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Abstract 

Background: Acute kidney injury (AKI) is a frequent and serious complication among individuals 

with type 2 diabetes, contributing to long-term renal decline and heightened cardiovascular risk. 

Glucagon-like peptide-1 receptor agonists (GLP-1 RAs), such as semaglutide, are widely prescribed 

and often regarded as kidney protective, yet post-marketing experience has linked them to AKI in 

some cases. Tirzepatide, a newer dual GIP/GLP-1 agonist, offers striking metabolic benefits, but its 

short-term renal safety in routine practice has not been fully characterized. Methods: We performed 

a disproportionality analysis of the U.S. FDA Adverse Event Reporting System (FAERS) from January 

2022 to September 2025. Reports listing tirzepatide or semaglutide as the primary suspect drug were 

included, and AKI was defined using standardized MedDRA terms. Reporting odds ratios (RORs) 

and proportional reporting ratios (PRRs) were calculated to assess whether AKI was reported more 

frequently than expected. Results: A total of 92,807 adverse event reports for tirzepatide and 41,065 

for semaglutide were identified. AKI was reported in 432 tirzepatide cases (0.47%) and 440 

semaglutide cases (1.07%). Compared with semaglutide, tirzepatide was associated with a 

significantly lower frequency of AKI reporting (ROR 0.44, 95% CI 0.38–0.50; PRR 0.44). Sex 

distribution differed between agents, with a higher proportion of females among semaglutide cases. 

Year on year reporting increased for both drugs, consistent with broader clinical uptake. Serious 

outcomes, including death, hospitalization, and life threatening events, were more frequently 

documented with semaglutide. Conclusions: In this real-world pharmacovigilance analysis, 

semaglutide but not tirzepatide demonstrated a disproportionality signal for AKI. While 

spontaneous reporting cannot establish causality, these findings suggest a possible renal safety 

distinction between the two agents These findings support close renal monitoring, particularly when 

initiating semaglutide in higher-risk patients, and highlight the need for confirmation in well-

designed epidemiologic studies. 
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1. Introduction 

Patients with type 2 diabetes are at substantially higher risk of acute kidney injury (AKI) 

compared to the general population [1]. This is driven not only by diabetic nephropathy and vascular 

complications but also by the frequent presence of other comorbidities that predispose the kidney to 

injury. Obesity, which often overlaps with diabetes, introduces additional factors such as 

hypertension and fatty liver disease, further amplifying susceptibility. Episodes of AKI in this 

population carry weighty consequences, including progression to end stage kidney disease and 

greater cardiovascular risk [1]. For this reason, understanding how modern diabetes and weight-

management therapies affect AKI risk is an important clinical question. 
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Glucagon-like peptide-1 receptor agonists (GLP-1 RAs) have become central to diabetes and 

obesity treatment because of their strong effects on glucose lowering, weight loss, and cardiovascular 

protection. Clinical trial data suggest that GLP-1 RAs improve chronic kidney disease (CKD) 

outcomes, for example by reducing macroalbuminuria and slowing eGFR decline [2]. Yet post-

marketing data have raised a different concern: reports of acute renal events. Case series and 

pharmacovigilance studies link GLP-1 RAs to AKI, often attributed to dehydration from severe 

gastrointestinal side effects [3]. In some cases, however, intrinsic kidney injury such as biopsy-proven 

interstitial nephritis has been reported [4,5]. 

Semaglutide is a widely used GLP-1 RA with proven benefits but also scattered reports of AKI. 

Case reports describe both prerenal azotemia and interstitial nephritis [6,7]. Pharmacovigilance 

studies confirm that semaglutide, along with liraglutide, has been associated with a modest signal 

for AKI in the FAERS database [3]. While clinical trial data show very low absolute event rates 

(generally <0.5%) [8,9], this discrepancy between trial and real-world data warrants attention. 

Tirzepatide, a dual GIP and GLP-1 agonist, was approved in 2022 and has shown impressive 

metabolic benefits. Post-hoc analyses of clinical trials suggest it may slow CKD progression [10], but 

real-world safety data are still limited. A few case reports describe AKI with tirzepatide use [11], and 

the drug’s label notes this as a potential risk. However, initial pharmacovigilance analyses have not 

identified a clear signal [11]. 

Because neither the SUSTAIN trials for semaglutide nor the SURPASS trials for tirzepatide were 

designed to capture rare renal events, head-to-head comparisons are lacking. To address this gap, we 

conducted a comparative FAERS disproportionality analysis of AKI reports for both drugs from 

January 2022 through September 2025. Although spontaneous reporting databases have limitations, 

they can shed light on whether one agent is disproportionately associated with AKI. 

