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The role of statins in chronic kidney disease (CKD) has been extensively evaluated, but it remains controversial in specific population such as dialysis-dependent CKD. This study examined the effect of statins on mortality in CKD patients using two large databases. In data from the Observational Medical Outcomes Partnership Common Data Model (OMOP-CDM) from two hospitals, CKD was defined as an estimated glomerular filtration rate < 60 mL/min/m2; we compared survival between patients with or without statin treatment. As a sensitivity analysis, the results were validated with the Korea National Health Insurance (KNHI) claims database. In the analysis of CDM datasets, statin users showed significantly lower risks of all-cause and cardiovascular mortality in both hospitals, compared to non-users. Similar results were observed in CKD patients from the KNHI claims database. Lower mortality in the statin group was consistently evident in all subgroup analyses, including patients on dialysis and low-risk young patients. In conclusion, we found that statins were associated with lower mortality in CKD patients, regardless of dialysis status or other risk factors.




Keywords: statins, chronic kidney disease, all-cause mortality, cardiovascular mortality, common data model, population-based study



Introduction

Chronic kidney disease (CKD) is an emerging global health issue, which has increased in prevalence along with metabolic diseases such as diabetes and hypertension (1). After a decrease in renal function, CKD is accompanied by the accumulation of uremic toxins, biochemical alterations, and chronic inflammation; these metabolic alterations lead to increases in all-cause and cardiovascular mortality (2). The incidence of cardiovascular disease (CVD) is 1.4–3.4-fold greater in CKD patients than in the general population (3); the prevalences of dyslipidemia and atherosclerosis, which are major risk factors for CVD, are also greater in CKD patients (4). The management of these risk factors for CVD in CKD patients is essential; lifestyle changes and the use of statins (i.e., first-line treatment for hyperlipidemia in the general population) are recommended (5). Statins block the conversion of β-hydroxy β-methylglutaryl-CoA to mevalonate during cholesterol synthesis in hepatocytes; they also increase the number of low-density lipoprotein (LDL) receptors on the cell surface to reduce serum LDL cholesterol, with an excellent lipid-lowering effect (6). Furthermore, the anti-inflammatory action of statins has recently been studied (7, 8). Although various studies, including randomized controlled trials, have been published regarding the use of statins in CKD patients, the results in specific population of CKD such as dialysis dependent CKD or young-aged low risk CKD have been inconsistent. In this study, we examined the protective effect of statins with data from two hospitals using a common data model, then confirmed the findings using a national claims database; we aimed to establish in-depth and concrete evidence for the cardiovascular effects of statins in CKD patients.



Materials and Methods


Study Design

This was a multicenter, retrospective, and observational cohort study, based on data from the Observational Medical Outcomes Partnership Common Data Model (OMOP-CDM) database in two tertiary hospitals (Korea University Anam and Guro Hospitals [KUAH and KUGH, respectively]). The Observational Health Data Sciences and Informatics collaboration provides the OMOP-CDM schema, which is a system for using the electronic health records of each hospital as standardized structures of the OMOP-CDM database (https://github.com/OHDSI/CommonDataModel/) (9). Using the electronic health records databases of both hospitals, data were extracted, transformed, and loaded into the OMOP-CDM, with data mapped to a unique concept identifier (ID) using the internationally accepted International Classification of Diseases-10 (ICD-10) code system for diagnosis (10). For each hospital, data from February 1, 2002, to December 31, 2020, were converted (CDM version 5.0 of the Observational Health Data Sciences and Informatics database framework); these were termed “K-CDM data”. The K-CDM data of each hospital were stored separately in Microsoft’s structured query language (SQL) server; data of interest were queried and extracted using SQL.

Patients with CKD were defined when the participants had at least two laboratory findings apart more than 90 days prior to evaluation of estimated glomerular filtration rate (eGFR) < 60 mL/min/1.73 m2, calculated using creatinine based on the CKD-EPI equation (11), and the follow-up period was measured from the latter. Patients prescribed statins > 90 days after a diagnosis of CKD were defined as the treatment group. The Institutional Review Board of KUGH reviewed the study protocol (2020GR0255). Because the data were anonymized prior to analysis, patient consent was not required. The algorithm for patient enrollment is summarized in Supplementary Figure 1.



Outcome Assessment

Data regarding the dates and causes of mortality were extracted from death certificates registered in electronic health records for the period of 2002–2020. All-cause mortality was analyzed for all cases; cardiovascular mortality was also analyzed, using ICD codes of ischemic heart disease, congestive heart failure, cerebrovascular disease, and peripheral vascular disease.



