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Introduction

• Hyperkalemia is a potentially life-threatening condition often caused by reduced renal function, defined as abnormally high serum potassium 
with commonly used cut-offs of 5.0 mEq/l1–4 or 5.5 mEq/l5,6

• The annual prevalence of hyperkalemia in 2014 in a US general patient population was 1.6%; a higher rate (6.4%) was observed in patients 
with chronic kidney disease (CKD) and/or heart failure7

• A US commercial claims-based study by Betts et al. found that patients with hyperkalemia-related hospitalizations incurred $30,379 
higher total all-cause healthcare costs compared with matched controls ($68,861 vs. $38,482; p<0.001) during the 1-year post-discharge 
period, with inpatient care constituting 72.1% of the total healthcare cost difference between the cases and controls8

• Given that inpatient care was the largest contributor to the incremental healthcare cost post-discharge, it is important to evaluate the 
readmission burden of hyperkalemia-related hospitalizations, including readmission rates and length of stay 

Objectives

• To compare post-discharge outcomes, including hospital readmission rates, lengths of stay per readmission, and total inpatient days, 
between hyperkalemia-related hospitalizations and matched non-hyperkalemia hospitalizations 

Methods

Data Source
• The Truven MarketScan® claims and encounters database (January 1, 2010, to December 31, 2014)

 – Captures health service claims of over 170 million insured employees and their dependents for active employees, early retirees, 
Consolidated Omnibus Budget Reconciliation Act (COBRA) beneficiaries, and Medicare-eligible retirees with employer-provided  
Medicare Supplemental plans

 – Includes demographics, enrollment history, diagnoses and procedures, inpatient services, outpatient services, drug prescription information,  
and payments for the medical and pharmacy services

• The Truven MarketScan® lab database (January 1, 2010, to December 31, 2014)

 – Clinically enriches the medical and prescription drug data of patients in the MarketScan® databases by linking patients’ claims data with 
outpatient lab test results

Sample Selection
• Hyperkalemia-related hospitalizations and non-hyperkalemia hospitalizations were selected:

 – Hospitalizations with a hyperkalemia diagnosis (ICD-9-CM 276.7) were identified as case hospitalizations
 – Hospitalizations among  patients without hyperkalemia (no hyperkalemia diagnosis, no potassium lab tests above 5.0 mEq/L, and no sodium 

polystyrene sulfonate use) were identified as control hospitalizations
 – The day after the hospitalization discharge date was defined as the index date
 – Continuous enrollment from 6 months prior to the admission (baseline period) to 12 months after discharge from the index hospitalization 

(study period) was required  

• Matching: control hospitalizations were matched one-to-one to case hospitalizations based on:

 – Age group (18–64 or 65+ years) as of index date

 – CKD stage (stage 3, stage 4, stage 5, and stage unspecified) during baseline and the index hospitalization period

 – Heart failure during baseline and the index hospitalization period

 – Dialysis treatment during baseline and the index hospitalization period 

 – Renin-angiotensin-aldosterone system inhibitors (RAASi) use during baseline, including angiotensin-converting enzyme (ACE) inhibitors, 
angiotensin receptor blockers (ARBs), aldosterone receptor antagonists, and direct renin inhibitors 

 – Major diagnostic categories (MDC), during the index hospitalization

 – Heart failure, acute myocardial infarction, and pneumonia, defined by diagnosis-related groups (DRG), during the index hospitalization

Identification of Comorbidity Subgroups
• CKD was identified via ICD-9-CM diagnosis codes or estimated glomerular filtration rate (eGFR) values during baseline and the index 

hospitalization period

 – Patients were considered to have CKD if they had a

 – Diagnosis code for CKD stage 3 through stage 5 (including end-stage), or stage unspecified

 – eGFR of 30–59 mL/min/1.73 m2 (stage 3), 15-29 mL/min/1.73 m2 (stage 4), or <15 mL/min (stage 5, including end-stage)9

• Heart failure was identified via ICD-9-CM diagnosis codes during baseline and the index hospitalization period

Statistical Analyses
Readmission rate and length of stay were measured and compared between the matched case and control hospitalizations. The analyses were 
repeated among comorbidity subgroups, including CKD, heart failure, CKD and/or heart failure. 