2. Materials and Methods 

We conducted a retrospective pharmacovigilance study using the publicly accessible U.S. Food 

and Drug Administration (FDA) Adverse Event Reporting System (FAERS), covering the period from 

January 2022 through September 2025. All domestic reports were reviewed, and cases were included 

if tirzepatide or semaglutide was listed as the primary suspect drug. Acute kidney injury (AKI) was 

broadly defined using relevant MedDRA preferred terms, including acute kidney injury, renal 

failure, renal impairment, renal injury, tubulointerstitial nephritis, renal tubular necrosis, and anuria. 

Duplicate entries were avoided by relying on FAERS unique case identifiers. For each drug, we 

tabulated total adverse event (AE) reports, AKI counts, sex distribution, year of report, and serious 

outcomes (death, disability, hospitalization, life-threatening). 

To assess whether AKI was disproportionately reported, we used two established 

disproportionality metrics. The reporting odds ratio (ROR) was calculated from 2×2 contingency 

tables as (a×d)/(b×c), where a represents AKI cases with the drug of interest, b non-AKI cases with 

the drug of interest, c AKI cases with the comparator drug, and d non-AKI cases with the comparator. 

Ninety-five percent confidence intervals (CI) for the ROR were estimated using the standard error of 

the natural log of ROR. We also calculated the proportional reporting ratio (PRR), defined as [a/(a+b)] 

/ [c/(c+d)]. Both metrics can be derived directly from the counts presented in Table 1 using standard 

spreadsheet calculations. A disproportionality signal was considered present when the lower bound 

of the 95% CI for the ROR excluded 1, or when the PRR was ≥2 with at least three cases [12,13]. 

Table 1. Disproportionality analysis of acute kidney injury (AKI) reports for tirzepatide vs. semaglutide (FAERS, 

January 2022–September 2025). 

Drug Total AEs AKI cases AKI rate (%) ROR (95% CI) PRR 

Tirzepatide 92,807 432 0.47 
0.44 (0.38–

0.50) 
0.44 

Semaglutide 41,065 440 1.07 Reference Ref 
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Abbreviations: AE, adverse event; AKI, acute kidney injury; ROR, reporting odds ratio; PRR, proportional 

reporting ratio; CI, confidence interval. Note: ROR and PRR are computed directly from the counts shown above; 

no hypothesis test was performed. 

3. Results 

We identified 92,807 domestic AE reports for tirzepatide, including 432 (0.47%) AKI cases, and 

41,065 reports for semaglutide, including 440 (1.07%) AKI cases. Relative disproportionality favored 

tirzepatide: the ROR comparing tirzepatide vs semaglutide was 0.44 (95% CI 0.38–0.50), with a PRR 

of 0.44. Accordingly, AKI appeared less frequently among tirzepatide reports than among 

semaglutide reports (Table 1). 

Sex distribution among AKI cases differed between drugs. With tirzepatide (n = 432), 34.3% were 

male, 41.0% female, and 24.8% not specified; with semaglutide (n = 440), 38.9% were male, 56.4% 

female, and 4.8% not specified (Figure 1). 

 

Figure 1. Demographic distribution of acute kidney injury (AKI) cases reported with tirzepatide and 

semaglutide in the U.S. Food and Drug Administration Adverse Event Reporting System (FAERS) from January 

2022 to September 2025. Bars show the proportion of AKI cases by sex, expressed as a percentage of total AKI 

reports for each drug (tirzepatide, n = 432; semaglutide, n = 440). Absolute case counts are displayed above each 

bar. 

AKI reports rose steadily for both drugs, reaching 186 cases for tirzepatide and 239 cases for 

semaglutide in 2025 (Figure 2). 
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Figure 2. Yearly trend of acute kidney injury (AKI) cases reported with tirzepatide and semaglutide in the U.S. 

Food and Drug Administration Adverse Event Reporting System (FAERS) from 2022 through 2025. Absolute 

case counts are shown for each year. 

Serious outcomes among AKI reports were numerically higher for semaglutide: tirzepatide had 

16 deaths, 6 disabilities, 209 hospitalizations, and 11 life-threatening events; semaglutide had 28 

deaths, 11 disabilities, 243 hospitalizations, and 36 life-threatening events (Figure 3). 
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Figure 3. Serious clinical outcomes among acute kidney injury (AKI) cases reported with tirzepatide (n = 432) 

and semaglutide (n = 440) in the U.S. Food and Drug Administration Adverse Event Reporting System (FAERS, 

January 2022–September 2025). Percentages reflect the proportion of outcomes within each drug. 

