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ABSTRACT

Introduction: Several studies have reported
that pravastatin can mitigate the progression of
kidney disease, but limited evidence exists
regarding its effects on kidney function in Asian
patients. This multicenter prospective observa-
tional study aimed to assess the effect of

pravastatin on kidney function in Korean
patients with dyslipidemia and type 2 diabetes
mellitus (T2DM) in clinical practice.
Methods: This 48-week prospective multicenter
study included 2604 of 2997 eligible patients
with dyslipidemia and T2DM who had available
estimated glomerular filtration rate (eGFR)
measurements. The primary endpoint was eGFR
percent change at week 24 from baseline. We
also assessed secondary endpoints, which
included percent changes in eGFR at weeks 12
and 48 from baseline, as well as changes in
eGFR, metabolic profiles (lipid and glycemic
levels) at 12, 24, and 48 weeks from baseline,
and safety.
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Results: We noted a significant improvement
in eGFR, with mean percent changes of 2.5%,
2.5%, and 3.0% at 12, 24, and 48 weeks,
respectively (all adjusted p\0.05). The eGFR
percent changes significantly increased in sub-
groups with baseline eGFR 30–90 mL/min/
1.73 m2, glycated hemoglobin (HbA1c) C 7 at
baseline, no hypertension history, T2DM dura-
tion[ 5 years, or previous statin therapy. Lipid
profiles were improved and remained
stable throughout the study, and interestingly,
fasting glucose and HbA1c were improved at
24 weeks.
Conclusion: Our findings suggest that pravas-
tatin may have potential benefits for improving
eGFR in Korean patients with dyslipidemia and
T2DM. This could make it a preferable treat-
ment option for patients with reduced kidney
function.
Trial Registration Number: NCT05107063
submitted October 27, 2021.

Keywords: Dyslipidemia; Pravastatin; Real-
world data; Kidney function; Type 2 diabetes
mellitus

Key Summary Points

Why carry out this study?

Although statins have been reported to
attenuate kidney disease progression,
differences in the effects of statins on
kidney disease influence statin selection
for patients with kidney dysfunction

Previous studies suggest that pravastatin
may improve kidney function in patients
with moderate-to-severe kidney disease,
but the evidence remains limited,
emphasizing the need for a multicenter
prospective observational study to
confirm the effects of pravastatin on
kidney function in Korean patients with
type 2 diabetes mellitus (T2DM)

This multicenter prospective observational
study in Korean patients with T2DM
aimed to investigate kidney function
changes following pravastatin
administration. Additionally, alterations
in lipid profile, glycemic levels, and safety
were observed
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What was learned from the study?

After pravastatin administration, the
mean percent change in estimated
glomerular filtration rate (eGFR) at
24 weeks was 2.6 ± 27.7% in the
effectiveness set and 3.9 ± 30.3% in the
full eGFR set, demonstrating statistical
significance (p\ 0.05), and the rate of
change remained statistically significant
even after adjusting for potential
confounding factors in kidney function

These findings suggest that pravastatin
may have potential benefits for improving
eGFR in Korean patients with
dyslipidemia and T2DM. However, long-
term randomized controlled studies are
required to confirm and validate our
findings

INTRODUCTION

Statins [3-hydroxy-3-methylglutaryl coen-
zyme A reductase (HMG-CoA) inhibitors] are
used as first-line treatment for patients with
dyslipidemia, aiding in the prevention and
management of cardiovascular diseases (CVD)
[1, 2]. In addition to their benefits in CVD,
statins have been reported to attenuate kidney
disease progression [3–7]. A meta-analysis of 57
randomized clinical trials (RCTs) found that
statin users have slower estimated glomerular
filtration rate (eGFR) decline and reduced pro-
teinuria compared to non-users [3]. Further-
more, two meta-analyses reported that statin
treatment reduces the risk of CVD in patients
without chronic kidney disease (CKD) progres-
sion. However, there is limited evidence
regarding patients on dialysis [4, 5]. A recent
study involving US veterans aged 65 and older
with stage 3 or 4 chronic kidney disease found
that initiating statin therapy was associated
with a significantly lower risk of all-cause mor-
tality [8]. Therefore, guidelines have been
developed recommending statin therapy for

patients with type 1 diabetes mellitus (T1DM)
or type 2 diabetes mellitus (T2DM) and CKD [9].

Previous studies have reported differences in
the effects of statins on kidney disease progres-
sion, and these differences affect the choice of
statins for patients with kidney dysfunction
[7, 10, 11]. For example, the renal effects in
patients with progressive renal disease (PLA-
NET) trial concluded that rosuvastatin did not
benefit kidney function, whereas atorvastatin
reduced proteinuria and slowed kidney func-
tion deterioration [7]. The heart and renal pro-
tection (SHARP) trial showed that dual therapy
of simvastatin and ezetimibe did not slow kid-
ney disease progression in a large population of
patients with CKD over a 4.8-year follow-up
duration [10]. Another RCT found that the
addition of pitavastatin to diet therapy had no
additive beneficial effects on kidney function
compared with diet therapy in patients with
CKD who also had dyslipidemia and albumin-
uria [11].

