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Background: Chronic kidney disease (CKD) constitutes a substantial burden in
terms of cardiovascular disease and acute kidney injury (AKI). While statins are
recommended for their cardiovascular benefits in CKD patients, their impact on
AKI remains inconclusive.

Methods: A retrospective screening was conducted on all adult hospital
admissions from January 1, 2018, to December 31, 2020, including patients with
CKD. Statin exposure was defined as any prescription within 48 h of admission.
Patients were monitored until death, discharge, or a maximum of 30 days.
The primary outcome was in-hospital AKI, with in-hospital mortality as the
secondary outcome.

Results: In a cohort of 5,376 patients, the median age was 72 years; 3,184
(59.2%) were male, and 2,129 (39.6%) were statin users. In-hospital AKI was
observed in 149 (7.0%) of statin users compared to 213 (6.6%) of non-users. Statin
use was significantly associated with a reduced risk of in-hospital AKI [adjusted
hazard ratio [aHR], 0.74; 95% confidence interval [Cl], 0.56-0.96] and in-hospital
mortality (aHR, 0.45; 95% Cl, 0.24-0.88). These outcomes were consistent across
subgroup analyses stratified by age, gender, baseline estimated glomerular
filtration rate (eGFR), and cardiovascular disease (all P for interaction >0.05),
as well as in sensitivity analyses excluding patients who discontinued statin
therapy during hospitalization or initiated statin therapy post-baseline. Among
atorvastatin users (63.4%, 1,350/2,129), only medium-dose atorvastatin was
significantly associated with reduced risk of in-hospital AKI after full adjustment
(aHR, 0.68; 95% Cl, 0.49-0.95).

Conclusions: Statin use may improve survival and reduced AKI risk in
hospitalized patients with CKD, with atorvastatin showing particularly favorable
renoprotective effects.
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1 Introduction

Acute kidney injury (AKI), characterized by rapid kidney function decline, affects
over 20% of hospitalized patients and presents a significant clinical burden (1). A well-
established bidirectional relationship exists between AKI and chronic kidney disease
(CKD) (2): CKD significantly increases AKI risk (3), while AKI exacerbates CKD
progression through maladaptive tubular repair and persistent inflammatory responses (4).
This vicious cycle highlights the critical need for AKI prevention in CKD populations.

01 frontiersin.org


https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/journals/medicine#editorial-board
https://www.frontiersin.org/journals/medicine#editorial-board
https://www.frontiersin.org/journals/medicine#editorial-board
https://www.frontiersin.org/journals/medicine#editorial-board
https://doi.org/10.3389/fmed.2025.1639130
http://crossmark.crossref.org/dialog/?doi=10.3389/fmed.2025.1639130&domain=pdf&date_stamp=2025-09-01
mailto:xizizheng@bjmu.edu.cn
https://doi.org/10.3389/fmed.2025.1639130
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fmed.2025.1639130/full
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Tang et al.

Statins, a cornerstone of lipid management with well-
established cardiovascular benefits in the general population (5, 6),
are also recommended for mortality reduction in CKD patients
(7). Evidence suggests potential renoprotective effects of statins
through pleiotropic effects (8). However, real-world adherence to
statin use in CKD remains suboptimal (9), likely due to clinician
concerns regarding drug safety and efficacy in this vulnerable
population who often exhibit decreased renal clearance, multiple
comorbidities, and comedication.

Although clinical trials rarely report AKI as a statin-associated
adverse effect (10), real-world observational studies suggest a
potential increased AKI risk with statin use (11-13). In a large
cohort study of 43,438 patients followed for up to 6.5 years found
that statin users had a 30% higher likelihood of developing AKI
compared to non-users (13). This discrepancy may reflect selection
bias in trials, which often exclude patients at high risk of AKI
(e.g., advanced CKD or acute illness). Currently, there is a paucity
of data examining the impact of statins on AKI among CKD
patients, with studies reporting both protective and harmful effects
(12-14). Consequently, this retrospective study aims to assess the
influence of statin use on in-hospital outcomes in CKD patients,
with the primary outcome being in-hospital AKI and the secondary
outcome being in-hospital mortality.

