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Abstract

Background: Patients with chronic kidney disease (CKD) on dialysis (CKD G5D) have worse 

cardiovascular outcomes than patients with advanced non-dialysis CKD (CKD G4–5: estimated 

glomerular filtration rate <30 ml/min/1.73m2). Our objective was to evaluate the relationship 

between achievement of cardiovascular guideline-directed medical therapy (GDMT) goals and 

clinical outcomes for CKD G5D versus CKD G4–5.

Methods: This was a subgroup analysis of International Study of Comparative Health 

Effectiveness of Medical and Invasive Approaches (ISCHEMIA)-CKD participants with CKD 

G4–5 or CKD G5D and moderate-to-severe myocardial ischemia on stress testing. Exposures 

included dialysis requirement at randomization and GDMT goal achievement during follow-

up. The composite outcome was all-cause mortality or non-fatal myocardial infarction (MI). 

Individual GDMT goal (smoking cessation, systolic blood pressure <140 mmHg, low-density 

lipoprotein cholesterol <70 mg/dL, statin use, aspirin use) trajectory was modeled. Percentage 

point difference was estimated for each GDMT goal at 24 months between CKD G5D and CKD 

G4–5, and for association with key predictors. Probability of survival free from all-cause mortality 

or non-fatal MI by GDMT goal achieved was assessed for CKD G5D vs CKD G4–5.

Results: A total of 415 CKD G5D, and 362 CKD G4–5 participants were randomized. 

Participants with CKD G5D were less likely to receive statin (−6.9%, 95% CI: −10.3%, −3.7%) 

and aspirin therapy (−3.0%, 95% CI: −5.6%, −0.6%), with no difference in other GDMT goal 

attainment. Cumulative exposure to GDMT achieved during follow-up was associated with 

reduction in all-cause mortality or non-fatal MI (HR 0.88, 95% CI: 0.87, 0.90; per each GDMT 

goal attained over 60 days), irrespective of dialysis status.

Conclusions: CKD G5D participants received statin or aspirin therapy less often. Cumulative 

exposure to GDMT goals achieved was associated with lower incidence of all-cause mortality 

or non-fatal MI in participants with advanced CKD and chronic coronary disease, regardless of 

dialysis status.
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Introduction

The evidence for cardiovascular event reduction by single risk factor intervention in patients 

with advanced chronic kidney disease (CKD) varies by dialysis status. Patients with CKD 

G3–5 (defined as estimated glomerular filtration rate [eGFR] <60 ml/min/1.73 m2) benefit 

from two specific risk factor interventions: statin therapy and intensive blood pressure 

reduction.1–6 However, the evidence for statin therapy in patients receiving dialysis (CKD 

G5D) is mixed.1,7,8 The evidence base for blood pressure reduction in patients on dialysis 

is limited. Large randomized controlled trials of intensive versus standard blood pressure 

control have excluded patients on dialysis.9–11

Multiple risk factor reduction improves outcomes in patients with preserved kidney function 

and high risk for cardiovascular events; the benefits appear to be directly proportional 

to the number of risk factors controlled.12–14 The International Study of Comparative 

Health Effectiveness with Medical and Invasive Approaches—Chronic Kidney Disease 

(ISCHEMIA-CKD) enrolled participants with CKD G4–5D and chronic coronary disease 

(CCD), and utilized a multiple risk factor reduction strategy in all participants.15 Our 

objective was to compare achievement of multiple cardiovascular risk factor goals and 

associated clinical outcomes between participants with CKD G5D and CKD G4–5.