Some previous studies have reported that
pravastatin improved kidney function in
patients with moderate-to-severe kidney disease
[12, 13]. A post-hoc analysis of three RCTs
conducted in the USA, UK, Scotland, and Aus-
tralia reported that pravastatin was associated
with a 34% decrease in the rate of kidney
function loss. Moreover, a retrospective longi-
tudinal cohort study on Japanese patients with
T2DM reported that pravastatin showed supe-
riority over other statins in preserving kidney
function [13]; however, this study was per-
formed on a relatively small cohort at a single
center in Japan, and studies regarding the
impact of pravastatin on kidney function
within Asian populations have not yet been
conducted.

As there is limited evidence concerning the
impact of pravastatin on kidney function in
Asian patients, we conducted a multicenter
prospective observational study to evaluate its
effects on kidney function among Korean
patients with T2DM. Additionally, we observed
changes in lipid profile, glycemic levels, and the
safety profile following pravastatin
administration.
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METHODS

Study Design and Population

A total of 50 investigators from 43 institutions
in Korea conducted a multicenter prospective
observational study between January 1, 2016
and April 19, 2018. The study enrolled adult
patients aged 19 years and older diagnosed with
dyslipidemia (defined as low-density lipopro-
tein-cholesterol [LDL-C] levels C 100 mg/dL)
and T2DM, for whom pravastatin was indicated
as per routine clinical practice. T2DM diagnosis
followed the criteria outlined in the American
Diabetes Association guidelines or the use of
antidiabetic medications during the eligibility
assessment [14, 15]. Patients who had not taken
pravastatin within the 4 weeks before the
enrollment date were enrolled in the study—
additionally, patients who had been using sta-
tins other than pravastatin on the enrollment
date switched to pravastatin. The investigators
determined pravastatin doses (5, 10, 20, or
40 mg once daily orally) based on the usual
standard of practice.

Patients were excluded from the study if they
met any of the following criteria: hypersensi-
tivity or a history of hypersensitivity to pravas-
tatin; pregnancy, breastfeeding, or women of
childbearing potential; active liver disease or
elevation of transaminase levels (aspartate
aminotransferase [AST] or alanine aminotrans-
ferase [ALT]) C three times the upper limit of
normal; end-stage kidney disease requiring
dialysis; cholestasis; myopathy; hypercholes-
terolemia due to hyperalphalipoproteinemia
accompanied by elevated high-density lipopro-
tein-cholesterol (HDL-C) levels; or genetic con-
ditions such as galactose intolerance, lactase
deficiency, or glucose-galactose malabsorption.

Baseline assessments included demographic
characteristics, physical examination, medical
history, underlying diseases, eGFR, fasting
plasma glucose (FPG) and glycated hemoglobin
(HbA1c) levels, lipid profiles, and laboratory
investigations (AST, ALT, and creatine kinase
[CK]). The previous use of medications at base-
line was defined as the usage of medications
within the 4 weeks prior to the enrollment date.

Hypertension was defined by a systolic blood
pressure C 140 mmHg, or a diastolic blood
pressure C 90 mmHg, or use of antihyperten-
sive medications at baseline [16, 17].

Patients were monitored for a minimum of
24 weeks, with the option to extend the follow-
up period to 48 weeks. Scheduled visits were
planned at 12 weeks (optional), 24 weeks, and
48 weeks (optional). During these follow-up
visits, concurrent medications such as antidia-
betic and antihypertensive drugs and usage of
statins were assessed. Additionally, adverse
events (AEs) and laboratory data from blood
and urine samples were also collected at each
follow-up visit.

The study protocol and informed consent
forms were approved by the institutional review
board (IRB) of each participating institution,
including Seoul National University Bundang
Hospital, Republic of Korea: study no. B-1511-
322-305 (detailed for each institution in
Table S1). The study was registered with Clini-
caltrials.gov (NCT05107063). The study was
conducted in accordance with the principles of
the Declaration of Helsinki 1964 and its later
amendments, as well as the rules of each IRB.
All patients voluntarily provided written
informed consent before enrollment in the
study. Data were de-identified to protect the
privacy of the participating patients and to be
fully compliant with locally applicable
regulations.

Outcome Measures

The Modification of Diet in Renal Disease
(MDRD) equation was used to calculate eGFR as
follows [18]: eGFR (mL/min/1.73 m2) =
186 9 (serum creatinine (Scr))-1.154 9 age-0.203

9 (0.742 if female) 9 (1.212 if African
American).

The Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) was also used to cal-
culate eGFR as follows [18]: eGFR (mL/min/
1.73 m2) = 141 9 min(sCr/j, 1)a 9 max(sCr/j,
1)-1.209 9 0.993age 9 1.018 (if female) 9 1.159
(if African American), where j is 0.7 for women
and 0.9 for men, a is - 0.329 for women and
- 0.411 for men, min indicates the minimum

3122 Adv Ther (2024) 41:3119–3137



of sCr/j or 1, and max indicates the maximum
of sCr/j or 1.

The primary endpoint at 24 weeks was per-
cent change in eGFR from baseline. The percent
change was calculated at each visit using the
following equation: Percent change at follow-
up visit = (measurement at a follow-up visit/
measurement at baseline - 1 ) 9 100.

Secondary endpoints were as follows: per-
cent changes in eGFR at 12 and 48 weeks from
baseline; change in eGFR at 12, 24, and
48 weeks from baseline; and percent changes
and changes in lipid profile (total cholesterol
[TC], LDL-C, triglyceride [TG], and HDL-C) and
glycemic levels (FPG and HbA1c).