2 Methods
2.1 Study population

This retrospective observational cohort study was conducted
at Peking University First Hospital, China. The study population
comprised all adult patients admitted to the hospital between
January 1, 2018, and December 31, 2020. Individuals with CKD
at the time of admission were included in the study. CKD was
defined by a baseline estimated glomerular filtration rate (eGFR)
of <60 ml/min/1.73 m2, as calculated using the CKD-EPI (Chronic
Kidney Disease Epidemiology Collaboration) equation (15), based
on the initial serum creatinine (SCr) measurement obtained within
48 h of admission. Patients were excluded if they (1) had a hospital
stay of <24h; (2) had SCr detected less than two times during
hospitalization; (3) had a baseline eGFR <15 ml/min/1.73 m? or
on dialysis; (4) with admitting diagnosis of AKI; (5) developed AKI
within 48 h of admission. Only the first admission that met the
criteria was included in the event of readmissions.

2.2 Data collection

Patient data were systematically gathered through medical
chart abstraction utilizing the institution’s clinical data warehouse,
which encompasses comprehensive inpatient information. The
baseline was established as the first 48h post-admission. We
included demographic data, chronic comorbidities, admission
department, surgery information, concomitant medications, and
laboratory tests. Chronic comorbidities were identified based on
admission diagnoses, employing the International Classification of
Diseases, 10th Revision (ICD-10) codes. Concomitant medications
were ascertained from prescription records. Patients were followed
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up until death or discharge or 30 days after admission, whichever
came first. All SCr values were documented to identify AKI.

2.3 Statin exposure

Statin use was defined as at least one prescription of statins
within 48h of admission. Stain type and dose were classified
by the first prescription. Statin intensity was classified into
low, moderate, and high according to the American College
of Cardiology/American Heart Association Guideline on the
Management of Blood Cholesterol (16).

2.4 Clinical outcomes

The primary outcome is AKI, defined as an increase in SCr by
50% or greater within 7 days or 26.5 mmol/L within 48 h, according
to Kidney Disease Improving Global Outcomes (KDIGO) criteria
(17). The secondary outcome is in-hospital mortality, defined as
all causes of death. Other outcomes included severe AKI defined
as AKI stage 3 using the KDIGO criteria (17) and etiologies of
AKI, which was classified into pre-renal, intra-renal, and post-
renal by manual checking. Two clinicians independently reviewed
electronic health records to determine the etiology of AKI, with
discrepancies resolved by a third senior clinician. Initially, we
planned to investigate the association between statin use and
myopathic injury (defined as creatine kinase >4 x upper limit of
normal). Nevertheless, the low observed incidence (0.7%, 36/5,376)
provided insufficient statistical power for this analysis.

2.5 Statistical analysis

Categorical variables were expressed as frequencies, and Chi-
square or Fisher exact test was used to compare groups. Whereas,
continuous variables were expressed as medians (interquartile
range), non-parametric tests were used for group comparisons.

We used COX proportional hazard models to estimate the
hazard ratio (HR) of outcomes, adjusting for 24 prespecified
covariates. Covariates were chosen based on clinical experience,
related literature (11, 18), and accessibility, including age, gender,
body mass index, ICU admission (defined as hospitalized in
ICU or transferred to ICU within 48h of admission), chronic
comorbidities (diabetes, hypertension, cardiovascular disease,
cerebrovascular disease, severe liver disease, malignancy, and
inflammatory and autoimmune disease), concomitant medications
(contrast, proton pump inhibitors, renin-angiotensin-aldosterone
system inhibitors, beta-blockers, diuretics, non-steroidal anti-
inflammatory drugs, nephrotoxic antibiotics and chemotherapy
agents), and baseline laboratory tests (eGFR, hemoglobin, serum
albumin, creatine kinase, and D-dimer). HRs and 95% confidence
intervals (CI) were reported for each model. Patients were censored
at discharge or end of follow-up. Schoenfeld residual test was used
to test the proportional hazards assumption, and no violations
were detected. Although propensity score matching was initially
explored to control for confounding, we determined it to be

frontiersin.org


https://doi.org/10.3389/fmed.2025.1639130
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Tang et al.

inappropriate for our study due to fundamental baseline differences
between groups that prevented satisfactory matching. Multiple
imputations were used to address missing values.

