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Abstract. – The International Diabetes Fed-
eration estimates that by 2035, there will be 592 
million people with diabetes worldwide, sub-
stantially increasing from the 382 million pa-
tients with diabetes recorded in 2013. Diabe-
tes-related nephropathy is a leading cause of 
end-stage renal disease. Recently, the thera-
peutic use of statins in patients with chronic 
kidney disease (CKD) was explored in a series 
of meta-analyses, which revealed their poten-
tial for decreasing mortality and cardiovascular 
complications in this population, although not 
in patients undergoing hemodialysis. 
The current study reviews the current state of 
knowledge on statin therapy regarding its safe-
ty and efficacy concerning renal outcomes in 
diabetic patients with CKD. 
The evidence shows that statins may offer a ben-
eficial renoprotective effect in inhibiting the pro-
gression of renal function decline. This effect is 
time-dependent and particularly strong in patients 
with type 2 diabetes and nephropathy. In addition, 
whether certain statin types are more beneficial 
than others in slowing renal function loss and re-
ducing proteinuria remains unclear. Prior research 
has not examined the impact of high-intensity sta-
tin therapy on CKD patient outcomes.
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Abbreviations
AKI: Acute Kidney Injury; ALLIANCE: Aggressive 
Lipid-Lowering Initiation Abates New Cardiac Events; 
BUN: Blood Urea Nitrogen; CIN: Contrast-induced ne-
phropathy; CKD: chronic kidney disease; CRS: car-
diorenal syndrome, CVD: cardiovascular disease, DN: 
Diabetic nephropathy, EAS: European Atherosclerosis 
Society, eGFR: estimated glomerular filtration rate, ESC: 
European Society of Cardiology, GFR: glomerular fil-
tration rate, HMG-CoA: Hydroxymethylglutaryl-CoA 

reductase inhibitors, JUPITER: Justification for the Use 
of Statins in Prevention, KDIGO: Kidney Disease Im-
proving Global Outcomes, KDOQI: Kidney Disease Out-
comes Quality Initiative, LDL-C: lipoprotein cholesterol, 
PANDA: Pediatric Anesthesia and Neuro Development 
Assessment, Scr: Serum Creatinine, SPARCL: Stroke 
Prevention by Aggressive Reduction in Cholesterol Lev-
els, T2DM: Type 2 Diabetes Mellitus, TNT: Treating to 
New Targets, UEAR: Urinary Albumin Excretion Rates.

Introduction

The International Diabetes Federation1 estima-
tes that by 2035, there will be 592 million people 
with diabetes worldwide, a substantial increase 
from the 382 million patients with diabetes re-
corded in 2013. Diabetes mellitus is a common 
endocrine condition that is gaining prevalence. It is 
associated with various micro- and macrovascular 
complications that damage different viscera and 
body tissues2. In particular, microvascular com-
plications and increased HbA1c are commonly 
identified in recently diagnosed Type 2 Diabetes 
Mellitus (T2DM) patients. As such, following dia-
gnosis, it is advised that T2DM patients undergo 
screening for microvascular issues3. In individuals 
suffering from diabetes mellitus, controlling their 
glycemic levels may significantly contribute to 
maintaining the disease’s progression. Nonethe-
less, achieving this goal still poses a challenge4.

Diabetic nephropathy (DN) is one of the most 
severe and most common chronic complications of 
diabetes, being a leading contributor to end-stage 
renal disease5. Diabetic individuals are more likely 
to be more likely to be affected by chronic kidney 
disease (CKD). They are susceptible to CKD deve-
lopment at a rate greater than individuals who are 
otherwise healthy6. CKD is generally held to be 
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caused by kidney damage, such as albuminuria or 
a reduced glomerular filtration rate (GFR), for mo-
re than three months6. Although CKD is a serious, 
independent risk factor for cardiovascular morbidi-
ty and mortality7, it is generally given insufficient 
attention, leading to a lack of diagnosis and treat-
ment, especially among patients with diabetes8-13.

