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Question: Among adults ≥65 years with chronic kidney disease (CKD) stages 3-4 and no history of atherosclerotic cardiovascular disease (ASCVD), is new statin use associated with lower risk of mortality or major cardiovascular events (MACE)? 
Findings: After propensity score overlap weighting, statin use was significantly associated with a 31.6% lower risk of all-cause mortality and 16.4% lower risk of MACE in a retrospective cohort of 16,636 Veterans. 
Meaning: In older adults with CKD stages 3-4 without prior ASCVD, new statin use was significantly associated with a lower risk of mortality and MACE. Trials are needed to confirm these findings. 



Abstract
[bookmark: _Hlk95140309]Importance: There are limited data for the utility of statins for primary prevention of atherosclerotic cardiovascular disease (ASCVD) and death in adults with chronic kidney disease (CKD). 
Objective: To evaluate the association of statin use with all-cause mortality and major cardiovascular events (MACE) amongst US Veterans ≥65 years with CKD stages 3-4. 
Design: This retrospective cohort study used a new-user design. Veterans were studied from 2005-2015 and with follow up through 12/31/2017. Baseline covariates were balanced using propensity score overlap weighting. Cox proportional hazards models evaluated the association of statin use with the outcomes. Analysis was conducted from July 2021-December 2022.  
Setting: Linked Veterans Health Administration, Medicare, and Medicaid data. 
 Participants: Veterans ≥65 years with CKD stage 3 or 4, no history of ASCVD, no prior statin use, and at least one clinical visit from 2004-2014. 
Exposure: Any new statin prescription. 
Main Outcomes and Measures: The primary outcome was all-cause mortality. The secondary outcome was time to first MACE (myocardial infarction [MI], transient ischemic attack (TIA), stroke, revascularization, or mortality). 
Results: There were 16,636 Veterans included in the analysis. Mean [SD] age was 75.5 [8.3] years, 99% were men, 71% white, 17% Black, 9% unknown, and 2% other races.  In total, 5,402 (32%) initiated a statin. During a mean follow-up of 3.6 (SD, 2.7) years, a total of 6,931 deaths occurred with 1,662 and 5,269 deaths amongst statin users and nonusers, respectively (weighted incidence risk difference [IRD]/1000 person-years, -76.9 [95% CI, -101.5 to -52.3). After propensity score overlap weighting, the hazard ratio for all-cause mortality was 0.68 (95% CI, 0.62 to 0.76)). There were 8,199 MACE outcomes, with 1,678 and 6,521 events amongst statin users and nonusers respectively (weighted IRD /1000 person-years, -52.8 [95% CI, -79.6 to -26.0]). The hazard ratio for MACE was 0.84 (95% CI, 0.76, 0.92) after propensity score overlap weighting. Results remained consistent in seven prespecified sub-groups.
Conclusions and Relevance: Among US Veterans ≥65 years with CKD stages 3-4 and no prior ASCVD, new statin use was significantly associated with a lower risk of all-cause mortality and MACE compared to no statin use. Results should be confirmed in a randomized controlled trial.







Introduction
Atherosclerotic cardiovascular disease (ASCVD) is the leading cause of death amongst older adults with chronic kidney disease (CKD).1 Yet, data for the role of statins for primary ASCVD prevention in individuals with moderate CKD (stages 3-4) are limited. A meta-analysis of 8,834 participants in primary prevention trials with CKD, primarily stage 3, reported a 41% reduction in ASCVD events and a 34% reduction in total mortality. 2 Conversely, there is evidence that there is no benefit to initiating statins in persons on hemodialysis. 3-5
While some evidence supports statin use for primary prevention of ASCVD in patients with moderate CKD, few older adults were included in clinical trials, 5-9 and data to guide initiation of a statin in the older patient with CKD without prior history of ASCVD are needed. The lack of evidence for statins for primary prevention in older adults has contributed to a growing call to deprescribe or avoid using these medications10,11, yet, it is particularly the older adult population with CKD that is at the highest risk of mortality and major adverse cardiovascular events (MACE)12.
Therefore, we sought to examine the association of new statin use, mortality and MACE among older adults with CKD stages 3-4 in real world data from the US Veterans Health Administration.

