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Cholesterol absorption in patients with and without statin treatment

Cholesterol synthesis Cholesterol absorption 

Markers of enhanced cholesterol absorption were enhanced in the statin group 

Weingartner, et al., Chemistry and Physics of Lipids; 2010; 451-456 



Therapeutic factors that play a role in modulating cholesterol absorption and synthesis.

Therapeutic factors 

Statin Therapy 
Short-term 
20 mg/d for 3 weeks 

Long-term 
20-40 mg/d for 5 years 

Cholesterol 
Absorption 

Cholesterol 
Synthesis 

Adapted from: Santosa, et al. Life sciences 80.6 (2007): 505-514.

Long Term Statin use impact increase Cholesterol Absorption



Ezetimibe blocks cholesterol absorption

 Ezetimibe



➤ This study analyzed data from 2200 individuals including 522 hemodialysis patients 
➤ Japan possessing data of lathosterol (Latho, synthesis marker) and campesterol (Campe, absorption 

marker)

Tetsuo Shoji, et al., J Atheroscler Thromb, 2022; 29: 1835-1848.



Tetsuo Shoji, et al., J Atheroscler Thromb, 2022; 29: 1835-1848.

Markers of cholesterol metabolism as functions of eGFR



Markers of cholesterol synthesis (lathosterol) Markers of cholesterol absorption (cholestanol) 

HD patients with higher cholestanol levels (marker of cholesterol absorption) faced worse clinical outcome 
Rogacev KS, et al. Clin J Am Soc Nephrol 2012 (6):943-8. 



Design: A double-blind study, 628 patients with baseline LDL-C 145 to 250 mg/dL and triglycerides 
< or =350 mg/dL  
randomly assigned to receive 1 of the following for 12 weeks:  
➤ ezetimibe (10 mg/d) 
➤ atorvastatin (10, 20, 40, or 80 mg/d);  
➤ ezetimibe (10 mg) plus atorvastatin (10, 20, 40, or 80 mg/d) or placebo

Ballantyne CM, et al. Circulation. 2003 May 20;107(19):2409-15.
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–18%

SIGNIFICANT TREATMENT GAP WITH STATIN MONOTHERAPY1 

AND COMPLEMENTARY THERAPY OF STATIN PLUS EZETIMIBE REGIMEN

10 20 30 40 50

Statin 10 mg 20 mg 40 mg 80 mg

% Reduction in LDL Cholesterol

0 60

Statin 10 mg Add Ezetimibe 10 mg2
1-STEP 

COADMINISTRATION

3-STEP 
TITRATION

1. Stein E. Eur Heart J Supplements 2001; 3 (Suppl E ): E11–E16 
2. Adapted from Knopp et al.
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Lower achieved LDL-C levels were associated with lower rates of major vascular events 
Michael G. Silverman, et al. JAMA. 2016;316(12):1289-1297.  

Statin trials Non-statin trials



Palmer SC, et al. Cochrane Database of Systematic Reviews 2014.: CD007784. 



Statin versus placebo or no treatment for adults with CKD not on dialysis 

Palmer SC, et al. Cochrane Database of Systematic Reviews 2014.: CD007784. 

Statins lower death and major CV events by 20% in people with CKD not requiring dialysis 



➤ For the primary end point of cardiovascular 
death, major coronary event, or nonfatal stroke, 
the relative risk reduction of combination therapy 
compared with monotherapy differed by eGFR 
(P=0.04)  

➤ The difference in treatment effect was observed 
at eGFR < 75 ml/min per 1.73 m2. and most 
apparent at levels < 60 ml/min per 1.73 m2. 

Stanifer JW, et al. J Am Soc Nephrol 2017: 28: 3034–3043. 

Subanalysis: IMPROVE-IT Study 



Atorvastatin in Type 2 Diabetics on Dialysis: 4D Study  

Relative Risk Reduction 8% 
(95% CI: 0.77-1.10, P=0.37) 

Atorvastatin had no significant effect on the composite primary end point of cardiovascular death, nonfatal MI, 
and stroke in patients with diabetes receiving hemodialysis. 

Wanner C et al. N Engl J Med 2005; 353:238-48 



Rosuvastatin and CV Events in Patients Undergoing Hemodialysis 

HR 0.96, P=0.59

The initiation of treatment with rosuvastatin lowered the LDL cholesterol 
level but had no significant effect on the composite primary end points 

AURORA Study 

Fellström BC, et al: N Engl J Med 2009; 360(14):1395-407. 