Methods

The rationale and design of ISCHEMIA-CKD (NCT01985360) have been published 

previously.16 Briefly, ISCHEMIA-CKD was an investigator-initiated, National Institutes 

of Health Heart, Lung, and Blood Institute-funded, international randomized comparative 

effectiveness trial. It was designed to test the hypothesis that an initial invasive strategy 

when added to guideline-directed medical therapy (GDMT) in participants with CCD and 

advanced CKD on dialysis (CKD G5D) or not on dialysis (CKD G4–5), will reduce the 

composite outcome of all-cause mortality or non-fatal myocardial infarction, compared with 

an initial conservative strategy of GDMT alone. Recruitment occurred between April 29, 

2014 and January 31, 2018. The study was approved by the Institutional Review Boards 

at each participating site. For the current analysis, participants were categorized by their 

baseline dialysis requirement status (CKD G5D or CKD G4–5).

Risk factor management recommendations were provided to all study sites to guide 

treatment of study participants, irrespective of treatment strategy. The Clinical Coordinating 

Center (CCC) developed algorithms for goal attainment in consultation with the trial GDMT 

and Renal committees. Individual sites were provided with monthly reports of participant-

level risk factor control status to identify areas for improvement. Sites with multiple 

participants not meeting GDMT goals were contacted by CCC faculty and staff members for 

recommendations to improve out-of-range parameters. To improve medication adherence, 

the trial provided certain medications at no cost to participants in some countries.16,17 The 

time points for evaluation were as follows: enrollment/randomization (baseline), 1.5-, 3-, 6-, 

12-months and then every 6 months until trial completion; median duration of follow-up was 

2.2 years.

Mathew et al. Page 3

Circ Cardiovasc Qual Outcomes. Author manuscript; available in PMC 2023 October 04.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://clinicaltrials.gov/ct2/show/NCT01985360


GDMT goals included low-density lipoprotein cholesterol (LDL-C) <70 mg/dL (1.8 

mmol/L), systolic blood pressure (SBP) <140 mmHg, statin therapy, anti-platelet therapy 

(monotherapy with aspirin or oral P2Y12 antagonist, or dual antiplatelet therapy following 

percutaneous coronary intervention [PCI]), and smoking cessation. Participants with CKD 

G5D were recommended to receive moderate- or high-intensity statin as tolerated and 

those with CKD 4–5 were to receive high-intensity statins.2,16 The SBP goal was initially 

<140 mmHg for all participants except for those with known proteinuria, in whom a goal 

of SBP <130 mmHg was recommended. The goal was changed to <130 mmHg for all 

participants after April 2018 to be consistent with prevailing guideline changes.15 For the 

current analysis SBP <140 mmHg was used as the SBP goal. CKD-specific parameters 

such as management of metabolic bone disease and anemia were left to the participants’ 

primary nephrologists per local or national guidelines. Site personnel focused on behavioral 

coaching via the Patient-centered Assessment and Counseling for Exercise and nutrition 

program.16,18 Briefly, this program focused on counseling and encouraging participants 

toward achievement of GDMT goals (specifically for smoking cessation, increased physical 

activity, medication adherence, and reduction of saturated fat intake). Participants were 

assessed based on the stages of change (precontemplation, contemplation, preparation, 

action, maintenance, or relapse) and counseled accordingly.

Statistical Analysis

Baseline participant characteristics were described by CKD group. Categorical variables 

were summarized using counts and percentages and assessed associations with CKD group 

using the Chi-squared test. Continuously measured variables were summarized with the 

median and first and third quartiles, with associations with CKD group assessed using the 

Kruskal-Wallis test.

We used Bayesian generalized linear mixed models to examine the association between 

likelihood of attainment of each GDMT goal during follow-up and dialysis status at baseline 

while accounting for between-participant heterogeneity. We used these models to estimate 

the difference in the probability of individual goal attainment at 24 months between CKD 

G5D versus CKD G4–5 and characterized uncertainty in the estimated difference with a 

95% credible interval. For each of the GDMT risk factors, a patient may have attained a 

goal at a given follow-up visit while relapsing at a subsequent visit. The data are in the form 

of binary risk factors collected at each follow-up visit. To model each longitudinal binary 

GDMT risk factor, we used generalized linear mixed modeling, which can account for the 

potential correlation among measurements from the same patient. In other words, for a given 

patient, it may be reasonable to hypothesize a positive correlation between no smoking goal 

attainment at different follow-up visits: A patient who attained the no smoking goal at the 

6-month visit may be more likely to attain the no smoking goal at the 1-year visit. By 

averaging over covariate distributions and random effects, inferences pertain to an average 

participant.