Other Definitions

Hypertension was defined using the following ICD-10 codes: I10.0–I.15.0. Other comorbidities were defined using the following ICD-10 codes: diabetes mellitus (E10–E14), ischemic heart disease (I21.x, I22.x, I25.2, I20.x, I23.x, I24.x, and I25.x), congestive heart failure (I09.9, I11.0, I13.0, I13.2, I25.5, I42.0, I42.5–I42.9, I43.x, I50.x, and P29.0), cerebrovascular disease (G45.x, G46.x, H34.0, and I60.x–I69.x), and cancer (C00.x–C26.x, C30.x–C34.x, C37.x–C41.x, C43.x, C45.x–C58.x, C60.x–C76.x, C81.x–C85.x, C88.x, and C90.x–C97.x). Smoking status and alcohol consumption were defined using the concept IDs in the OBSERVATION table of the OMOP-CDM database. Detailed information regarding concept IDs used in the analyses is summarized in Supplementary Table 1.

Among the covariates, the laboratory finding, smoking status and alcohol consumption used data at the closest point to the index date performed within 1 year before the definition of CKD. Except for the Charlson comorbidity index (CCI), any other comorbidities was diagnosed at any time during the 1-year screening period prior to enrollment. For CCI, time of measurement was 1 year prior to the date of the index where CKD was defined.



Sensitivity Analysis Using Korea National Health Insurance (KNHI) Claims Database

Analyzed results based on K-CDM data were confirmed with s analysis based on the Korea National Health Insurance (KNHI) claims database of the Health Insurance Review and Assessment Service. Dialysis was included according to the codes V001 and V003 between January 2003 and December 2015; CKD was diagnosed between January 2003 and December 2013 by using ICD codes N18.x and N19.x. The KNHI database contains information concerning all medical claims of approximately 50 million Koreans. It is based on the data submitted by healthcare providers regarding their medical procedures for the Health Insurance Review and Assessment Service review process, which is an essential step for the reimbursement of medical costs in Korea. It also contains the results of regular medical examinations through the KNHI examination program, performed every other year for the entire Korean population > 40 years of age who choose to voluntarily undergo the examination. Participants with ICD-10 codes N18 and N19 were defined as CKD patients; patients undergoing dialysis treatment were defined with a special code assigned to maintenance dialysis procedures > 1 months (V001, hemodialysis; V003, peritoneal dialysis). Statin treatment was defined as the prescription of any statin > 90 days after the registration of a CKD diagnosis or the initiation of dialysis. Data concerning comorbid conditions were extracted using the same ICD-10 codes as the analysis of the K-CDM database. Data concerning all-cause mortality were defined as the termination of the medical claim in the KNHI database. The study protocol was reviewed by the Institutional Review Board of KUGH (2021GR0353). The algorithm for patient enrollment and the characteristics of included patients are summarized in Supplementary Figure 2 and Supplementary Table 2.



Statistical Analyses

Data were expressed as means ± standard deviations for continuous variables and as n (%) for categorical variables. The chi-squared test and analysis of variance were used to compare categorical and continuous variables, respectively. Differences in age, duration of follow-up, CCI, and laboratory parameters were compared using two-sample t-tests. Primary outcome was all-cause mortality, and Cox regression analysis was conducted after assessing violations of the proportional hazards assumption. Multiple clinical variables including age, sex, diabetes, hypertension, congestive heart failure, cerebrovascular disease, ischemic heart disease cancer, eGFR, hemoglobin, albumin and total cholesterol were used for multivariable analyses in K-CDM cohort. For comparison of cardiovascular mortality, we conducted competing risk analysis as well as conventional Cox regression. In confirmatory analysis using KNHI cohort, multivariable Cox regression analyses were performed using adjustment variables including age, sex, diabetes, hypertension, congestive heart failure, cerebrovascular disease, ischemic heart disease and cancer. Statistical analyses were conducted using all available data without imputation of missing values. All tests were two-sided at a significance level of 0.05. All statistical analyses were performed using Statistical Analysis Software, version 9.4 (SAS Institute, Cary, NC, USA).




Results


Demographic and Clinical Characteristics

Patients in each hospital who had serum creatinine levels measured from February 2002 to December 2020 were screened through the common data model (K-CDM). Of 648,353 screened patients in KUGH, and 590,312 screened patients in KUAH, the clinical data from 44,431 and 64,165 patients, respectively, were assessed after application of the exclusion criteria (Supplementary Figure 1).