The most frequent complication among patien-
ts with CKD is dyslipidemia due to renal dysfun-
ction, which further causes renal damage and 
diminished renal function, characterized by a ste-
ady decline in the eGFR14. Previous research15-17 
has determined several mechanisms that may 
drive kidney damage in patients with DN. For 
example, hyperlipidemia may be a crucial factor 
in DN progression (e.g., either utilizing mesangial 
cells’ being exposed to lipotoxicity or through the 
contribution of DN in intrarenal atherosclerosis).

A relationship exists between decreased eGFR 
and cardiovascular disease (CVD), even without 
the influence of other risk factors18. Hence, prompt-
ly implementing lipid-regulating therapy in CKD 
patients is essential and established practice. Ac-
cording to the updated Kidney Disease Improving 
Global Outcomes (KDIGO) lipid management 
guidelines for CKD treatment, statins are recom-
mended for patients with CKD who are not de-
pendent on dialysis, are aged 50 years and above, 
and have an eGFR not above 60 mL/min/1.73 m2 
or a minimum urinary albumin-to-creatinine ratio 
of 30 mg/g, regardless of their serum cholesterol 
level. This is in line with the recommendations of 
the 2016 ESC/EAS guidelines19,20.

Statins [3-hydroxy-3-methylglutaryl coenzy-
me A (HMG CoA) reductase inhibitors] are an 
established class of safe antihyperlipidemic drugs 
that are widely used owing to their effectiveness 
in lowering the low-density lipoprotein choleste-
rol (LDL-C) level21. Statins are drugs employed 
as the main therapeutic medications in averting 
cardiovascular problems mortality amongst CVD 
patients and are used as the primary therapeutic 
medications in averting cardiovascular problems 
and mortality amongst CVD patients as well as 
those at an increased likelihood of developing the 
disease, and have been recognized as the most 
effective lipid-regulating treatment22,23. Beyond 
their lipid-regulating properties, statins have 
pleiotropic effects, such as plaque stabilization 
and anti-inflammation, yielding excellent cardio-
vascular protection for such populations.

While human and animal research has shown 
that statins are beneficial in preventing cardio-
vascular events24, albuminuria25, and diabetic 

glomerulosclerosis26, there is no consensus on 
their efficacy in enhancing renal function in pa-
tients with DN to date. Recent studies25,27,28 have 
indicated the renoprotective effects of statins, 
including a beneficial impact on pathologic albu-
minuria and a slowing of eGFR decline. Clinical 
trials7,13, have shown no correlation between sta-
tin use and eGFR improvement. In addition, de-
spite some studies21,25,29,30, showing the beneficial 
effects of statins on albuminuria, such product 
has been found in other studies31,32. Similarly, 
according to some research, statins may improve 
the eGFR33,34; however, according to a meta-a-
nalysis, they do not have a significant impact on 
this matter21. This conflicting evidence regarding 
the effect of statin therapy on eGFR among in-
dividuals with DN may be due to reporting bias. 
This stems from variations in the study cohort/
populations, study design and methodologies 
utilized across these studies. Recently, the the-
rapeutic use of statins in patients with CKD was 
explored in a series of meta-analyses, which reve-
aled their potential for decreasing mortality and 
cardiovascular complications in this population, 
although not in patients undergoing hemodialy-
sis35-40. The current study analyses the state of 
scientific knowledge on statin medication in ter-
ms of its efficacy and safety with an eye toward 
renal outcomes in diabetic patients with CKD.

Efficacy and Safety of Statin 
Therapy in Patients with Chronic 

Kidney Disease (CKD)

Studies41 have shown that statin therapy leads to 
a reduction in major vascular events in a wide range 
of individuals. Long-term statin therapy reduces 
mortality in patients with a history of cardiovascu-
lar disease without an account and has a protective 
effect on the kidneys in patients with CKD. Statins 
are associated with reducing the probability of 
mortality and myocardial infarction in addition to 
other coronary artery diseases and coronary artery 
diseases such as cerebral palsy. Statins in patients 
with mild to moderate CKD have the effect of pre-
venting and reducing cardiovascular risk42.

