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4. Rationale:  
 

Acute kidney injury (AKI) is defined by an abrupt decrease in kidney function. It is very 
common, occurring in 1 in 7 hospital admissions, and is associated with significant 
morbidity and mortality.1 The risk for AKI is determined by an individual’s susceptibility 
to injury and exposure to insults that harm the kidneys. Key risk factors for AKI include 



age, preexisting chronic kidney disease (CKD), heart disease, hypertension, and diabetes 
mellitus.2 The ability to accurately predict the risk of AKI is poor. Risk assessment 
instruments have been developed, but they are often poorly validated and specific to AKI 
post cardiac surgery.2,3 Given the consequences of AKI, which include prolonged 
hospitalization and inpatient mortality, additional tools are needed to accurately predict 
those at risk for AKI.  
 
Greater arterial stiffness is associated with increased risk for kidney function decline and 
cardiovascular disease.4,5 Arterial stiffness is influenced by both structural and functional 
properties of the arterial wall and has significant effects on the ability to conduct blood 
flow and to mitigate the high pressures that travel through to end-organs.5 With 
increasing arterial stiffness, particularly in aging, arterial elasticity and compliance are 
reduced leading to transmission of high-pressured forces to end-organ microvasculature. 
These vascular beds are not designed to handle high pressures, resulting in damage.6-8 
The kidneys may be particularly affected given the high volume of flow and the low 
resistance in the renal afferent arterioles.8-10 In addition, arterial stiffness increases SBP, 
which may contribute to decreased renal function.9 The gold standard for measuring 
arterial stiffness is carotid-femoral pulse-wave velocity (CFPWV).  
 
Our group has demonstrated a relationship between greater arterial stiffness and risk of 
incident AKI.11 Among 613 participants from the Systolic Blood Pressure Lowering Trial 
(SPRINT) with measurements of arterial stiffness (PWV), there were 20 adjudicated AKI 
events. Participants with carotid-femoral pulse-wave velocity (CFPWV) ≥ median (≥ 
10.4 meters/second [m/s]) had 18 AKI events while participants with CFPWV < median 
had only 2 events after a median [interquartile range] 453 [289-724] days. There was a 
22% greater risk of AKI for each m/s increase in CFPWV (hazard ratio [HR]: 1.22, 95% 
CI: 1.07-1.39). When adjusted for age, sex, race, treatment randomization, smoking, 
cardiovascular disease, number of antihypertensives, estimated glomerular filtration rate 
(eGFR), urine albumin-to-creatinine ratio (UACR), and systolic blood pressure (SBP), 
the risk of AKI was 32% higher for each m/s increase in baseline CFPWV (HR: 1.32, 
95% CI: 1.13-1.53). When CFPWV was modeled as a categorical variable (> median 
compared to CFPWV < median) results were similar. In the unadjusted model, baseline 
CFPWV ≥ median was associated with a 9-fold higher risk for AKI (HR: 9.28, 95% CI: 
2.15-40.00). After full model adjustment, the risk of AKI was greater by nearly 13-fold 
(HR: 12.99, 95% CI: 2.87-58.91).  

 
The Atherosclerosis Risk in Communities (ARIC) study provides a unique opportunity to 
expand upon these results with the carefully collected parameters of kidney function, 
measurement of CFPWV, active follow-up for AKI, and >1000 AKI events. 
Approximately 20% of the study population are African American, a subset of the 
general population that has not been adequately studied. The goal of the proposed 
analysis is to evaluate the association between CFPWV measured at visit 5 (visit 5 will 
be considered baseline) and the risk of incident AKI using data collected from the ARIC 
cohort. We hypothesize greater arterial stiffness as measured by CFPWV will be 
associated with greater risk of AKI events. 
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5. Main Hypothesis/Study Questions: 
 

 Higher pulse-wave velocity (greater arterial stiffness) will be associated with acute kidney 
injury. 

 
6. Design and analysis (study design, inclusion/exclusion, outcome and other variables of 

interest with specific reference to the time of their collection, summary of data 
analysis, and any anticipated methodologic limitations or challenges if present). 

 
 Study design: Prospective study of the ARIC cohort 
 

 Inclusion criteria: Participants with measurement of arterial stiffness (pulse-wave velocity) 
and without end-stage kidney disease (ESKD) 

 
Outcomes: Incident AKI, as defined by the International Classification of Diseases, 9th 
Revision, Clinical Modification (ICD-9-CM) codes 584.5 to 584.9 or 10th Revision, Clinical 
Modification (ICD-10-CM) codes N17.0 to 17.9 among discharge diagnoses iv 

 
Predictor: pulse-wave velocity (PWV):  

- carotid-femoral (CFPWV) as primary predictor 

- heart-femoral (HFPWV) 

- heart-carotid (HCPWV) 

- heart-ankle (HAPWV) 



- brachial-ankle (BAPWV) 

- femoral-ankle (FAPWV) 

 
Other variables of interest: Age, sex, race, smoking status, BMI, baseline eGFR, baseline 
urine albumin-to-creatinine ratio, prevalent cardiovascular disease, prevalent diabetes, 
prevalent hypertension, systolic blood pressure, diastolic blood pressure, number of 
antihypertensive medications, total cholesterol, HDL cholesterol, ankle-brachial index 

 
Data analysis:  
1. We will evaluate baseline characteristics by quartiles of CFPWV because it is 

considered the gold-standard measurement for arterial stiffness. Chi-squared test will be 
used to evaluate differences in categorical variables while independent samples T-test 
will be used to evaluate difference in continuous variables. Non-normally distributed 
variables will be log-transformed prior to analysis.  

 
2. We will estimate the association between each measure of PWV (CFPWV, HFPWV, 

HCPWV, HAPWV, BAPWV, and FAPWV) and incident AKI events using 
multivariable Cox proportional hazards regression analysis. Since CFPWV is the gold 
standard measure for arterial stiffness, it will be treated as the primary predictor variable 
while the other measures of arterial stiffness will be treated as secondary predictor 
variables. Models will be adjusted for baseline covariates described above under “other 
variables of interest.” PWV will be assessed as a continuous predictor variable and as a 
categorical predictor variable with quartile 1 as the reference. 

 
3.  We will also estimate the association between PWV and incident AKI in pre-specified 

subgroups including stratification by sex, race, prevalent diabetes, and prevalent 
cardiovascular disease. 

 
4. In secondary analyses, we will estimate the association of PWV and incident AKI when 

PWV is dichotomized as ≥ and < the median value, and we will explore associations 
after adjusting for the competing risk of death using the methods of Fine and Gray. 

 
 

Limitations: Observational study (unable to determine causality or mechanism), possibility 
of residual confounding variables  
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