In addition, we defined the total number of GDMT goals attained at each follow-up visit as 

an ordinal variable with four categories for 0–2, 3, 4, and 5 goals. Using analogous modeling 

for an ordinal outcome, we modeled the probability of attaining more than 0–2 goals, 3 
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goals, and 4 goals over follow-up as a function of dialysis status at baseline. All models 

controlled for age at randomization, sex, treatment strategy, left ventricular ejection fraction, 

and diabetes status. The coefficients for age at randomization and ejection fraction refer to 

an interquartile increase from the 25th to the 75th percentile of the distribution. In sensitivity 

analysis, we evaluated whether estimated associations between GDMT goal attainment and 

dialysis status at baseline were sensitive to the implicit missing at random assumption about 

missed GDMT measurements in the mixed modeling. Using pattern mixture models, we 

hypothesized that missed GDMT measurements may be missing not at random according to 

whether participants died versus survived to the end of follow-up.19,20

We explored the association of the primary outcome (all-cause mortality or non-fatal 

myocardial infarction (MI)) with the number of GDMT goals attained at each follow-up 

visit and dialysis status at baseline. In addition, we examined the number of GDMT goals 

attained as the running average of goals attained, calculated as an unweighted average across 

previous visits; and the cumulative exposure to GDMT, calculated as a weighted average of 

follow-up time with weights as the number of goals attained at each visit. In multivariable 

analysis, we fit Cox proportional hazards regression models with a time-dependent covariate 

to assess the association of the primary outcome and GDMT goal attainment over follow-

up, and whether this association differed by dialysis status at baseline. We assessed the 

proportional hazards assumption for the number of GDMT goals attained over follow-up 

by conducting a score test to test the null hypothesis of independence between the scaled 

Schoenfeld residuals and time. We examined plots of scaled Schoenfeld residuals against 

log transformed time to visually assess the proportional hazards assumption. Models 

controlled for baseline number of GDMT goals attained, dialysis status at baseline, age 

at randomization, sex, treatment strategy, ejection fraction, and diabetes status. As in the 

GDMT modeling, the coefficients for age at randomization and ejection fraction refer to an 

interquartile increase. We used multiple imputation by chained equations to impute missing 

individual GDMT goals.21 Inferences were pooled across multiply imputed datasets using 

Rubin’s rules for regression coefficients.22

Detailed methods are provided in the Appendix. All analyses were conducted in R software 

(The R Foundation for statistical computing, Vienna, Austria); Bayesian modeling was 

conducted using JAGS.23

Data Sharing

Data will be shared in accordance with the NIH data sharing plan, effective summer 2022.

Results

Baseline characteristics by CKD group

A total of 415 participants with CKD G5D and 362 with CKD G4–5 were enrolled (Table 

1). Those with CKD G5D were younger (61 vs. 67 years, P < 0.001), less likely to be 

diabetic (53 vs. 62%, P = 0.02), more likely to be on the transplant waitlist (22 vs. 3%, P 
< 0.001), have a lower body mass index (26 vs 28 kg/m2 for CKD G4–5, p < 0.001), and 
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had a higher proportion characterized as Asian or Black/African American (P = 0.03), as 

compared with participants with CKD G4–5.