Post-discharge readmission rate 
• The numbers of inpatient readmissions within 30 days, 60 days, and 90 days of the discharge date of the index hospitalization were compared 

between matched case and control hospitalizations using the Wilcoxon signed-rank test

• The percentages of patients with at least one inpatient readmission within 30 days, 60 days, and 90 days of the discharge date of the index 
hospitalization were compared between matched case and control hospitalizations using McNemar’s test 

Post-discharge length of stay
• Length of stay per inpatient readmission was compared among all index hospitalizations within the 1-year study period using the Wilcoxon rank  

sum test

• Total length of stay of all inpatient readmissions within the 1-year study period were compared between matched case and control 
hospitalizations using the Wilcoxon signed-rank test

Results

Sample Selection 
• A total of 5,377 pairs of case hospitalizations and matched control hospitalizations were selected for the analysis (Figure 1)

Figure 1. Selection of hyperkalemia-related hospitalizations and non-hyperkalemia hospitalizations 

Patients with at least one potassium lab result available

N=2,862,717

Cases: All hyperkalemia-related hospitalizations Controls: Non-hyperkalemia hospitalizations

All hospitalizations with a hyperkalemia diagnosis [ICD-9-CM 276.7]. 
Every unique hyperkalemia-related hospitalization was defined as the 
index hospitalization. The date after the discharge date of the index 

hospitalization was defined as the index date

All hospitalizations with no potassium lab tests above 5.0 mEq/L, no claim 
with hyperkalemia diagnosis [ICD-9-CM 276.7], and no prescription fill of 

sodium polystyrene sulfonate. Every unique hospitalization was defined as 
the index hospitalization. The date after the discharge date of the index 

hospitalization was defined as the index date

N=14,703 N=655,211

Hospitalizations with continuous patient enrollment from 6 months prior 
to the admission date of the index hospitalization (baseline period) to 12 

months after the discharge date of the index hospitalization (study period)

Hospitalizations with continuous enrollment from 6 months prior to the 
admission date of each hospitalization (baseline period) to 12 months after 

the discharge date of the same hospitalization (study period)

N=5,464 N=298,252

Case hospitalizations matched 1:1 to control hospitalizations Control hospitalizations 1:1 matched to case hospitalizations

N=5,377 N=5,377

Post-discharge readmission rate 
• Compared with control hospitalizations, case hospitalizations had higher rates of readmission within 30 days (0.15 vs. 0.09), 60 days (0.25 vs. 0.16), 

and 90 days (0.36 vs. 0.23) of the index discharge date (all p<0.001) (Table 1)

• A higher proportion of case hospitalizations were followed by readmissions compared with control hospitalizations (30-day: 12.5% vs. 8.4%; 
60-day: 18.3% vs. 12.7%; 90-day: 24.3% vs. 16.8%) of the index discharge date (all p<0.001) (Table 1)

Post-discharge length of stay 
• Case hospitalizations had longer length of stay per readmission (8.1 vs. 7.1 days) and more total length of stay of all readmissions (10.5 vs. 5.8 days) 

during the 1-year study period (all p<0.001) (Table 1)

Table 1. Comparison of inpatient readmissions and length of stay between matched hyperkalemia-related 
hospitalizations and non-hyperkalemia hospitalizations

Inpatient readmissions, mean (SD)
Hyperkalemia-related 

hospitalizations

N=5,377

Non-hyperkalemia 
hospitalizations

N=5,377
Difference P-value

Number of readmissions

Within 30 days of index discharge date 0.15 (0.42) 0.09 (0.32) 0.05 <0.001*

Within 60 days of index discharge date 0.25 (0.62) 0.16 (0.47) 0.09 <0.001*

Within 90 days of index discharge date 0.36 (0.79) 0.23 (0.59) 0.13 <0.001*

Presence of at least one readmission

Within 30 days of index discharge date 12.48% (33.05%) 8.42% (27.78%) 4.05% <0.001*

Within 60 days of index discharge date 18.30% (38.67%) 12.74% (33.34%) 5.56% <0.001*

Within 90 days of index discharge date 24.29% (42.88%) 16.79% (37.38%) 7.49% <0.001*

Length of stay, days

Length of stay per readmission† 8.1 (9.0) 7.1 (7.0) 1.0 <0.001*

Length of stay of all readmissions 10.5 (23.5) 5.8 (13.8) 4.7 <0.001*

SD, standard deviation. *P-values < 0.05 are statistically significant
†.  Length of stay per readmission was compared among index hyperkalemia-related (N=2,857) and non-hyperkalemia hospitalizations (N=2,228) that had at least one readmission within 1 year  

of the index discharge date 

Post-discharge readmission rate and length of stay by subgroups
• In patients with CKD and/or heart failure, case hospitalizations had a higher rate of readmission within 30 days of the index discharge date  

(0.16 vs. 0.11) and a higher proportion with at least one readmission (13.8% vs. 9.4%) (Table 2). Similarly, 60-day and 90-day readmission  
rates were also significantly higher among case hospitalizations (0.28 vs. 0.18 and 0.41 vs. 0.26, respectively; all p<0.001)

• Case hospitalizations in the CKD and/or heart failure subgroup had longer length of stay per readmission (8.4 vs. 7.4 days), and more total 
inpatient days (12.4 vs. 7.2 days) compared with control hospitalizations during the 1-year study period (all p<0.001) (Table 3)