To assess the safety profile of pravastatin,
both AEs and relevant laboratory parameters,
such as ALT, AST, and CK levels, were collected
and analyzed. The investigators conducted an
assessment to determine if the observed labo-
ratory parameters indicated clinically signifi-
cant abnormalities. Additionally, all AEs were
assessed to ascertain their seriousness and
potential association with pravastatin treat-
ment. Serious adverse events (SAEs) were cate-
gorized using the following criteria: adverse
events that resulted in mortality; events deemed
life-threatening; events necessitating initial or
extended hospitalization; events leading to
persistent or significant disability or incapacity
or substantially disrupting normal life func-
tions; and events identified by the investigator
as congenital anomalies or birth defects. The
investigator assessed the causality of reported
AEs and classified adverse events as certain,
probable/likely, possible, conditional/unclassi-
fied, or unassessable/unclassifiable, which were
then regarded as adverse drug reactions (ADRs).

Statistical Analysis

The safety set comprised patients who remained
enrolled after excluding those who withdrew
consent to participate in the study or had mis-
sed the initial pravastatin prescription record.
The effectiveness set comprised patients from
the safety set, excluding those who did not
complete the study or meet the inclusion/ex-
clusion criteria after the enrollment date,

discontinued pravastatin, switched to another
statin, had missing baseline eGFR measure-
ment, or had missed all eGFR measurements
during the follow-up period. The full eGFR set
comprised patients from the effectiveness set
with eGFR measurements at every follow-up
interval (12, 24, and 48 weeks).

Demographics and clinical characteristics
were summarized using descriptive statistics for
patients in the effectiveness set. Continuous
variables are presented using descriptive statis-
tics such as mean and standard deviation (SD),
whereas categorical variables are presented
using frequencies or percentages (%).

The primary and secondary endpoints,
including eGFR percent changes, were assessed
for both the effectiveness and the full eGFR sets.
Additionally, the secondary endpoints were
assessed within the effectiveness set, focusing
on percent changes and changes in lipid levels
and glycemic levels. For comparison between
two groups of primary and secondary endpoints
(measurements at 12, 24, or 48 weeks vs base-
line), the Shapiro–Wilk test was used to deter-
mine the normality of data distribution. Then,
paired t tests were performed for continuous
variables with normal distribution, whereas the
Wilcoxon signed-rank test was performed for
continuous variables without normal distribu-
tion. We also analyzed covariance (ANCOVA) to
address potential confounders that could affect
kidney function, including age, gender, dura-
tion of T2DM, baseline FPG, and HbA1c levels,
changes in FPG and HbA1c levels during follow-
up visits compared to baseline, and the presence
of a history of hypertension. To address the
influence of medications that could potentially
affect kidney function, we conducted sensitivity
analyses on patients who had not taken angio-
tensin receptor blockers (ARBs), angiotensin-
converting enzyme inhibitors (ACEis), diuretics
(DUs), or sodium-glucose cotransporter 2
(SGLT2) inhibitors from baseline to 24 weeks
within the effectiveness set.

Subgroup analyses were conducted to inves-
tigate percent changes and changes in eGFR
based on age group, gender, baseline eGFR and
HbA1c, medical history of hypertension, T2DM
duration, and previous statin treatments. The
baseline eGFR was classified into four ranges as
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follows: eGFR C 90, 60–89, 30–59, or\30 mL/
min/1.73 m2, referred to as CKD category G1,
G2, G3, and G4/5, based on the 2012 Kidney
Disease: Improving Global Outcomes (KDIGO)
Clinical Practice Guidelines for CKD [19].

Furthermore, subgroup analyses were addi-
tionally conducted to assess metabolic profile
changes in lipid and glycemic levels based on
baseline eGFR and the changes in glycemic
levels based on the modifying antidiabetic
drugs during the follow-up period.

Safety analysis was conducted using the
safety set. The number and incidence of AEs
were assessed. Furthermore, the number and
incidence of SAEs and ADRs were assessed. All
AEs were coded using MedDRA version 18.1.

All statistical analyses were conducted using
SAS ver. 9.4 (SAS Institute, Cary, NC, USA), and
the level of significance was set at 5% (P\0.05).

RESULTS

Patient Disposition and Baseline
Characteristics

A total of 2997 patients were enrolled during
the study period. During the follow-up period,
15 patients withdrew their consent, and
another 10 were excluded because of missing
initial pravastatin prescription records. Conse-
quently, 2972 patients (99.2%) remained and
were included in the safety set. Furthermore,
368 patients were excluded from the study
because of various reasons: lost to follow-up,
failure to meet eligibility criteria post-enroll-
ment, discontinuation of pravastatin use,
switching to other statins, missing baseline
eGFR measurements, or missing all eGFR mea-
surements during follow-up visits. Conse-
quently, the effectiveness set comprised 2604
patients, accounting for 86.9% of the enrolled
patients. A total of 1368 patients (45.7%) had all
the records of eGFR measurements at baseline
and follow-up visits and constituted the full
eGFR set (Fig. 1).

