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4. Rationale:  
 

 Acute kidney injury (AKI) is a common kidney complication that has been shown to cause 
other end-organ damage in animal models. Several pathways have been identified that may 
explain this phenomenon, including inflammatory response, apoptosis, oxidative stress, 
differential molecular expression, and leukocyte trafficking. AKI is also thought to lead to 



impairment of brain function, though the exact mechanisms that lead to this outcome are 
still unclear. Studies have found that uremia may be associated with significant biochemical 
changes in the brain, specifically in calcium concentrations and water levels. Additionally, 
studies have examined how neurotransmitters may play a role. In animal models, bilateral 
renal ischemia reperfusion injury was associated with a decrease in dopamine turnover, as 
well as a decrease in motor activity. The study of animal models also demonstrated that 
renal ischemia may increase levels of cytokines in the brain. i 
 
Previous studies have shown that in the long term, AKI may be associated with the risk of 
developing dementia, even in those who have undergone complete renal recovery. One 
Taiwanese study published in 2017 studied 689 patients with fully recovered AKI and 2756 
control adults followed in routine clinical care and found that patients with a history of AKI 
had a two-fold higher risk of developing dementia. iii Another study published in 2019 used 
propensity score matching to compare the risk of dementia in 1041 fully recovered AKI 
patients with 1041 control patients in a clinical database, demonstrating a three-fold higher 
risk of dementia among patients with a history of AKI. ii 
 

The Atherosclerosis Risk in Communities study provides a unique opportunity to expand 
upon these results with the carefully collected parameters of kidney function, availability of 
APOE genotype, active follow-up for AKI, and rigorous assessment of cognitive function 
and dementia development. Approximately 20% of the study population are African 
American, a subset of the general population that has not been adequately studied. The goal 
of this study is to evaluate the association between interval AKI and risk of developing 
dementia over 20 years (visit 4 in 1996-7 to visit 6 in 2017) of follow-up using data 
collected from the ARIC cohort. We predict that AKI will be associated with an increased 
risk of incident dementia. 

 
5. Main Hypothesis/Study Questions: 
 

 AKI will be associated with higher long-term risk of developing dementia. 
 
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: Patients without a history of dementia, end-stage renal disease (ESRD), or 
previous stroke at visit 4 

 
Outcomes: Incident dementia was measured by a cognitive battery test at visit 4. An in-
person cognitive assessment at visits 5 and 6. For those who were unable to attend, a 
telephonic instrument of cognitive status-modified (TICS-m) was offered. For those who 
were unable to be evaluated in person and unable to undergo the telephone interview, an 
informant interview was completed if dementia was suspected or could not be ruled out or if 



ICD-9 dementia discharge code was administered at any point since the start of the cohort 
study. v In sensitivity analyses, we will also evaluate other markers of cognitive impairment.  

 
Predictor: 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 

 
Other variables of interest: Age, sex, race, education level (less than high school, high 
school graduate or GED, beyond high school), smoking status, BMI, baseline eGFR, 
baseline urine albumin-to-creatinine ratio, cardiovascular disease, diabetes, hypertension, 
APOE genotype, C-reactive protein   

 
Data analysis: 1) We will evaluate AKI as a time-varying exposure in the study population 
and compare baseline characteristics between those who develop AKI and those who do not 
using t-tests and chi-squared. 2) We will estimate the association between AKI and 
cognitive outcomes using multivariable Cox proportional hazards regression model. We will 
adjust the models for the baseline covariates listed in the above section. In secondary 
analysis, we will also explore propensity matching cases of AKI with participants without 
AKI and evaluating the comparative risk of dementia in this cohort. We will also explore 
associations after adjusting for the competing event 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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