➤Subjects: ~9,000 patients with CKD (6,000 pre-dialysis, 3,000 on dialysis)  
➤Interventions: Simvastatin /ezetimibe combination vs. placebo 

SHARP Study 

Baigent C et al. Lancet. 2011;377:2181–2192. 



SHARP: MAJOR VASCULAR EVENTS IN PATIENTS INITIALLY ASSIGNED TO 
EZETIMIBE/SIMVASTATIN OR PLACEBO (PRIMARY INTENT-TO-TREAT ANALYSIS)1
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Nonfatal MI or Cardiac Death, Stroke, or Any Revascularization Procedure

Major vascular events occurred in 639 

patients (15.2%) treated with ezetimibe/

simvastatin 10/20 mg vs 749 patients (17.9%) 

treated with placebo, corresponding to a  

16% relative risk reduction

Baigent C et al. Lancet. 2011;377:2181–2192. 



SHARP: Major Atherosclerotic Events by renal status at randomization 

Baigent C et al. Lancet. 2011;377:2181–2192. 



(CTT) Collaboration .Lancet Diabetes Endocrinol 2016; 4:829–39  

Major coronary event

Coronary vascularisation



(CTT) Collaboration .Lancet Diabetes Endocrinol 2016; 4:829–39  

Stroke

Major vascular event



CKD stage CV events ↓ Based on trial 

1 Yes
Post-hoc analysis 
from: Care, HPS, TNT, 4S, 
AFCAPS/ Texcaps, VA-HIT 

2 Yes

3 Yes

4 Yes SHARP, TNT 

5 Yes SHARP 

Dialysis Probably SHARP, Post hoc 4D 

Transplant Probably ALERT 

Benefits of Lipid lowering in Stages of CKD 
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The association between dyslipidemia and the incidence of chronic kidney disease in the general 
Zhejiang population: a retrospective study 

Increased TG and high levels of TC and LDL were independently associated with an 
increased likelihood of low GFR patient

Liang et al. BMC Nephrology (2020) 21:252 
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Lipid trends and adverse outcomes in patients with CKD 

Higher levels of T-CHO and LDL-C were associated with rapid progression to ESRD 
Tsai CW, et al. J. Lipid Res. 2019. 60: 648–660. 



Agrawal S, et al. Nat Rev Nephrol. 2018; 14(1):57-70. 

Mechanisms and consequences of 
lipid nephrotoxity 



➤We performed a network meta-analysis of randomized controlled trials (RCT) 
➤ Included 43 RCTs (>110,000 patients) 

Esmeijer K, et al. Sci Rep. 2019; 9(1):16632. 



Change in annual eGFR decline, 
mL/min/1.73m2

Statins improved GFR 

Esmeijer K, et al. Sci Rep. 2019; 9(1):16632. 



Statins had lowered proteinuria 

Esmeijer K, et al. Sci Rep. 2019; 9(1):16632. 



Reduction of annual eGFR decline for different statins compared to control

Esmeijer K, et al. Sci Rep. 2019; 9(1):16632. 



Comparison of Renal Effects of Ezetimibe–Statin Combination versus Statin Monotherapy: 
A Propensity-Score-Matched Analysis

HR 0.58  
(95% CI 0.35-0.95) 

Combining ezetimibe with a statin showed a significantly lower risk of renal events than the simvastatin 

Bae J, et al. J. Clin. Med. 2020, 9, 798 
Changes in serum creatinine and incidence of renal events, defined as doubling of serum creatinine to 
1.5 mg/dL or occurrence of end-stage renal disease after the first day of treatment initiation 



➤ There is currently no well-designed RCT study that provides evidence for the benefits of using a 
lipid-lowering agent to improve outcomes in CKD progression. 

➤ All studies are subset analyses aimed at evaluating the efficacy of statin therapy on CKD 
progression and have both positive and negative effects. 

➤ Data from meta-analysis and propensity matched analysis prefer a combination of statin and 
ezetimibe to slow the decline of GFR, although the confidence intervals are wide.