The mean age of patients included in the
effectiveness set was 61.6 years, and 41.9%
(n = 1091) of the participants were
aged C 65 years. The mean duration of

diagnosis of T2DM was 8.4 ± 7.9 years, and the
mean FPG and HbA1c levels were
141.9 ± 46.2 mg/dL and 7.4 ± 3.6%, respec-
tively. The mean eGFR was 78.4 ± 30.9 mL/
min/1.73 m2, with 29.5% (n = 767) of patients
with eGFR B 59 mL/min/1.73 m2 (Table 1).

Effect on Kidney Function

In the effectiveness set, the mean percent
change in eGFR at 24 weeks compared to the
baseline, calculated using the MDRD equation
and CKD-EPI, was 2.6 ± 27.7% and
2.1 ± 24.8%, respectively. Meanwhile, in the
full eGFR set, these changes were 3.9 ± 30.3%
and 3.8 ± 27.3%, respectively. In both sets and
equations, eGFR showed a statistically signifi-
cant increase (all p\ 0.05 calculated by Wil-
coxon signed-rank test) (Fig. 2 and Table S2).
Additionally, the percent change in eGFR
remained statistically significant after adjusting
for potential confounding factors in kidney
function (all p\ 0.05 calculated by ANCOVA)
(Fig. 2 and Table S2). In the sensitivity analysis
conducted on patients who were not taking any
medications that could affect kidney function,
the percent change in eGFR still significantly
improved at 24 weeks compared to baseline
(p\ 0.05 as calculated by ANCOVA) (Table S3).
The mean eGFR increased over time, but the
change was not statistically significant (all
p[0.05 calculated by ANCOVA) (Table S4).

In the subgroup analysis, percent changes in
eGFR were significantly increased in men and
elderly patients aged C 65 years (all adjusted
p\0.05 calculated by ANCOVA) (Table 2). Sig-
nificant improvements in percent changes of
eGFR were also observed in patients with a
baseline HbA1c level C 7 or DM dura-
tion[ 5 years, as well as those without hyper-
tension, who switched previous statin
treatments, or had baseline eGFR 30–89 mL/
min/1.73 m2 (all adjusted p\0.05 calculated
by ANCOVA) (Table 2). No interaction was
observed between percent changes in eGFR and
age group and gender (p for interaction[ 0.05)
(Table 2). In contrast, there was significant
interaction between the percent change in eGFR
and several subgroups, including baseline
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HbA1c level, medical history of hypertension,
DM duration, baseline eGFR, and previous sta-
tin treatments (p for interaction\ 0.05)
(Table 2).

Effect on Metabolic Profiles of Lipid
and Glucose

At 24 weeks, a significant reduction in TC and
LDL-C levels was observed (all p\ 0.05), with
mean LDL-C levels\ 100 mg/dL. In contrast,
no significant changes were noted in TG and
HDL-C levels (all p[ 0.05). The mean reduction
in TC, LDL-C, and TG levels from baseline was
12.7 ± 42.3 mg/dL, 16.2 ± 35.8 mg/dL,
1.8 ± 100.8 mg/dL, and HDL-C increased by an
average of 0.3 ± 10.0 mg/dL (Table 3). Statisti-
cally significant reductions in TC and LDL-C
levels were also observed in the subgroup anal-
ysis, irrespective of the participants’ baseline
eGFR (all p\ 0.05 and p for interaction[ 0.05)
(Table S5).

A significant reduction was observed in FPG
and HbA1c levels compared with the baseline
measurements, with reductions from baseline
to 24 weeks at - 3.9 ± 47.0 mg/dL and
- 0.3 ± 3.8%, respectively (all p\ 0.05)
(Table 3). These enhancements in glycemic
control were similarly observed in subgroups
other than participants with baseline
eGFR\ 30 mL/min/1.73 m2 (Table S6). Addi-
tionally, significant improvements in FPG and
HbA1c levels were also observed in patients
without modification of antidiabetic medica-
tions, i.e., who maintained concurrent diabetic
medications throughout the follow-up period,
when glycemic levels were compared at baseline
and 24 weeks (all p\0.05) (Fig. 3 and Table S7).

Adverse Events and Laboratory
Investigations

AEs were reported in 8.55% (n = 254) of
patients. The only AE reported at a rate of
C 0.5% was nasopharyngitis (0.5%; n = 15).

Fig. 1 Study disposition. eGFR estimated glomerular filtration rate
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Table 1 Baseline characteristics of patients included in the
effectiveness set

Characteristic Effectiveness set

(n = 2604)

Demographics

Age, year 61.6 ± 12.1

Female 1280 (49.2)

Weighta, kg 66.7 ± 11.8

Body mass indexa, kg/m2 25.3 ± 3.4

Smokinga 572 (31.4)

Prevalent duration of type 2 diabetes

mellitusa, year

8.4 ± 7.9

Total cholesterola, mg/dL 187.8 ± 44.1

Low-density lipoprotein-cholesterola,

mg/dL

115.2 ± 36.5

Triglyceridea, mg/dL 169.7 ± 103.2

High-density lipoprotein-cholesterola,

mg/dL

48.1 ± 13.0

Fasting plasma glucosea, mg/dL 141.8 ± 46.2

Glycosylated hemoglobina, % 7.4 ± 3.6

Aspartate aminotransferasea, IU/L 25.7 ± 14.3

Alanine aminotransferasea, IU/L 26.0 ± 17.9

Creatine kinasea, IU/L 105.6 ± 79.1

Estimated glomerular filtration rate,

mL/min/1.73 m2

78.4 ± 30.9

C 90 951 (36.5)