We also conducted prespecified subgroup analyses, including
age, gender, baseline eGFR, and cardiovascular disease, and
considered a P-value <0.05 as a significant interaction. We initially
planned to evaluate the relationship between statin intensity
and outcomes. However, given that most patients (1,958/2,129,
92.0%) received moderate-intensity statin, there was insufficient
statistical power to explore this hypothesis. Statin types were
classified into atorvastatin, rosuvastatin, and other statins. To
evaluate the impact of statin dose on clinical outcomes, we divided
atorvastatin, the most common type in the study population, into
low-dose (<20 mg/d), medium-dose (20 mg/d), and high-dose
(>20 mg/d) since the majority of patients (76%) were prescribed
medium-dose atorvastatin (20 mg/d), as recommended by Chinese
guidelines (19).

We performed comprehensive sensitivity analyses to address
two potential sources of bias: (1) statin initiation/discontinuation
and (2) lipid-lowering effects. To mitigate the risk of misclassifying
statin exposure due to treatment changes during the follow-
up period, we implemented two sequential analyses. The initial
analysis excluded individuals who discontinued statin use during
follow-up, defining statin users as those who commenced statin
therapy within 48 h of admission and maintained usage throughout
the follow-up period. The subsequent analysis excluded individuals
who initiated statin therapy after the baseline phase, defining
non-users as those who did not use statins at any point during
the follow-up. Furthermore, to ascertain whether the observed
renoprotective effects were independent of cholesterol modulation,
we conducted additional analyses adjusting for serum low-density
lipoprotein cholesterol (LDL-C) levels. All analyses were performed
using R software (R, version 4.2.1).

3 Results

3.1 Clinical characteristics

A total of 5,376 CKD patients were included in this study
(Figure 1). The median age was 72 years, and 59.2% were male.
The median baseline eGFR was 47.9 ml/min/1.73 m2. Of these
patients, 2,129 (39.6%) were prescribed statin within 48h of
admission (statin users). Compared with non-users, statin users
were older, more likely to have an ICU admission, and had a higher
comorbidity burden except for severe liver disease, malignancy
as well as inflammatory and autoimmune disease. Likewise, more
frequent use of concomitant medications was also found in statin
users except for nephrotoxic antibiotics and chemotherapy agents.
There was no significant difference in baseline eGFR between statin
users and non-users (Table 1).

3.2 Association between statin use and
in-hospital AKI

During 9 (6, 14) days of follow-up, 362 in-hospital AKI events
occurred. The incidence of in-hospital AKI was 7.0% (149/2,129)

in statin users and 6.6% (213/3,247) in non-users. No significant
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Adult hospital admissions between
January 1, 2018 and December 31, 2020
(N =210,550)

[

CKD diagnosis on admission
(N=13,181)

Exclusion criteria:

* Hospital stay < 24 hours: N = 1,356

¢ SCr detections <2: N = 2,847
Baseline eGFR<15 mL/min/1.73 m? or
on dialysis: N =2,073

Admitting diagnosis of AKI: N =371
AKI within 48h of admission: N= 161

Detected admissions
(N =6,373)

Patients included in analyses
(N = 5,376)

Not the first admission for an individual:
N =997

FIGURE 1
Flow diagram for this study selection. eGFR, estimated glomerular
filtration rate; AKI, acute kidney injury.

association was found between statin use and AKI in the unadjusted
model (HR, 1.08; 95% CI, 0.87-1.33). After adjusting for selected
variables, statin use was associated with a decreased risk of AKI
(aHR, 0.74; 95% CI, 0.56-0.96) (Table 2).

Among the 2,129 statin users, atorvastatin was the most
prevalent (63.4%, 1,350/2,129), followed by rosuvastatin (21.3%,
453/2,129) and other statins (15.3%, 326/2,129). The median daily
dosages were 20 mg for atorvastatin and 10 mg for rosuvastatin. As
for the association between different types of statins and in-hospital
AKI, compared with non-users, a significant reduction in in-
hospital AKI was only observed in atorvastatin users after adjusting
for all covariates (aHR 0.72; 95% CI 0.53-0.97) (Table 3). In the
subgroup of atorvastatin users, only medium-dose of atorvastatin
was significantly associated with decreased AKI risk (aHR 0.68, 95%
CI 0.49-0.95) after full adjustment (Supplementary Table 1).