All-Cause Mortality
According to Yan et al43 meta-analysis, whe-

re data were available for 9,393 statin therapy 
patients, 730 died during the follow-up period. 
The analysis showed reduced mortality in CKD 
patients on statin therapy, but CI did not include 
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any effect43. Barylski et al44 investigated statins in 
CKD patients, not on dialysis, reducing the risk 
of death from all causes and stroke. However, in 
dialysis patients, statins did not significantly af-
fect the risk of death from all causes and stroke44. 
However, Jung et al45 research has shown that 
a reduction in the risk of death from all causes 
occurs in adult patients on maintenance dialysis 
when using statin therapy combined with ezetimi-
be. Kim et al46 research has shown that reducing 
the risk of death from all causes occurs in CKD 
patients who use statins regardless of whether 
they are on dialysis and other risk factors.

Stroke
High-intensity statin therapy reduces the in-

cidence of myocardial infarction, according to a 
meta-analysis43. According to Chung et al47, sta-
tins reduce the risk of death from all causes but 
do not decrease the risk of ischemic hemorrhage 
stroke. Analyzes suggest that atorvastatin may 
improve function in patients with CKD who have 
previously had a stroke or transient ischemic at-
tack and may prevent GFR decline in patients wi-
th DM and previous stroke48. Patients using statin 
therapy have a reduced risk of cardiovascular di-
sease as kidney disease progresses from the early 
stages to the last stage of kidney disease. Statins 
have been associated with a higher incidence of 
stroke in patients with end-stage renal disease49.

Myocardial Infarction and Heart Failure
Yan et al43 meta-analysis did not show strai-

ghtforward prevention of myocardial infarction 
in patients on high statin therapy. In the context 
of decreasing the incidence of heart failure, the-
re is no discernible distinction between invasive 
and non-invasive statin medications43. Accor-
ding to Ercan50, statin treatment significantly 
reduces mortality in patients with end-stage 
renal disease with acute myocardium compared 
with those who did not use statins. Smith et al51 
also showed that statins positively affect patients 
with lower levels of kidney disease.

Effects on Lipid Levels
Information on the effect of statin-intensive the-

rapy on lowering LDL cholesterol levels is available 
in four pivotal trials TNT52, JUPITER53, SPARCL48, 
and PANDA54. A mean change in LDL cholesterol 
levels from baseline to the end of follow-up was 
achieved at the last physician visit when atorva-
statin 80 mg was used, where the decrease was 
17.5 mg/dL. In comparison, the reduction at 10 mg 

atorvastatin was 2.7 mg/dL in patients with CKD. 
Rosuvastatin 20 mg may reduce LDL cholesterol 
levels by approximately 50 mg/dL in patients with 
CKD. Intensive statin therapy has better effects on 
lowering LDL cholesterol than placebo43.

Effect of Statins on Change in Kidney 
Function (Renal Function) and Urinary 
Protein Excretion/Proteinuria

High-intensity statin therapy does not show 
substantial superiority in increasing high-dose 
GFR. However, other research53 has yielded the 
opposite result. In the JUPITER study53 for indivi-
duals who had an eGFR < 60 ml/min/1.73 m² the 
median eGFR levels after 12 months were recor-
ded as 53.0 and 52.8 ml/min/1.73 m² in the groups 
receiving rosuvastatin and placebo respectively. 
The PANDA research53 has shown that after adju-
sting for initial kidney function, gender, age, 
smoking, etc., statins do not significantly affect 
renal function. The PANDA study54 included the 
albumin/creatinine ratio, cystine C, serum creati-
nine, albumin excretion, and creatinine clearance. 
Data from the PANDA study showed no associa-
tion between renal protection and high-intensity 
statin therapy. Therefore, it is challenging to come 
up with conclusions about the implications of 
high-intensity statin treatment on renal function, 
and a further investigation that will produce evi-
dence of sufficient quality is necessary43.

Effect of Statins on Albuminuria
Zhang et al55 research has shown that statins 

reduce proteinuria, albuminuria, and clinical de-
ath but do not slow the progression to the last 
stage of kidney disease. According to a meta-a-
nalysis by Douglas et al56, statins lead to reduced 
albuminuria and proteinuria. However, there is 
evidence that statins (pravastatin) do not affect 
albuminuria in CKD patients57. Shen et al58 study 
showed that statins reduce albuminuria in T2DM 
patients with diabetic nephropathy. Although me-
ta-analyzes report the beneficial effects of statins 
on pathological albuminuria, more extensive stu-
dies are needed to assess these results’ validity 
and determine whether statins can reduce the 
progression to end-stage renal disease59.