C 60 to\ 90 886 (34.0)

C 30 to\ 60 644 (24.7)

\ 30 123 (4.7)

Medications

Previous statin treatmentsa 1120 (45.7)

Atorvastatin 540 (48.2)

Fluvastatin 27 (2.4)

Pitavastatin 49 (4.4)

Rosuvastatin 225 (20.1)

Simvastatin 59 (5.3)

Atorvastatin and ezetimibe 5 (0.4)

Simvastatin and ezetimibe 215 (19.2)

Table 1 continued

Characteristic Effectiveness set

(n = 2604)

Previous use of antidiabetic

medications

1894 (72.7)

Alpha-glucosidase inhibitor 37 (1.9)

Biguanides 990 (52.3)

Dipeptidyl peptidase 4 inhibitors 826 (43.6)

Glucagon like peptide 1 receptor

agonists

7 (0.4)

Sodium glucose cotransporter 2

inhibitors

153 (8.1)

Sulfonylureas 833 (44.0)

Thiazolidinedione 155 (8.2)

Previous use of antihypertensive

medications

975 (37.4)

Alpha-blockers 178 (18.3)

Angiotensin-converting enzyme

inhibitors

54 (5.5)

Angiotensin receptor blockers 828 (84.9)

Beta-blockers 211 (21.6)

Calcium channel blockers 265 (27.2)

Diuretics 67 (6.9)

Starting dose of pravastatin

5 mg 42 (1.6)

10 mg 294 (11.3)

20 mg 1091 (41.9)

40 mg 1177 (45.2)

Continuous variables are described as mean ± standard devia-

tion, while categorical variables are described as frequencies

(percentages)
aNumber of missing data: weight (n = 313); body mass index

(n = 355); smoking history (n = 781); prevalent duration of

type 2 diabetes mellitus (n = 14); total cholesterol (n = 247);

low-density lipoprotein-cholesterol (n = 165); triglyceride

(n = 144); high-density lipoprotein-cholesterol (n = 226); fast-

ing plasma glucose (n = 457); glycosylated hemoglobin

(n = 273); aspartate aminotransferase (n = 536); alanine

aminotransferase (n = 536); creatine kinase (n = 1,62); previous

statin treatments (n = 153)
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ADRs were observed in 0.94% (n = 28) of
patients. The most frequent ADR was rash
(n = 4), followed by pruritus, myalgia, and
hypoglycemia, all of which were reported in
two patients. The rate of SAEs was 1.51%
(n = 45), with hyperglycemia being the most
common (0.10%; n = 3) (Table 4). Laboratory
investigations found abnormal changes in AST
and ALT levels in only six patients; however, all
cases were assessed as unlikely to be related to
pravastatin therapy by the principal investiga-
tor at the site where the abnormal changes were
reported (Table 4).

DISCUSSION

In this study, we investigated the effect of
pravastatin on kidney function in Korean
patients with dyslipidemia and T2DM. We
found that pravastatin therapy could signifi-
cantly improve the eGFR in patients with T2DM
and dyslipidemia during the 48-week study
period. In terms of changes in lipid profiles, the
study showed significant decreases in both TC
and LDL levels in patients, with LDL consis-
tently staying below 100 throughout the follow-
up period. A significant reduction in FPG and
HbA1c levels was also observed at all visits.
Pravastatin was generally well tolerated, and the
AEs were within the range of previously repor-
ted safety profiles [20].

The mechanisms underlying the beneficial
effects of pravastatin on kidney function have
not been clearly elucidated. Nonetheless, two
hypotheses could potentially explain the
advantageous impacts of pravastatin on kidney
function. First, pravastatin may not affect the
synthesis of coenzyme Q10 (CoQ10), thus pre-
venting kidney dysfunction. HMG-CoA inhibi-
tion reduces cholesterol synthesis in the liver;
however, the production of fundamental sub-
stances such as coenzyme Q10 is also reduced
[21, 22]. CoQ10 is an antioxidant that prevents
the development of CKD by reducing oxidative
stress in animal studies. Consequently, inhibi-
tion of CoQ10 synthesis may impair kidney
function [23, 24]. However, pravastatin barely
reduces CoQ10 synthesis because its lower
lipophilicity does not allow pravastatin to move

across the cellular membrane; thus, CoQ10 is
localized in the hydrophobic portions of the
cellular membrane [25]. Second, pravastatin
may improve kidney function in patients with
diabetic kidney disease by enhancing glucose
metabolism. Several studies have reported that
pravastatin can increase insulin sensitivity by
enhancing the secretion of adiponectin [26, 27].
Moreover, according to the West of Scotland
Coronary Prevention Study (WOSCOPS),
pravastatin can reduce the risk of incident dia-
betes by 30% compared with that noted with a
placebo [28]. These distinctive effects of
pravastatin may be advantageous for kidney
function, particularly in patients with T2DM.