The associations of statin use with AKI were broadly
similar among subgroups classified by age, gender, baseline
eGFR, and cardiovascular disease (all P for heterogeneity
> 0.05)
(Supplementary Table 2), the association between statin use

(Supplementary Figure 1). In sensitivity analysis
and AKI remained consistent when excluding patients who
discontinued statin during hospitalization (aHR, 0.68, 95%CI
0.51-0.90) and when further excluding those who initiated statin
after the baseline phase (aHR 0.70, 95%CI 0.52-0.95). The results
remained consistent after further adjusting for LDL-C (aHR 0.72;
95% CI 0.53-0.98).

3.3 Association between statin use and
in-hospital mortality

During 9 (6, 15) days of follow-up, a total of 73
patients died. Statin users had significantly lower in-hospital
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TABLE 1 Baseline characteristics of hospitalized CKD patients, categorized into statin users and non-users.

10.3389/fmed.2025.1639130

Variables All subjects Statin user Statin non-user

(N =5,376) (N =2,129) (N = 3,247)
Age (y) 72.0 (61.0, 81.0) 75.0 (65.0, 82.0) 70.0 (59.0, 79.0) <0.001
Male, 1 (%) 3,184 (59.2) 1,293 (60.7) 1,891 (58.2) 0.069
Body mass index (kg/m?) 25.0 (22.0,2 7.0) 25.0 (23.0, 28.0) 24.0 (22.0,27.0) <0.001
ICU admission* 462 (8.6) 306 (14.4) 156 (4.8) <0.001
Chronic comorbidity, n (%)
Dyslipidemia 1,879 (35.0) 1,493 (70.1) 386 (11.9) <0.001
Hypertension 3,821 (71.1) 1,810 (85.0) 2,011 (61.9) <0.001
Diabetes 1,965 (36.6) 1,090 (51.2) 875 (26.9) <0.001
Cardiovascular disease 2,369 (44.1) 1,575 (74.0) 794 (24.5) <0.001
Cerebrovascular disease 1,064 (19.8) 673 (31.6) 391 (12.0) <0.001
Peripheral vascular disease 1,014 (18.9) 747 (35.1) 267 (8.2) <0.001
Severe liver disease 89 (1.8) 9(0.4) 80 (2.5) <0.001
Malignancy 1,147 (21.3) 221 (10.4) 926 (28.5) <0.001
Inflammatory and autoimmune disease 388(7.2) 139 (6.5) 249 (7.7) 0.114
Concomitant medication, n (%)
Contrast 284 (5.3) 119 (5.6) 165 (5.1) 0.416
Proton pump inhibitors 1,497 (27.8) 852 (40.0) 645 (19.9) <0.001
Non-statin lipid-lowering agents 199 (3.7) 156 (7.3) 43 (1.3) <0.001
RAAS inhibitor 1,753 (32.6) 1,118 (52.5) 635 (19.6) <0.001
beta-blockers 1,380 (25.7) 962 (45.2) 418 (12.9) <0.001
Diuretics 1,457 (27.1) 901 (42.3) 556 (17.1) <0.001
NSAIDs 1,603 (29.8) 1,247 (58.6) 356 (11.0) <0.001
Anticoagulants 1,974 (36.7) 1,313 (61.7) 661 (20.4) <0.001
Nephrotoxic antibiotics 116 (2.2) 21(1.0) 95 (2.9) <0.001
Chemotherapy agents 185 (3.4) 34 (1.6) 151 (4.7) <0.001
Baseline laboratory tests
eGFR (ml/min. 1.73 m?) 47.9 (37.3,54.8) 47.6 (37.7, 54.5) 48.0 (37.0, 55.1) 0.679
Hemoglobin (g/L) 124.0 (109.0, 136.0) 125.0 (111.0, 136.0) 124.0 (107.0, 137.0) 0.012
Serum albumin (g/L) 39.3(35.2,42.7) 38.7(35.2,41.8) 39.8 (35.2,43.3) <0.001
LDL-C (mmol/L) 2.4(1.8,3.1) 2.1(1.6,2.8) 2.6(2.1,3.2) <0.001
ALT (U/L) 15.0 (11.0, 22.0) 16.0 (11.0, 23.0) 14.0 (10.0, 22.0) <0.001
CK (U/L) 79.0 (51.0, 123.0) 85.0 (57.0, 135.0) 73.0 (47.0, 116.0) <0.001
D-dimer (mg/L) 0.2(0.1,0.4) 0.2 (0.1,0.4) 0.2 (0.1,0.5) 0.019

