,
many patients still develop ESRD[8].

Some glucose-lowering drugs positively impact renal function, and their renal effects should be considered when
choosing a treatment regime for a patient with diabetes. Sodium-glucose cotransporter 2 (SGLT2) inhibitors reduce renal
tubular glucose reabsorption, intraglomerular pressure, and albuminuria and slow down the glomerular filtration rate
decline[10]. Glucagon-like peptide-1 (GLP-1) receptor agonists (GLP-1RA) also have direct effects on the kidney and have
been found to reduce albuminuria, decline in eGFR, and delay the onset of ESRD irrespective of their glycemic benefits
[11]. Tirzepatide is a novel first-in-class dual agonist of the glucose-dependent insulinotropic polypeptide (GIP) and GLP-
1 receptors[12]. Tirzepatide effectively reduces blood glucose, body weight, insulin resistance, blood pressure, and
atherogenic dyslipidemia. Such metabolic actions of tirzepatide may benefit CKD through improved hemodynamics and
reduced inflammation, atherosclerosis, oxidative stress, and fibrosis[13]. No ongoing or available trials specifically
investigate the effects of tirzepatide on patients with CKD. A post hoc analysis of the SURPASS-4 clinical trial found
tirzepatide to reduce albuminuria, total eGFR slopes and nearly halved the risk of a composite kidney endpoint (eGFR
decline > 40%, renal death, kidney failure, or new-onset macroalbuminuria) in patients with T2D with high cardio-
vascular risk compared to insulin glargine[14]. A systematic review and meta-analysis (SRM) examining the effects of
tirzepatide on albuminuria and renal function in patients with T2D mellitus has recently been published[15]. However,
the SRM has several shortcomings; for example, it only included clinical trials conducted among subjects with T2D (not
those with obesity and without T2D) and did not analyze its safety outcomes. Hence, it is imperative to conduct an
updated SRM, including all relevant randomized controlled trials (RCTs) of tirzepatide in T2D and obesity without T2D,
reporting the renal effects and safety of tirzepatide to inform better clinical practice decisions by healthcare professionals.

MATERIALS AND METHODS

Ethical compliance

This SRM complied with the guidelines outlined in the Cochrane Handbook for Systematic Reviews of Interventions and
the PRISMA checklists[16,17]. It was registered with PROSPERO (CRD42024584102), and the protocol summary is
accessible online.

Search strategy

A comprehensive search was performed across various databases and registries, including MEDLINE (via PubMed),
Scopus, Cochrane Central Register, and ClinicalTrials.gov. The search investigated these sources from their inception to
June 30, 2024. The search strategy utilized a Boolean approach with the terms “tirzepatide” OR “LY3437943”; the search
terms were applied to titles only. A thorough and careful search was conducted to find any recently published or
unpublished clinical trials in English. The search also included examining references within the retrieved clinical trials
included in this study and relevant journals.

Study selection

The selection of clinical trials for this meta-analysis was based on the PICOS criteria. The patient population (P) consisted
of individuals treated with tirzepatide for any clinical indication; the intervention (I) was the administration of tirze-
patide; the control (C) included individuals receiving either a placebo or any other active comparator; the outcomes (O)
included the renal effects and safety of tirzepatide; and the study type (S) included the RCTs. This analysis included RCTs
with a minimum 12-week duration with study subjects aged > 18 years. The trials had a minimum of two treatment
groups, one administering tirzepatide either as monotherapy or in conjunction with other medications, while the other
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group received a placebo or another active comparator, either alone or in combination with additional medications.
Exclusions were clinical experiments using animals or healthy humans, nonrandomized trials, RCTs lasting less than 12
weeks, retrospective studies, pooled analyses of clinical trials, conference proceedings, letters to editors, case reports, and
articles devoid of relevant outcome data.

Outcomes analyzed

The co-primary outcomes of this SRM were the percent change from baseline (CFB) in UACR and the absolute CFB in
eGFR (calculated using CKD epidemiology collaboration, CKD-EPI formula) at the end of the trial. The secondary
outcome was tirzepatide’s renal safety profile. The safety profile included renal events (events classified as severe or
serious adverse events), urinary tract infection (UTI), nephrolithiasis, acute kidney injury (AKI), and renal cancer. The
terminologies for the adverse events were coined per the descriptions of the included studies.

Data extraction and handling of missing data
Four review authors independently performed data extraction utilizing standardized forms, with further details available
elsewhere[18]. The handling of missing data has also been detailed in the same source[18].

Risk of bias assessment

Four authors independently performed the risk of bias (RoB) assessment using version 2 of the Cochrane risk-of-bias tool
for randomized trials (RoB 2) in the Review Manager (RevMan) computer program, version 7.2.0[19,20]. The domains
included in RoB 2 cover all types of bias currently understood to affect the results of RCTs, e.g., bias arising from the
randomization process, bias due to deviations from intended interventions, bias due to missing outcome data, bias in the
measurement of the outcome; and bias in the selection of the reported result. The risk-of-bias judgment assigned one of
three levels to each domain: Low risk of bias, some concerns, or high risk of bias. The least favorable assessment across
the domains of bias was considered the overall risk of bias for the result[19]. The Risk-of-bias VISualization (robvis) web
app was used to create risk-of-bias plots[21].

Statistical analysis

The results of the outcomes were expressed as mean differences (MDs) for continuous variables and as risk ratios (RRs)
for dichotomous variables with 95% confidence intervals (Cls). Forest plots were created using the RevMan computer
program, version 7.2.0[20], which portrayed the comparison of RR for primary and secondary outcomes, with the left side
favouring tirzepatide and the right side favouring the control group(s). Random effects analysis models were applied
while generating forest plots to address the anticipated heterogeneity resulting from population characteristics and study
length variations among the included RCTs. The inverse variance statistical approach was utilized in all instances. Forest
plots incorporating data from at least two RCTs were included in the results. A significance level of P < 0.05 was
employed.

Assessment of heterogeneity

The assessment of heterogeneity was initially conducted through the analysis of forest plots. Afterward, a ¥* test was
conducted with N-1 degrees of freedom and a significance level of 0.05 to ascertain the statistical significance. The I* test
was also utilized in the further analysis[22]. The interpretation of I? values has been previously discussed in detail[18].

Grading of the results
The GRADE methodology assessed the quality of evidence about each meta-analysis outcome[23]. The process of creating

the summary of findings (SoF) table and evaluating the quality of evidence as “high”, “moderate”, “low”, or “very low”
has been previously described[18].

RESULTS

Search results

The study selection process is illustrated in Figure 1. The preliminary search yielded 1092 publications; after screening
titles and abstracts and doing full-text reviews, the studies included in this meta-analysis were reduced to 30. Detailed
evaluation led to the inclusion of 15 RCTs with 16 published reports involving 14471 subjects that met all the inclusion
criteria[14,24-38]. Fifteen studies were excluded; eight were sub-studies or post hoc analyses of an included trial[39-46];
six studies have not reported the outcomes of interest[47-52]; and in another study, an open-label tirzepatide lead-in
period followed by a double-blind, placebo-controlled period[53].

Characteristics of included studies

Two of the 15 RCTs included in this meta-analysis were phase 2 trials[24,38], and the other 13 were phase 3 trials[25-37].
Ten RCTs included individuals with T2D[24,26,30-37], four included obese/overweight subjects without diabetes[25,27-
29], and one included those with biopsy-confirmed metabolic dysfunction associated steatohepatitis and stage F2 or F3
fibrosis, with or without diabetes[38], as the study population. Eight of the included RCTs used matching placebos[25-34,
38], four used insulin[32,33,35,36], two used GLP-1RA[31,37], and one trial used both placebo and GLP-1RA in the control
groups[24]. Most of the RCTs had three tirzepatide (5 mg, 10 mg, and 15 mg)[25,30-38], one had an additional arm of 1
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Identification of studies via databases and registers
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- N Duplicate records removed (n = 84)
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ClinicalTrials.gov (17 = 104) Records removed for other reasons (7 = 0)
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(n=31) 7 Substudy or post hoc analysis of an included trial (7 = 8)
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An open-label tirzepatide lead-in period followed by a
double-blind, placebo-controlled period (7 = 1)

Screening

Studies included in the review

(n=15)
Reports of included studies
(n=16)

Figure 1 Flowchart on study retrieval and inclusion in the meta-analysis.

mg[24], two had two arms of 10 mg and 15 mg[26,28], and one trial had only single tirzepatide arm of maximum tolerated
dose (MTD, 10 or 15 mg)[27]. SURMOUNT-OSA had two different trial populations, each with tirzepatide MTD (10 or 15
mg) and placebo arms; outcome results of tirzepatide MTD and placebo groups in Trials 1 and 2 were pooled into single
groups of tirzepatide MTD and placebo[29]. All tirzepatide MTD arms were analyzed as tirzepatide 15 mg. One trial had
a 26-week duration[24], four had 40-week durations[30,31,34,36], seven had 52-week durations[28,29,32,33,35,37,38], and
the other three spanned 72 weeks[25-27]. The baseline characteristics of the included study subjects were matched
throughout the trial arms in all of the included RCTs. Supplementary Table 1 presents the details of the baseline charac-
teristics of the included studies. The proportions of study subjects with eGFR < 60 and UACR 2 30 in the overall study
population are shown in Supplementary Table 2. Supplementary Table 3 summarizes the characteristics of the excluded
RCTs.

