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Abstract 

Background: 

Moderate kidney dysfunction is independently associated with increased cardiovascular 

mortality. Sudden cardiac arrest (SCA) accounts for at least 25% of chronic kidney disease 

(CKD) mortality.  

Methods 

We conducted a case-control study within an ongoing, prospective, community-based 

investigation of out-of-hospital SCA in the Portland, Oregon, metropolitan area (population ~ 1 

million) from February 1st, 2002, to December 31st, 2020. Analysis included individuals aged 

40 to 75 who experienced SCA (cases) and individuals with no history of SCA (controls), with 

creatinine levels measured prior to SCA/enrollment. Moderate CKD was defined by an estimated 

glomerular filtration rate (eGFR) of 30 to <60 mL/min/1.73 m² (2021 CKD-EPI formula). A 

population-based SCA study in Southern California was used for validation.  

Results 

We compared 2,068 SCA cases and 852 controls (mean ages: 61.4±8.5 and 62.7±8.0 years; 

males: 69.9% and 67.4%). SCA cases had more moderate CKD (17.7% vs. 14.7%, p<0.001) and 

lower eGFR (74.7 vs. 80.9 mL/min/1.73 m², p<0.001) than controls. Multivariable regression 

demonstrated that moderate CKD was an independent risk factor for SCA (OR: 1.33, 95% CI: 

1.03-1.72). Each 10 mL/min/1.73 m² eGFR drop below 90 increased SCA risk (OR: 1.24, 95% 

CI: 1.18–1.31). Similar findings were observed in the validation cohort (817 SCA and 3,249 

controls), where moderate CKD was associated with SCA (OR: 1.51, 95% CI: 1.16–1.97).  
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Conclusion 

Moderate CKD is associated with an increased risk of SCA in the general population. Further 

research into the potential integration of moderate renal dysfunction into SCA risk stratification 

are warranted. 

Keywords: Sudden Cardiac Arrest; Chronic Kidney Failure; Risk Factor; Community-Based 

Study 
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Clinical Perspective 

 Our findings indicate that even moderate renal dysfunction was independently associated 

with sudden cardiac arrest (SCA) in two geographically distinct populations. A decline in 

eGFR below 90 mL/min/1.73m² exhibited a dose-response relationship with SCA. 

 Among SCA cases, moderate CKD was linked to a higher likelihood of presenting with a 

non-shockable rhythm at the time of the even, and lower survival rates to hospital 

discharge compared to those with normal or mild CKD.  

 The findings have implications for the potential integration of moderate renal dysfunction 

and specifically eGFR, given its dose-response relationship, into SCA clinical risk 

stratification.  
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Non-standard Abbreviations and Acronyms  

SCD: Sudden cardiac death 

SCA: Sudden cardiac arrest 

CKD: Chronic kidney disease 

eGFR: Estimated glomerular filtration rate 

MDRD-4: Modification of Diet in Renal Disease 

CKD-EPI: Chronic Kidney Disease Epidemiology Collaboration 

ORSUDS: Oregon Sudden Unexpected Death Study 

PRESTO: Prediction of Sudden Death in Multi-Ethnic Communities  

CAD: Coronary artery disease 

CHF: Congestive heart failure 

COPD: Chronic obstructive pulmonary disease 

PEA: Pulseless electrical activity 

VT/VF: Ventricular tachycardia/Ventricular fibrillation 
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Introduction 

Sudden cardiac death (SCD) accounts for a significant proportion of mortality (up to 25%) 

among individuals with chronic kidney disease (CKD), particularly in those with advanced 

CKD.
1-3

 Associations between moderate CKD, defined as an estimated glomerular filtration rate 

(eGFR) of 30–60 mL/min/1.73 m²,
4
 and SCD have been described but remain controversial. 

Previous studies have reported that moderate CKD is associated with an increased risk of SCD in 

individuals with left ventricular dysfunction or coronary artery disease.
5,6

 A study in the general 

population reported that non-dialysis-dependent CKD patients face an elevated risk of SCD and 

worse outcomes after cardiac arrest, with survival rates decreasing as GFR declines.
7
 However, 

other evidence suggests no significant association between estimated GFR (eGFR) levels of 40–

60 mL/min/1.73 m² and SCD compared to eGFR levels above 60 mL/min/1.73 m²).
8
 Moreover, 

due to the small number of SCD cases in previous studies, individuals with moderate CKD have 

often been grouped with those with advanced CKD for analysis, resulting in a lack of sufficient 

investigation into moderate CKD as a distinct category.
6-8

 Therefore, there is a need for studies 

specifically designed to evaluate the relationship between moderate CKD, as a distinct condition, 

and SCD, as well as to investigate the potential underlying mechanisms driving this association 

in this unique patient population. 

Additionally, in previous studies, eGFR was commonly calculated using either the Modification 

of Diet in Renal Disease (MDRD-4) formula or the Chronic Kidney Disease Epidemiology 

Collaboration (CKD-EPI) 2009/2012 formula, both of which incorporate patient age, sex, serum 

creatinine levels, and race. However, these equations have been shown to yield higher eGFR 

values for individuals identified as Black compared to non-Black individuals with similar 

characteristics.
9
 Lesley et al. proposed a new equation in 2021 for estimating GFR that excludes 
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race as a variable.
10

 This approach was subsequently endorsed by the National Kidney 

Foundation –American Society of Nephrology Task Force. Recent studies indicate that applying 

the updated CKD-EPI 2021 formula has led to a significant reclassification of CKD patients, 

impacting how disease severity and progression are assessed.
11,12

 Moreover, moderate CKD, 

classified based on eGFR calculated from serum creatinine using the CKD-EPI 2012 or MDRD-

4 formula, has been reported to predict SCD in some studies, while other studies have found no 

such association, particularly in older patients or the general population.
6,7,13-15

 

We conducted this study to address these knowledge gaps and to evaluate how moderate CKD, 

assessed using the updated CKD-EPI 2021 criteria, influences the risk of sudden cardiac arrest 

(SCA) at the community level. Additionally, our study aims to investigate potential disparities in 

resuscitation outcomes across the CKD severity spectrum in SCA cases and highlight the 

potential mechanisms linking moderate CKD and SCA.  