*Hospitalized in ICU or transferred to ICU within 48 h of admission. Missing value: Body mass index (140), hemoglobin (41), AST (72), ALT (71), serum albumin (40), LDL-C (743), CK (1063),
D-dimer (320). ICU, intensive care unit; RAAS inhibitors, renin-angiotensin-aldosterone system inhibitors; NSAIDs, non-steroidal anti-inflammatory drugs; eGFR, estimated glomerular

filtration rate; LDL-C, low-density lipoprotein cholesterol; ALT, alanine transaminase; AST, aspartate transaminase; CK, creatine kinase.

mortality than non-users (0.8% vs. 1.7%, P < 0.001).
As shown in Table2, a significant association between
statin use and in-hospital mortality was observed in the
unadjusted model (HR, 0.47; 95% CI, 0.27-0.81). After
adjusting for potential confounders, the association was
enhanced and remained statistically significant (aHR 0.45,
95% CI 0.24-0.88).

Frontiersin Medicine

Regarding statin types and in-hospital mortality, in-
hospital mortality rates were 0.9% (12/1,350) for atorvastatin,
0.9% (4/453) for rosuvastatin, and 0.3% (1/326) for other
statins. Compared with non-users, only atorvastatin showed
a reduction trend in in-hospital mortality, although this
association was not statistically significant after full adjustment
(Table 3).
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TABLE 2 Association between statin use with clinical outcomes in hospitalized CKD patients.

10.3389/fmed.2025.1639130

Outcome No. of patients with event (%) Hazard ratio (95% confidence interval)
Statin user Statin non-user Unadjusted Adjusted?

Primary outcome

Acute kidney injury ‘ 149 (7.0) ‘ 213 (6.6) 1.08 (0.87, 1.33) 0.74 (0.56, 0.96)

Secondary outcome

In hospital mortality ‘ 17 (0.8) ‘ 56 (1.7) 0.47 (0.27,0.81) 0.45 (0.24, 0.88)

Other outcomes

Severe AKI 20 (0.9) 57 (1.8) 0.54 (0.32,0.89) 0.52 (0.28, 0.97)

Pre-renal AKI 88 (4.1) 109 (3.4) 1.25 (0.94, 1.65) 0.67 (0.47, 0.97)

Intra-renal AKI 58 (2.7) 90 (2.8) 1.1(0.79, 1.53) 0.95 (0.62, 1.47)

Post-renal AKI 3(0.1) 14 (0.4) 0.32 (0.09, 1.13) 0.80 (0.23, 2.80)

?Adjusted for: age, gender, body mass index, ICU admission, chronic comorbidity (hypertension, diabetes, cardiovascular disease, cerebrovascular disease, severe liver disease, malignancy,
inflammatory and autoimmune disease), medication (contrast, proton pump inhibitor, renin-angiotensin-aldosterone system inhibitors, beta-blockers, diuretics, non-steroidal anti-

inflammatory drugs, nephrotoxic antibiotics, chemotherapy agents), laboratory tests (hemoglobin, serum albumin, eGFR, creatine kinase, D-dimer).

TABLE 3 Association of different types of statins with primary and secondary outcome.