Risk of bias in the included studies

Figure 2 depicts the bias risk across the 15 RCTs included in the meta-analysis. The overall risk of bias was low in most
(60%) trials. One study (SURMOUNT-3) had ‘some concerns’ about attrition bias due to missing outcome data. Five
(33.3%) studies had high risks for overall bias, which reflected the bias due to deviations from intended interventions.
Publication bias was not assessed due to the inadequate number of RCTs (at least 10) in forest plots[54].

Grading of the results
The SoF table (Supplementary Table 4) provides the grades for the certainty of the evidence supporting the primary
outcomes of this meta-analysis.

Effect of tirzepatide on UACR

Tirzepatide vs placebo: Tirzepatide 10 mg and 15 mg, but not 5 mg, was superior to placebo in percent reductions of
UACR ([for tirzepatide 5 mg: MD -20.68%, 95%CI (-45.43, 4.08), I> = 89%, P = 0.10, low certainty of the evidence; for 10 mg;:
MD -26.95% (-40.13, -13.76), I* = 81%, P < 0.0001, low certainty of the evidence; for 15 mg: MD -18.03% (-28.58, -7.47), I> =
72%, P = 0.0008, moderate certainty of the evidence] (Figure 3A). In subgroup analysis, according to the presence of T2D,
tirzepatide (pooled dose) was superior to placebo in percent UACR reduction both in subjects with T2D [MD -33.25% (-
47.56, -18.94), I* = 38%, P < 0.00001] and without T2D [MD -7.93% (-13.60, -2.26), I* = 0%, P = 0.006]; the UACR reduction
was greater in subjects with T2D (P = 0.001 for subgroup difference) (Supplementary Figure 1). Furthermore, in a
subgroup of subjects with T2D having baseline UACR 2 30 mg/g, the percent UACR reductions were greater with
tirzepatide than with placebo [for tirzepatide 5 mg: MD -41.38% (-63.95, -18.81), I* = 0%, P = 0.0003; for 10 mg: MD -
56.43% (-73.22, -39.65), I* = 0%, P < 0.00001; for 15 mg: MD -61.56% (-77.55, -45.57), I* = 0%, P < 0.00001] (Supplementary
Figure 2). In another subgroup analysis, Subjects with T2D achieved significant reductions in percent UACR with
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Figure 2 The risk of bias. A: Risk of bias summary: Review authors’ judgments about each risk of bias item for each included study; B: Risk of bias graph:
Review authors’ judgments about each risk of bias item presented as percentages across all included studies.

tirzepatide vs control group (placebo or insulin) in the RCTs with mean baseline eGFR < 90 [MD -33.20% (-44.23, -22.17), I?
=48%, P <0.00001] and = 90 mL/min/1.73 m? [MD -28.19% (-44.78, -11.61), I* = 73%, P = 0.0009]; the UACR reduction was
comparable in the two eGFR groups (P = 0.62 for subgroup difference) (Supplementary Figure 3).

Tirzepatide vs Insulin: Tirzepatide, at all doses, outperformed insulin in percent reductions of UACR [for tirzepatide 5
mg: MD -25.74% (-33.79, -17.70), I* = 55%, P < 0.00001, very low certainty of the evidence; for 10 mg: MD -30.36% (-42.13, -
18.59), I* = 81%, P < 0.00001, very low certainty of the evidence; for 15 mg: MD -29.65% (-37.62, -21.68), P < 0.00001, very
low certainty of the evidence] (Figure 3B). In subjects with baseline UACR 2 30 mg/g, greater percent UACR reductions
were achieved with tirzepatide than with insulin [for tirzepatide 5 mg: MD -33.17% (-46.88, -19.46), I* = 0%, P < 0.00001;
for 10 mg: MD -43.34% (-54.55, -32.13), I* = 0%, P < 0.00001; for 15 mg: MD -50.56% (-65.89, -35.24), I = 52%, P < 0.00001]
(Supplementary Figure 2).

Tirzepatide vs GLP-1RA: Only one study, SURPASS-2, evaluated CFB in UACR in tirzepatide vs GLP-1RA. Percent CFB
in UACR was statistically similar in the tirzepatide and semaglutide arms [for tirzepatide 5 mg: MD -4.4% (-15.0, 7.5), for
10 mg: MD 3.0% (-8.5, 15.9), for 15 mg: MD -8.9 (-19.1, 2.5), P < 0.05 for all][31]. In the same study, a greater percent UACR
reduction than GLP-1RA was achieved with tirzepatide 15 mg [MD -28.70% (-51.54, -5.86), P = 0.01] but not with 5 and 10
mg (Supplementary Figure 2).

Effect of tirzepatide on eGFR

Tirzepatide vs placebo: One study, SURPASS 5, evaluating the CFB in eGFR in tirzepatide vs placebo found comparable
CFB in eGFR in the two groups [for tirzepatide 5 mg: MD -2.0 mL/min/1.73 m? (-4.5, 0.4), for 10 mg: MD -0.4 mL/min/
1.73m? (-2.9, 2.0), for 15 mg: MD 0.4 mL/min/1.73 m? (-2.0, 2.8), P > 0.05 for all][34].

Tirzepatide vs Insulin: The CFB in eGFR was comparable with all doses of tirzepatide vs insulin [for tirzepatide 5 mg:
MD 0.36 mL/min/1.73 m? (-1.41, 2.14), I* = 82%, P = 0.69, very low certainty of the evidence; for 10 mg: MD 1.17 mL/
min/1.73 m? (-0.22, 2.56), I* = 70%, P = 0.10, very low certainty of the evidence; for 15 mg: MD 1.42 mL/min/1.73 m?
(-0.04, 2.88), P = 0.06, very low certainty of the evidence] (Figure 4).

Tirzepatide vs GLP-1RA: Only one study, SURPASS 2, evaluated CFB in eGFR in tirzepatide vs GLP-1RA. CFB in eGFR
was comparable in the tirzepatide and semaglutide arms [for tirzepatide 5 mg: MD -0.2 mL/min/1.73 m? (-1.5, 1.2), for 10
mg: MD -0.3 mL/min/1.73 m? (-1.6, 1.0), for 15 mg: MD -0.6 mL/min/1.73 m? (-1.9, 0.8), P > 0.05 for all][31].
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A Mean difference Mean difference
Study or subgroup MD SE Weight IV, random, 95%CI IV, random, 95%CI
1.1.1 Tirzepatide 05 mg

SURMOUNT-1 -7.6 4.046987 37.0% -7.60 [-15.53, 0.33] -
SURPASS-1 -43.4 7.348114 34.0% -43.40[-57.80, -29.00] -

SURPASS-5 -10.7 11.635583 29.0% -10.70[-33.51, 12.11] -
Subtotal (95% CI) 100.0%  -20.68 [-45.43 , 4.08] ’,
Heterogeneity: Tau? = 414.87; Chi2 = 18.40, df = 2 (P = 0.0001); I2 = 89%

Test for overall effect: Z = 1.64 (P = 0.10)

1.1.2 Tirzepatide 10 mg

SURMOUNT-1 -9.1 4.027332 23.6% -9.10 [-16.99 , -1.21] -
SURMOUNT-2 -29 5.353504 22.2% -29.00[-39.49,-18.51] -
SURMOUNT-CN -23.8 9.371231 17.2% -23.80[-42.17 ,-5.43] —
SURPASS-1 -43  7.853139 19.1% -43.00[-58.39, -27.61] I

SURPASS-5 -33.8 8.710152 18.0% -33.80[-50.87,-16.73] J—

Subtotal (95% CI) 100.0% -26.95 [-40.13, -13.76] ‘
Heterogeneity: Tau? = 175.71; Chi2 = 20.98, df = 4 (P = 0.0003); |12 = 81%

Test for overall effect: Z = 4.00 (P < 0.0001)

1.1.3 Tirzepatide 15 mg

SURMOUNT-1 -6.1 4.066768 21.5% -6.10 [-14.07 , 1.87] =
SURMOUNT-2 -27.1 5.46443 19.6% -27.10[-37.81,-16.39] -
SURMOUNT-3 -3.5 6.751629 17.7% -3.50 [-16.73, 9.73] —m
SURMOUNT-CN -17.1 10.250907 13.0% -17.10 [-37.19, 2.99] —
SURPASS-1 -31.3  9.267209 14.2% -31.30[-49.46, -13.14] —
SURPASS-5 -29.4 9.417897 14.0% -29.40 [-47.86,-10.94] R

Subtotal (95% CI) 100.0% -18.03 [-28.58 , -7.47] ‘
Heterogeneity: Tau? = 118.26; Chi? = 18.07, df =5 (P = 0.003); 1> = 72%

Test for overall effect: Z = 3.35 (P = 0.0008)

Test for subgroup differences: Chi2 = 1.08, df = 2 (P = 0.58), I2= 0% _1’00 50 0 5’0 160