• Similar results for readmission, length of stay per readmission, and total length of stay of all readmissions were observed for the CKD subgroup 
and the heart failure subgroup (Table 2–3)

Table 2.  Comparison of inpatient readmissions between hyperkalemia-related hospitalizations and non-
hyperkalemia hospitalizations by comorbidity subgroups within 30 days of index discharge date

Inpatient readmissions, mean (SD)
Number  
of pairs

Hyperkalemia-related 
hospitalizations

Non-hyperkalemia 
hospitalizations

Difference P-value

Number of readmissions

Hyperkalemia-related comorbidities

Patients with CKD and/or heart failure 3,253 0.16 (0.44) 0.11 (0.35) 0.06 <0.001*

Patients with CKD 2,285 0.16 (0.44) 0.10 (0.34) 0.06 <0.001*

Patients with heart failure 2,016 0.18 (0.47) 0.11 (0.35) 0.07 <0.001*

Presence of at least one readmission

Hyperkalemia-related comorbidities

Patients with CKD and/or heart failure 3,253 13.77% (34.46%) 9.38% (29.15%) 4.40% <0.001*

Patients with CKD 2,285 13.26% (33.91%) 8.62% (28.07%) 4.64% <0.001*

Patients with heart failure 2,016 15.23% (35.93%) 10.17% (30.22%) 5.06% <0.001*

 CKD, chronic kidney disease; SD, standard deviation
*P-values <0.05 are statistically significant

Table 3.  Comparison of length of stay for readmissions between hyperkalemia-related hospitalizations  
and non-hyperkalemia hospitalizations by comorbidity subgroups within 1 year of index discharge date

Inpatient readmissions, mean (SD)
Number  
of pairs

Patients with hyperkalemia-
related hospitalizations

Non-hyperkalemia hospitalized 
patients

Difference P-value

Length of stay per readmission, days

Hyperkalemia-related comorbidities

Patients with CKD and/or heart failure 3,253 8.4 (9.5) 7.4 (7.5) 0.9 <0.001*

Patients with CKD 2,285 8.2 (8.5) 7.1 (6.7) 1.1 <0.001*

Patients with heart failure 2,016 8.5 (9.7) 7.7 (7.8) 0.8 0.006*

Total length of stay of readmissions, days

Hyperkalemia-related comorbidities

Patients with CKD and/or heart failure  3,253 12.4 (25.6) 7.2 (15.4) 5.2 <0.001*

Patients with CKD 2,285 11.9 (25.6) 6.5 (14.3) 5.4 <0.001*

Patients with heart failure 2,016 14.4 (27.9) 8.5 (16.4) 5.9 <0.001*

CKD, chronic kidney disease; SD, standard deviation
*P-values < 0.05 are statistically significant 

Discussion

• The previous Betts et al. study found that inpatient admission was the largest contributor to the total healthcare cost burden within the 1-year 
post-discharge period. Therefore, this study focused on the readmission rates, length of stay per hospitalization, and total inpatient days comparing 
hyperkalemia-related and matched non-hyperkalemia related hospitalizations 

• This study found that hyperkalaemia-related hospitalizations had significantly higher rates of readmission as compared with matched  
non-hyperkalemia hospitalizations. The results were similar among subgroups of patients with comorbidities including CKD, heart failure,  
as well as CKD and/or heart failure

• The high readmission burden observed in this study might be due to the lack of monitoring and treatment post-discharge of hyperkalemia-related 
hospitalizations. Future efforts should be directed at optimizing outpatient monitoring and treatment during the post-discharge period  to reduce 
readmission after hyperkalemia-related hospitalizations. 

• To the best of our knowledge, this was the first study to evaluate the real-world post-discharge readmission burden of hyperkaliemia-related 
hospitalizations, and the first study to match cases and controls on a hospitalization level to mitigate the differences between cohorts

Limitations

• Due to the observational design, the analysis may be affected by unobserved differences between the comparison cohorts. However, matching 
case hospitalizations and control hospitalizations on key hyperkalemia-related comorbidities, during both baseline and the index hospitalization 
periods, helped to minimize differences and the effect of potential confounding between cohorts. In addition, matching on MDC during the index 
hospitalization further balanced differences between case and control hospitalizations 

• Comorbidities were identified using diagnosis codes, which are used for administration purposes. As a result, prevalence of certain comorbidities 
may be underestimated

• The study population was specific to commercially insured patients; thus, results may not be generalizable to the entire US population, including those 
who are uninsured

Conclusions

• Hyperkalemia-related hospitalizations were associated with higher readmission rates, longer length of stay per readmission,  
and higher total inpatient days compared with matched control hospitalizations without hyperkalemia

• This highlights the need to further assess the role of recurrent hyperkalemia, and its treatment 
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