Several studies have suggested the potential
benefits of pravastatin on kidney function, with
a meta-analysis of 33 RCTs indicating its posi-
tive effect on maintaining a high eGFR [29, 30].
In alignment with previous studies, the present
study observed that kidney function improved
following the administration of pravastatin.
This improvement remains significant even
after adjusting for confounders that could
influence kidney function, such as duration of
T2DM, changes in glycemic levels, and a medi-
cal history of hypertension. Patients not using
concurrent medications known to affect kidney
function, such as ARBs, ACEis, DUs, and SGLT2
inhibitors, also showed significant improve-
ments in percent change in eGFR from baseline
to 24 weeks. These results suggest that pravas-
tatin could be beneficial in treating patients
with dyslipidemia who have reduced kidney
function. Nevertheless, this study overlooked
confounding factors like blood pressure (BP)
that could influence kidney function. There-
fore, further investigations should incorporate
BP measurements to confirm the effects of
pravastatin on kidney function.

We observed variable pravastatin-induced
effects on kidney function contingent on the
baseline eGFR levels. In patients with a baseline
eGFR of 30–89 mL/min/1.73 m2, we found a
significant elevation in eGFR following pravas-
tatin treatment. Conversely, patients with a
baseline eGFR of C90 mL/min/1.73 m2 experi-
enced a substantial reduction in eGFR. In these
patients with high baseline eGFR measure-
ments, a reduction in eGFR might indicate an
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improvement in kidney function. This is
because the nephrons typically undergo struc-
tural and functional adaptations during the
initial stages of CKD (baseline eGFR of C 90 mL/
min/1.73 m2), leading to an atypically high
eGFR due to hyperfiltration. Furthermore,
increased glomerular hydraulic pressure and the
movement of ultrafiltrates and large molecules
across the capillary walls can accelerate
nephron damage [31]. Thus, a reduction in
eGFR could signify a decrease in hyperfiltration,
potentially mitigating the kidney burden in
patients with baseline eGFR of C 90 mL/min/
1.73 m2.

The mean eGFR in subgroups DM dura-
tion[ 5 years and baseline HbA1c level C 7%
improved significantly during the study period.
Subgroups with DM duration B 5 years and
baseline HbA1c\ 7% showed an increasing

trend in eGFR; however, these results were not
statistically significant. These subgroups are
considered in an early stage of DM, and it is
possible that most patients with eGFR C 90 mL/
min/1.73 m2 were included. Therefore, the
effect of pravastatin on eGFR may have been
inconspicuous owing to the relatively mild
conditions in these subgroups.

Subgroup analyses found that the statin-
naı̈ve group did not exhibit a significant
change, whereas the statin-switching group
showed an improvement in eGFR. These find-
ings suggest that pravastatin may have a lesser
impact on reducing kidney function than other
statins. Consistency was observed in another
longitudinal cohort study from Japan, where
pravastatin showed superiority over rosuvas-
tatin, atorvastatin, and pitavastatin in main-
taining kidney function among patients with

Fig. 2 Time course of percent changes in estimated
glomerular filtration rate (mL/min/1.73 m2) from the
baseline to each follow-up visit in a effectiveness set and
b full eGFR set. eGFR, estimated glomerular filtration rate;
FPG, fasting plasma glucose; HbA1c, glycosylated hemo-
globin. Values are presented as the mean ± standard
deviation. The effectiveness set comprised patients with
baseline eGFR measurement and at least one eGFR
measurement at 12, 24, and 48 weeks. The full eGFR set
comprised patients with baseline eGFR measurement and

eGFR measurements at all 12, 24, and 48 weeks. ap values
were calculated using the Wilcoxon signed-rank test: *, **,
***p vs baseline,\ 0.05,\ 0.01,\ 0.0001. bp values were
adjusted by age, gender, duration of diabetes mellitus,
baseline HbA1c and FPG, changes in HbA1c and FPG
during follow-up visits from the baseline, the history of
hypertension, and previous statin treatment using the
analysis of covariance (ANCOVA): *, **, ***p vs
baseline,\ 0.05,\ 0.01,\ 0.0001
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Table 2 Subgroup analysis of percent changes of estimated glomerular filtration rate from the baseline to 24 weeks in the
effectiveness set

Baseline Week 24 p value p for interactionc

Unadjusteda Adjustedb

Age, year 0.0925

C 65 1091 963

Mean eGFR 66.1 ± 27.3 66.3 ± 28.1

% change from baseline 3.5 ± 32.3 0.0121* 0.0185*

\ 65 1513 1293

Mean eGFR 87.24 ± 30.37 85.9 ± 28.9

% change from baseline 1.9 ± 23.7 0.1459 0.0774

Gender 0.0893

Male 1324 1159

Mean eGFR 76.3 ± 29.9 76.4 ± 9.1

% change from baseline 3.5 ± 32.5 0.0043** 0.0370*

Female 1280 1097

Mean eGFR 80.5 ± 31.9 78.8 ± 31.2

% change from baseline 1.6 ± 21.5 0.3030 0.2116

Baseline HbA1c, % 0.0008**

C 7 1191 1012

Mean eGFR 79.8 ± 31.4 79.5 ± 30.4

% change from baseline 4.4 ± 32.8 \ 0.0001*** 0.0286*

\ 7 1140 964

Mean eGFR 80.2 ± 29.1 79.2 ± 28.6

% change from baseline 1.4 ± 19.0 0.3139 0.3206

Medical history of hypertension \ 0.0001***

With hypertension 975 839

Mean eGFR 70.2 ± 32.3 68.5 ± 32.7

% change from baseline - 0.9 ± 20.9 0.0092** 0.5140

Without hypertension 1629 1469

Mean eGFR 82.8 ± 28.5 82.7 ± 27.6

% change from baseline 4.6 ± 30.5 \ 0.0001*** \ 0.0001***

DM duration, years 0.0090**

[ 5 1476 1294

Mean eGFR 73.6 ± 31.3 73.2 ± 30.1
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Table 2 continued