Favours tizepatide

B
Study or subgroup

Mean difference

MD SE Weight IV, random, 95%CI

Favours placebo

Mean difference
IV, random, 95%CI

2.1.1 Tirzepatide 05 mg

SURPASS-3 -13.1 6.406834 21.7% -13.10 [-25.66 , -0.54]
SURPASS-4 245 4.803672 28.2% -24.50[-33.92, -15.08]
SURPASS-6 -33.2 5279573 26.1% -33.20 [-43.55 , -22.85]
SURPASS-AP-Combo -30.5 5.785559 24.0% -30.50 [-41.84,-19.16]
Subtotal (95% CI) 100.0% -25.74 [-33.79 , -17.70]

Heterogeneity: Tau? = 36.66; Chiz = 6.62, df = 3 (P = 0.09); 12 = 55%
Test for overall effect: Z = 6.27 (P < 0.00001)

2.1.2 Tirzepatide 10 mg

SURPASS-3 -10.8 6.610351 22.6%  -10.80[-23.76, 2.16]
SURPASS-4 347 421905 26.9% -34.70[-42.97 , -26.43]
SURPASS-6 -30.2 5.558187 24.5% -30.20 [-41.09 ,-19.31]
SURPASS-AP-Combo -43 4.770324 26.0% -43.00 [-52.35 , -33.65]
Subtotal (95% CI) 100.0% -30.36 [-42.13 , -18.59]

Heterogeneity: Tau? = 116.09; Chi? = 16.06, df = 3 (P = 0.001); I2 = 81%
Test for overall effect: Z = 5.06 (P < 0.00001)

2.1.3 Tirzepatide 15 mg

SURPASS-3 219 594926 22.5% -19.00 [-30.66 , -7.34]
SURPASS-4 -35.8 4.002424 30.2% -35.80 [-43.82 , -27.78]
SURPASS-6 -25.3 5.938623 22.5% -25.30[-36.94, -13.66]
SURPASS-AP-Combo -35.8 5.354054 24.8% -35.80 [-46.29 , -25.31]
Subtotal (95% CI) 100.0% -29.65 [-37.62 , -21.68]

Heterogeneity: Tau? = 38.13; Chi2 = 7.15, df = 3 (P = 0.07); 12 = 58%
Test for overall effect: Z = 7.29 (P < 0.00001)

Test for subgroup differences: Chiz = 0.62, df = 2 (P = 0.74), 12 = 0%

Favours tizepatide

0++++

¥
0++

—.—

-
—-—

-
¢

50 100
Favours placebo

100 -50 0

Figure 3 Forest plot highlighting the percent change from baseline in urine albumin-to-creatinine ratio. A: Tirzepatide vs Placebo groups; B:
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Tirzepatide vs Insulin groups.

Mean difference Mean difference
Study or subgroup MD SE Weight IV, random, 95%CI IV, random, 95%CI
2.2.1 Tirzepatide 05 mg
SURPASS-3 -0.2 0.83899 30.4% -0.20[-1.84, 1.44] -
SURPASS-4 1.8 0.432076 37.7% 1.80[0.95, 2.65] -
SURPASS-6 -0.8 0.761477 31.9% -0.80[-2.29, 0.69] =
Subtotal (95% CI) 100.0% 0.36 [-1.41, 2.14] ‘

Heterogeneity: Tau? = 1.99; Chi? = 11.03, df = 2 (P = 0.004); 12 = 82%
Test for overall effect: Z=0.40 (P = 0.69)

2.2.2 Tirzepatide 10 mg

SURPASS-3 1 0.839006 28.8%  1.00[-0.64,2.64] la
SURPASS-4 2.2 0.457487 402%  2.20[1.30,3.10] -
SURPASS-6 0 0761395 31.0%  0.00[-1.49, 1.49]

Subtotal (95% CI) 100.0%  1.17 [-0.22, 2.56] ?

Heterogeneity: Tauz = 1.04; Chi2 = 6.58, df = 2 (P = 0.04); 12 = 70%
Test for overall effect: Z = 1.66 (P = 0.10)

2.2.3 Tirzepatide 15 mg

SURPASS-3 0.4 0.813574 29.7% 0.40[-1.19, 1.99] ——
SURPASS-4 2.6 0.457538 39.2% 2.60[1.70, 3.50] -
SURPASS-6 0.9 0.761362 31.1% 0.90[-0.59, 2.39] dm
Subtotal (95% Cl) 100.0% 1.42[-0.04, 2.88] ‘

Heterogeneity: Tau? = 1.20; Chiz = 7.41, df = 2 (P = 0.02); 12 = 73%
Test for overall effect: Z=1.91 (P = 0.06)

Test for subgroup differences: Chiz = 0.85, df = 2 (P = 0.65), 12 = 0% -100 .50 0 50 100

Favours tizepatide Favours placebo

Figure 4 Forest plot highlighting the change from baseline in estimated glomerular filtration rate in Tirzepatide vs Insulin groups.

Sensitivity analyses

Leave-one-out sensitivity analyses were performed for UACR and eGFR in the tirzepatide vs placebo and tirzepatide vs.
insulin groups to detect any changes in the statistical significance and heterogenicity (Supplementary Table 5). The
statistical significance levels for percent UACR changes at any dose of tirzepatide vs placebo or insulin remained
unaltered after omitting any of the included studies except for the omission of the SURPASS-1 and SURPASS-3 studies.
The omission of the SURPASS-1 study reduced the heterogeneities among the studies for UACR change, and the
differences between such changes in tirzepatide 5 mg vs placebo became statistically significant. The heterogeneity among
the included studies comparing the UACR changes between tirzepatide (all doses) and insulin was also reduced when the
SURPASS-3 study was omitted. The omission of the SURPASS-4 study reduced the heterogeneities among the studies for
eGFR changes in tirzepatide (all doses) vs. insulin. A greater increment in eGFR was observed with tirzepatide 15 mg
than with insulin if SURPASS-6 was omitted from the analysis.

Renal safety profile

In the pooled tirzepatide group, the placebo-adjusted risks for renal events [RR 2.00 (0.61, 6.55)], UTI [RR 0.76 (0.42, 1.36)],
nephrolithiasis [RR 0.75 (0.21, 2.70)], AKI [RR 1.39 (0.38, 5.11)], and renal cancer [RR 0.71 (0.11, 4.72)] were not increased.
The risks for UTI [RR 0.54 (0.07, 4.19)], nephrolithiasis [RR 1.49 (0.20, 11.28)], AKI [RR 0.91 (0.17, 4.95)], and renal cancer
[RR 3.00 (0.31, 28.85)] in tirzepatide-treated patients were also not higher than in those on insulin. Moreover, tirzepatide
and GLP-1RA had identical risks for UTI [RR 1.08 (0.12-9.72)], nephrolithiasis [RR 1.67 [0.20, 14.26]), AKI [RR 1.02 (0.11,
9.71)], and renal cancer [RR 1.00 (0.10, 9.61)]. In subgroup analysis, according to the tirzepatide doses, the risks of the
specific adverse events with tirzepatide were comparable to those of the control groups (Table 1).

DISCUSSION

Main findings from the review

This review, including 15 RCTs with mostly low risk of bias and involving 14471 participants, examined the renal effects
of Tirzepatide with study durations ranging from 26 to 72 weeks. The results suggest that tirzepatide treatment is
associated with statistically significant reductions in albuminuria compared to placebo/insulin at all three doses of the
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Table 1 Summary of the safety outcome findings