The baseline characteristics of the patient datasets in each hospital are listed in Table 1. Among patients from KUGH and KUAH, the numbers of statin users were 7,467 (16.80%) and 13,212 (20.59%), respectively. Comparing the baseline demographic characteristics between statin users and non-users, statin users were younger, with a lower proportion of men, higher alcohol and tobacco consumption, and higher prevalences of major comorbidities (e.g., hypertension, diabetes mellitus, ischemic heart disease, congestive heart failure, and cerebrovascular disease), which led to higher CCI. These differences in baseline characteristics were similarly observed in both centers. The mean eGFR values among all patients in KUGH and KUAH were 43.7 ± 15.4 and 46.5 ± 13.8 mL/min/1.73 m2, respectively. In baseline laboratory tests, statin users in both centers had a lower eGFR, as well as higher total and LDL cholesterol levels (Table 1).


Table 1 | Baseline characteristics of the study participants in two regional hospitals from K-CDM.





Comparison of All-Cause and Cardiovascular Mortality Between Statin Users and Non-Users

During the follow-up period for 8.9 ± 5.8 years and 9.5 ± 5.6 years in KUGH and KUAH participant, 8,275 (18.62%) and 9,604 (14.97%) died. In both centers, statin users showed lower hazard ratio for all-cause mortality as well as cardiovascular mortality compared to statin non-users (Table 2). In KUGH, statin users were associated with 67% and 78% lower risks for all-cause mortality and CV mortality, respectively. In parallel, statin users in KUAH showed 61% and 78% lower risks for all-cause mortality and CV mortality, respectively. Additionally, CV mortality was analysed by competing risk analysis, and the results were similar to conventional Cox regression (Supplementary Table 3).


Table 2 | Risk of all-cause mortality and cardiovascular mortality according to statin use in dataset from K-CDM of regional hospitals.





Post-Hoc Subgroup Analyses

Based on significant results in the adjusted multivariable analysis, subgroup analyses were performed to assess changes in risk according to separate clinical variables (Figure 1). In both centers, the risk of all-cause mortality was consistently reduced in statin users regardless of age, sex, renal function, and the presence of diabetes or hypertension. In a specific subgroup with eGFR under 15 ml/min/1.73m2, which is eligible population for dialysis, statin users were found to be associated with reduced risk of all-cause mortality but not with cardiovascular mortality.




Figure 1 | Forest plots of subgroup analyses showing effect of statins on all-cause mortality (upper row) and cardiovascular mortality (lower row) analyzed the data from K-CDM. eGFR, estimated glomerular filtration rate; HR, hazard ratio; CI, confidence interval.



In accordance with the recent Kidney Disease: Improving Global Outcomes lipid management guidelines for CKD (5), we further analysed the risk difference after statin use in low-risk young patients (not currently recommended to receive statin treatment) and in other patients. We found that the risks for all-cause mortality and cardiovascular mortality were significantly lower among statin users compared to non-users, both in low-risk patients < 50 years of age and in other patients (Table 3).


Table 3 | All-cause and cardiovascular mortality in patients with kidney dysfunction following statin usage, analyzed in K-CDM of regional hospitals.





Confirmatory Analysis Based on Sample Cohort Database Of Korean National Health Insurance Services

Confirmatory analysis was performed to determine the reproducibility of the results from K-CDM; the claims data for 4,114 individuals with CKD diagnosed between January 2003 and December 2013 according to ICD codes from a sample cohort database from KNHI were evaluated for analysis. The baseline characteristics of non-dialysis CKD, hemodialysis, and peritoneal dialysis patients are listed in Supplementary Table 2. When comparing all-cause mortality risk between statin users and non-users in dialysis and non-dialysis CKD patients, statin users in non-dialysis patients were associated with 59% lower risk compared to non-users. And statin users in hemodialysis and peritoneal dialysis patients showed 36% lower risks compared to non-users, respectively (Table 4).


Table 4 | All-cause mortality in chronic kidney disease patients following statin usage, analyzed in sample data cohort from KNHI.






Discussion

In this observational study using two cohorts obtained from OMOP-CDM and KNHI databases, statin use at various stages of CKD was associated with lower cardiovascular mortality and all-cause mortality. In a post-hoc subgroup analysis, the benefits of statin use were still observed in dialysis-dependent CKD participants, who showed inconsistent results in previous studies. The present study provided real-world evidence for statin use in various CKD populations

Considerable proportions of the high morbidity and mortality rates among CKD patients are associated with CVD. CVD is the most common estimated cause of death in advanced CKD patients with an eGFR < 60 ml/min/1.73m2; the likelihood of cardiovascular mortality increases with decreasing eGFR (12). Among causes of cardiovascular mortality, ischemic heart disease is the most common, constituting > 50% of cardiovascular deaths (12). A notable pathophysiological contribution to the high cardiovascular mortality in CKD patients is lipoprotein alteration; a specific lipid profile alteration known as “uremic dyslipidemia” occurs in CKD patients, involving normal LDL cholesterol, low high-density lipoprotein cholesterol, and high triglyceride levels (13). In addition to changes in lipoprotein composition, an increase in apolipoprotein carbamylation and functional changes in lipoproteins can lead to proinflammatory cytokine production (14, 15). Therefore, the management of uremic dyslipidemia may be a promising therapeutic target to prevent CKD-associated CVD.