Methods
Ethics
This study was approved, and the requirement for obtaining patient informed consent was waived, by the VA Boston Institutional Review Board. 
Study population 
This was a retrospective cohort study of Veterans aged 65 years and older who were regular users of the Veterans Affairs (VA) Healthcare System. We identified Veterans with CKD stages 3-4 who were free of ASVCD and had no prior statin use. We identified eligible Veterans with a CKD stage 3 or 4 diagnosis through the VA corporate data warehouse (CDW) from January 1, 2005 through September 30, 2015 with follow up through 2017 (Figure 1).13 
 	To be considered regular VA users, Veterans were required to have at least one clinical visit at VA prior to entry into the cohort. Veterans with missing demographic or body mass index (BMI) data were excluded as they were unlikely to be regular VA users. Veterans who only had visits where medications could not be prescribed, such as for prosthetics, were excluded.14 VA data were linked to Centers for Medicare and Medicaid Services (CMS) data to ensure complete capture of claims data and medication use.
CKD stage 3 or 4 was identified by at least one inpatient or two outpatient diagnoses, defined by International Classification of Diseases, Ninth Revision (ICD-9) codes 585.3 and 585.4 or 10th revision (ICD-10) codes N18.3 and N18.4.15 16Veterans with a history of dialysis, end-stage kidney disease, or kidney transplant were excluded. (eFigure 1). 
Veterans with a CKD stage 3 or 4 diagnosis entered the cohort and index date was assigned as soon as they had been either a user in VA for a full year or turned 65. Patients with any statin use or diagnosis of ASCVD at any time prior to index date were excluded. Prior ASCVD was defined as a history of myocardial infarction (MI), transient ischemic attack (TIA), stroke, peripheral vascular disease, or coronary revascularization.14 This report followed the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) reporting guideline for observational studies.17
Exposure
We compared new users of statins to those who never initiated a statin (non-users). To enter the statin group, patients must have filled at least one prescription of any Food and Drug Administration approved statin for at least a 30-day supply. We identified statin prescriptions using their US generic and trade names and adjudicated drug names in VA pharmacy and CMS records.14  Veterans were considered exposed on the day of their initial statin prescription fill. As a result, at entry, all Veterans were included in the referent group. Once a Veteran entered the statin group, they could not return to the referent group. 
Outcome
The primary outcome was all-cause mortality extracted from the National Death Index (NDI).18 Follow-up began the day after cohort entry date until either date of death was recorded in NDI or end of the study. If a patient died within 24 hours following a new statin fill, the death was counted towards the statin non-use group. 
Secondarily we examined major adverse cardiovascular events (MACE), defined as myocardial infarction [MI], transient ischemic attack (TIA), stroke, revascularization, or mortality from any cause. These outcomes were identified by the first MACE event identified for each patient using both VA and CMS claims. (see eTable1)
Covariates 
Age, sex, race19 and body mass index (BMI, calculated as weight in kilograms divided by height in meters squared) were extracted at index date.  Race data was from self-reported VA data, where the specified categories were: American Indian or Alaskan Native, Asian, Black or African American, Pacific Islander or Hawaiian, white and unknown. Smoking status at index date was defined using a validated VA algorithm.14 ICD-9CM codes were used to determine comorbidities associated with cardiovascular risk and/or potential considerations for or against statin prescription, including arthritis, atrial fibrillation, cancer, chronic obstructive pulmonary disease (COPD), dementia, depression, diabetes, hyperlipidemia, hypertension, and liver disease. Polypharmacy was defined as having prescriptions from 5 or more VA medication classes prior to index and prior to starting a statin.14 In Veterans with available data, we extracted laboratory data to calculate estimated glomerular filtration rate (eGFR). Calculations were based on the serum creatinine closest to the CKD diagnosis date and did not factor race into the equation.20 Finally, to quantify ASCVD risk, which directly leads clinicians to recommend a statin prescription, we calculated cardiovascular risk according to the VA ASCVD risk score.21 
Statistical Analysis
To adjust for confounding by indication we used propensity score methods. Variables used in the propensity score to adjust for confounding include age, sex, race, BMI, smoking status (current/former or never), blood pressure medications (yes/no), non-statin prescriptions (yes/no), polypharmacy (yes/no), comorbidities as listed above (yes/no for each), CKD stage (3 or 4), frailty index and calendar year.  All variables were evaluated at index date for the unexposed group and the first statin prescription date for the exposed group.  We employed overlap weighting to minimize the influence of extreme propensity scores on the model output.14,22-24 Hazard ratios and 95% confidence intervals were estimated using a Cox proportional hazards model using statin usage as a time-varying exposure.  Covariate interaction terms were evaluated.  
We conducted the following prespecified stratified analyses for the primary and secondary outcomes: age (65-74 and ≥75), sex, race (Black or African American, white, Asian/Pacific Islander or Hawaiian/American Indian or Alaskan Native, unknown), VA frailty index25, VA ASCVD risk score, CKD stage (3 vs 4) and presence or absence of diabetes mellitus type II. To further examine the possibility of effect modification by age we stratified the primary outcome by 5-year intervals: 65-69, 70-74, 75-79, 80-84, 85-80, and >90. We compared statin users versus nonusers within ASCVD 5-year risk categories21 (risk of < 0.2% versus  >=0.2%) as well as within frailty categories (frailty index < 0.2 versus >= 0.2).25 When calculating 5-year risk differences, time was calculated since statin initiation, while hazard ratios were based on time since baseline. To capture fluctuating kidney function status and those who had more advanced CKD than indicated by claims codes, we conducted a stratified analysis according to dialysis status during follow-up. To do this, we identified those who initiated dialysis during follow-up, according to any ICD codes for dialysis. The dialysis subgroup analysis was run as a time varying exposure, where a new record was generated for change in statin use or dialysis initiation. 
For each stratified analysis, the propensity score was recalculated within each group to accurately reflect the propensity for being on a statin or not by subgroup.  Findings from these analyses should be considered exploratory, as we did not adjust for multiple comparisons.
All analyses were conducted in SAS Enterprise Guide 8.3 (SAS Institute, Inc), with P<0.05 (2-sided) considered to be statistically significant.

