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4. Rationale:  
 

Potassium is integral to maintaining cell membrane potentials and intracellular 

osmolarity, and it is affected by multiple types of medications which can both raise and 

lower potassium concentrations. Recent studies have linked abnormal serum potassium 

levels to death, major adverse cardiovascular events, hospitalizations, and end-stage renal 

disease, with possible underlying mechanisms including the discontinuation of valuable 

medications such as angiotensin converting enzyme-inhibitors and angiotensin receptor 

blockers
1
 (Yan et al; in submission; Chang et al, in submission). An interesting aspect 

reported in these studies is that there are racial differences in predilection for abnormal 

levels of hyperkalemia, with African Americans at lower risk for developing 

hyperkalemia than persons of other ethnicities.
2
  

 

In the United States, there are pervasive racial differences in health outcomes. African 

Americans have been reported to have higher risks of kidney disease, hypertension, 

diabetes mellitus, and, in some studies, all-cause mortality compared to other ethnic 

groups (Grams et al; JASN 2016; in press).
3
 While some of these relationships are 

thought to be mediated by socioeconomic status and quality of medical care, some risk 

differences are thought to reflect genetic variation.
4-6

 The underlying mechanism for 

racial differences in risk for hyperkalemia, and whether risk associations between 

potassium levels and adverse outcomes vary by race, is unknown.  

 

To evaluate racial differences in potassium levels, we aim to evaluate the distribution of 

potassium levels in ARIC participants and determine the extent to which any differences 

are mediated by racial differences in age, comorbid conditions, or medication use. We 

will also assess whether race functions as an effect modifier for the association between 

potassium levels and adverse outcomes including all-cause mortality, end-stage renal 

disease, and arrhythmias. Finally, we will evaluate the association between percent 

African ancestry and potassium levels to determine whether there may be a genetic 

component to potassium levels. 

 

5. Main Hypothesis/Study Questions: 

 

Aim 1: Evaluate the association of race with serum potassium levels 

Hypothesis 1:  African American participants will have lower serum potassium 

levels on average than white participants. 

 

Aim 2: Evaluate for effect modification of the relationship between potassium levels and 

adverse outcomes by race. 

Hypothesis 1: Relationships between potassium and mortality, ESRD, and SCD will 

be stronger among African Americans.   

 

Aim 3: Assess the association between % African Ancestry and serum potassium levels. 

Hypothesis 1: Higher % African ancestry will associate with lower serum potassium 

levels.   

 



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 cohort analysis beginning at ARIC visit 1 

 

Inclusion/Exclusion Criteria: All ARIC participants attending visit 1 with measured 

baseline covariates and serum potassium are included. For analyses of renal outcomes, 

participants with prevalent renal disease are excluded. For example, in evaluating the risk 

of ESRD, we will exclude prevalent ESRD. 

 

Outcome variables: Mortality and incident renal outcomes including chronic kidney 

disease (defined as baseline eGFRCKD-Epi >= 60 ml/min/1.73 m
2 

and at least one follow-

up eGFRCKD-Epi <60 mL/min/1.73m
2
 with a 25% drop in eGFR, or a CKD-related 

hospitalization), acute kidney injury (defined as a hospitalization or death with the ICD-

9-CM code 584.X (ICD-10-CM code N17.x)), end-stage renal disease (ESRD, defined 

as patients on dialysis or receiving transplant through linkage to the US Renal Data 

System) and kidney failure (KF, defined as eGFR-Cr < 15 mL/min/1.73 m2 during a 

planned study visit, USRDS registry identification, or a relevant ICD-9-CM/ICD-10-CM 

code).
7-9

 

 

Exposure variables: Serum potassium concentration at visit 1 will be evaluated as both 

continuous variable using spline terms (with two knots at 3.5 mmol and 5.5 mmol) and 

nominal variable (hypokalemia and hyperkalemia vs normokalemia as reference group).  

 

Summary of data analysis: We will plot kernel density graphs stratified by race for the 

distribution of serum potassium. Assuming a normal distribution, we will use t-tests to 

compare differences in mean values by race. We will use Cox proportional hazard 

regression to evaluate the relationship between serum potassium and outcomes (mortality 

and kidney outcomes) with an interaction term with race. Associations between African 

ancestry and serum potassium will be evaluated in unadjusted and fully adjusted 

(including use of medications that affect potassium levels) analyses. 

 

Potential limitations:  1. Modest numbers of certain kidney outcomes such as ESRD, thus 

the power to detect differences among potassium groups may be limited. 2. African 

ancestry may correlate with many socioeconomic and environmental factors and thus is 

an imperfect proxy for genetic determinants. 
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