The beneficial effect of statin treatment in CKD patients has been proven in post hoc analyses of various clinical trials in the general population (16–19), as well as a randomized controlled trial in a CKD population. The SHARP study showed that simvastatin/ezetimibe may reduce the composite outcome in a CKD population by 17% (20). The results of our study were consistent with the previous findings. However, in dialysis patients, a specific subpopulation of CKD patients, the efficacy of statins has not yet been proven in randomized controlled trials (21, 22). Neither the 4D study, which prescribed atorvastatin for diabetic dialysis patients, nor the AURORA study, which prescribed rosuvastatin for dialysis patients aged 50–80 years, could prove a protective effect of statin treatment in a dialysis population (21, 22). However, based on the consistent protective effects of statins in previous large-scale observational studies of dialysis populations (23–25), and in our study using two databases, the potential desirable effect of statins in this specific population warrants further investigation.

The cause of these conflicting findings is unclear, but several possibilities should be considered (26). First, two randomized controlled trials reported high drop-out and drop-in rates. In the 4D study, 17% of the statin arm patients discontinued treatment, while 15% of the placebo group received non-study statins (21). In the AURORA study, 50% of the patients dropped out of both treatment groups (22). Additionally, the 4D study excluded patients with an LDL cholesterol level ≥ 190 mg/dL (21); the AURORA study excluded patients who were administered statins within 6 months prior to study inclusion (22), suggesting the possible exclusion of patients who might experience greater benefits from statins in both studies. Furthermore, differences in ethnicity among study populations should be considered. The pharmacokinetics and pharmacodynamics of drugs often show large differences according to ethnicity; several studies in Korean patients showed higher LDL cholesterol reduction by statins, compared with studies involving other ethnicities (27–34).

This study revealed better survival with statin use in a low-risk CKD population under 50 years of age, as well as in a dialysis population. According to the Kidney Disease: Improving Global Outcomes guidelines, which are widely adopted for the management of CKD patients, statins should only be considered in patients > 50 years of age, or in patients < 50 years of age with a high risk of CVD (5). However, the significant results in young low-risk CKD patients in our study suggest an underestimated cardiovascular risk in young CKD patients and the universal effect of statins in this population. In a recent study, cardiovascular mortality in young end-stage renal disease patients in their 20s was distinct from the risk in children, and more similar to the risk in older adults; it was 143–500-fold greater than in the age-matched general population (35). Therefore, the assessment of cardiovascular risk and the reconsideration of statin use in young CKD patients may be necessary.

A notable study strength was the reproducibility of similar results validated by two different large-scale databases. Using the established common database model between hospitals, statistical analysis was performed using identically mapped variables that included laboratory results. The validation analysis was performed using a sample cohort database, randomly extracted from national insurance data to resolve regional differences; these regional differences constitute a disadvantage of using hospital datasets. Because the analyses in this study used two databases, the universality and reliability of the results was maintained.

However, there are several limitations also exist. First, the present observational cohort study may have been biased and could not clearly suggest a causal relationship; furthermore, specific laboratory variables (e.g., LDL cholesterol and C-reactive protein) could not be included because they exhibited high rates of missing values. The adherence to statin use was not evaluated nor if additional statins were started in non-user group during the rest of the follow up duration. A survival bias could have been introduced because deaths prior to 90 days of statin use were excluded. And defining a statin user as an arbitrary period of 90 days could also lead to a bias. Not all potential variables affecting all-cause and CV mortality were adjusted which may create residual bias. Additionally, we were unable to adjust lipid profiles in the validation analysis using the sample cohort because laboratory results were not available in the claims database.

CKD patients have complex and diverse inflammatory profiles; this intra-disease heterogeneity makes it difficult to define the population of statin users among CKD patients. Our study revealed consistent results in patients with CKD of various stages, confirming the association between statin use and reduced mortality found in previous studies; we also found beneficial effects in dialysis patients and young CKD patients, although such effects remain controversial. A prospective study of various subpopulations is needed to help determine appropriate lipid management in CKD patients.
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