Subgroups

Acute kidney injury

In hospital mortality

Events (%) Unadjusted Adjusted HR  Events (%) Unadjusted Adjusted HR
HR (95%Cl) (95%Cl)2 HR (95%Cl) (95%Cl)?
Non-users (N = 3,247) 213 (6.6) Reference Reference 56 (1.7) Reference Reference
Atorvastatin users (N = 1,350) 103 (7.6) 1.18 (0.93, 1.49) 0.72 (0.3, 0.97) 12 (0.9) 0.53(0.28,0.98) 0.52 (0.25, 1.09)
Rosuvastatin users (N = 453) 24(5.3) 0.80 (0.52, 1.22) 0.62 (0.38,1.01) 4(0.9) 0.51 (0.18, 1.40) 0.54 (0.18, 1.62)
Other statin users (N = 326) 22(6.7) 1.06 (0.68, 1.64) 1.01 (0.62, 1.65) 1(0.3) 0.19 (0.03, 1.34) 0.21(0.03, 1.61)

?Adjusted for: age, gender, body mass index, ICU admission, chronic comorbidity (hypertension, diabetes, cardiovascular disease, cerebrovascular disease, severe liver disease, malignancy,
inflammatory and autoimmune disease), medication (contrast, proton pump inhibitor, renin-angiotensin-aldosterone system inhibitors, beta-blockers, diuretics, non-steroidal anti-

inflammatory drugs, nephrotoxic antibiotics, chemotherapy agents), laboratory tests (hemoglobin, serum albumin, eGFR, creatine kinase, D-dimer).

Results from the subgroup analysis were consistent with the
main results as the associations of statin use with in-hospital
mortality were broadly similar among subgroups classified by
age, gender, baseline eGFR, and cardiovascular disease (all P
for heterogeneity > 0.05) (Supplementary Figure 2). In sensitivity
analysis, statin use remained to be associated with decreased in-
hospital mortality when we redefined statin users (aHR 0.29, 95%CI
0.13-0.63) and further redefined non-statin users (aHR 0.24, 95%CI
0.10-0.53) (Supplementary Table 2).

3.4 Association between statin use and
other outcomes

As shown in Table 2, a total of 77 patients developed severe AKI.
Statin use was associated with a decreased risk of severe AKI in
the unadjusted model (HR 0.54, 95% CI 0.32-0.89) and adjusted
model (aHR 0.52, 95% CI 0.28-0.97). As for different etiologies
of AKI, statin use was associated with a statistically significant
lower risk of pre-renal AKI (aHR 0.67, 95% CI 0.47-0.97), whereas
the protective effect against intra-renal AKI (aHR 0.95, 95% CI
0.62-1.47) and post-renal AKI (aHR 0.80, 95% CI 0.23-2.80) was
not significant.
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4 Discussion

In this retrospective study of 5,376 hospitalized CKD patients,
we found statin use was associated with a 26% reduction in in-
hospital AKI and a 55% reduction in in-hospital mortality. These
findings remained consistent in subgroup analyses stratified by age,
gender, baseline eGFR, and cardiovascular disease.

The cardiovascular and survival benefits of statins have been
conclusively demonstrated in both the general population (20) and
non-dialysis CKD patients (21). Post-hoc analysis of the JUPITER
trial demonstrated significantly reduced all-cause mortality with
statin use in CKD patients (€GFR<60 mL/min/1.73 m?; HR 0.56,
95% CI 0.37-0.85) (22), consistent with findings from another trial
in moderate CKD (eGFR 30-<60 mL/min/1.73 m?; HR 0.49, 95%
CI 0.27-0.89) (23). While the SHARP study failed to demonstrate
similar mortality benefits (24), this may reflect the inclusion of
dialysis patients (33% of cohort) who exhibit attenuated statin
responses (25). Our findings further strengthen the evidence
for statin benefits in non-dialysis CKD, supporting KDIGO
guideline recommendations (17). Despite these evidence-based
recommendations, there is a reported under-prescription of statins
in CKD populations, primarily due to concerns regarding drug
safety within this specific group (9). AKI is a prevalent complication
among CKD patients, particularly during hospitalizations for acute
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illnesses. In contrast to the well-established cardiovascular benefits,
the effect of statins on AKI remains ambiguous (12-14). A large
population-based cohort study involving 128,140 patients older
than 66 years old revealed that the use of high-intensity (HR
1.17, 95% CI 1.09-1.26) and medium-intensity (HR 1.09, 95%
CI 1.00-1.18) of statin use was associated with a reduced risk
of AKI in CKD subgroup, respectively (26). Similarly, another
meta-analysis of 2,313 patients with renal insufficiency found that
statins significantly decreased the risk of contrast-induced AKI (RR
0.62, 95% CI 0.41-0.98) (27). However, contrasting evidence has
emerged from a clinical trial of 1,922 patients undergoing cardiac
surgery, where rosuvastatin resulted in a statistically significant 5.4
=+ 1.9 percentage point increase in postoperative AKI (P = 0.005)
(28). This finding aligns with a population-based cohort study of
over 2 million patients in England and Wales (29), which reported
adjusted HRs for AKI ranged from 1.50 to 2.19 across different
statin types.