No. of participants with outcome/participants

Outcome Control Tirzepatide analyzed Pooled effect size, RR P P
variables group dose (95%Cl) (%) value
Tirzepatide arm Control arm
Renal events Placebo Pooled 12/3180 2/1553 2.00 (0.61-6.55) 0 0.25
10 mg 5/1018 2/1027 2.51 (0.48-12.96) 0 0.27
15 mg 5/1552 2/1553 1.83 (0.48-6.89) 0 0.37
UTI Placebo Pooled 28/2980 20/1223 0.76 (0.42-1.36) 0 0.35
5mg 5/848 4/862 1.10 (0.28-4.33) 5 0.90
10 mg 5/923 5/931 0.97 (0.31-3.03) 0 0.96
15 mg 18/1209 20/1223 0.81 (0.43-1.54) 0 0.52
Insulin Pooled 3/2399 4/1928 0.54 (0.07-4.19) 37 0.56
5mg 1/802 4/1928 1.03 (0.13-7.84) 22 0.98
10 mg 1/794 4/1928 0.69 (0.11-4.38) 0 0.70
15 mg 1/803 4/1928 1.03 (0.13-8.06) 24 0.98
GLP-1RA Pooled 9/2045 1/682 1.08 (0.12-9.72) 37 0.94
5mg 2/684 1/682 1.35 (0.10-18.81) 31 0.82
10 mg 3/678 1/682 1.81 (0.30-11.07) 0 0.52
15 mg 4/683 1/682 1.87 (0.07-48.28) 56 0.71
Nephrolithiasis Placebo Pooled 5/3666 3/1533 0.75 (0.21-2.70) 0 0.65
5mg 2/914 0/926 2.96 (0.31-28.07) 0 0.35
10 mg 1/1235 0/1241 3.03 (0.12-74.06) NA  0.50
15 mg 2/1517 3/1533 1.01 (0.13-7.74) 22 0.99
Insulin Pooled 4/2072 1/1360 1.49 (0.20-11.28) 0 0.70
5mg 2/687 1/1360 3.03 (0.37-24.57) 0 0.30
10 mg 1/688 1/1360 1.74 (0.18-16.74) 0 0.63
15 mg 1/697 1/1360 1.72 (0.18-16.51) 0 0.64
GLP-1RA Pooled 4/1886 0/628 1.67 (0.20-14.26) 0 0.64
5mg 1/629 0/628 2.99 (0.12-73.30) NA 050
10 mg 1/627 0/628 3.00 (0.12-73.45) NA 050
15 mg 2/630 0/628 4.97 (0.2-102.69) 0 0.64
Acute kidney Placebo Pooled 8/2965 2/1301 1.39 (0.38-5.11) 0 0.62
injury
5mg 2/685 1/694 2.04 (0.19-22.45) NA  0.56
10 mg 5/999 2/1009 2.16 (0.47-10.00) 0 0.32
15 mg 1/1281 2/1301 0.71 (0.11-4.47) 0 0.71
Insulin Pooled 5/2789 4/2068 0.91 (0.17-4.95) 30 0.91
5mg 2/930 4/2068 1.32 (0.28-6.28) 0 0.73
10 mg 2/926 4/2068 1.33 (0.25-7.00) 6 0.74
15 mg 1/933 4/2068 1.04 (0.13-8.05) 23 0.97
GLP-1IRA Pooled 2/1568 0/523 1.02 (0.11-9.71) 0 0.99
5mg 0/525 0/523 Not estimable NA NA
10 mg 1/520 0/523 3.17 (0.13-76.16) NA 048
15 mg 1/523 0/523 2.99 (0.12-73.30) NA 0.50
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Renal cancer Placebo Pooled 2/2538 1/1055 0.71 (0.11-4.72) 5 0.72
5mg 1/746 1/763 1.03 (0.11-9.86) 0 0.98

10 mg 0/755 1/763 0.34 (0.01-8.26) NA 051

15 mg 1/1037 1/1055 1.02 (0.11-9.78) 0 0.99

Insulin Pooled 2/1702 0/1708 3.00 (0.31-28.85) 0 0.34
5mg 1/562 0/1708 9.38 (0.38-229.79) NA 017

10 mg 0/566 0/1708 Not estimable NA NA

15 mg 1/574 0/1708 8.97 (0.37-219.56) NA 018

GLP-1RA Pooled 2/1886 0/628 1.00 (0.10-9.61) 0 1.00
5mg 1/629 0/628 3.00 (0.12-73.09) NA 050

10 mg 1/627 0/628 3.00 (0.12-73.45) NA  0.50

15mg 0/630 0/628 Not estimable NA NA

CI: Confidence interval; GLP-1RA: Glucagon-like peptide-1 receptor agonists; NA: Not applicable; RR: Risk ratio; UTI: Urinary tract infection.

drug used in the RCTs we assessed (except with the 5 mg dose when compared to placebo). The drug intervention was
associated with a reduction in albuminuria of 18.03%, 26.95%, and 20.68%, respectively, with 15 mg, 10 mg, and 5 mg
weekly doses of Tirzepatide, compared to placebo. The corresponding reduction in albuminuria in the Tirzepatide group
compared to insulin was 29.65%, 30.36%, and 25.74%, respectively (all comparisons statistically significant). Subgroup
analyses also indicated higher percentage reductions in albuminuria occurred in those with higher baseline UACR. The
only one RCT comparing Tirzepatide with GLP-1RA (SURPASS 2) showed that a significant percentage UACR reduction
was achieved only with tirzepatide 15 mg [MD -28.70% (-51.54, -5.86), P = 0.01] but not with 5 and 10 mg doses[31]. When
the effects on kidney function were assessed on follow-up (i.e., the changes in eGFR), any dose of tirzepatide admi-
nistered (5 mg/10mg/15mg) showed an effect in comparison to the placebo or insulin, which reassures the renal safety of
the drug intervention. Moreover, there was no excess incidence of renal adverse events such as nephrolithiasis, AKI, UTI,
and renal cancer with Tirzepatide vs any comparator.

Clinical implications of the study results

Significant improvement in albuminuria with Tirzepatide treatment observed in the SRM has multiple important clinical
implications. Albuminuria is the earliest and most important indicator of DKD, which reflects a microvascular
compromise in diabetes, a forerunner of most diabetes-related end-organ complications, including cardiovascular disease
(CVD)[55-57]. Every 10-fold increase in baseline UACR is associated with a 2.5-fold multivariable-adjusted hazard ratio
(HR) for CVDI[57]. Therefore, our finding of higher percentage reductions of UACR among those with higher baseline
UACR is especially important in choosing the most appropriate candidate for tirzepatide treatment, even in resource-
poor settings considering the high treatment costs associated with the drug. Better UACR reduction compared to
semaglutide in the Tirzepatide 15 mg treatment group is also noteworthy.

Persistent albuminuria is one of the very important independent risk factors for steady decline in kidney function in
patients with diabetes. A 16-year follow-up study including 1984 subjects with T2D exploring eGFR trajectories revealed
that the mean annual decline in the first 10 years was 1.9, 2.1, and 3.0 mL/min/1.73 m? for patients with normo-, micro-
and macroalbuminuria respectively[58]. Another short-term study with UACR data at a 2-year follow-up, involving
19897 patients (61% diabetics), showed a 3.08-fold [2.59 to 3.67] excess risk of developing ESRD at 2 years with a 4-fold
increase in UACR, while a 4-fold reduction in UACR was associated with 0.34 [0.26 to 0.45] times the risk of ESRD at 2
years[59]. These observations again reinforce the importance of timely use of Tirzepatide, at least in those with higher
baseline UACR, as those patients are most likely to benefit the best with the drug therapy.

Obesity is another important risk factor for the development of CKD among patients with T2D. Analyses of the
ADVANCE trial follow-up data revealed that a “major renal event”, defined as a doubling of baseline creatinine levels,
new onset macroalbuminuria, ESRD, or renal death, was proportionately higher among those with higher body mass
index (BMI)[60]. The multivariate-adjusted HR for higher BMI class compared to T2D patients with normal body weight
were 0.91 [0.72 to 1.15], 1.03 [0.77 to 1.37], 1.42 [0.98 to 2.07] and 2.16 [1.34 to 3.49] for overweight, class 1 obesity, class 2
obesity, and class 3 obesity respectively (P for trend: 0.006) in this study. Tirzepatide, having excellent weight loss
benefits, is therefore ideal for nephroprotection in obese subjects with T2D, with the best benefits anticipated in those
with more severe grades of adiposity.

Although we observed no difference in the eGFR outcomes for the group of subjects on Tirzepatide compared to
placebo, insulin, or GLP-1RA, presumably due to the short follow-up period of the RCTs included in this SRM, we would
expect a slower decline in eGFR in the Tirzepatide group if followed up longer term based on the study results reported
above[58-60]. The lack of significant renal adverse events in the Tirzepatide intervention group also reassures us about
the safety of using this drug molecule in our day-to-day clinical practice.
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Last but not least, we need to consider the excess mortality risk associated with albuminuria in T2D patients. The
higher degree of albuminuria increases the mortality risk, and every 4-fold increase in UACR was associated with a 1.5-
fold excess risk of mortality at a 2-year follow-up among patients with T2D[60]. Therefore, the observed renal protection
conferred by Tirzepatide treatment in this SRM can be expected to offer a survival advantage if we follow up with these
participants on a longer-term basis. The reduction in albuminuria and total eGFR slopes observed in the post hoc analysis
of the SURPASS-4 trial with tirzepatide[14] and the remarkable risk reductions in composite kidney endpoints (eGFR
decline > 40%, renal death, kidney failure, or new-onset macroalbuminuria) in T2D patients with high baseline CVD risk
compared to insulin glargine can be taken as a surrogate marker of this trend.

Limitations of the study

We acknowledge several limitations to this study. Firstly, for a lifelong disease with very high global prevalence, such as
obesity and T2D, the duration of follow-up and participant numbers were too small to make definite conclusions
regarding the long-term beneficial effects. However, we could extrapolate the therapeutic implications based on previous
study results. Secondly, the heterogeneity of the study population in the included trials in terms of study place, baseline
UACR, eGFR, and diabetes duration might introduce variability in the studied outcomes. We used random-model effects
to analyze outcomes and performed sensitivity analyses for the primary outcomes. Despite these, the results still may not
be generalizable. Thirdly, the between-group heterogeneity among the studies was significant due to variable sample
sizes and follow-up algorithms. Fourthly, comparator groups were very different in their pharmacological properties,
which would have impacted the study results. Moreover, the certainty of evidence generated by this study was mostly
very low or low, questioning its wide acceptability in clinical practice. Despite these limitations, our results should
empower clinicians with a better knowledge base and researchers to plan longer-term studies with more participants to
generate a more robust evidence base.