Methods 

Data availability statement:  

The data in this manuscript are from an ongoing study, and there is currently no IRB-approved 

mechanism by which this data will be deposited in a public repository. All analytical methods are 

included in this published article. De-identified participant data will be made available after 

publication upon reasonable request to the corresponding author, following approval of a 

proposal and a signed data use agreement. 

Study population 

Study participants were selected from the Oregon Sudden Unexpected Death Study (ORSUDS), 

an ongoing prospective, population-based study that enrolls individuals experiencing out-of-
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hospital SCA within the Portland, Oregon metropolitan area (catchment population 

approximately 1 million). Cases were identified through multiple sources, including first 

responders (Portland Fire Department and local ambulance services), the county medical 

examiner’s office, and emergency departments of participating hospitals. The study methods 

have been detailed in prior publications.
16

 Briefly, after receiving the SCA subject’s information, 

a comprehensive review of each case was conducted, encompassing circumstances of the event, 

clinical history, and, when available, autopsy findings. Cases of SCA with a likely cardiac 

etiology were determined through an adjudication process involving three physicians. SCA was 

defined as a sudden, pulseless collapse due to a likely cardiac etiology, occurring rapidly after 

symptom onset when witnessed or if unwitnessed, within 24 h of the subject being last seen in 

their usual state of health.
17

 Cases with non-cardiac etiologies, such as trauma, drowning, 

overdose/substance abuse, terminal illness, malignancies not in remission, or extracardiac causes 

(e.g., pulmonary embolism), were excluded.  

Controls for ORSUDS were prospectively recruited from the same geographic region and time 

frame as the cases, ensuring a population with a medium-high risk profile, marked by a 

significant prevalence of coronary artery disease but no prior history of ventricular arrhythmias 

or sudden cardiac arrest. Participants were enrolled from several sources, including individuals 

transported by EMS for symptoms of acute coronary ischemia, patients undergoing angiography 

or attending outpatient cardiology clinics at a participating hospital, and members of a regional 

health maintenance organization. 

Study design 

For this study, we performed a case-control study in which all cases and controls from February 

1, 2002, to December 31, 2020 were selected if they were aged 40 to 75 with detailed medical 
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records available and serum creatinine levels measured (prior to arrest for cases). If subjects had 

multiple serum creatinine measures, the closest to the cardiac arrest event was selected for SCA 

cases. For controls, the most recently measured creatinine prior to study entry was selected. 

The institutional review boards of Cedars-Sinai Medical Center, Oregon Health & Science 

University, and all relevant hospitals/health systems have approved the study protocol. 

CKD was classified based on eGFR calculated using the CKD-EPI 2021 formula and the 

following categories: stage 1 CKD (chart history of kidney disease, with eGFR ≥ 90 

mL/min/1.73m²), stage 2 CKD (eGFR < 90 and ≥ 60 mL/min/1.73m²), stage 3a CKD (eGFR < 

60 and ≥ 45 mL/min/1.73m²), stage 3b CKD (eGFR < 45 and ≥ 30 mL/min/1.73m²), stage 4 

CKD (eGFR < 30 and ≥ 15 mL/min/1.73m²), and stage 5 CKD or end-stage renal disease 

(ESRD) (eGFR < 15 mL/min/1.73m²).
4
 Moderate CKD was defined as including both stage 3a 

CKD and stage 3b CKD.
4
 Demographic information and comorbidities were obtained from 

medical records from collaborating hospitals. 

External validation cohort selection 

To validate our findings, we replicated the analysis using data from February 1, 2015, to 

February 1, 2023, from the ongoing Ventura PRESTO (Prediction of Sudden Death in Multi-

Ethnic Communities) study, which covers a catchment population of ~850,000. SCA cases in 

Ventura PRESTO were identified using methods similar to those employed in ORSUDS, 

including case ascertainment, adjudication, inclusion criteria, data retrieval, and definitions. The 

control group for Ventura PRESTO were patients from a regional health system (Cedars-Sinai 

Medical Center Medical Network, Los Angeles, CA) (n=4251) designed to represent members of 

the general population who obtain regular medical care. For the validation cohort, both cases and 
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controls were selected using the criteria: individuals aged 40 to 75 years with detailed medical 

records and documented serum creatinine levels. 

Statistical analysis 

Data were presented as mean and standard deviation for continuous variables and as counts with 

percentages for categorical variables. Tests for differences between continuous variables was 

evaluated using the independent samples t-test, while categorical variables were analyzed using 

Pearson’s chi-square test. For continuous variables with a non-normal distribution, the Mann-

Whitney U test was applied to assess association. Multivariable logistic regression analysis was 

conducted to calculate adjusted odds ratios (ORs) for moderate kidney dysfunction as a predictor 

of SCA. Covariates included in the regression model were demographic factors (age, 

race/ethnicity, and sex) and relevant risk factors or comorbidities associated with cardiac arrest 

and CKD: body mass index (BMI), diabetes, hypertension, chronic obstructive pulmonary 

disease (COPD), liver disease, congestive heart failure (CHF), coronary artery disease (CAD), 

and atrial fibrillation. We also calculated the adjusted ORs for each 1 mL/min/1.73m² and 10 

mL/min/1.73m² decline in individuals with eGFR less or equal than 90 mL/min/1.73m² in 

discovery, validation, and pooled cohort, where the pooled cohort included all individuals from 

both the discovery and validation groups. Furthermore, the interaction between CKD severity 

and sex, age (≥ 65 vs <65), history of hypertension, diabetes, CAD, CHF in predicting SCA was 

also tested using the logistic regression model.  

