
ARIC Manuscript Proposal #2605 
 

 

PC Reviewed:  9/8/15   Status: A   Priority: 2 

SC Reviewed: _________   Status: _____   Priority: ____ 
 

 

1.a. Full Title: Impact of serum potassium on kidney outcomes and mortality in the 

Atherosclerosis Risk in Communities Study 

 

   b. Abbreviated Title (Length 26 characters): K
+
, kidney outcomes and mortality 

 

2. Writing Group: Yan Chen, Josef Coresh, Shoshana Ballew, Morgan Grams, others 

welcome 

 

 

I, the first author, confirm that all the coauthors have given their approval for this 

manuscript proposal. _YC_ [please confirm with your initials electronically or in 

writing] 

 

 First author: Yan Chen   

 Address: 2024 E. Monument Street, 2-600 

   Baltimore MD 21287 

 

Phone:  443-287-1827   Fax:  410-955-0485 

E-mail:  ychen242@jhu.edu 

 

ARIC author to be contacted if there are questions about the manuscript and the first 

author  does not respond or cannot be located (this must be an ARIC investigator). 

         

        Name: Morgan Grams 

 Address: Welch Center for Prevention, Epidemiology & Clinical Research  

   2024 E. Monument St., Suite 2-600 

   Baltimore, MD 21287 

 

 

Phone: 443-287-1827  Fax: 410-955-0485 

E-mail:  mgrams2@jhmi.edu 

 

 

3. Timeline:  

Data are already available now so analysis will begin as soon as approved.  Manuscript 

preparation will be performed in the next six months.  

 

 

 



4. Rationale:  

Potassium is crucial in many physiological functions. Normal serum potassium levels of 

3.5-5.5 mmol are maintained by extrarenal and distinct renal mechanisms.
[1]

 By 

regulating potassium secretion, reabsorption and excretion, the kidney plays an important 

role in potassium homeostasis.
[2]

 The deviation of serum potassium from normal range 

could be both a manifestation and predictor of decreased renal function.  

 

Hyperkalemia and hypokalemia have been shown to be related to kidney outcomes and 

mortality in populations with comorbidities such as heart failure and chronic kidney 

disease (CKD). Wang et al found that both hypokalemia and hyperkalemia were 

associated with elevated risk of end-stage renal disease (ESRD) in CKD patients.
[3]

 

Hayes et al. suggested that hypokalemia and hyperkalemia were associated with 

increased mortality in a CKD population and that hypokalemia was associated with faster 

CKD progression.
[4]

 Furthermore, among patients with heart failure, hypokalemia was 

associated with increased mortality.
[5]

 However, little is known about whether extreme 

values of serum potassium are associated with incident renal outcomes and mortality in 

the general population.  

 

Many medications can influence serum potassium levels. Kaliuretic diuretics are 

common causes of hypokalemia
 
while the use of renin–angiotensin–aldosterone system 

(RAAS) inhibitors can cause hyperkalemia.
[6][7][8]

 β blockers and potassium sparing 

diuretics also have the potential to increase serum potassium levels.
[9][10]

 Few studies 

have looked into how these medication can change the association between extreme 

values of serum potassium and renal outcomes and mortality. 

 

The aim of this study is to investigate the relationship between serum potassium and renal 

outcomes/mortality as well as the role of relevant medications as a possible modifier of 

this relationship, by using data from the Atherosclerosis Risk in Communities study. 

 

 

5. Main Hypothesis/Study Questions: 

 

Aim 1: Evaluate the association of extreme serum potassium levels with renal outcomes 

and mortality. 

Hypothesis 1:  Both hyperkalemia and hypokalemia will be risk factors for mortality 

in the general population. Extreme levels of serum potassium will also associate with 

acute kidney injury, incident CKD, and ESRD. 

 

Aim 2: Evaluate whether relevant medications can alter the association between serum 

potassium levels and outcomes. 

Hypothesis 1: Concomitant use of cardioprotective medications that increase levels 

of potassium (e.g., RAAS-inhibitors and B-blockers) will attenuate the association 

between hyperkalemia and mortality.   

 

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; in evaluating the risk of incident CKD, we 

will exclude participants with estimated glomerular filtration rate (eGFR) <60 

ml/min/1.73 m
2
.  

 

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).
[11][12][13]

 

 

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). 

In sensitivity analysis, we will also evaluate serum potassium levels at visit 2, 

categorizing levels by average potassium levels as well as patterns of nominal variables 

(e.g., high-high, high-normal, low-low). 

 

Summary of data analysis: We will use ANOVA F-test and chi-square tests to examine 

the difference in potential confounders by baseline serum potassium levels. Kaplan-Meier 

curves will be used to assess the cumulative survival during follow-up and the log-rank 

test will be used to test the overall survival experience by different potassium groups. We 

will use Cox proportional hazard regression to evaluate the relationship between serum 

potassium and outcomes (mortality and kidney outcomes). In sensitivity analysis, 

hyperkalemia will be redefined as serum potassium level ≥ 5mmol to examine the 

dependence of the association in primary analysis on the choice of cutoff point. Results 

will also be shared with broader subsequent meta-analyses in the CKD Prognosis 

Consortium. 

 

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. Only two 

measures of serum potassium during follow-up.   
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