GDMT goal attainment at baseline and 24 months

At baseline there was a higher proportion of CKD G5D participants with only 0–2 GDMT 

goals achieved as compared with CKD G4–5 (22% versus 12%, respectively; p = 0.004) 

(Table 1, Figure 1). CKD G5D and CKD G4–5 had similarly low proportions with all 5 

GDMT goals at target at baseline (16% vs. 14%, respectively). Among participants with 

CKD G5D the LDL-C target was met in 36% while 89% were not active smokers (Figure 

S1a). Those with CKD G4–5 demonstrated achievement of LDL-C target in 34% while the 

vast majority (90%) were receiving aspirin.

At 24 months, GDMT goal attainment of all 5 GDMT goals was 23% in CKD G5D, and 

28% in CKD G4–5 (Figure 1). For individual parameters at 24 months (Figure S1b), among 

participants with CKD G5D, the range of goal attainment was 50% for LDL-C to 91% for 

not smoking. Among CKD G4–5, goal attainment ranged from 48% for LDL-C target to 

>90% for being on statins, aspirin and not smoking.

Predicted estimates of GDMT goals attained by CKD Group at 24 months

CKD G5D participants were slightly less likely than CKD G4–5 to attain more than 2 

GDMT goals at 24 months following randomization (92% vs. 96%, respectively) (Table 2 

and Figure 2). The estimated differences between CKD cohorts for GDMT goal attainment 

were attenuated for more than 3 or 4 goals, with an estimated difference near null for 

attaining more than 4 goals (26.8% vs. 26.2%, for CKD G5D vs. CKD G4–5).

CKD G5D participants were less likely than CKD G4–5 participants to be prescribed statin 

and antiplatelet therapy while accounting for other covariates (Table 2, Figure 3a); treatment 

strategy assignment was not associated with GDMT goal attainment at 24 months (Figure 

S2). Sensitivity analyses examining missingness and survival over follow-up demonstrated 

similar results (Figure 3a, Figure S3a).

Both CKD G5D and CKD G4–5 demonstrated similar trends of increasing proportion 

at control from baseline to 24 months, though CKD G5D participants were less often 

prescribed statins over the course of follow-up (Figure 3b). In sensitivity analysis, there was 

no statistical difference between CKD cohorts over time in statin therapy among those who 

died, whereas there was statistical evidence of separation for statin therapy between CKD 

cohorts (lower prescription in CKD G5D versus CKD G4–5) among those who survived. 

(Figure S3b)

Relationship of GDMT goal attainment and CKD group with the primary outcome of all-
cause death or non-fatal myocardial infarction

In multivariable analysis (Table 3) a 1-goal increase in the number of GDMT goals attained 

at each visit and the running average of number of GDMT goals demonstrated protective 

associations with the primary outcome but these associations were marked by greater 

uncertainty as indicated by the wide 95% confidence interval (CI). Cumulative exposure 
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to GDMT was associated with the primary outcome: A 1-goal increase over a 60-day period 

was associated with a 12% reduction in the hazard of the primary outcome at any time point 

(hazard ratio [HR] = 0.88 95% CI: 0.87, 0.90), after controlling for dialysis status, baseline 

number of GDMT goals, sex, age, presence of diabetes, ejection fraction, and randomized 

strategy arm. The point estimates for the hazard ratios and 95% CI were similar to the 

overall analysis for participants with CKD G5D and CKD G4–5 (p value for interaction 

between CKD group and primary outcome based on cumulative GDMT exposure: 0.49) 

(Tables S1 and S2, Figure S4).

The proportional hazards assumption was not violated for the number of GDMT goals 

attained or the running average of GDMT goals. The assumption, however, was rejected 

for the cumulative exposure to GDMT (P-value < 0.001). In non-proportional hazard Cox 

modeling with an interaction term between cumulative exposure to GDMT and an indicator 

for before versus after 1 year of follow-up, the protective association of cumulative exposure 

to GDMT was more pronounced before compared to after 1 year.