CONCLUSION

Based on short-term follow-up data from 26 to 72 weeks, mostly with low risks of bias, it appears that tirzepatide
improves UACR more effectively than placebo, insulin, and the highest dose of semaglutide. Tirzepatide use had no
detrimental effect on eGFR, with a reassuring renal safety profile. However, high heterogenicity limits the generalizability
of the findings. The cardiovascular implications, potential for renal protection (by reduction of eGFR), and mortality
benefit conferred by albuminuria reduction with the drug need further validation in larger and longer-term studies with
the appropriate involvement of diverse ethnic groups.

ACKNOWLEDGEMENTS

We thank Dr. Marina G Kudiyirickal for providing us with the voice clip for the audio core tip.

FOOTNOTES

Author contributions: Kamrul-Hasan ABM contributed to the design, statistical analyses, performance of the research, implementation of
the study and the writing of the manuscript; Patra S and Dutta D contributed to the statistical analyses, performance of the research and
the writing of the manuscript; Nagendra L, Muntahi-Reza AFM and Borozan S contributed to the quality and professional revision and
the writing of the manuscript; Pappachan JM supervised the manuscript preparation and editing the work in the final form.

Conflict-of-interest statement: There are no conflicts of interest among authors in relation to this work.

PRISMA 2009 Checklist statement: The authors have read the PRISMA 2009 Checklist, and the manuscript was prepared and revised
according to the PRISMA 2009 Checklist.

Open-Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by external reviewers.
It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-NC 4.0) license, which permits others to
distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the
original work is properly cited and the use is non-commercial. See: https:/ /creativecommons.org/ Licenses/by-nc/4.0/

Country of origin: United Kingdom

ORCID number: Abul Bashar Mohammad Kamrul-Hasan 0000-0002-5681-6522; Shinjan Patra 0000-0003-1527-2722; Deep Dutta 0000-0003-4915-
8805; Lakshmi Nagendra 0000-0001-6865-5554; AFM Muntahi-Reza 0009-0004-2893-0565; Sanja Borozan 0009-0001-2042-4359; Joseph M
Pappachan 0000-0003-0886-5255.

S-Editor: Qu XL
L-Editor: A
P-Editor: Zhang XD

Buisdenge WID | hittps:/ /www.wjgnet.com 11 February 15,2025 | Volume16 | Issue2 |


https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0002-5681-6522
http://orcid.org/0000-0002-5681-6522
http://orcid.org/0000-0003-1527-2722
http://orcid.org/0000-0003-1527-2722
http://orcid.org/0000-0003-4915-8805
http://orcid.org/0000-0003-4915-8805
http://orcid.org/0000-0001-6865-5554
http://orcid.org/0000-0001-6865-5554
http://orcid.org/0009-0004-2893-0565
http://orcid.org/0009-0004-2893-0565
http://orcid.org/0009-0001-2042-4359
http://orcid.org/0009-0001-2042-4359
http://orcid.org/0000-0003-0886-5255
http://orcid.org/0000-0003-0886-5255

Kamrul-Hasan ABM et al. Renal effects and safety of tirzepatide

REFERENCES

1

W N

6

19

20

N9
98]

24

25

Thomas MC, Cooper ME, Zimmet P. Changing epidemiology of type 2 diabetes mellitus and associated chronic kidney disease. Nat Rev
Nephrol 2016; 12: 73-81 [PMID: 26553517 DOI: 10.1038/nrneph.2015.173]

Sinha SK, Nicholas SB. Pathomechanisms of Diabetic Kidney Disease. J Clin Med 2023; 12 [PMID: 38068400 DOI: 10.3390/jcm12237349]
Nawaz S, Chinnadurai R, Al-Chalabi S, Evans P, Kalra PA, Syed AA, Sinha S. Obesity and chronic kidney disease: A current review. Obes Sci
Pract 2023; 9: 61-74 [PMID: 37034567 DOI: 10.1002/0sp4.629]

Martin WP, White J, Lopez-Hernandez FJ, Docherty NG, le Roux CW. Metabolic Surgery to Treat Obesity in Diabetic Kidney Disease,
Chronic Kidney Disease, and End-Stage Kidney Disease; What Are the Unanswered Questions? Front Endocrinol (Lausanne) 2020; 11: 289
[PMID: 33013677 DOI: 10.3389/fendo0.2020.00289]

Jiang Z, Wang Y, Zhao X, Cui H, Han M, Ren X, Gang X, Wang G. Obesity and chronic kidney disease. Am J Physiol Endocrinol Metab
2023; 324: E24-E41 [PMID: 36383637 DOI: 10.1152/ajpendo.00179.2022]

American Diabetes Association Professional Practice Committee. 11. Chronic Kidney Disease and Risk Management: Standards of Care in
Diabetes-2024. Diabetes Care 2024; 47: S219-S230 [PMID: 38078574 DOI: 10.2337/dc24-S011]

Buades JM, Craver L, Del Pino MD, Prieto-Velasco M, Ruiz JC, Salgueira M, de Sequera P, Vega N. Management of Kidney Failure in
Patients with Diabetes Mellitus: What Are the Best Options? J Clin Med 2021; 10 [PMID: 34209083 DOI: 10.3390/jcm10132943]

Farrell DR, Vassalotti JA. Screening, identifying, and treating chronic kidney disease: why, who, when, how, and what? BMC Nephrol 2024;
25: 34 [PMID: 38273240 DOI: 10.1186/s12882-024-03466-5]

Harding JL, Pavkov ME, Magliano DJ, Shaw JE, Gregg EW. Global trends in diabetes complications: a review of current evidence.
Diabetologia 2019; 62: 3-16 [PMID: 30171279 DOI: 10.1007/s00125-018-4711-2]

Zelniker TA, Braunwald E. Cardiac and Renal Effects of Sodium-Glucose Co-Transporter 2 Inhibitors in Diabetes: JACC State-of-the-Art
Review. J Am Coll Cardiol 2018; 72: 1845-1855 [PMID: 30075873 DOI: 10.1016/j.jacc.2018.06.040]

Pan HC, Chen JY, Chen HY, Yeh FY, Sun CY, Huang TT, Wu VC. GLP-1 receptor agonists' impact on cardio-renal outcomes and mortality
in T2D with acute kidney disease. Nat Commun 2024; 15: 5912 [PMID: 39003287 DOI: 10.1038/s41467-024-50199-y]

Tall Bull S, Nuffer W, Trujillo JM. Tirzepatide: A novel, first-in-class, dual GIP/GLP-1 receptor agonist. J Diabetes Complications 2022; 36:
108332 [PMID: 36375235 DOIL: 10.1016/j.jdiacomp.2022.108332]

Caruso I, Giorgino F. Renal effects of GLP-1 receptor agonists and tirzepatide in individuals with type 2 diabetes: seeds of a promising future.
Endocrine 2024; 84: 822-835 [PMID: 38472620 DOI: 10.1007/s12020-024-03757-9]

Heerspink HJL, Sattar N, Pavo I, Haupt A, Duffin KL, Yang Z, Wiese RJ, Tuttle KR, Cherney DZI. Effects of tirzepatide versus insulin
glargine on kidney outcomes in type 2 diabetes in the SURPASS-4 trial: post-hoc analysis of an open-label, randomised, phase 3 trial. Lancet
Diabetes Endocrinol 2022; 10: 774-785 [PMID: 36152639 DOI: 10.1016/S2213-8587(22)00243-1]

Karakasis P, Patoulias D, Fragakis N, Klisic A, Rizzo M. Effect of tirzepatide on albuminuria levels and renal function in patients with type 2
diabetes mellitus: A systematic review and multilevel meta-analysis. Diabetes Obes Metab 2024; 26: 1090-1104 [PMID: 38116693 DOI:
10.1111/dom.15410]

Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page MJ, Welch VA (editors). Cochrane Handbook for Systematic Reviews of
Interventions version 6. Cochrane, 2023. Available from: https://www.training.cochrane.org/handbook

Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, Shamseer L, Tetzlaff JM, Akl EA, Brennan SE, Chou R,
Glanville J, Grimshaw JM, Hrobjartsson A, Lalu MM, Li T, Loder EW, Mayo-Wilson E, McDonald S, McGuinness LA, Stewart LA, Thomas
J, Tricco AC, Welch VA, Whiting P, Moher D. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ
2021; 372: n71 [PMID: 33782057 DOI: 10.1136/bmj.n71]

Kamrul-Hasan ABM, Alam MS, Talukder SK, Dutta D, Selim S. Efficacy and Safety of Omarigliptin, a Novel Once-Weekly Dipeptidyl
Peptidase-4 Inhibitor, in Type 2 Diabetes Mellitus: A Systematic Review and Meta-Analysis. Endocrinol Metab (Seoul) 2024; 39: 109-126
[PMID: 38417828 DOI: 10.3803/EnM.2023.1839]

Higgins JPT, Savovi¢ J, Page MJ, Elbers RG, Sterne JAC. Chapter 8: Assessing risk of bias in a randomized trial. In: Higgins JPT, Thomas J,
Chandler J, Cumpston M, Li T, Page MJ, Welch VA (editors). Cochrane Handbook for Systematic Reviews of Interventions version 6.
Cochrane, 2023. Available from: https:// www.training.cochrane.org/handbook