Subgroup analysis was conducted among SCA cases to highlight the relationship between CKD 

severity and resuscitation outcomes using multivariable regression model with covariates 

including demographic factors (age, race/ethnicity, and sex), history of hypertension, diabetes, 

CAD, CHF, witnesses, cardiopulmonary resuscitation by bystander, and initial rhythm recorded. 
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Initial rhythm was divided into non-shockable rhythms (pulseless electrical activity (PEA) and 

asystole) and shockable rhythms pulseless ventricular tachycardia and ventricular fibrillation 

(VT/VF). Particularly, because eGFR may vary with time, we performed a sensitivity analysis in 

the discovery cohort, limiting the analysis to individuals with creatinine levels measured within 

90 days of the cardiac arrest event for SCA cases and within 90 days of the last physician visit 

for controls.  

Finally, we conducted a subgroup analysis to highlight potential differences in the mechanisms 

linking varying severities of CKD and SCA. The cohort was stratified by CKD severity into 

mild/normal (eGFR ≥60 mL/min/1.73 m²), moderate (eGFR 30–59 mL/min/1.73 m²), and severe 

(eGFR <30 mL/min/1.73 m²) categories. We then compared clinical profiles and ECG 

characteristics between SCA cases and controls within each subgroup. All analyses were 

repeated for the PRESTO cohort to validate the findings. Statistical significance was determined 

at a two-sided p-value threshold of <0.05. All analyses were performed using IBM SPSS 

Statistics, version 24. 

Results 

Study overview and baseline characteristics of individuals with SCA 

From February 1, 2002, to December 31, 2020, in the ORSUDS study, 6,576 SCA cases were 

enrolled, of which 2,068 met inclusion criteria for this analysis. Additionally, 852 controls 

meeting the criteria were also included (Figure 1). The mean ages of SCA cases and controls 

were 61.4 and 62.7 years, respectively. SCA cases exhibited a higher prevalence of risk factors 

and comorbidities, except for CAD, compared to controls. These included COPD, hypertension, 

diabetes, CHF, and atrial fibrillation (Table 1).  
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Association of moderate CKD and SCA in general population 

A higher proportion of SCA cases had moderate and severe CKD (stage 4-5) compared to 

controls (17.7% and 15.4% vs. 14.7% and 2.6%, respectively; p < 0.001). Additionally, SCA 

cases exhibited a lower median eGFR than controls (74.7 vs. 80.9 mL/min/1.73m², p < 0.001) 

(Figure 2). Using individuals with normal kidney function (stage 1) or stage 2 CKD (eGFR ≥ 60 

mL/min/1.73m²) as the reference group, the unadjusted odds ratios for SCA were 1.49 (95% CI: 

1.19–1.87) for moderate CKD and 7.39 (95% CI: 4.76–11.50) for severe CKD (stages 4–5). In 

models adjusted for demographic factors and comorbidities, CKD remained independently 

associated with risk of SCA with ORs of 1.33 (95% CI: 1.03–1.72) and 5.68 (95% CI: 3.54–

9.14) for moderate and severe CKD (Table 2), respectively. The adjusted ORs for SCA 

associated with other comorbidities are also presented in Table 2. Furthermore, in study 

participants with an eGFR ≤ 90 mL/min/1.73m², each decline 10 mL/min/1.73m² was associated 

with a 24% (OR: 1.24, 95% CI: 1.18–1.31) increase in the odds of SCA, after adjusting for 

demographic factors and comorbidities (Figure 3). No interaction was found between CKD 

severity and sex, age (≥65 years vs. <65), or history of hypertension, diabetes, CAD, or CHF in 

predicting the risk of SCA (Table S1). Finally, a sensitivity analysis was performed on 

participants with creatinine measured within 90 days of the cardiac arrest event for SCA cases 

and within 90 days of the last physician visit for controls. This analysis included 681 SCA cases 

and 278 controls. Moderate CKD remained independently associated with SCA, with a crude OR 

of 1.68 (95% CI: 1.18–2.38) and an adjusted OR of 1.54 (95% CI: 1.03–2.29).  

Subgroup analysis 

Among SCA cases with initial rhythm data available (n=2026), individuals with normal or mild 

CKD were less likely to present with an initial rhythm of PEA/Asystole compared to those with 
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moderate and severe CKD (57.4% vs. 68.7% and 69.2%, p < 0.001). Moreover, they also 

demonstrated a trend towards higher survival-to-hospital-discharge proportion (14.8% vs. 11.9% 

and 10.4%, p = 0.06) (Table 3). After adjusting for demographic factors (age, race/ethnicity, and 

sex), history of CAD and CHF, whether the event was witnessed, bystander-provided 

cardiopulmonary resuscitation, and the initial recorded rhythm, moderate CKD appeared as an 

independent predictor of lower survival to hospital discharge, with an adjusted OR of 0.60 (95% 

CI: 0.39–0.92, p = 0.02) (Table S2). 

Finally, while analyzing the differences in clinical profiles of SCA cases and controls across 

varying CKD severity groups, we found that COPD and BMI emerged as significant predictors 

of SCA in moderate CKD and normal/mild CKD but not severe CKD. The odds ratios for COPD 

were 3.62 (95% CI:2.61–5.02), 2.24 (95% CI: 1.19–4.24) vs. 0.93 (95% CI: 0.30–2.86), and for 

BMI, they were 1.014 (95% CI:1.001–1.026), 1.035 (95% CI:1.009–1.061) vs. 0.992 (95% 

CI:0.944–1.043) (Table S3) (Figure S1).  

Regarding pre-arrest ECG parameters, which were available for 72.3% of individuals in the 

discovery cohort, SCA cases in both the normal/mild CKD and moderate CKD groups had 

significantly higher resting heart rates compared to their controls (80.3 ± 19.2 vs. 68.8 ± 14.1, p 

< 0.001, and 81.4 ± 19.2 vs. 69.8 ± 15.4, p < 0.001, respectively). No difference was observed in 

the severe CKD group (78.7 ± 17.4 vs. 78.9 ± 20.5, p = 0.96). Even after adjusting for 

demographics and comorbidities, resting heart rate remained a significant predictor of SCA in 

the normal/mild and moderate CKD groups (Table S3). Similar findings were confirmed in the 

validation cohort, PRESTO. 