Effect of Statins on Estimated Glomerular 
Filtration Rate (eGFR)

In a meta-analysis60 involving 33 studies, 21 
reported the effect of statins on GFR. The analy-
sis showed that statins were not associated with 
a change in GFR compared with the control60. 
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There was significant heterogeneity in the critical 
studies, and sensitivity analysis suggested that 
the overall conclusion was unstable. For investi-
gations conducted earlier than 2010, where the 
patients’ mean ages were above 65 and pravasta-
tin and atorvastatin were administered, subgroup 
evaluation demonstrated a significant association 
between statin consumption and increased GFR. 
However, using fluvastatin has been associated 
with a lower GFR than in the control group60,61.

Effect of Statins on Urinary Albumin 
Excretion Rates (UAER)

The pooled results suggest that statin use is 
associated with lower urinary albumin excretion 
than controls60. In research comprising Asian po-
pulations, simvastatin, and fluvastatin medication 
were administered. However, statins produced litt-
le to no effect on urinary albumin excretion. Mo-
reover, pravastatin has led to high urinary albumin 
excretion in patients followed for 12 months or 
more60. According to Shen et al58, statin analyses 
have a beneficial effect on UEAR. There was a sta-
tistically significant decrease in UEAR in the sta-
tin-treated group compared to the control group58.

Effect of Statins on Serum Creatinine (Scr)
According to a meta-analysis by Lv et al61, 

statins may decrease Scr. However, the summary 
result of the Zhao et al59 meta-analysis showed 
no significant differences in new Scr between the 
control and statin groups.

Effect of Statins on Blood Urea Nitrogen 
(BUN)

According to Shen et al58, statin analyses do 
not statistically affect BUN compared to the 
control group. In the research of Nasri et al62, 
significant kidney damage occurred in patients 
receiving 150 mg/kg/day atorvastatin, while no 
significant kidney damage occurred in patients 
receiving 10 mg/kg/day or 50 mg/kg/day.

Safety Evaluation
High-intensity statin therapy has no clear as-

sociation with an increased incidence of serious 
adverse events. Combined analyses did not show 
a significant difference in the overall incidence 
rate of adverse events, although the incidence 
was higher in the statin group compared to the 
control group. According to a meta-analysis43, 
myopathy occurred in only ten patients, while 
rhabdomyolysis occurred in three patients with 
CKD. Compared to the control, the association 

between statin intensive care and rhabdomyolysis 
and myopathy is unclear. Among patients from 
the TNT52, SPARCL48, and ALLIANCE63 studies, 
we had one patient with creatine phosphokinase 
abnormalities. However, the incidence of statin 
side effects is very low, and the pooled results 
do not show a significant difference between 
the control and statin groups. Yet, insufficient 
evidence dispels the suspicion that high-intensity 
statin therapy can cause serious side effects43. 
According to the SPARCL study, persistent ele-
vations in hepatic transaminases were common in 
patients receiving atorvastatin therapy compared 
to controls. However, rates were low and similar 
in CKD and non-CKD patients. Patients with 
CKD and those without CKD had elevated levels 
of creatine phosphokinase. Statin’s adverse effects 
on the musculoskeletal system were minimal48.

Arguments in Favor of Statin Use

LDL cholesterol is one of the critical risk 
factors for cardiovascular diseases, which cause 
one-third of all deaths in the world. Statins are 
more effective than older methods for lowering 
LDL cholesterol levels. The effects of statins on 
lowering cholesterol have been documented in 
studies64 evaluating the prevention of cardiova-
scular disease. Also, statins reduce the risk of 
developing new cardiovascular diseases regar-
dless of gender, age, cholesterol level, presence 
of hypertension, diabetes, previous myocardial 
infarction, and other heart diseases64. Along with 
its effects on cardiovascular disease, statins have 
anti-inflammatory, antioxidant, and stabilizing 
characteristics. Statins are capable of enhancing 
kidney function by decreasing cholesterol, which 
could result in immediate as well as long-term 
benefits for renal function65.