Review Manager (RevMan) [Computer program]. Version 7.2.0. The Cochrane Collaboration, 2024. Available from: https://revman.
cochrane.org

McGuinness LA, Higgins JPT. Risk-of-bias VISualization (robvis): An R package and Shiny web app for visualizing risk-of-bias assessments.
Res Synth Methods 2021; 12: 55-61 [PMID: 32336025 DOI: 10.1002/jrsm.1411]

Higgins JP, Altman DG, Getzsche PC, Jiini P, Moher D, Oxman AD, Savovic J, Schulz KF, Weeks L, Sterne JA; Cochrane Bias Methods
Group; Cochrane Statistical Methods Group. The Cochrane Collaboration's tool for assessing risk of bias in randomised trials. BMJ 2011; 343:
d5928 [PMID: 22008217 DOI: 10.1136/bmj.d5928]

Guyatt G, Oxman AD, Akl EA, Kunz R, Vist G, Brozek J, Norris S, Falck-Ytter Y, Glasziou P, DeBeer H, Jaeschke R, Rind D, Meerpohl J,
Dahm P, Schiinemann HJ. GRADE guidelines: 1. Introduction-GRADE evidence profiles and summary of findings tables. J Clin Epidemiol
2011; 64: 383-394 [PMID: 21195583 DOI: 10.1016/j.jclinepi.2010.04.026]

Frias JP, Nauck MA, Van J, Kutner ME, Cui X, Benson C, Urva S, Gimeno RE, Milicevic Z, Robins D, Haupt A. Efficacy and safety of
LY3298176, a novel dual GIP and GLP-1 receptor agonist, in patients with type 2 diabetes: a randomised, placebo-controlled and active
comparator-controlled phase 2 trial. Lancet 2018; 392: 2180-2193 [PMID: 30293770 DOI: 10.1016/S0140-6736(18)32260-8]

Jastreboff AM, Aronne LJ, Ahmad NN, Wharton S, Connery L, Alves B, Kiyosue A, Zhang S, Liu B, Bunck MC, Stefanski A; SURMOUNT-
1 Investigators. Tirzepatide Once Weekly for the Treatment of Obesity. N Engl J Med 2022; 387: 205-216 [PMID: 35658024 DOI:
10.1056/NEJM0a2206038]

Garvey WT, Frias JP, Jastreboff AM, le Roux CW, Sattar N, Aizenberg D, Mao H, Zhang S, Ahmad NN, Bunck MC, Benabbad I, Zhang XM;
SURMOUNT-2 investigators. Tirzepatide once weekly for the treatment of obesity in people with type 2 diabetes (SURMOUNT-2): a double-
blind, randomised, multicentre, placebo-controlled, phase 3 trial. Lancet 2023; 402: 613-626 [PMID: 37385275 DOI:
10.1016/S0140-6736(23)01200-X]

Wadden TA, Chao AM, Machineni S, Kushner R, Ard J, Srivastava G, Halpern B, Zhang S, Chen J, Bunck MC, Ahmad NN, Forrester T.
Tirzepatide after intensive lifestyle intervention in adults with overweight or obesity: the SURMOUNT-3 phase 3 trial. Nat Med 2023; 29:

Buisdenge WID | hittps:/ /www.wjgnet.com 12 February 15,2025 | Volume16 | Issue2 |


http://www.ncbi.nlm.nih.gov/pubmed/26553517
https://dx.doi.org/10.1038/nrneph.2015.173
http://www.ncbi.nlm.nih.gov/pubmed/38068400
https://dx.doi.org/10.3390/jcm12237349
http://www.ncbi.nlm.nih.gov/pubmed/37034567
https://dx.doi.org/10.1002/osp4.629
http://www.ncbi.nlm.nih.gov/pubmed/33013677
https://dx.doi.org/10.3389/fendo.2020.00289
http://www.ncbi.nlm.nih.gov/pubmed/36383637
https://dx.doi.org/10.1152/ajpendo.00179.2022
http://www.ncbi.nlm.nih.gov/pubmed/38078574
https://dx.doi.org/10.2337/dc24-S011
http://www.ncbi.nlm.nih.gov/pubmed/34209083
https://dx.doi.org/10.3390/jcm10132943
http://www.ncbi.nlm.nih.gov/pubmed/38273240
https://dx.doi.org/10.1186/s12882-024-03466-5
http://www.ncbi.nlm.nih.gov/pubmed/30171279
https://dx.doi.org/10.1007/s00125-018-4711-2
http://www.ncbi.nlm.nih.gov/pubmed/30075873
https://dx.doi.org/10.1016/j.jacc.2018.06.040
http://www.ncbi.nlm.nih.gov/pubmed/39003287
https://dx.doi.org/10.1038/s41467-024-50199-y
http://www.ncbi.nlm.nih.gov/pubmed/36375235
https://dx.doi.org/10.1016/j.jdiacomp.2022.108332
http://www.ncbi.nlm.nih.gov/pubmed/38472620
https://dx.doi.org/10.1007/s12020-024-03757-9
http://www.ncbi.nlm.nih.gov/pubmed/36152639
https://dx.doi.org/10.1016/S2213-8587(22)00243-1
http://www.ncbi.nlm.nih.gov/pubmed/38116693
https://dx.doi.org/10.1111/dom.15410
https://www.training.cochrane.org/handbook
http://www.ncbi.nlm.nih.gov/pubmed/33782057
https://dx.doi.org/10.1136/bmj.n71
http://www.ncbi.nlm.nih.gov/pubmed/38417828
https://dx.doi.org/10.3803/EnM.2023.1839
http://www.training.cochrane.org/handbook
https://revman.cochrane.org
https://revman.cochrane.org
http://www.ncbi.nlm.nih.gov/pubmed/32336025
https://dx.doi.org/10.1002/jrsm.1411
http://www.ncbi.nlm.nih.gov/pubmed/22008217
https://dx.doi.org/10.1136/bmj.d5928
http://www.ncbi.nlm.nih.gov/pubmed/21195583
https://dx.doi.org/10.1016/j.jclinepi.2010.04.026
http://www.ncbi.nlm.nih.gov/pubmed/30293770
https://dx.doi.org/10.1016/S0140-6736(18)32260-8
http://www.ncbi.nlm.nih.gov/pubmed/35658024
https://dx.doi.org/10.1056/NEJMoa2206038
http://www.ncbi.nlm.nih.gov/pubmed/37385275
https://dx.doi.org/10.1016/S0140-6736(23)01200-X

34

38

39

40

41

42

43

44

S~
W

46

47

48

49

Kamrul-Hasan ABM et al. Renal effects and safety of tirzepatide

2909-2918 [PMID: 37840095 DOI: 10.1038/s41591-023-02597-w]

Zhao L, Cheng Z, Lu Y, Liu M, Chen H, Zhang M, Wang R, Yuan Y, Li X. Tirzepatide for Weight Reduction in Chinese Adults With Obesity:
The SURMOUNT-CN Randomized Clinical Trial. JAMA 2024; 332: 551-560 [PMID: 38819983 DOI: 10.1001/jama.2024.9217]

Malhotra A, Grunstein RR, Fietze I, Weaver TE, Redline S, Azarbarzin A, Sands SA, Schwab RJ, Dunn JP, Chakladar S, Bunck MC,
Bednarik J; SURMOUNT-OSA Investigators. Tirzepatide for the Treatment of Obstructive Sleep Apnea and Obesity. N Engl J Med 2024; 391:
1193-1205 [PMID: 38912654 DOI: 10.1056/NEJMoa2404881]

Rosenstock J, Wysham C, Frias JP, Kaneko S, Lee CJ, Fernandez Landé L, Mao H, Cui X, Karanikas CA, Thieu VT. Efficacy and safety of a
novel dual GIP and GLP-1 receptor agonist tirzepatide in patients with type 2 diabetes (SURPASS-1): a double-blind, randomised, phase 3
trial. Lancet 2021; 398: 143-155 [PMID: 34186022 DOI: 10.1016/S0140-6736(21)01324-6]

Frias JP, Davies MJ, Rosenstock J, Pérez Manghi FC, Fernandez Land6 L, Bergman BK, Liu B, Cui X, Brown K; SURPASS-2 Investigators.
Tirzepatide versus Semaglutide Once Weekly in Patients with Type 2 Diabetes. N Engl J Med 2021; 385: 503-515 [PMID: 34170647 DOI:
10.1056/NEJMo0a2107519]

Ludvik B, Giorgino F, Jodar E, Frias JP, Fernandez Land6 L, Brown K, Bray R, Rodriguez A. Once-weekly tirzepatide versus once-daily
insulin degludec as add-on to metformin with or without SGLT2 inhibitors in patients with type 2 diabetes (SURPASS-3): a randomised, open-
label, parallel-group, phase 3 trial. Lancet 2021; 398: 583-598 [PMID: 34370970 DOIL: 10.1016/S0140-6736(21)01443-4]