Validation analysis  
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There 817 SCA cases and 3,249 controls from the PRESTO study who met the inclusion criteria, 

with mean ages of 63.2 and 62.1 years, respectively. As in ORSUDS, SCA cases in PRESTO 

had a higher prevalence of most comorbidities evaluated compared to controls. Additionally, a 

greater proportion of SCA cases had moderate CKD compared to controls (22.6% vs. 14.9%, p < 

0.001). Using eGFR ≥ 60 mL/min/1.73m² as the reference group, the crude ORs for SCA were 

2.34 (95% CI: 1.92–2.85) for moderate CKD and 25.22 (95% CI: 17.94–35.45) for severe CKD 

(Table S4). After adjusting for demographic variables and comorbidities the adjusted ORs were 

1.51 (95% CI: 1.17–1.97) for moderate CKD and 9.79 (95% CI: 6.33–15.12) for severe CKD 

(Table 2). Moreover, a decline in eGFR below 90 mL/min/1.73m² by each 1 mL/min/1.73m² and 

10 mL/min/1.73m² was associated to an increased adjusted OR for SCA of 1.04 (95% CI: 1.03–

1.04) and 1.41 (95% CI: 1.31–1.50), respectively. 

Among SCA cases, individuals with normal or mild CKD were less likely to present with an 

initial rhythm of PEA/Asystole compared to those with moderate and severe CKD (76.7% vs. 

78.9% and 84.4%, p=0.09). Additionally, SCA cases with normal/mild CKD demonstrated a 

higher proportion of ROSC and survival to hospital discharge (STHD) than their moderate and 

severe CKD counterparts (Table 3). After adjusting for demographic factors (age, race/ethnicity, 

and sex), history of CAD, CHF, witnessed status, bystander-performed cardiopulmonary 

resuscitation, and the initial rhythm recorded, moderate CKD appeared as an independent 

predictor of failure to survive until hospital discharge, with an adjusted OR of 3.19 (95% CI: 

1.13–9.09, p=0.03) (Table S2). 

Discussion 

We report that moderate CKD was independently associated with SCA in our discovery cohort 

(ORSUDS). This association was confirmed in a sensitivity analysis restricted to individuals 

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted March 13, 2025. ; https://doi.org/10.1101/2025.03.12.25323871doi: medRxiv preprint 

https://doi.org/10.1101/2025.03.12.25323871
http://creativecommons.org/licenses/by-nc-nd/4.0/


Page 15 of 27 
 

with recently measured eGFR (within 3 months). Moreover, a reduced eGFR to below 90 

mL/min/1.73m² appeared to have a dose-response association with SCA. Among SCA cases, 

moderate CKD was associated with a higher likelihood of presenting with a non-shockable 

rhythm as the initial cardiac rhythm and lower survival rates to hospital discharge. These 

findings were validated in the geographically distinct PRESTO cohort. 

Using two cohorts with distinct baseline characteristics— a younger population with a high 

prevalence of CAD and CHF in the discovery cohort (ORSUDS) and an older but relatively 

healthier population in the validation cohort (PRESTO)—, we demonstrated that moderate CKD 

is associated with an increased risk of SCA in the general population. This observation aligns 

with prior studies and underscores that the association remains significant when eGFR is 

estimated using either serum creatinine or cystatin C and across age groups, from younger to 

older individuals.
5-7,13-15,18

 Notably, we found that even a modest decline in eGFR below 90 

mL/min/1.73m² was associated with an increased risk of SCA, ranging from 24% to 41% for 

every 10 mL/min/1.73m² decrease. These findings indicate a higher risk increase than previous 

reports, which estimated a risk increase of 11% to 17% in populations with CHF and CAD.
5,6

 

This discrepancy likely reflects our study focus on the general population, which typically has a 

lower baseline risk of SCA than those with CHF or CAD. Consequently, the relatively greater 

observed impact of moderate CKD on SCA risk in our study is notable.  

Moderate CKD can potentially contribute to SCA through multiple mechanisms, including 

exaggerated activity of the renin-angiotensin-aldosterone system (RAAS) and the sympathetic 

nervous system, as well as increased inflammation, fluid retention,
19

 and electrolyte 

imbalances.
20

 These factors collectively promote left ventricular hypertrophy, remodeling, 

fibrosis, and vasculopathy in both large (atherosclerosis) and small vessels (arteriolosclerosis), 
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resulting in ischemic heart disease. These consequences not only lead to heart failure but also 

predispose to cardiac arrhythmias through re-entry pathways and conduction system 

disruption.
20-23

 As observed in our study, COPD and BMI appeared as significant predictors of 

SCA in individuals with normal/mild CKD and, more notably, in those with moderate CKD. 

This finding potentially reinforces evidence supporting the role of pathophysiological 

mechanisms such as inflammation and chronic hypoxia, likely intensified by the coexistence of 

COPD and high BMI.
24,25

 Furthermore, our study demonstrated the existence of possible 

enhanced sympathetic nervous system activity, as evidenced by higher resting heart rates in SCA 

cases compared to controls within the moderate CKD group.
26

 Therefore, prevention strategies 

for SCA, including pharmacological interventions such as beta-blockers, RAAS inhibitors, blood 

pressure and anemia management, and calcium channel blockers, should be carefully considered 

and initiated even in patients with a modest decline in renal function.
19,27,28

  

Additionally, regarding resuscitation characteristics, among SCA cases, moderate CKD was 

associated with a higher proportion of initial non-shockable rhythms. These findings are 

consistent with our previous, machine learning based analysis of VF vs. PEA.
29

 Also these 

results align with previous studies on rhythm monitoring in CKD patients, particularly those 

undergoing hemodialysis, which showed that bradycardia and asystole, rather than ventricular 

arrhythmias, were the most common arrhythmias in these individuals.
30-32

 CKD patients are 

prone to ventricular fibrosis, which alters intracardiac conduction and is associated with 

conduction blocks. Furthermore, CKD patients often have anemia, which limits cell energy and 

makes the cardiac myocytes more vulnerable to global myocardial energy depletion, contributing 

to non-shockable rhythms.
29,33

 Moreover, SCA cases with moderate CKD had worse outcomes, 

with lower survival rates to hospital discharge compared to those with normal or mild CKD. This 

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted March 13, 2025. ; https://doi.org/10.1101/2025.03.12.25323871doi: medRxiv preprint 

https://doi.org/10.1101/2025.03.12.25323871
http://creativecommons.org/licenses/by-nc-nd/4.0/


Page 17 of 27 
 

finding can be explained by the higher proportion of non-shockable rhythms, which were 

associated with poorer outcomes, and by the additional burden of CKD, which involves 

electrolyte and fluid imbalances. 