Results
Participant Characteristics
There were 16,636 regular VA users who were aged 65 and older with a new diagnosis of CKD stages 3-4, without a history of ASCVD or recent statin use, eligible for participation. A total of 5,402 (32%) started a qualifying statin prescription and entered the exposure group. (eFigure2). Mean age was 75.5 (SD, 8.3) years, range 66-104 years, 71% were white, 17% Black, and 99% were male. Simvastatin was the most often prescribed statin (42%), followed by atorvastatin (39%), pravastatin (14%), and lovastatin (2%).  All other statins used were <1%. Table 1 shows demographics at baseline before and after propensity score weighting. Those who initiated a statin were more likely to have diagnostic codes for diabetes, hypertension, atrial fibrillation and hyperlipidemia. They were more likely to have polypharmacy, be frail and to be at CKD stage 4 (vs 3) at index date. Following propensity score overlap weighting, all baseline characteristics were balanced (eFigure3). Additionally, over the course of follow up, 1,762 patients started dialysis.
Primary Outcome
During a mean follow-up of 3.6 (SD, 2.7) years, 6,931 deaths occurred: 1,662 (24%) and 5,269 (76%) among statin users vs nonusers (weighted incidence risk difference [wIRD]/1000 person-years, -76.9 [95% CI, -101.5 to -52.3]). After propensity score overlap weighting, statin use was associated with a 32% lower risk of all-cause mortality (HR 0.68 [95% CI, 0.62, 0.76], Table 2). 
There were no statistically significant interactions for mortality after stratifying by age, sex, race, ASCVD 5-year risk, frailty, or dialysis (Figure 1).  There was a statistically significant interaction for diabetes. There was no significant interaction when further stratifying by 5-year age intervals (eTable1). 
Secondary Outcome
Over the follow up period there were a total of 8,199 MACE: 1,678 (20%) and 6,521 (80%) among statin users vs nonusers (weighted IRD/1000 person-years, -52.8 [95% CI, -79.6 to -26.0]). After propensity score overlap weighting, statin use was associated with a 16% lower risk of MACE (HR 0.84 [95% CI, 0.76, 0.92], Table 2). There were no statistically significant interactions in the stratified analyses for MACE (Figure 2). 
Discussion 
 	In this retrospective cohort study, using real world data from 16,636 Veterans aged 65 and older with CKD stage 3 or 4 without ASCVD at baseline, new statin use was associated with a significant 32% lower risk of all-cause mortality. Secondarily, there was a 16% lower risk of MACE among new statin users compared to non-users. These results call into question the growing movement to deprescribe statins for primary prevention in older adults with CKD.10,26
Current Kidney Disease Improving Global Outcomes (KDIGO) guidelines recommend initiation of statins in older patients with moderate CKD due to the established risk of ASCVD in this population, 27,28 but the guidelines do not differentiate between primary and secondary prevention.29,30 
Our study supports prior literature on the role of statins for primary ASCVD prevention in CKD. 2 Post-hoc meta-analysis of 6 randomized control trials assessing 8,834 adults with CKD stages 1-3 reported a 34% reduction in mortality and 41% reduction in cardiovascular events amongst new statin users versus nonusers. These pooled effects are similar to our results for mortality, and show a greater protective effect for MACE. Additional post-hoc analyses of primary prevention trials focusing on individuals with non-dialysis CKD have been mixed. One reported no statistically significant mortality benefit for statins at any stage of CKD,31 while two reported up to 51% reduction in mortality.32,33 However, in each of these post-hoc analyses and the meta-analysis, statins were associated with a significant decrease in risk of MACE.2,31-33 