Del Prato S, Kahn SE, Pavo I, Weerakkody GJ, Yang Z, Doupis J, Aizenberg D, Wynne AG, Riesmeyer JS, Heine RJ, Wiese RJ; SURPASS-4
Investigators. Tirzepatide versus insulin glargine in type 2 diabetes and increased cardiovascular risk (SURPASS-4): a randomised, open-label,
parallel-group, multicentre, phase 3 trial. Lancer 2021; 398: 1811-1824 [PMID: 34672967 DOIL: 10.1016/S0140-6736(21)02188-7]

Dahl D, Onishi Y, Norwood P, Huh R, Bray R, Patel H, Rodriguez A. Effect of Subcutaneous Tirzepatide vs Placebo Added to Titrated Insulin
Glargine on Glycemic Control in Patients With Type 2 Diabetes: The SURPASS-5 Randomized Clinical Trial. JAMA 2022; 327: 534-545
[PMID: 35133415 DOIL: 10.1001/jama.2022.0078]

Rosenstock J, Frias JP, Rodbard HW, Tof¢ S, Sears E, Huh R, Fernandez Land6 L, Patel H. Tirzepatide vs Insulin Lispro Added to Basal
Insulin in Type 2 Diabetes: The SURPASS-6 Randomized Clinical Trial. JAMA 2023; 330: 1631-1640 [PMID: 37786396 DOI:
10.1001/jama.2023.20294]

Gao L, Lee BW, Chawla M, Kim J, Huo L, Du L, Huang Y, Ji L. Tirzepatide versus insulin glargine as second-line or third-line therapy in type
2 diabetes in the Asia-Pacific region: the SURPASS-AP-Combo trial. Nat Med 2023; 29: 1500-1510 [PMID: 37231074 DOI:
10.1038/s41591-023-02344-1]

Inagaki N, Takeuchi M, Oura T, Imaoka T, Seino Y. Efficacy and safety of tirzepatide monotherapy compared with dulaglutide in Japanese
patients with type 2 diabetes (SURPASS J-mono): a double-blind, multicentre, randomised, phase 3 trial. Lancet Diabetes Endocrinol 2022;
10: 623-633 [PMID: 35914543 DOI: 10.1016/S2213-8587(22)00188-7]

Loomba R, Hartman ML, Lawitz EJ, Vuppalanchi R, Boursier J, Bugianesi E, Yoneda M, Behling C, Cummings OW, Tang Y, Brouwers B,
Robins DA, Nikooie A, Bunck MC, Haupt A, Sanyal AJ; SYNERGY-NASH Investigators. Tirzepatide for Metabolic Dysfunction-Associated
Steatohepatitis with Liver Fibrosis. N Engl J Med 2024; 391: 299-310 [PMID: 38856224 DOI: 10.1056/NEJMo0a2401943]

Battelino T, Bergenstal RM, Rodriguez A, Fernandez Land6 L, Bray R, Tong Z, Brown K. Efficacy of once-weekly tirzepatide versus once-
daily insulin degludec on glycaemic control measured by continuous glucose monitoring in adults with type 2 diabetes (SURPASS-3 CGM): a
substudy of the randomised, open-label, parallel-group, phase 3 SURPASS-3 trial. Lancet Diabetes Endocrinol 2022; 10: 407-417 [PMID:
35468321 DOI: 10.1016/S2213-8587(22)00077-8]

Cariou B, Linge J, Neeland IJ, Dahlqvist Leinhard O, Petersson M, Fernandez Land6 L, Bray R, Rodriguez A. Effect of tirzepatide on body fat
distribution pattern in people with type 2 diabetes. Diabetes Obes Metab 2024; 26: 2446-2455 [PMID: 38528819 DOIL: 10.1111/dom.15566]
Gastaldelli A, Cusi K, Fernandez Land6 L, Bray R, Brouwers B, Rodriguez A. Effect of tirzepatide versus insulin degludec on liver fat content
and abdominal adipose tissue in people with type 2 diabetes (SURPASS-3 MRI): a substudy of the randomised, open-label, parallel-group,
phase 3 SURPASS-3 trial. Lancet Diabetes Endocrinol 2022; 10: 393-406 [PMID: 35468325 DOI: 10.1016/S2213-8587(22)00070-5]
Hartman ML, Sanyal AJ, Loomba R, Wilson JM, Nikooienejad A, Bray R, Karanikas CA, Duffin KL, Robins DA, Haupt A. Effects of Novel
Dual GIP and GLP-1 Receptor Agonist Tirzepatide on Biomarkers of Nonalcoholic Steatohepatitis in Patients With Type 2 Diabetes. Diabetes
Care 2020; 43: 1352-1355 [PMID: 32291277 DOI: 10.2337/dc19-1892]

Pirro V, Roth KD, Lin Y, Willency JA, Milligan PL, Wilson JM, Ruotolo G, Haupt A, Newgard CB, Duffin KL. Effects of Tirzepatide, a Dual
GIP and GLP-1 RA, on Lipid and Metabolite Profiles in Subjects With Type 2 Diabetes. J Clin Endocrinol Metab 2022; 107: 363-378 [PMID:
34608929 DOI: 10.1210/clinem/dgab722]

Thomas MK, Nikooienejad A, Bray R, Cui X, Wilson J, Duffin K, Milicevic Z, Haupt A, Robins DA. Dual GIP and GLP-1 Receptor Agonist
Tirzepatide Improves Beta-cell Function and Insulin Sensitivity in Type 2 Diabetes. J Clin Endocrinol Metab 2021; 106: 388-396 [PMID:
33236115 DOI: 10.1210/clinem/dgaa863]

Wilson JM, Nikooienejad A, Robins DA, Roell WC, Riesmeyer JS, Haupt A, Duffin KL, Taskinen MR, Ruotolo G. The dual glucose-
dependent insulinotropic peptide and glucagon-like peptide-1 receptor agonist, tirzepatide, improves lipoprotein biomarkers associated with
insulin resistance and cardiovascular risk in patients with type 2 diabetes. Diabetes Obes Metab 2020; 22: 2451-2459 [PMID: 33462955 DOI:
10.1111/dom.14174]

Wilson JM, Lin Y, Luo MJ, Considine G, Cox AL, Bowsman LM, Robins DA, Haupt A, Duffin KL, Ruotolo G. The dual glucose-dependent
insulinotropic polypeptide and glucagon-like peptide-1 receptor agonist tirzepatide improves cardiovascular risk biomarkers in patients with
type 2 diabetes: A post hoc analysis. Diabetes Obes Metab 2022; 24: 148-153 [PMID: 34542221 DOI: 10.1111/dom.14553]

Feng P, Sheng X, Ji Y, Urva S, Wang F, Miller S, Qian C, An Z, Cui Y. A Phase 1 Multiple Dose Study of Tirzepatide in Chinese Patients
with Type 2 Diabetes. Adv Ther 2023; 40: 3434-3445 [PMID: 37285081 DOI: 10.1007/s12325-023-02536-8]

Frias JP, Nauck MA, Van J, Benson C, Bray R, Cui X, Milicevic Z, Urva S, Haupt A, Robins DA. Efficacy and tolerability of tirzepatide, a
dual glucose-dependent insulinotropic peptide and glucagon-like peptide-1 receptor agonist in patients with type 2 diabetes: A 12-week,
randomized, double-blind, placebo-controlled study to evaluate different dose-escalation regimens. Diabetes Obes Metab 2020; 22: 938-946
[PMID: 31984598 DOI: 10.1111/dom.13979]

Furihata K, Mimura H, Urva S, Oura T, Ohwaki K, Imaoka T. A phase 1 multiple-ascending dose study of tirzepatide in Japanese participants
with type 2 diabetes. Diabetes Obes Metab 2022; 24: 239-246 [PMID: 34647404 DOI: 10.1111/dom.14572]

Heise T, Mari A, DeVries JH, Urva S, Li J, Pratt EJ, Coskun T, Thomas MK, Mather KJ, Haupt A, Milicevic Z. Effects of subcutaneous
tirzepatide versus placebo or semaglutide on pancreatic islet function and insulin sensitivity in adults with type 2 diabetes: a multicentre,
randomised, double-blind, parallel-arm, phase 1 clinical trial. Lancet Diabetes Endocrinol 2022; 10: 418-429 [PMID: 35468322 DOI:

Buisdenge WID | hittps:/ /www.wjgnet.com 13 February 15,2025 | Volume16 | Issue2 |


http://www.ncbi.nlm.nih.gov/pubmed/37840095
https://dx.doi.org/10.1038/s41591-023-02597-w
http://www.ncbi.nlm.nih.gov/pubmed/38819983
https://dx.doi.org/10.1001/jama.2024.9217
http://www.ncbi.nlm.nih.gov/pubmed/38912654
https://dx.doi.org/10.1056/NEJMoa2404881
http://www.ncbi.nlm.nih.gov/pubmed/34186022
https://dx.doi.org/10.1016/S0140-6736(21)01324-6
http://www.ncbi.nlm.nih.gov/pubmed/34170647
https://dx.doi.org/10.1056/NEJMoa2107519
http://www.ncbi.nlm.nih.gov/pubmed/34370970
https://dx.doi.org/10.1016/S0140-6736(21)01443-4
http://www.ncbi.nlm.nih.gov/pubmed/34672967
https://dx.doi.org/10.1016/S0140-6736(21)02188-7
http://www.ncbi.nlm.nih.gov/pubmed/35133415
https://dx.doi.org/10.1001/jama.2022.0078
http://www.ncbi.nlm.nih.gov/pubmed/37786396
https://dx.doi.org/10.1001/jama.2023.20294
http://www.ncbi.nlm.nih.gov/pubmed/37231074
https://dx.doi.org/10.1038/s41591-023-02344-1
http://www.ncbi.nlm.nih.gov/pubmed/35914543
https://dx.doi.org/10.1016/S2213-8587(22)00188-7
http://www.ncbi.nlm.nih.gov/pubmed/38856224
https://dx.doi.org/10.1056/NEJMoa2401943
http://www.ncbi.nlm.nih.gov/pubmed/35468321
https://dx.doi.org/10.1016/S2213-8587(22)00077-8
http://www.ncbi.nlm.nih.gov/pubmed/38528819
https://dx.doi.org/10.1111/dom.15566
http://www.ncbi.nlm.nih.gov/pubmed/35468325
https://dx.doi.org/10.1016/S2213-8587(22)00070-5
http://www.ncbi.nlm.nih.gov/pubmed/32291277
https://dx.doi.org/10.2337/dc19-1892
http://www.ncbi.nlm.nih.gov/pubmed/34608929
https://dx.doi.org/10.1210/clinem/dgab722
http://www.ncbi.nlm.nih.gov/pubmed/33236115
https://dx.doi.org/10.1210/clinem/dgaa863
http://www.ncbi.nlm.nih.gov/pubmed/33462955
https://dx.doi.org/10.1111/dom.14174
http://www.ncbi.nlm.nih.gov/pubmed/34542221
https://dx.doi.org/10.1111/dom.14553
http://www.ncbi.nlm.nih.gov/pubmed/37285081
https://dx.doi.org/10.1007/s12325-023-02536-8
http://www.ncbi.nlm.nih.gov/pubmed/31984598
https://dx.doi.org/10.1111/dom.13979
http://www.ncbi.nlm.nih.gov/pubmed/34647404
https://dx.doi.org/10.1111/dom.14572
http://www.ncbi.nlm.nih.gov/pubmed/35468322

Kamrul-Hasan ABM et al. Renal effects and safety of tirzepatide

10.1016/52213-8587(22)00085-7]

51 Kadowaki T, Chin R, Ozeki A, Imaoka T, Ogawa Y. Safety and efficacy of tirzepatide as an add-on to single oral antihyperglycaemic
medication in patients with type 2 diabetes in Japan (SURPASS J-combo): a multicentre, randomised, open-label, parallel-group, phase 3 trial.
Lancet Diabetes Endocrinol 2022; 10: 634-644 [PMID: 35914542 DOIL: 10.1016/S2213-8587(22)00187-5]

52 Urva S, Coskun T, Loh MT, Du Y, Thomas MK, Gurbuz S, Haupt A, Benson CT, Hernandez-Illas M, D'Alessio DA, Milicevic Z.

LY3437943, a novel triple GIP, GLP-1, and glucagon receptor agonist in people with type 2 diabetes: a phase 1b, multicentre, double-blind,

placebo-controlled, randomised, multiple-ascending dose trial. Lancet 2022; 400: 1869-1881 [PMID: 36354040 DOI:

10.1016/S0140-6736(22)02033-5]

Aronne LJ, Sattar N, Horn DB, Bays HE, Wharton S, Lin WY, Ahmad NN, Zhang S, Liao R, Bunck MC, Jouravskaya I, Murphy MA;

SURMOUNT-4 Investigators. Continued Treatment With Tirzepatide for Maintenance of Weight Reduction in Adults With Obesity: The

SURMOUNT-4 Randomized Clinical Trial. JAMA 2024; 331: 38-48 [PMID: 38078870 DOI: 10.1001/jama.2023.24945]

54 Debray TPA, Moons KGM, Riley RD. Detecting small-study effects and funnel plot asymmetry in meta-analysis of survival data: A
comparison of new and existing tests. Res Synth Methods 2018; 9: 41-50 [PMID: 28975717 DOI: 10.1002/jrsm.1266]

55 Cho S, Huh H, Park S, Lee S, Jung S, Kim M, Lee KN, Paek JH, Park WY, Jin K, Han S, Joo KW, Lim CS, Kim YS, Han K, Kim Y, Kim DK.
Impact of albuminuria on the various causes of death in diabetic patients: a nationwide population-based study. Sci Rep 2023; 13: 295 [PMID:
36609387 DOL: 10.1038/s41598-022-23352-0]

56 Levey AS, Grams ME, Inker LA. Uses of GFR and Albuminuria Level in Acute and Chronic Kidney Disease. N Engl J Med 2022; 386: 2120-
2128 [PMID: 35648704 DOI: 10.1056/NEJMra2201153]

57 Ninomiya T, Perkovic V, de Galan BE, Zoungas S, Pillai A, Jardine M, Patel A, Cass A, Neal B, Poulter N, Mogensen CE, Cooper M, Marre
M, Williams B, Hamet P, Mancia G, Woodward M, Macmahon S, Chalmers J; ADVANCE Collaborative Group. Albuminuria and kidney
function independently predict cardiovascular and renal outcomes in diabetes. J Am Soc Nephrol 2009; 20: 1813-1821 [PMID: 19443635 DOI:
10.1681/ASN.2008121270]

58 Vistisen D, Andersen GS, Hulman A, Persson F, Rossing P, Jorgensen ME. Progressive Decline in Estimated Glomerular Filtration Rate in
Patients With Diabetes After Moderate Loss in Kidney Function-Even Without Albuminuria. Diabetes Care 2019; 42: 1886-1894 [PMID:
31221677 DOI: 10.2337/dc19-0349]

59 Carrero JJ, Grams ME, Sang Y, Arnlév J, Gasparini A, Matsushita K, Qureshi AR, Evans M, Barany P, Lindholm B, Ballew SH, Levey AS,
Gansevoort RT, Elinder CG, Coresh J. Albuminuria changes are associated with subsequent risk of end-stage renal disease and mortality.
Kidney Int 2017; 91: 244-251 [PMID: 27927597 DOI: 10.1016/j.kint.2016.09.037]

60 Mohammedi K, Chalmers J, Herrington W, Li Q, Mancia G, Marre M, Poulter N, Rodgers A, Williams B, Perkovic V, Coresh J, Woodward
M. Associations between body mass index and the risk of renal events in patients with type 2 diabetes. Nutr Diabetes 2018; 8: 7 [PMID:
29343817 DOI: 10.1038/s41387-017-0012-y]

wn
@w

Buisdenge WID | hittps:/ /www.wjgnet.com 14 February 15,2025 | Volume16 | Issue2 |


https://dx.doi.org/10.1016/S2213-8587(22)00085-7
http://www.ncbi.nlm.nih.gov/pubmed/35914542
https://dx.doi.org/10.1016/S2213-8587(22)00187-5
http://www.ncbi.nlm.nih.gov/pubmed/36354040
https://dx.doi.org/10.1016/S0140-6736(22)02033-5
http://www.ncbi.nlm.nih.gov/pubmed/38078870
https://dx.doi.org/10.1001/jama.2023.24945
http://www.ncbi.nlm.nih.gov/pubmed/28975717
https://dx.doi.org/10.1002/jrsm.1266
http://www.ncbi.nlm.nih.gov/pubmed/36609387
https://dx.doi.org/10.1038/s41598-022-23352-0
http://www.ncbi.nlm.nih.gov/pubmed/35648704
https://dx.doi.org/10.1056/NEJMra2201153
http://www.ncbi.nlm.nih.gov/pubmed/19443635
https://dx.doi.org/10.1681/ASN.2008121270
http://www.ncbi.nlm.nih.gov/pubmed/31221677
https://dx.doi.org/10.2337/dc19-0349
http://www.ncbi.nlm.nih.gov/pubmed/27927597
https://dx.doi.org/10.1016/j.kint.2016.09.037
http://www.ncbi.nlm.nih.gov/pubmed/29343817
https://dx.doi.org/10.1038/s41387-017-0012-y

JRnishideng®

Published by Baishideng Publishing Group Inc
7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA
Telephone: +1-925-3991568
E-mail: office(@baishideng.com
Help Desk: https://www.t6publishing.com/helpdesk

https:/ /www.wjgnet.com

© 2025 Baishideng Publishing Group Inc. All rights reserved.


mailto:office@baishideng.com
https://www.f6publishing.com/helpdesk
https://www.wjgnet.com

	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Ethical compliance
	Search strategy
	Study selection
	Outcomes analyzed
	Data extraction and handling of missing data
	Risk of bias assessment
	Statistical analysis
	Assessment of heterogeneity
	Grading of the results

	RESULTS
	Search results
	Characteristics of included studies
	Risk of bias in the included studies
	Grading of the results
	Effect of tirzepatide on UACR
	Effect of tirzepatide on eGFR
	Sensitivity analyses
	Renal safety profile

	DISCUSSION
	Main findings from the review
	Clinical implications of the study results
	Limitations of the study

	CONCLUSION
	ACKNOWLEDGEMENTS
	FOOTNOTES
	REFERENCES