Prevention of Acute Kidney Injury after 
Cardiac Surgery

Acute Kidney Injury (AKI) is often complica-
ted by cardiac surgery, which is multifactorial. 
Statins most likely inhibit inflammatory processes 
that occur after surgery. Patients using thyroid 
have lower levels of circulating C-reactive pro-
tein, myeloperoxidase, tumor necrosis factor-al-
pha, pro-inflammatory interleukins (IL)-8, IL-6, 
and IL-1, and higher concentrations of anti-in-
flammatory IL-10. Patients in cardiac surgery may 
respond differently to the dose and type of statin66. 
While high-potency statins elevate the rate of 



Statin therapy for patients with diabetic nephropathy

10599

AKI among patients in the general population, 
they also have renal protective properties in pe-
ople who recently underwent cardiac surgery. In 
cardiac surgery, observational studies on renal 
protection of preoperative statin use have shown 
a reduced incidence of renal failure after surgery, 
or statins do not give any benefit65. Further, a 
meta-analysis65 showed a 13% reduction in AKI 
in patients who had statin therapy before surgery. 

Rosuvastatin has been associated with an increa-
se in the incidence of AKI in 48 hours postoperati-
vely. AKI was experienced by 20.8% of the patients 
who were prescribed atorvastatin before their sur-
gery, compared with 19.5% of patients who were 
given a placebo before surgery. Furthermore, when 
individuals with CKD did not take statins, more of 
them developed AKI. There was no difference in 
the incidence of AKI in the control group and the 
high-dose atorvastatin group in 200 patients65.

Prevention of AKI after Major 
Non-Cardiac Surgery

A retrospective analysis of data from patients who 
underwent noncardiac surgery did not show that 
statin therapy before surgery in routine doses for 
hypocholesterolemia affects the incidence of AKI, 
inpatient mortality, and postoperative dialysis65,67,68. 
A systematic analysis65 has shown that preoperative 
statin therapy significantly reduces the risk of AKI 
requiring renal replacement and cumulative AKI.

Prevention of Contrast-Induced 
Nephropathy

Permanent and acute renal impairment may 
cause exposure to iodine contrast during coro-
nary interventions. Contrast-induced nephropa-
thy (CIN) can be accelerated by contrast volu-
me and type, hemodynamic instability, CKD, 
congestive heart failure, diabetes, and age69. 
Compared with the control group, statin therapy 
reduces the risk of CIN. Its effectiveness in pre-
venting CIN depends on the statin dose and is 
higher in patients with chronic kidney or heart 
disease and acute coronary syndrome. 

High-dose and efficacy statins may be more 
effective. However, due to a lack of data, recom-
mendations for using statins in coronary inter-
ventions with contrast iodine cannot be given65.

Attenuation of the Cardiorenal 
Syndrome (CRS)

Chronic or acute kidney or heart disease can 
cause chronic or critical illness of another or-
gan. For example, patients with heart failure and 

exacerbated GFR have higher mortality, while 
patients with CKD have an increased risk of heart 
disease, responsible for 50% of deaths70.

The connection between these two organs is 
known as the CRS. CRS is significantly influen-
ced by oxidative stress, dysfunction of endothe-
lial cells, and inflammation in the vascular sy-
stem. The progression of chronic heart and renal 
failure is supported by the pleiotropic effects of 
statins on cardiovascular processes65.

Reduction of Major Cardiovascular 
Events and Mortality in CKD

Cardiovascular disease is the most common cau-
se of premature death in the early stages of CKD71. 
Statin therapy prevents major cardiovascular events 
and reduces mortality in CKD patients without 
cardiovascular disease and not requiring dialysis. 
Highly effective statin therapy has been associated 
with a reduced risk of stroke in CKD patients36,65.