Chronologic age is established as the strongest non-modifiable risk factor for ASCVD. Coupled with the hyperinflammatory state of CKD,34 it is likely that older adults with CKD would benefit from statins for primary prevention. Although trial data suggest a two to five year time from initiation of a statin to benefit,35 current literature implies that age alone should not limit prescription.14 Prior work that studied 327,000 veterans aged 75 and older free of ASCVD, irrespective of kidney disease status, reported a 25% reduction in all-cause mortality (HR 0.75, 95% CI 0.74-0.76) among new user of statins compared to non users and 8% reduction in MACE (HR 0.92, 95% CI 0.91-0.94)36. 
Our study specifically assessed the role of age in addition to CKD level when considering statins for primary prevention. Results were consistent for every age group. The decision to prescribe is multifactorial and these data support the use of statins for primary prevention for any older adult with CKD. 
Clinical trials such as the Statins in Reducing Events in the Elderly (STAREE)37 and Pragmatic Evaluation of Events and Benefits of Lipid-lowering in Older Adults (PREVENTABLE)38 trials will begin to address the question of statins for primary prevention specifically for older adults with CKD as well as in specific CKD stages. 
More research is also needed to explore the implications of our results in the pre-specified subgroups that remained consistent when stratifying by age, sex, race /ethnicity, diabetes, frailty or dialysis. However, these results were exploratory, and many subgroups were small. Interestingly, our data indicate benefit with statin use among those who initiated dialysis over follow up. Existing literature has found declining benefit of statins for primary prevention for those with higher CKD stage and no evidence of benefit in persons receiving dialysis who initiate a statin for primary prevention.5  
This study has several strengths. Our data included linked electronic health record, clinical, and claims data with over a decade of real-world follow up. Using this large dataset, we were able to focus on the role of statins for primary prevention among older adults with CKD stages 3-4, a population typically underrepresented in clinical trials. An adequate event rate was ensured due to the overall greater burden of cardiovascular disease amongst our population of veterans as compared to the general population.39 We used rigorous methods to control for confounding by indication, including restricting to regular VA users, a new-user design, and propensity score weighting. 
Limitations
This study has several limitations. First, this is a study of US Veterans who are predominantly male and white. As a result, our findings may not be generalizable to other populations. Second, there may be residual unmeasured confounding in this retrospective cohort study, despite the new-user design and propensity score methods.   Third, we did not evaluate statin prescription after the index prescription. We did not evaluate the dose or duration of statin therapy during their follow up period. Fourth, we did not evaluate adverse effects of statins, which may have been associated with statin discontinuation, with statins not being prescribed for certain patients, or with statins not being started by patients despite having a prescription. Additionally, we could not evaluate statin adherence.40-42 Finally, simvastatin was the most common statin in this study, but is less potent and is used less frequently in current practice.14 However, simvastatin is less potent than atorvastatin or rosuvastatin, which are more commonly prescribed. It is possible that a study in patients taking these statins might show associations with even further reduction in outcomes among statin users versus non users.14,43 
Conclusions 
Among US Veterans ≥65 years with CKD stages 3-4 and no prior ASCVD, new statin use was significantly associated with a lower risk of all-cause mortality and MACE compared to no statin use. Results should be confirmed in a randomized controlled trial. However, until such trials are completed, these data argue against withholding or deprescribing statins for primary prevention in older patients with CKD stages 3-4.
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Figures: 
Figure 1. Association between Statin use and all-cause mortality in 16,636 US Veterans 65 years and older free of ASCVD, with stage 3-4 CKD 