Baseline Week 24 p value p for interactionc

Unadjusteda Adjustedb

% change from baseline 3.6 ± 32.8 0.0141* 0.0012**

B 5 1114 948

Mean eGFR 84.9 ± 29.1 83.6 ± 29.1

% change from baseline 1.05 ± 18.8 0.2583 0.0165*

Previous statin treatments 0.0007**

Statin naı̈ve 1331 1072

Mean eGFR 81.6 ± 32.6 79.1 ± 32.1

% change from baseline 1.0 ± 32.5 0.2801 0.3056

Statin switchingd 1120 1046

Mean eGFR 74.7 ± 28.3 76.2 ± 27.9

% change from baseline 4.7 ± 23.1 \ 0.0001*** \ 0.0001***

Baseline eGFR, mL/min/1.73 m2 \ 0.0001***

C 90 951 781

Mean eGFR 110.3 ± 19.6 105.3 ± 20.1

% change from baseline - 3.2 ± 15.4 0.0003** 0.0008**

60–89 886 777

Mean eGFR 75.1 ± 8.6 78.4 ± 16.3

% change from baseline 5.0 ± 20.0 \ 0.0001*** \ 0.0001***

30–59 644 595

Mean eGFR 46.5 ± 8.3 49.6 ± 15.1

% change from baseline 6.5 ± 26.1 \ 0.0001*** \ 0.0001***

\ 30 123 103

Mean eGFR 22.4 ± 5.3 23.2 ± 14.9

% change from baseline 4.9 ± 88.2 0.5714 0.0539

Values are presented as the mean ± standard deviation
eGFR estimated glomerular filtration rate, CKD chronic kidney disease, HbA1c glycosylated hemoglobin, DM diabetes
mellitus
ap values were calculated using the Wilcoxon signed-rank test: *, **, ***p versus baseline,\ 0.05,\ 0.01,\ 0.0001
bp values were adjusted by for age, gender, duration of diabetes mellitus, baseline HbA1c and FPG, changes in HbA1c and
FPG during follow-up visits from the baseline, and the history of hypertension using the analysis of covariance
(ANCOVA): *, **, ***p versus baseline,\ 0.05,\ 0.01,\ 0.0001
cP for interaction indicates the statistical significance of the difference in effects of statin on kidney function across
subgroups: *, **, ***p versus within subgroups,\ 0.05,\ 0.01,\ 0.0001
dStatin switching refers to patients previously treated with statins other than pravastatin before enrolling in the study
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T2DM [13]. Consequently, the results suggest
that using pravastatin may be more beneficial in
preserving kidney function than other statins
for patients with T2DM and dyslipidemia.

The current guidelines recommend aiming
for LDL-C levels\ 100 mg/dL as the therapeutic
goal in patients with DM, except those in the
very high risk group [32]. During the study
period, the mean LDL-C level in patients who

Table 3 Changes and percent changes in lipid profiles and glycemic levels from the baseline to 24 weeks in the effectiveness
set

Baseline Week 24 p valuea

Total cholesterol, mg/dL 2357 1986

Mean 187.8 ± 44.1 173.7 ± 35.6

Change from baseline - 12.7 ± 42.3 \ 0.0001***

% change from baseline - 3.6 ± 23.1 \ 0.0001***

Low density lipoprotein cholesterol, mg/dL 2439 2032

Mean 115.2 ± 36.5 98.1 ± 29.1

Change from baseline - 16.2 ± 35.8 \ 0.0001***

% change from baseline - 7.8 ± 41.6 \ 0.0001***

Triglyceride, mg/dL 2460 2060

Mean 169.7 ± 103.2 166.2 ± 107.4

Change from baseline - 1.8 ± 100.8 0.3624

% change from baseline 10.3 ± 57.1 0.0016**

High-density lipoprotein-cholesterol, mg/dL 2378 1999

Mean 48.1 ± 13.0 48.1 ± 13.1

Change from baseline 0.3 ± 10.0 0.4587

% change from baseline 3.4 ± 45.8 0.0122*

Fasting plasma glucose (mg/dL) 2378 1989

Mean 141.9 ± 46.2 137.4 ± 44.1

Change from baseline - 3.9 ± 47.0 \ 0.0001***

% change from baseline 11.2 ± 347.4 0.0356*

Glycated hemoglobin (%) 2331 2107

Mean 7.4 ± 3.6 7.1 ± 1.2

Change from baseline - 0.3 ± 3.8 \ 0.0001***

% change from baseline - 1.0 ± 33.1 \ 0.0001***

Values are presented as the mean ± standard deviation
*, **, ***p vs baseline,\ 0.05,\ 0.01,\ 0.0001
ap values were calculated using the Wilcoxon signed-rank test
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received pravastatin remained below 100 mg/
dL. These findings support the lipid-lowering
effects of pravastatin in the general population
with T2DM.