Strengths and Limitations 

Our study possesses several strengths worth noting. Firstly, it is a community-based study 

encompassing two distinct populations: the ORSUDS cohort in Oregon, characterized by 

younger participants, a higher proportion of Caucasians, and a more prominent cardiac disease 

burden, and the PRESTO cohort in Ventura County, which included older participants, a higher 

representation of Hispanic individuals, and lower cardiac disease prevalence. Despite these 

demographic and clinical differences, most of our findings were consistent across cohorts. 

Additionally, compared to other community-based studies, our work had a broader age range and 

racial/ethnic diversity, enhancing the generalizability of our findings.
7,14

 Secondly, our study 

design integrated data from the EMS system and a strict and systematic adjudication of SCA, 

providing a more comprehensive assessment and robust evaluation of the burden of SCA among 

CKD patients in the community compared to prior studies relying solely on ICD codes for SCA 

definition. Finally, our analyses incorporated adjustments for various confounders previously 

demonstrated to be associated with CKD and SCA, strengthening the evidence for an 

independent association between CKD and SCA. 

However, certain limitations should be acknowledged when interpreting our findings. First, the 

research is based on two large community-based observational studies. While we utilized 

multivariable regression models to reduce confounding bias, some residual confounding may 

persist. Secondly, the lack of alternative methods to estimate renal function, such as eGFR 

calculated using cystatin C or the urine albumin-to-creatinine ratio, limits our ability to explore 
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other perspectives of renal function and albuminuria in relation to SCA. Finally, given the nature 

of out-of-hospital SCA, the initial rhythm data could be influenced by delays in EMS response, 

potentially underestimating the proportion of shockable rhythms and limiting our ability to 

characterize the true underlying rhythm at the time of arrest. 

Conclusion 

In conclusion, both moderate and severe CKD were associated with a significantly increased risk 

of SCA in the general population. Our findings underscore the importance of further research to 

elucidate the role of renal dysfunction in mechanisms of lethal arrhythmias and to evaluate the 

potential role of moderate renal dysfunction for improving SCD risk stratification. 

Acknowledgments  

The authors would like to acknowledge the significant contribution of Portland, OR and Ventura, 

CA area residents, Global Medical Response, Portland/Gresham fire departments, local area 

hospital systems (Oregon Health and Science University, Kaiser Permanente, Legacy Health and 

Providence Health, Ventura Country Medical Center, Los Robles Regional Medical Center, 

Community Memorial Hospital, Simi Valley Hospital, Dignity Health Care). 

Funding 

Dr. Chugh has received funding from National Institutes of Health, National Heart Lung and 

Blood Institute Grants R01HL145675 and R01HL147358 for this work. Dr. Chugh holds the 

Pauline and Harold Price Chair in Cardiac Electrophysiology at Cedars-Sinai, Los Angeles. 

Disclosure:  

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted March 13, 2025. ; https://doi.org/10.1101/2025.03.12.25323871doi: medRxiv preprint 

https://doi.org/10.1101/2025.03.12.25323871
http://creativecommons.org/licenses/by-nc-nd/4.0/


Page 19 of 27 
 

All other authors have reported that they have no relationships to disclose that are relevant to the 

contents of this paper. 

Supplemental Material 

Table S1-S4 

Figure S1 

References 

1. Caravaca F, Chávez E, Alvarado R, García-Pino G, Luna E. Sudden cardiac death in non-dialysis 
chronic kidney disease patients. Nefrologia. 2016;36:404-409. doi: 10.1016/j.nefro.2016.05.001 

2. Herzog CA, Mangrum JM, Passman R. Sudden cardiac death and dialysis patients. Semin Dial. 
2008;21:300-307. doi: 10.1111/j.1525-139X.2008.00455.x 

3. Reinier K, Moon JY, Chugh HS, Sargsyan A, Nakamura K, Norby FL, Uy-Evanado A, Talavera GA, 
Gallo LC, Daviglus ML, et al. Risk Factors for Sudden Cardiac Arrest Among Hispanic or Latino 
Adults in Southern California: Ventura PRESTO and HCHS/SOL. J Am Heart Assoc. 
2023;12:e030062. doi: 10.1161/jaha.123.030062 

4. KDIGO 2024 Clinical Practice Guideline for the Evaluation and Management of Chronic Kidney 
Disease. Kidney Int. 2024;105:S117-s314. doi: 10.1016/j.kint.2023.10.018 

5. Goldenberg I, Moss AJ, McNitt S, Zareba W, Andrews ML, Hall WJ, Greenberg H, Case RB. 
Relations among renal function, risk of sudden cardiac death, and benefit of the implanted 
cardiac defibrillator in patients with ischemic left ventricular dysfunction. Am J Cardiol. 
2006;98:485-490. doi: 10.1016/j.amjcard.2006.03.025 

6. Pun PH, Smarz TR, Honeycutt EF, Shaw LK, Al-Khatib SM, Middleton JP. Chronic kidney disease is 
associated with increased risk of sudden cardiac death among patients with coronary artery 
disease. Kidney Int. 2009;76:652-658. doi: 10.1038/ki.2009.219 

7. Suzuki T, Agarwal SK, Deo R, Sotoodehnia N, Grams ME, Selvin E, Calkins H, Rosamond W, 
Tomaselli G, Coresh J, et al. Kidney function and sudden cardiac death in the community: The 
Atherosclerosis Risk in Communities (ARIC) Study. Am Heart J. 2016;180:46-53. doi: 
10.1016/j.ahj.2016.07.004 