Discussion

ISCHEMIA-CKD is the largest trial to prospectively implement a multiple risk factor 

intervention strategy in participants with CKD G4–5D and CCD. With the implementation 

of multiple risk factor intervention focusing on GDMT goals, both CKD cohorts had 

improvements in the total number of GDMT targets achieved and individual goal attainment 

over the course of follow-up. However, CKD G5D were less likely to receive statin and 

aspirin therapy than CKD G4–5, regardless of assigned strategy. Irrespective of dialysis 

status, achieving a greater cumulative exposure (greater number over time) to GDMT goals 

was associated with a lower risk of the primary composite outcome of all-cause mortality or 

non-fatal myocardial infarction.

The current analysis sought to examine the value of improving multiple risk factors 

simultaneously. In the COURAGE (Clinical Outcomes Utilizing Revascularization and 

Aggressive Drug Evaluation) trial of participants with stable ischemic heart disease, most 

of whom had preserved renal function, a graded positive association with survival was 

noted with increasing number of risk factor goals attained.12 Even in that largely non-CKD 

population, it was difficult to achieve all risk factor goals (3% of the total population at 12 

months following randomization). Similarly, in the Bypass Angioplasty Revascularization 

Investigation 2 Diabetes trial, controlling only 0–2 risk factors was associated with nearly 

doubling of the risk of death, MI or stroke as compared with controlling 6 risk factors.14

Data in patients with advanced CKD not yet on dialysis are limited, and are primarily 

observational analyses of non-randomized cohorts24,25, but generally support the notion 

of multiple risk factor control improving outcomes. Our data in a cohort of patients with 

advanced CKD and CCD with moderate or severe myocardial ischemia support better 

outcomes with greater goal attainment. Even fewer data are available for a multifactorial risk 

factor intervention in patients with CKD G5D. A single-center randomized controlled trial in 

patients with CKD G4–5D found no significant reduction in carotid intima media thickness 

(−0.00 vs. −0.01 mm) with intensive risk factor control vs. standard care, respectively.26 
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Challenges with that analysis included the modest sample size and targeting of a surrogate 

outcome, as well as an inability to fully assess the effect in CKD G5D due to small subgroup 

sample size. In ISCHEMIA-CKD, a large multinational cohort of participants with advanced 

CKD and CCD, including those on dialysis, we observed a 12% relative risk reduction in 

the primary outcome with each GDMT goal achieved; with the assumption that risk factor 

control was maintained over the course of follow-up.

Several limitations of this analysis should be noted. As this was a strategy trial testing the 

effect of invasive management added to GDMT, the study was not designed to assess the 

efficacy of any single risk factor intervention on outcomes. The current subgroup analysis 

was non-randomized, and our findings are subject to residual confounding. Individual risk 

factor goal attainment, specifically for statin use in CKD G5D, may have been influenced 

by prevailing medical society recommendation against initiating statins in patients with 

CKD G5D not already on them (Kidney Disease: Improving Global Outcomes Cholesterol 

guidelines27). The setting of a randomized controlled trial may limit generalizability to the 

real-world setting. However, the follow-up regimen and monitoring was similar to current 

guideline-based recommendations for patients with advanced CKD and CKD G5D.28–29 

Finally, long term follow-up (ISCHEMIA-EXTEND) will provide additional insights into 

whether these findings are sustained during extended follow up.

Despite these limitations, this analysis demonstrates the longitudinal feasibility and 

tolerability of a multiple risk factor reduction strategy in participants with advanced/end-

stage CKD, as recommended by the Kidney Disease: Improving Global Outcomes initiative 

2020 Clinical Practice Guideline to reduce cardiovascular disease burden in diabetic CKD 

patients.30,31

In conclusion, this is the first large-scale analysis of a multiple risk factor secondary 

prevention strategy in patients with CKD G5D or CKD 4–5 and CCD. A majority of 

participants in both CKD cohorts achieved 3 or more out of 5 total GDMT targets over 

a median follow-up of 2.2 years. There was an associated improvement in the primary 

outcome in both cohorts with every GDMT goal achieved over time.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Non-Standard Abbreviations