Variations in dosage and statin type may explain the
inconsistent findings on statins and AKI risk. While high-dose
statins are preferred for high-risk cardiovascular patients due to
their superior efficacy (30), substantial evidence indicates that they
may also increase AKI risk in a dose-dependent manner (11, 12, 29).
Consequently, the KDIGO guidelines recommend lower statin
doses for patients with advanced CKD (7). In our study, moderate-
dose statins were predominately prescribed, likely reflecting
clinicians’ caution in this vulnerable population characterized
by advanced age, reduced kidney function, comorbidities, and
polypharmacy. This may account for the observed protective effect
of statin use against AKI in hospitalized CKD patients. Regarding
statin type, previous research has highlighted atorvastatin’s
superior renoprotection over rosuvastatin in CKD patients (31,
32), with a multicenter randomized controlled trial demonstrating
significant lower AKI incidence (31) and a large-scale cohort
study of nearly 1 million patients confirming fewer adverse kidney
events (32). Therefore, although moderate-dose rosuvastatin (10
mg/day) was considered kidney safety (33), atorvastatin remains
the preferred choice for patients with decreased kidney function.
Our findings support this clinical preference, demonstrating
predominance atorvastatin use and a more significant reduction
trend in in-hospital AKI compared to rosuvastatin. These findings
warrant validation through prospective, randomized studies to
establish evidence-based recommendations for optimal statin
selection and dosing in CKD populations.

Extensive research has demonstrated that statins exert
renoprotection through pleiotropic mechanisms beyond lipid-
lowering effects. In renal ischemia-reperfusion injury models, statin
pretreatment alleviated kidney injury by reducing tubular necrosis,
oxygen stress and lipid peroxidation (34). This protective effect
was further supported by studies utilizing innovative drug delivery
systems, where a ROS-responsive ceria nanoparticle-atorvastatin
conjugate effectively mitigated oxidative stress, inflammation and
tubular apoptosis in vivo and in sepsis-induced AKI models (35).
Statins suppress TLR4 signaling to inhibit tubular cell pyroptosis
while creating a favorable microenvironment for mesenchymal
stem cells (36), which exert antioxidant effects via extracellular
vesicles (37). Additionally, statins activate PPARy-mediated
PTEN upregulation, reducing renal inflammation and fibrosis
by modulating immune cell and fibroblast infiltration (38, 39).
These findings provide compelling mechanistic explanations
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for the observed clinical benefits in AKI, suggesting potential
therapeutic applications for AKI prevention beyond their
established cardiovascular indications in CKD patients.

This study has several limitations. First, the absence of
outpatient data precluded the determination of the duration of
preadmission statin use. Second, the observational design precludes
the establishment of causality; however, multivariable adjustments
and sensitivity analyses were conducted to mitigate potential biases,
and the results remained robust. Third, using baseline eGFR to
define CKD might capture patients with community-acquired
AKI who fluctuate across the eGFR cutoff; we minimize this by
excluding patients with admitting diagnosis of AKI or those who
developed AKI within 48 h of admission. Fourth, the study lacked
sufficient power to assess the impact of statin intensity. Finally, the
absence of experimental data limited mechanistic exploration.

5 Conclusion

Statin use may not only improve survival but also protect
against AKI in CKD patients.
particularly promising renoprotective effects in the studied

Atorvastatin  demonstrates

population. These findings highlight the need for future research to
better characterize which patients derive the greatest benefit from
statin use and to compare the efficacy of different statin types and
dosages in this vulnerable population.
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