Legend: During a mean follow-up of 3.6 (SD, 2.7) years, a total of 6,931 deaths occurred with 1,662 and 5,269 deaths amongst statin users and nonusers, respectively (weighted incidence risk difference [IRD]/1000 person-years, -76.9 [95% CI, -101.5 to -52.3). After propensity score overlap weighting, the hazard ratio for all-cause mortality was 0.68 (95% CI, 0.62 to 0.76)). Among US Veterans ≥65 years with CKD stages 3-4 and no prior ASCVD, new statin use was significantly associated with a lower risk of all-cause mortality. There were no statistically significant interactions for mortality after stratifying by age, sex, race, ASCVD 5-year risk, frailty, or dialysis; there was a statistically significant interaction for diabetes.

Figure 2 Association Between Statin use and MACE in 16,636 US Veterans 65 years and older free of ASCVD, with stage 3-4 CKD

Legend: There were 8,199 MACE outcomes, with 1,678 and 6,521 events amongst statin users and nonusers respectively (weighted IRD /1000 person-years, -52.8 [95% CI, -79.6 to -26.0]). The hazard ratio for MACE was 0.84 (95% CI, 0.76, 0.92) after propensity score overlap weighting. Among US Veterans ≥65 years with CKD stages 3-4 and no prior ASCVD, new statin use was significantly associated with a lower risk of MACE compared to no statin use. There were no statistically significant interactions in the stratified analyses for MACE. 

Table 1. Baseline Characteristics of 16,636 US Veterans Ages 65 Years and Older with CKD Stages 3-4, free of ASCVD
	 
	Before Propensity score weighting
	 
	After propensity score  weighting 

	 
	Non-Users 
(n=16636)
	Statin Users (n=5402)
	 
	Non-Users 
(n=16636)
	Statin Users (n=5402)

	Age at Index (mean, sd)
	75.5 (8.33)
	75.3 (7.47)
	
	75.2 (3.82)
	75.2 (5.63)

	Male sex, n (%)
	16390 (98.52)
	5331 (98.69)
	
	3141.87
	3141.86

	Female sex, n (%)
	246 (1.48)
	71 (1.31)
	
	45.27
	45.27

	Race, n (%)
	
	
	
	
	

	   American Indian Or Alaska Native
	113 (0.68)
	46 (0.85)
	
	26.67
	26.67

	   Asian
	133 (0.80)
	47 (0.87)
	
	27.56
	27.56

	   Black Or African American
	2893 (17.39)
	1037 (19.20)
	