Statin with CKD progression 

Esmeijer K, et al. Sci Rep. 2019; 9(1):16632.  
Bae J, et al. J. Clin. Med. 2020, 9, 798 
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CKD stage Age (Years) Options Level 
G1-G2 > 50 Statin 1B 

G3a-G5 

> 50 Statin or statin/ezetimibe 1A 
18-49 plus 
➤ known coronary disease (MI or coronary 

revascularization) 
➤ diabetes mellitus 
➤ prior ischemic stroke 
➤ estimated 10-year incidence of coronary 

death or non-fatal myocardial infarction 
>10% 

Statin 2A 

G5 Dialysis Any age Statin or Statin/Ezetimibe  
Not initiate when RRT

2C  

2A

KT Any age Statin 2B

Lipid management according to KDIGO 2013 

Wanner C, et al., Kidney Int 2014;85(6):1303–9.  



Suggested revisions of the KDIGO Clinical Practice Guideline for Lipid Management in CKD 

Charles J. Ferro, et al., Nature Reviews Nephrology volume14, pages727–749 (2018)

https://www.nature.com/nrneph


CKD management KDIGO guideline 2023 (draft)

KDIGO-2023-CKD-Guideline-Public-Review-Draft_5-July-2023



Mach F, et al. Eur Heart J. 2020; 41(1):111-188. 



TREATMENT GOALS FOR LOW-DENSITY LIPOPROTEIN CHOLESTEROL 
ACROSS CATEGORIES OF TOTAL CARDIOVASCULAR DISEASE RISK

Adapted from: 2019 ESC/EAS Guidelines: European Heart Journal (2020) 41, 111188. doi:10.1093/eurheartj/ehz455 

Low Moderate High Very high CR RISK

Treatment Goal for LDL-C

LOW

MODERATE

HIGH

VERY HIGH

3.0 mmol/L 
(116 mg/dL)

2.6 mmol/L 
(100 mg/dL)

1.8 mmol/L 
(70 mg/dL)

1.4 mmol/L 
(55 mg/dL)

& ≥50% 
reduction 

From baseline

• SCORE <1%

• SCORE ≥1% and <5% 
• Young patients (T1DM <35 years; T2DM <50 years) with DM duration  <10 years without 

other risk factors
• SCORE ≥5% and <10% 
• Markedly elevated single risk factors, in particular TC >8 mmol/L 

(310 mg/dL) or LDL-C >4.9 mmol/L (190 mg/dL) or BP ≥180/110 
mmHg 

• FH without other major risk factors 
• Moderate CKD (eGFR 30–59 mL/min) 
• DM w/o target organ damage, with DM duration ≥10 years or other 

additional risk factor

• ASCVD (clinical/imaging) 
• SCORE ≥10% 
• FH with ASCVD or with another major risk factor 
• Severe CKD (eGFR <30 mL/min) 
• DM & target organ damage: ≥3 major risk factors; or 

early onset of T1DM of long duration (>20 yrs)
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≥180/110 mmHg 
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• Moderate CKD (eGFR 30–59 mL/min) 
• DM w/o target organ damage, with DM 

duration ≥10 years or other additional 
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• DM & target organ damage: ≥3 

major risk factors; or early 
onset of T1DM of long duration 
(>20 yrs)



Intensity statin therapy 

Grundy SM, et al. Circulation. 2018 



Treatment goals for LDL-cholesterol 

High-intensity statin 

Statin + ezetimibe 

Statin + ezetimibe+ PCSK9i 
Mach F, et al. Eur Heart J. 2020; 41(1):111-188. 



Lipid management in patients with CKD 

Mach F, et al. Eur Heart J. 2020; 41(1):111-188. 



Lipid management in patients with CKD 

Mach F, et al. Eur Heart J. 2020; 41(1):111-188. 



Lipid management in solid organ transplant patients  

Stains as first line agents 
and initiation at low dose 

Maximally tolerated 
stains, add ezetimibe 

Fluvastatin, pravastatin, pitavastatin, and rosuvastatin are metabolized through diff erent CYP 
enzymes than the others and have less potential for interaction. 

Mach F, et al. Eur Heart J. 2020; 41(1):111-188. 





Assessment of lipid status in adults with CKD 
➤ In adults with newly identified CKD, we recommend evaluation with a lipid profile (total cholesterol, LDL 

cholesterol, HDL cholesterol, triglycerides) and evaluated secondary causes of dyslipidemias (2B) 

Medical Conditions Medications 
Nephrotic syndrome 13-cis-retinoic acid

Excessive alcohol consumption Androgens

Hypothyroidism Anticonvulsants

Liver disease Highly active anti-retroviral therapy 

Diabetes Corticosteroids 

Diuretics 

Cyclosporine 

Beta-blockers 

Clinical Practice Recommendation for the Evaluation and Management of CKD in Adults 2022 