8. Deo R, Lin F, Vittinghoff E, Tseng ZH, Hulley SB, Shlipak MG. Kidney dysfunction and sudden 
cardiac death among women with coronary heart disease. Hypertension. 2008;51:1578-1582. 
doi: 10.1161/hypertensionaha.107.103804 

9. Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF, 3rd, Feldman HI, Kusek JW, Eggers P, Van 
Lente F, Greene T, et al. A new equation to estimate glomerular filtration rate. Ann Intern Med. 
2009;150:604-612. doi: 10.7326/0003-4819-150-9-200905050-00006 

10. Inker LA, Eneanya ND, Coresh J, Tighiouart H, Wang D, Sang Y, Crews DC, Doria A, Estrella MM, 
Froissart M, et al. New Creatinine- and Cystatin C-Based Equations to Estimate GFR without 
Race. N Engl J Med. 2021;385:1737-1749. doi: 10.1056/NEJMoa2102953 

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted March 13, 2025. ; https://doi.org/10.1101/2025.03.12.25323871doi: medRxiv preprint 

https://doi.org/10.1101/2025.03.12.25323871
http://creativecommons.org/licenses/by-nc-nd/4.0/


Page 20 of 27 
 

11. Yap E, Prysyazhnyuk Y, Ouyang J, Puri I, Boutin-Foster C, Salifu M. The Implication of Dropping 
Race from the MDRD Equation to Estimate GFR in an African American-Only Cohort. Int J 
Nephrol. 2021;2021:1880499. doi: 10.1155/2021/1880499 

12. Betzler BK, Sultana R, He F, Tham YC, Lim CC, Wang YX, Nangia V, Tai ES, Rim TH, Bikbov MM, et 
al. Impact of Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) GFR Estimating 
Equations on CKD Prevalence and Classification Among Asians. Front Med (Lausanne). 
2022;9:957437. doi: 10.3389/fmed.2022.957437 

13. Deo R, Sotoodehnia N, Katz R, Sarnak MJ, Fried LF, Chonchol M, Kestenbaum B, Psaty BM, 
Siscovick DS, Shlipak MG. Cystatin C and sudden cardiac death risk in the elderly. Circ Cardiovasc 
Qual Outcomes. 2010;3:159-164. doi: 10.1161/circoutcomes.109.875369 

14. van der Burgh AC, Stricker BH, Rizopoulos D, Ikram MA, Hoorn EJ, Chaker L. Kidney function and 
the risk of sudden cardiac death in the general population. Clin Kidney J. 2022;15:1524-1533. 
doi: 10.1093/ckj/sfac049 

15. Saxon LA, Bristow MR, Boehmer J, Krueger S, Kass DA, De Marco T, Carson P, DiCarlo L, Feldman 
AM, Galle E, et al. Predictors of sudden cardiac death and appropriate shock in the Comparison 
of Medical Therapy, Pacing, and Defibrillation in Heart Failure (COMPANION) Trial. Circulation. 
2006;114:2766-2772. doi: 10.1161/circulationaha.106.642892 

16. Stecker EC, Vickers C, Waltz J, Socoteanu C, John BT, Mariani R, McAnulty JH, Gunson K, Jui J, 
Chugh SS. Population-based analysis of sudden cardiac death with and without left ventricular 
systolic dysfunction: two-year findings from the Oregon Sudden Unexpected Death Study. J Am 
Coll Cardiol. 2006;47:1161-1166. doi: 10.1016/j.jacc.2005.11.045 

17. Fishman GI, Chugh SS, Dimarco JP, Albert CM, Anderson ME, Bonow RO, Buxton AE, Chen PS, 
Estes M, Jouven X, et al. Sudden cardiac death prediction and prevention: report from a National 
Heart, Lung, and Blood Institute and Heart Rhythm Society Workshop. Circulation. 
2010;122:2335-2348. doi: 10.1161/circulationaha.110.976092 

18. Svane J, Nielsen JL, Stampe NK, Feldt-Rasmussen B, Garcia R, Risgaard B, Gislason GH, Winkel 
BG, Lynge TH, Tfelt-Hansen J. Nationwide study of mortality and sudden cardiac death in young 
persons diagnosed with chronic kidney disease. Europace. 2022;24:1599-1607. doi: 
10.1093/europace/euac032 

19. Pitt B, Zannad F, Remme WJ, Cody R, Castaigne A, Perez A, Palensky J, Wittes J. The effect of 
spironolactone on morbidity and mortality in patients with severe heart failure. Randomized 
Aldactone Evaluation Study Investigators. N Engl J Med. 1999;341:709-717. doi: 
10.1056/nejm199909023411001 

20. Di Lullo L, Rivera R, Barbera V, Bellasi A, Cozzolino M, Russo D, De Pascalis A, Banerjee D, Floccari 
F, Ronco C. Sudden cardiac death and chronic kidney disease: From pathophysiology to 
treatment strategies. Int J Cardiol. 2016;217:16-27. doi: 10.1016/j.ijcard.2016.04.170 

21. Di Lullo L, Gorini A, Russo D, Santoboni A, Ronco C. Left Ventricular Hypertrophy in Chronic 
Kidney Disease Patients: From Pathophysiology to Treatment. Cardiorenal Med. 2015;5:254-266. 
doi: 10.1159/000435838 

22. King BMN, Mintz S, Lin X, Morley GE, Schlamp F, Khodadadi-Jamayran A, Fishman GI. Chronic 
Kidney Disease Induces Proarrhythmic Remodeling. Circ Arrhythm Electrophysiol. 
2023;16:e011466. doi: 10.1161/CIRCEP.122.011466 

23. Shamseddin MK, Parfrey PS. Sudden cardiac death in chronic kidney disease: epidemiology and 
prevention. Nat Rev Nephrol. 2011;7:145-154. doi: 10.1038/nrneph.2010.191 

24. Franczyk-Skóra B, Gluba-Brzózka A, Wranicz JK, Banach M, Olszewski R, Rysz J. Sudden cardiac 
death in CKD patients. International Urology and Nephrology. 2015;47:971-982. doi: 
10.1007/s11255-015-0994-0 