CCD chronic coronary disease

CI confidence interval

CKD chronic kidney disease

eGFR estimated glomerular filtration rate

GDMT guideline-directed medical therapy

HR hazard ratio

ISCHEMIA-CKD International Study of Comparative Health Effectiveness 

with Medical and Invasive Approaches—Chronic Kidney 

Disease

LDL-C low-density lipoprotein cholesterol

MI myocardial infarction

PCI percutaneous coronary intervention

SBP systolic blood pressure
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What is known:

• Advanced chronic kidney disease is associated with heightened 

cardiovascular risk, and implementation of dialysis for renal replacement 

further increases this risk.

• Single cardiovascular risk reduction has primarily been successful in the 

non-dialytic advanced chronic kidney disease stage, with the exception of a 

possible benefit for statin (+/− ezetimibe) use in patients on dialysis.

• The incremental outcomes benefit with successive number of cardiovascular 

risk factors controlled has been demonstrated from secondary analyses of 

randomized controlled trials in patients without advanced chronic kidney 

disease.

What this study adds:

• Controlling multiple cardiovascular risk factors is achievable in patients with 

advanced chronic kidney disease on or not on dialysis.

• Greater number of cardiovascular risk factors controlled over time is 

associated with reduced incidence of death or non-fatal myocardial infarction 

in those with advanced chronic kidney disease irrespective of dialysis status.
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Figure 1. 
Percent of participants who attained a given number of guideline-directed medical therapy 

(GDMT) goals over follow-up, by chronic kidney disease (CKD) group. The count of 

non-missing values at each follow-up visit is appended below the visit month. The 5 GDMT 

goals include: No smoking; aspirin use; Low Density Lipoprotein-Cholesterol < 70 mg/dl; 

Systolic Blood Pressure < 140 mmHg; and being on a statin.
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Figure 2. 
Predicted Probability of higher guideline-directed medical therapy (GDMT) goal attainment 

by chronic kidney disease (CKD) group. The panels represent the trajectories of attaining 

the represented total number of GDMT goals at target (>2, > 3, or >4) over study follow-

up. The purple lines represent patients with CKD G5D, and the orange represent those 

with CKD G4–5. The 5 GDMT goals include: No smoking; aspirin use; Low Density 

Lipoprotein-Cholesterol < 70 mg/dl; Systolic Blood Pressure < 140 mmHg; and being on a 

statin
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Figure 3: Differences in individual goal attainment between chronic kidney disease groups.
Figure 3a. Differences in probability of guideline-directed medical therapy (GDMT) goal 

attainment and 95% credible intervals at 24m for chronic kidney disease (CKD) G5D versus 

CKD G4–5. Estimates are displayed under two separate assumptions for missing values: 

missing at random (MAR) and missing not at random according to a pattern mixture model 

(PMM) approach. For example, compared to CKD G4–5, CKD G5D were approximately 7 

percentage points less likely to receive statin therapy by 24 months. 95% CrI: 95% credible 

interval; LDL: low density lipoprotein; SBP: systolic blood pressure.
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Figure 3b. 
Predicted probability of individual guideline-directed medical therapy (GDMT) goal 

attainment over follow up by chronic kidney disease (CKD) group. The purple lines 

represent patients with CKD G5D, and the orange represent those with CKD G4–5. LDL: 

low density lipoprotein; SBP: systolic blood pressure.
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Table 1.