Our study showed improvements in gly-
cemic levels among patients undergoing
assessment of changes in glycemic levels
throughout the follow-up period. Additionally,
in a subgroup analysis to assess the change in
glycemic levels with and without modification
in antidiabetic medications throughout the
follow-up period, significant improvements
were observed in patients who maintain their
antidiabetic medications. The findings align
with previous studies assessing the association
between pravastatin and glycemic levels. In a
retrospective study assessing the effects of sta-
tins on change in the FPG level in individuals
without diabetes in Korea, it was found that
pravastatin was not associated with increasing
FPG levels [33]. A meta-analysis assessing the
glycemic control effects of statins similarly
indicated that pravastatin did not increase

HbA1c levels. Interestingly, this previous study
also showed that pravastatin was associated
with a statistically significant decrease of 0.33 in
HOMA-IR [34]. Combining our results with
previous studies, it may be prudent to explore
pravastatin as a possible option for patients
with dyslipidemia and T2DM who are con-
cerned about worsening glycemic levels.

Pravastatin was safe and well tolerated in this
study. AEs occurred in 8.55% of the safety
population, with nasopharyngitis as the only
AE reported in more than 0.5% of patients.
Muscle symptom is the most common adverse
drug reaction of statin therapy, and approxi-
mately 1–10% of patients suffer from muscle
symptoms after statin treatment [35]. The inci-
dence of musculoskeletal-related AEs was rela-
tively lower in our study than in previous
studies [36]. Moreover, only six patients (0.2%,
6 out of 2972 in the safety set) showed abnor-
mal levels of AST and ALT, and investigators at
each site determined these cases were unrelated
to pravastatin.

Fig. 3 Subgroup analysis of changes of a fasting plasma
glucose and b glycated hemoglobin from baseline with and
without modification of antidiabetic drug regime during
the follow-up period in the effectiveness set. FPG fasting

plasma glucose, HbA1c glycated hemoglobin. Values are
presented as the mean ± standard deviation. p values were
calculated using the Wilcoxon signed-rank test: *, **, ***
p vs baseline,\ 0.05,\ 0.01,\ 0.0001
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This study has some limitations. First, this
was a multicenter prospective observational
study with no control group and was not a
randomized controlled study. Thus, under-re-
porting was unavoidable owing to the inherent
study design, leading to potential bias. Addi-
tionally, routine care-related factors (such as the
use of concomitant drugs) were left to the

discretion of the individual physician in charge.
Furthermore, the study’s reliance on patient-
reported questionnaire responses precluded the
verification of consistent pravastatin adherence
as claimed by the patients. These could have
been a confounder that affected the results, but
it could not be controlled for in this study.
Second, only eGFR and no other parameters,

Table 4 Reported adverse events in the safety set

Number of patients (%) Number of casesa

Total number of patients 2972

Treatment emergent adverse events 254 (8.6) 376

AEs occurring at a rate C 0.5%

Nasopharyngitis 15 (0.5) 17

AEs occurring at a rate[ 0.3%

Headache 10 (0.3) 10

Dizziness 9 (0.3) 9

Laboratory abnormalitiesb

AST 6 (0.2) 6

ALT 6 (0.2) 6

Adverse drugs reactions 28 (0.9) 32

Most frequently reported ADRs

Rash 4 (0.1) 4

Pruritus 2 (0.07) 2

Myalgia 2 (0.07) 2

Hypoglycemia 2 (0.07) 2

Serious adverse events 45 (1.5) 53

Most frequently reported SAEs

Hyperglycemia 3 (0.1) 3

Hypoglycemia 2 (0.07) 2

Breast cancer 2 (0.07) 2

Acute myocardial infarction 2 (0.07) 2

AE adverse event AST aspartate aminotransferase, ALT alanine aminotransferase, CK creatine kinase, ADR adverse drug
reaction, SAE serious adverse event
aCertain patients who encountered adverse events during the study period documented multiple reports of adverse events
bElevations in ALT, AST, and CK levels were documented as adverse events based on clinical assessment by investigators to
determine clinical abnormality. During the observation period, there were no reports of abnormal levels of CK among
patients as an AE
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including urine or blood proteins and organ
imaging, were evaluated to assess kidney func-
tion. This may have limited the accuracy of the
assessment or detection of other clinically rele-
vant changes. Third, the follow-up period was
relatively short. A longer follow-up duration
would have enabled a clear evaluation of the
impact of pravastatin on kidney function.
Finally, generalizability remains problematic
and contentious because this study only
showed the results of data collected from
enrolled patients.

Nevertheless, very few studies have been
conducted involving approximately 3000
patients with DM and dyslipidemia to identify
the impact of pravastatin on kidney function in
actual clinical practice. The findings of this
study provide real-world evidence of the bene-
ficial effects of pravastatin in patients with
comorbid diseases, such as T2DM and dyslipi-
demia, who require constant monitoring of
their kidney functions.

CONCLUSION

This multicenter prospective observational
study investigation found that pravastatin sig-
nificantly improved eGFR in patients with
T2DM and dyslipidemia, thus supporting its
beneficial effects on kidney function. Signifi-
cant improvements were also found in the lipid
profiles, with no worsening in glycemic levels
observed. Our findings suggest that pravastatin
could be a viable and safe treatment choice for
patients with T2DM and dyslipidemia.
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