4. Discussion 

This analysis demonstrates a marked divergence in pharmacovigilance signals between 

tirzepatide and semaglutide. Acute kidney injury (AKI) was reported at more than twice the 

proportional rate with semaglutide compared to tirzepatide, with a reporting odds ratio of 0.44 (95% 

CI, 0.38–0.50) favoring tirzepatide. The proportional reporting ratio confirmed this observation. 

Semaglutide, unlike tirzepatide, crossed conventional thresholds for a disproportionality signal. 

Although the rise in AKI reports for both agents likely reflects broader clinical uptake, 

semaglutide consistently accounted for a larger share of serious outcomes, including hospitalizations 

and deaths. This pattern echoes earlier case reports and pharmacovigilance studies implicating GLP-

1 receptor agonists in AKI, usually linked to gastrointestinal fluid loss, though biopsy-proven 

interstitial nephritis has occasionally been reported [3,6]. 

The lack of a disproportionality signal for tirzepatide should not be taken to mean no risk; rather, 

it suggests that reporting frequencies have not yet exceeded background expectations. In contrast, 

semaglutide’s enrichment for AKI aligns with prior pharmacovigilance data and supports its 

recognition as a GLP-1 RA with a reproducible, albeit infrequent, renal safety concern [3,11]. These 

findings suggest a potential safety distinction between tirzepatide and semaglutide in real-world 

reporting. 

Clinical trial evidence provides an important counterpoint. In both the SURPASS program for 

tirzepatide and the SUSTAIN/PIONEER trials for semaglutide, AKI events were rare. A pooled 

analysis of semaglutide trials identified only 18 AKI cases among more than 9,000 treated 

participants, mirroring comparator rates [15]. Similarly, cardiovascular outcome studies have 

suggested renal benefit, such as reduced macroalbuminuria with semaglutide [2] and slower eGFR 

decline with tirzepatide [10]. Small numerical imbalances in AKI events have been observed in 

semaglutide trials (8 vs. 1 with comparators), though these were not statistically significant [6,16]. 

Such findings may reconcile with the FAERS signal, suggesting that rare events emerge in practice 

despite being underpowered for detection in trials. 

Mechanistically, the most plausible cause of AKI with GLP-1 RAs is prerenal azotemia from 

dehydration due to gastrointestinal side effects, particularly nausea and vomiting during dose 

escalation [3,17]. Rarely, idiosyncratic interstitial nephritis has been confirmed on biopsy [6]. GIP 

receptor activity is unlikely to substantially alter these pathways, as renal expression is minimal [2]. 

In clinical practice, these findings underscore the importance of patient counseling and 

monitoring. For semaglutide, the reproducible AKI signal highlights the need to ensure adequate 

hydration, monitor renal function, and hold therapy temporarily during episodes of intercurrent 

illness. Tirzepatide, despite not showing a signal to date, should be managed with similar precautions 

given the presence of isolated case reports [11]. Although uncommon, AKI can be clinically 

significant: a notable proportion of cases required hospitalization, and some resulted in death [3]. 

Encouragingly, renal function often recovered after drug withdrawal and rehydration, and 

rechallenge may be possible unless interstitial nephritis is suspected [18]. 

Although FAERS is constrained by reporting biases and other limitations, the reproducibility of 

semaglutide’s signal across independent datasets and case series strengthens its clinical plausibility. 

Continued surveillance and robust real-world studies are essential to clarify whether tirzepatide’s 

apparent renal safety advantage persists with broader exposure. 

5. Conclusions 

In summary, semaglutide continues to show a disproportionate signal for AKI in FAERS, while 

tirzepatide does not. Although absolute risk is low, the signal supports careful hydration counseling 
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and monitoring for patients starting semaglutide. Tirzepatide appears reassuring so far, but ongoing 

pharmacovigilance is needed as its use expands. Large, well-controlled cohort studies using 

electronic health records and mechanistic studies of renal physiology will be critical to confirm 

whether these drugs truly differ in AKI risk or if reporting differences explain the discrepancy. For 

now, both agents remain valuable therapies with strong metabolic and renal benefits, provided that 

clinicians remain alert to potential acute kidney complications. 

Supplementary Materials: The following supporting information can be downloaded at the website of this 

paper posted on Preprints.org, All adverse event data used in this study were obtained from the U.S. Food and 

Drug Administration (FDA) Adverse Event Reporting System (FAERS). FAERS is a publicly accessible database, 

available at the FDA’s official website. 
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