Participant Baseline Characteristics by chronic kidney disease (CKD) group

CKD G4–5
†

CKD G5D
‡ P-value

 N 362 415

Randomized Strategy Arm 0.209

 CON 172/362 (48%) 217/415 (52%)

 INV 190/362 (52%) 198/415 (48%)

Female 115/362 (32%) 127/415 (31%) 0.785

Age at randomization, years (Median (Q1, Q3)) 67 (59, 73) 61 (54, 67) <0.001

Race 0.030

 Asian 85/354 (24%) 106/393 (27%)

 Black or African American 20/354 (6%) 43/393 (11%)

 White 245/354 (69%) 236/393 (60%)

 Other 4/354 (1%) 8/393 (2%)

Comorbidities

Diabetes 223/362 (62%) 221/415 (53%) 0.023

Hypertension 330/361 (91%) 381/412 (92%) 0.682

Smoking status 0.823

 Never smoked 177/362 (49%) 194/415 (47%)

 Former smoker 146/362 (40%) 176/415 (42%)

 Current smoker 39/362 (11%) 45/415 (11%)

Prior myocardial infarction 69/362 (19%) 64/414 (15%) 0.218

Prior heart failure 57/362 (16%) 78/415 (19%) 0.306

Prior stroke 30/362 (8%) 38/415 (9%) 0.764

Prior peripheral vascular disease 23/362 (6%) 25/415 (6%) 0.967

Renal Parameters

Dialysis type

 Hemodialysis 344/409 (84%)

 Peritoneal dialysis 60/409 (15%)

 Other 5/409 (1%)

Duration of dialysis, years

 N 369

 Median (Q1, Q3) 2 (1, 5)

Prior renal transplant 7/362 (2%) 17/415 (4%) 0.126

Renal transplant waitlist 10/342 (3%) 84/382 (22%) <0.001

Estimated glomerular filtration rate (ml/min/1.73m2)

 N 362

 Median (Q1, Q3) 23 (17, 27)

Cardiovascular Parameters
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CKD G4–5
†

CKD G5D
‡ P-value

Ejection fraction (%) 0.458

 N 297 322

 Median (Q1, Q3) 58 (50, 64) 58 (50, 64)

Body mass index, kg/m2 <0.001

 N 362 411

 Median (Q1, Q3) 28 (25, 32) 26 (23, 30)

Low density lipoprotein-cholesterol, mg/dL 0.601

 N 349 378

 Median (Q1, Q3) 83 (62, 109) 83 (56, 115)

Prior PCI 68/362 (19%) 78/415 (19%) 1.000

Prior coronary artery bypass grafting 15/362 (4%) 13/415 (3%) 0.575

Guideline-directed medical therapy goals at target at trial entry
* 0.004

 0–2 42/349 (12%) 83/378 (22%)

 3 117/349 (34%) 105/378 (28%)

 4 133/349 (38%) 138/378 (37%)

 5 57/349 (16%) 52/378 (14%)

Individual guideline-directed medical therapy goals at target at trial entry

Not smoking 323/362 (89%) 370/415 (89%) 1.0000

Aspirin 326/362 (90%) 326/414 (79%) <0.001

Low-density lipoprotein cholesterol < 70 mg/dl 118/349 (34%) 136/378 (36%) 0.5929

Systolic blood pressure <140 mmHg 201/362 (56%) 228/414 (55%) 0.9569

On statin 320/362 (88%) 309/414 (75%) <0.001

CON: Initial conservative strategy group; INV: initial invasive strategy group; mg/dl: kg: kilograms; m2: meters squared; min: minute; ml: 
milliliters; mg/dl: milligrams per deciliter; mmHg: millimeters of mercury; N: number; PCI: percutaneous coronary intervention; Q: quartile.

*
Guideline-directed medical therapy targets: systolic blood pressure < 140 mmHg; low density lipoprotein-cholesterol < 70 mg/dl; on statin 

therapy; on antiplatelet therapy; not smoking.

Categories are represented as N (%) except otherwise indicated.

†
Chronic kidney disease (CKD) G4–5: advanced CKD (estimated glomerular filtration rate < 30 ml/min/1.73m2), but not on dialysis.

‡
CKD G5D: advanced CKD requiring renal replacement therapy (dialysis requirement).
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Table 2.