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted March 13, 2025. ; https://doi.org/10.1101/2025.03.12.25323871doi: medRxiv preprint 

https://doi.org/10.1101/2025.03.12.25323871
http://creativecommons.org/licenses/by-nc-nd/4.0/


Page 21 of 27 
 

25. Liu Z, Ma Z, Ding C. Association between COPD and CKD: a systematic review and meta-analysis. 
Frontiers in Public Health. 2024;12. doi: 10.3389/fpubh.2024.1494291 

26. Teodorescu C, Reinier K, Uy-Evanado A, Gunson K, Jui J, Chugh SS. Resting heart rate and risk of 
sudden cardiac death in the general population: influence of left ventricular systolic dysfunction 
and heart rate-modulating drugs. Heart Rhythm. 2013;10:1153-1158. doi: 
10.1016/j.hrthm.2013.05.009 

27. Badve SV, Roberts MA, Hawley CM, Cass A, Garg AX, Krum H, Tonkin A, Perkovic V. Effects of 
Beta-Adrenergic Antagonists in Patients With Chronic Kidney Disease: A Systematic Review and 
Meta-Analysis. Journal of the American College of Cardiology. 2011;58:1152-1161. doi: 
https://doi.org/10.1016/j.jacc.2011.04.041 

28. Pun PH, Lehrich RW, Smith SR, Middleton JP. Predictors of survival after cardiac arrest in 
outpatient hemodialysis clinics. Clin J Am Soc Nephrol. 2007;2:491-500. doi: 
10.2215/cjn.02360706 

29. Holmstrom L, Bednarski B, Chugh H, Aziz H, Pham HN, Sargsyan A, Uy-Evanado A, Dey D, Salvucci 
A, Jui J, et al. Artificial Intelligence Model Predicts Sudden Cardiac Arrest Manifesting With 
Pulseless Electric Activity Versus Ventricular Fibrillation. Circ Arrhythm Electrophysiol. 
2024;17:e012338. doi: 10.1161/circep.123.012338 

30. Roy-Chaudhury P, Tumlin JA, Koplan BA, Costea AI, Kher V, Williamson D, Pokhariyal S, Charytan 
DM. Primary outcomes of the Monitoring in Dialysis Study indicate that clinically significant 
arrhythmias are common in hemodialysis patients and related to dialytic cycle. Kidney Int. 
2018;93:941-951. doi: 10.1016/j.kint.2017.11.019 

31. Roberts PR, Stromberg K, Johnson LC, Wiles BM, Mavrakanas TA, Charytan DM. A Systematic 
Review of the Incidence of Arrhythmias in Hemodialysis Patients Undergoing Long-Term 
Monitoring With Implantable Loop Recorders. Kidney Int Rep. 2021;6:56-65. doi: 
10.1016/j.ekir.2020.10.020 

32. Tri Tai Truyen TT, Uy-Evanado A, Holmstrom L, Reinier K, Chugh H, Jui J, Herzog CA, Chugh SS. 
Sudden Cardiac Arrest Associated with Hemodialysis: A Community-Based Study. Kidney360. 
2025. doi: 10.34067/kid.0000000705 

33. Neumar RW, Browns CG, Robitaille P-ML, Altschul RA. Myocardial high energy phosphate 
metabolism during ventricular fibrillation with total circulatory arrest. Resuscitation. 
1990;19:199-226. doi: https://doi.org/10.1016/0300-9572(90)90103-L 

 

 

 

 

 

 

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted March 13, 2025. ; https://doi.org/10.1101/2025.03.12.25323871doi: medRxiv preprint 

https://doi.org/10.1101/2025.03.12.25323871
http://creativecommons.org/licenses/by-nc-nd/4.0/


Page 22 of 27 
 

Tables 

Table 1. Baseline characteristics of SCA cases and controls aged 40-75 in the 

discovery cohort (ORSUDS) from the Portland, OR metro region 

 SCA Cases 
(N = 2068) 

Controls 
(N = 852) 

p-value 

Age, mean ± SD, year 61.4 ± 8.5 62.7 ± 8.0 <0.001 

Male, n (%) 1446 (69.9) 574 (67.4) 0.18 

Race/ethnicity, n (%) 
White 
Hispanic 
Asian 
African American 
Others* 
Missing† 

 
1658 (81.0) 

51 (2.5) 
62 (3.0) 

225 (11.0) 
50 (2.4) 

22 

 
703 (83.6) 
15 (1.8) 
17 (2.0) 
99 (11.8) 
7 (0.8) 

11 

0.02 

eGFR, median (25th, 75th percentile), 
mL/min/1.73 m² ‡ 

74.7 (48.9 – 94.4) 80.9 (66.9 – 94.1) <0.001 

Chronic kidney disease by EPI2021, n (%) 
Normal  
Stage 2 
Stage 3 
Stage 4 
Stage 5 

 
618 (29.9) 
764 (36.9) 
367 (17.7) 
129 (6.2) 
190 (9.2) 

 
272 (31.9) 
433 (50.8) 
125 (14.7) 
11 (1.3) 
13 (1.3) 

<0.001 

Body mass index, mean ± SD, kg/m2 32.7 ± 10.9 30.5 ± 7.0 <0.001 

Chronic obstructive pulmonary disease, n (%) 500 (24.2) 77 (9.1) <0.001 

Hypertension, n (%) 1565 (75.8) 600 (70.7) 0.004 

Liver disease, n (%) 258 (12.5) 74 (8.7) 0.004 

Diabetes, n (%) 956 (46.3) 259 (30.4) <0.001 

Congestive heart failure, n (%) 757 (36.6) 108 (12.7) <0.001 

History of coronary artery disease, n (%) 976 (47.2) 456 (53.5) 0.002 

Atrial fibrillation, n (%) 457 (22.1) 114 (13.4) <0.001 

SCA: Sudden cardiac arrest; SD: Standard deviation; eGFR: estimated glomerular filtration rate  
*: Others included American Indian/Alaska Native, Native Hawaiian/Pacific Islander, and others.  
†: For variables with missing values, proportions and p values were calculated with the non-missing 
data used as the denominator. 
‡ Mann-Whitney U test 
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Table 2. Multivariable adjusted odds ratios for sudden cardiac arrest by chronic kidney 

disease severity and other comorbidities in discovery (ORSUDS) and validation 

(PRESTO) cohorts 

 ORSUDS PRESTO 

Chronic kidney disease 
Normal of mild  
Moderate 
Severe 

 
Reference 

1.33 (1.03 – 1.72) 
5.68 (3.54 – 9.14) 