	594.47
	594.47

	   Native Hawaiian/Other Pacific Islander
	146 (0.88)
	53 (0.98)
	
	30.34
	30.34

	   White
	11842 (71.18)
	3830 (70.90)
	
	2261.95
	2261.95

	   Unknown Or Null
	1509 (9.07)
	389 (7.20)
	
	246.16
	246.16

	Smoker, n (%)
	
	
	
	
	

	   Current
	2512 (15.10)
	810 (14.99)
	
	486.41
	486.41

	   Former
	9760 (58.67)
	3112 (57.61)
	
	1835.17
	1835.17

	   Never
	4364 (26.23)
	1480 (27.40)
	
	865.55
	865.55

	Comorbidities, n (%)
	
	
	
	
	

	   Liver Disease
	1575 (9.47)
	545 (10.09)
	
	303.31
	303.31

	   Diabetes
	4078 (24.51)
	2176 (40.28)
	
	1110.19
	1110.19

	   Hypertension
	13916 (83.65)
	5068 (93.82)
	
	2925.82
	2925.82

	   Arthritis
	7953 (47.81)
	2901 (53.70)
	
	1646.99
	1646.98

	   Cancer
	4510 (27.11)
	1559 (28.86)
	
	890.79
	890.79

	   Depression
	3008 (18.08)
	1196 (22.14)
	
	663.03
	663.03

	   COPD
	3807 (22.88)
	1489 (27.56)
	
	804.71
	804.71

	   Afib
	1445 (8.69)
	752 (13.92)
	
	365.63
	365.63

	   Dementia
	1604 (9.64)
	667 (12.35)
	
	339.32
	339.32

	   Hyperlipidemia
	5840 (35.10)
	3432 (63.53)
	
	1788.11
	1788.11

	BMI at index (mean, sd)
	28.18 (5.71)
	29.10 (5.75)
	
	28.89 (2.65)
	28.89 (4.27)

	CKD stage 3, n (%)
	14873 (89.40)
	4407 (81.58)
	
	2729.90
	2729.90

	CKD stage 4, n (%)
	1763 (10.60)
	995 (18.42)
	
	457.24
	457.24

	eGFR (mean, sd)
	41.22 (12.35)
	40.61 (14.10)
	
	40.97 (5.77)
	41.21 (10.31)

	Medication, n (%)
	
	
	
	
	

	   Polypharmacy (>5 medication classes)
	8347 (50.17)
	3716 (68.79)
	
	2011.44
	2011.44

	   Non-statin Lipid-lowering Medications
	897 (5.39)
	425 (7.87)
	
	243.27
	243.27

	   Anti-hypertensive medication use
	10359 (62.27)
	4094 (75.79)
	
	2296.78
	2296.78

	AHA/ACC 5yrRisk category, n(%)
	
	
	
	
	

	   Low (<10%)
	1290 (7.95)
	283 (5.31)
	
	1264.52
	1303.61

	   High (>10%)
	14937 (92.05)
	5048 (94.69)
	
	1859.29
	1838.74

	Frailty Index (mean, sd)
	0.13 (0.08)
	0.18 (0.10)
	
	0.16 (.04)
	0.16 (.07)





Table 2. Association between Statin Use versus Nonuse in 16,636 US Veterans 65 years and older after propensity score weighting

	[bookmark: _heading=h.1fob9te]
	Statin users
Events/N at risk
	Non-users
Events/N at risk
	Incidence rate difference/1000 person-years (95% CI) 
	HR
(95% CI)
	P-value

	Primary Outcome

	All-cause mortality
	1662/5401
	5269/16560
	-76.9
(-101.5,-52.3)
	0.68
(0.62,0.76)
	<0.001

	Secondary Outcome

	Major Adverse Cardiovascular Eventa
	1678/4538
	6521/16560

	-52.8
(-79.6,-26.0)
	0.84
(0.76,0.92)
	0.001



aTime to first TIA/stroke, MI, revascularization, or death

