Table of estimated percentage of higher number of guideline-directed medical therapy (GDMT) goals attained 

(95% credible interval), and of estimated percentage of guideline-directed medical therapy (GDMT) goal 

attainment (95% credible interval), at 24m following randomization by chronic kidney disease (CKD) group

Number of GDMT
*
 Goals Attained CKD G4–5

†
CKD G5D

‡

> 2 96.02 (94.36, 97.38) 92.32 (90.26, 94.13)

> 3 73.7 (70, 77.3) 69.52 (65.83, 73.1)

> 4 26.15 (22.92, 29.6) 26.79 (23.33, 30.4)

GDMT Goal Attainment CKD G4–5
†

CKD G5D
‡

No Smoking 92.07 (87.53, 96.04) 93.2 (90.16, 95.92)

Aspirin 96.17 (94.58, 97.32) 93.13 (91.05, 94.82)

LDL-C < 70 mg/dL 48.98 (44.71, 53.41) 50.94 (46.59, 55.26)

SBP < 140 mmHg 68.68 (65.22, 72.08) 70.05 (66.78, 73.26)

On Statin 95.45 (93.58, 96.8) 88.53 (85.45, 91.14)

GDMT: guideline-directed medial therapy; LDL-C: low-density lipoprotein cholesterol; mg/dl: milligrams per deciliter; mmHg: millimeters of 
mercury; SBP: systolic blood pressure.

*
Guideline-directed medical therapy targets: systolic blood pressure < 140 mmHg; low-density lipoprotein cholesterol <70 mg/dL; on statin 

therapy; on antiplatelet therapy; not smoking.

Categories are represented as N (%) except otherwise indicated.

†
Chronic kidney disease (CKD) G4–5: advanced CKD (estimated glomerular filtration rate < 30 ml/min/1.73m2), but not on dialysis.

‡
CKD G5D: advanced CKD requiring renal replacement therapy (dialysis requirement).
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Table 3:

Hazard ratios and 95% confidence intervals for assessing the relationship of all-cause death/MI and number of 

guideline-directed medical therapy (GDMT) goals attained over follow-up in all participants, Cox regression 

models with GDMT goals as a time-dependent covariate.

Number of GDMT Goals Running average of GDMT goals Cumulative exposure to GDMT
*

HR (95% CI) HR (95% CI) HR (95% CI)

Primary Outcome (all-cause 
mortality or non-fatal myocardial 
infarction)

0.93 (0.8, 1.08) 0.84 (0.63, 1.11) 0.88 (0.87, 0.9)

Dialysis (chronic kidney disease 
stage 5D)

1.55 (1.19, 2.02) 1.55 (1.19, 2.03) 1.56 (1.18, 2.07)

Baseline number of GDMT goals 1.14 (0.99, 1.31) 1.22 (0.99, 1.51) 1.81 (1.55, 2.1)

Female 0.86 (0.65, 1.14) 0.86 (0.65, 1.14) 0.83 (0.62, 1.11)

Age
† 1.47 (1.22, 1.78) 1.48 (1.22, 1.79) 1.77 (1.46, 2.16)

INV 1.02 (0.79, 1.3) 1.02 (0.8, 1.31) 1.05 (0.81, 1.36)

Diabetes 1.89 (1.44, 2.49) 1.9 (1.45, 2.5) 2.1 (1.56, 2.84)

Ejection fraction
† 0.7 (0.59, 0.83) 0.7 (0.59, 0.83) 0.75 (0.63, 0.89)

CI: confidence interval; GDMT: guideline directed medical therapy; HR: hazard ratio; INV: Initial invasive strategy.

*
Per 1 goal increase over 60 days. The 5 GDMT goals include: No smoking; aspirin use; Low Density Lipoprotein-Cholesterol < 70 mg/dl; 

Systolic Blood Pressure < 140 mmHg; being on a statin.

†
Per interquartile increase in variable.
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