 
Reference 

1.51 (1.17 – 1.97) 
9.79 (6.33 – 15.12) 

Chronic obstructive pulmonary disease 3.13 (2.37 – 4.14) 3.22 (2.35 – 4.41) 

Hypertension 1.04 (0.84 – 1.29) 1.61 (1.26 – 2.05) 

Liver disease 1.09 (0.80 – 1.48) 0.52 (0.38 – 0.71) 

Diabetes 1.41 (1.15 – 1.73) 2.55 (2.05 – 3.18) 

Congestive heart failure 3.12 (2.41 – 4.04) 3.84 (2.72 – 5.41) 

Coronary artery disease 0.45 (0.37 – 0.54) 1.64 (1.29 – 2.08) 

Atrial fibrillation 1.22 (0.93 – 1.58) 18.28 (11.07 – 30.19) 
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Table 3. Resuscitation characteristics of sudden cardiac arrest cases in discovery 

(ORSUDS) and validation (PRESTO) cohorts with different severity of chronic kidney 

disease 

 Discovery cohort – ORSUDS Validation cohort - PRESTO 

 Normal/mild 
CKD 

(n = 1382) 

Moderate 
CKD 

(n = 367) 

Severe 
CKD 

(n = 319) 

p-value Normal/mild 
CKD 

(n=446) 

Moderate 
CKD 

(n=185) 

Severe 
CKD 

(n=186) 

p-value 

Location, n (%) 
Home  
Care facilities† 
Public 
Other 
Missing* 

 
866 (63.1) 
165 (12.0) 
301 (21.9) 

40 (2.9) 
10 

 
237 (64.6) 
66 (18.0) 
54 (14.7) 
10 (2.7) 

0 

 
170 (53.5) 
115 (36.2) 

28 (8.8) 
5 (1.6) 

1 

<0.001  
358 (80.3) 

38 (8.5) 
46 (10.3) 
4 (0.9) 

 

 
148 (80.0) 
24 (13.0) 
12 (6.5) 
1 (0.5) 

 

 
128 (68.8) 
54 (29.0) 
4 (2.2) 
0 (0.0) 

 

<0.001 

Witnessed, n (%) 
Missing* 

792 (57.8) 
12 

215 (58.9) 
2 

180 (56.6) 
1 

0.8 191 (42.9) 80 (43.2) 71 (38.2) 0.5 

Bystander CPR, n 
(%) 

617 (44.6) 141 (38.4) 148 (46.4) 0.06 240 (53.8) 93 (50.3) 100 (53.8) 0.7 

Initial presenting 
rhythm, n (%) 
VFVT 
PEA/Asystole 
Missing* 

 
 
577 (42.6) 
776 (57.4) 

29 

 
 
111 (30.8) 
249 (69.2) 

7 

 
 
98 (31.3) 

215 (68.7) 
6 

<0.001  
 
104 (23.3) 
342 (76.7) 

 

 
 
39 (21.1) 

146 (78.9) 
 

 
 

29 (15.6) 
157 (84.4) 

 

0.09 

Survival to 
hospital discharge, 
n (%) 
Missing* 

204 (14.8) 
 
 
1 

38 (10.4) 38 (11.9) 
 
 
1 

0.06 40 (9.0) 5 (2.7) 4 (2.2) <0.001 

* For variables with missing values, proportions and p values were calculated with the non-missing data used as the 
denominator. 
† Care facilities includes nursing homes and outpatient clinics, emergency department 
SCA: Sudden cardiac arrest; CKD: Chronic kidney disease; CPR: Cardiopulmonary resuscitation, VFVT: Ventricular 
fibrillation and ventricular tachycardia; PEA: Pulseless electrical activity 

 

 

 

 

 

 

 

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted March 13, 2025. ; https://doi.org/10.1101/2025.03.12.25323871doi: medRxiv preprint 

https://doi.org/10.1101/2025.03.12.25323871
http://creativecommons.org/licenses/by-nc-nd/4.0/


Page 25 of 27 
 

Figures and legends 

Figure 1. Flow chart of discovery and validation study population selection.  

 

Figure legend. The discovery population comprised 2,068 sudden cardiac arrest (SCA) 

cases and 852 non-SCA controls, aged 40 to 75 years, with detailed medical records 

and pre-SCA serum creatinine measurements from the Oregon Sudden Unexpected 

Death Study (ORSUDS). The validation population included 817 SCA cases and 3,249 

non-SCA controls, aged 40 to 75 years, with detailed medical records and pre-SCA 

serum creatinine measurements from the Prediction of Sudden Death in Multi-Ethnic 

Communities (PRESTO) study in Ventura, California. 
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Figure 2. Estimated glomerular filtration rate of sudden cardiac arrest cases and 

controls in discovery and validation cohorts.  

 

Figure legend. In the discovery cohort, SCA cases had a lower median estimated 

glomerular filtration rate (eGFR) compared to their non-SCA control counterparts (74.7 

[48.9 – 94.4] vs. 80.9 [66.9 – 94.1], p<0.001). A similar finding was observed in the 

validation cohort, where SCA cases exhibited significantly lower eGFR than controls 

(64.5 [33.0 – 90.3] vs. 78.3 [65.9 – 90.7], p<0.001). 
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Figure 3. Odds ratio for risk of sudden cardiac arrest by estimated glomerular filtration 

rate (with ≥90 mL/min/1.73 m² as reference) in discovery, validation, and pooled 

population.  

 

Figure legend. The risk of sudden cardiac arrest (SCA) increases as the estimated 

glomerular filtration rate (eGFR) decreases in both the discovery and validation cohorts, 

as well as in the pooled population. 
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