Follow-up measurement of lipid levels in adults with CKD 

➤In adults with CKD follow-up measurement of lipid levels should be reserved for 
instances (2B) 
✦ Assessment of adherence to statin treatment  
✦ Change in RRT modality  
✦ Concern about the presence of new secondary causes of dyslipidemia  
✦ To assess 10-year cardiovascular risk in patients aged <50 years and not 

currently receiving a statin 

Clinical Practice Recommendation for the Evaluation and Management of CKD in Adults 2022 



Treatment goals for LDL-cholesterol and TG 

Clinical Practice Recommendation for the Evaluation and Management of CKD in Adults 2022 

➤Patients with CKD stage 3 are considered to be at high risk and CKD stage 4-5 with 
or without dialysis are considered to be very high risk of CVD (2B)  

➤Treatment goals for LDL-cholesterol <100 mg/dL for primary prevention (2C) 

➤Treatment goals for triglyceride <150 mg/dL for primary prevention (Not grade) 



Cholesterol lowering treatment 

Clinical Practice Recommendation for the Evaluation and Management of CKD in Adults 2022 

CKD stage Age (Years) Options Level 
G1-G2 > 50 Statin 2B

G3a-G5 

> 50 Statin or statin/ezetimibe 2B

18-49 plus 
➤ known coronary disease (MI or coronary 

revascularization) 
➤ diabetes mellitus 
➤ prior ischemic stroke 
➤ estimated 10-year incidence of coronary 

death or non-fatal myocardial infarction 
>10% 

Statin 2B 

KT Any age Statin 2B



Recommended doses of statins in CKD 

Clinical Practice Recommendation for the Evaluation and Management of CKD in Adults 2022 

Statin CKD state 1-2 CKD stage 3A CKD stage 3B-5 

Atorvastatin 40-80 40-80 20-40 

Fluvastatin 80 80 No data 

Pitavastatin 4 4 2

Pravastatin 40 40 20

Rosuvastatin 20 20 10

Simvastatin 40 40 20-40

Simvastatin/Ezetmibe 40/10 40/10 20/10



Triglyceride-lowering treatment in CKD 

Clinical Practice Recommendation for the Evaluation and Management of CKD in Adults 2022 

➤In adults with CKD and hypertriglyceridemia, we suggest that dietary modification, 
weight reduction, increased physical activity and reducing alcohol intake be advised 
(2B)   

➤Medication could be considered for the patients with GFR <60 mL/min/ 1.73 m2 and 
serum TG >1000 mg/dl (2C) 



Recommended doses of non-statins in CKD 

Clinical Practice Recommendation for the Evaluation and Management of CKD in Adults 2022 

Lipid lowering agent CKD state 1-2 CKD stage 3A CKD stage 3B-5 

Cholestyramine 16 16 16

Fenofibrate 150 150 No recommendation 

Fenofibrate (micronized form) 100 100 No recommendation 

Fenofibrate (nanotechnology form) 72.5 72.5 No recommendation 

Gemfibrozil 1200 1200 600

Ezetimide 10 10 10

Niacin 2000 2000 1000

Omega-3 fatty acid (EPA/DHA) 4000 4000 4000



Take home message 

➤ Patients undergoing treatment with a statin may experience an elevation in cholesterol absorption. 

➤ Combining a statin with ezetimibe is an effective approach for lowering LDL levels. 

➤ Markers of increased cholesterol absorption predict the development of CVD in individuals with 
both normal GFR and those undergoing hemodialysis (HD).  

➤ Statins reduce cardiovascular events in non-dialysis CKD and might also protect against CKD 
progression. 

➤ The combination of statins and ezetimibe reduces cardiovascular events in both non-dialysis and 
dialysis CKD patients, as demonstrated in the SHARP study.



Take home message 
➤ ESC 2019 guideline: prescribed statins to reach LDL goals set for the specific level of risk: 

➤ Very high risk: ASCVD, score> 10% and CKD stage 4/5 

➤ High-intensity statin + ezetimibe: LDL reduction 50% and LDL<55 mg/dL 

➤ High risk: score 5-10% and CKD stage 3/KT  

➤ High-intensity statin + ezetimibe: LDL reduction > 50% and LDL<70 mg/dL  

➤ Moderate risk: score 1-5%  

➤ Statin therapy + ezetimibe if statin can not tolerate: LDL <100 mg/dL  

➤ Low risk: score <1%  

➤ Statin therapy and LDL <116 mg/dL