Preventing Aminoglycoside Toxicity
The pleiotropic properties of statins were 

expressed only in experimental conditions, which 
theoretically promise to prevent aminoglycoside 
toxicity. A study by Ozbek et al72, of the effect 
of atorvastatin on nephrotoxicity by gentamicin 
in rats showed that atorvastatin normalizes renal 
function, normalizes tissue oxidative stress pa-
rameters, and attenuates tubular necrosis in rats. 

Atorvastatin reaffirmed its anti-inflammatory 
and antioxidant effects by decreasing the pro-
duction level of nuclear factor kappa B, a mito-
gen-activated protein kinase, and stimulated nitric 
oxide synthase72. Also, simvastatin improves renal 
function and changes in renal histopathology cau-
sed by dose-dependent gentamicin in rats65.

Arguments Against Statin Use

Uncertain or Undesirable Effects on 
Kidney Function

A large study73 has shown a link between statin 
treatment and an increased incidence of chro-
nic and autistic kidney disease. Data analysis of 
143,888 patients showed that statins did not prevent 
AKI, moderately alleviated the decline in GFR, 
and reduced proteinuria in non-dialysis patients74.

Treatment with highly effective statins is 
associated with a 13% increased risk of deve-
loping severe renal insufficiency that remains 
co-consistent in floods with CKD, diabetes, and 
ischemic heart disease65,75.
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Increased Risk for Rhabdomyolysis in CKD
Statins have been associated with mild skeletal 

muscle problems such as myalgia and increased 
serum creatine kinase and severe skeletal mu-
scle problems such as rhabdomyolysis, myositis, 
muscle cramps, and severe muscle weakness76. A 
common factor in the development of statin-indu-
ced myopathy is CKD. Patients with CKD who 
experience additional important variables, inclu-
ding liver failure, advanced age, diabetes, etc., 
are more likely to develop myopathy. A patient in 
a case study65 who used the right statin for three 
years developed CKD and described purpura ful-
minant and acute rhabdomyolysis.

Induction of Tubulo-Interstitial Nephritis
Studies77 have shown an association between 

sub-acute tubulointerstitial nephritis and statins. 
A biopsy showed nephritis treated with steroids 
after discontinuation of statin therapy and was 
withdrawn. However, after statin reintroduction, 
nephritis occurred in the patient. Tubulointersti-
tial nephritis due to statin therapy probably needs 
to be sufficiently reported because it insidiously 
develops in patients not prone to AKI65.

Controversy Regarding 
Statin Use in CKD

In patients with CKD, the effects of statins are 
uncertain. The use of statins in all patients with 
CKD was proposed by KDOQI in 200378. KDOQI 
suggested using statins targeting LDL cholesterol 
levels below 100 mg/dL regardless of dialysis78,79. 
A sharp decrease reduced the incidence of major 
atherosclerotic events in LDL cholesterol with daily 
therapy with simvastatin plus ezetimibe. However, 
this therapy did not slow the five-year progression 
of kidney disease in many patients with advanced 
CKD. Although rosuvastatin and atorvastatin si-
gnificantly reduced LDL cholesterol, they did not 
substantially affect cardiovascular death, stroke, 
and nonfatal myocardial infarction in patients with 
end-stage renal disease. Patients with end-stage re-
nal illness are unlikely to benefit from having their 
cholesterol reduced with statins, and they might 
experience statin adverse effects as a result65.

In the updated 2012 KDOQI guidelines78, recom-
mendations for lowering LDL cholesterol by statins 
in all patients with CDK were revised, except when 
dialysis was initiated. Regarding therapy for patien-
ts with end-stage renal disease, clinicians need to 
determine whether to start statin therapy. The use 

of statins for the secondary prevention of cardiova-
scular disease may be justified in patients without 
DM and with longer life expectancies65.

Conclusions

The evidence shows that statins may offer a be-
neficial renoprotective effect in inhibiting the pro-
gression of renal function decline. Patients who 
have type 2 diabetes and nephropathy are more 
likely to experience this impact, which is time-de-
pendent. In addition, whether certain statin types 
are more beneficial than others in slowing renal 
function loss and reducing proteinuria remains 
unclear. Finally, prior research has yet to examine 
to what extent high-intensity statin therapy affects 
the clinical outcomes of patients with CKD.
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