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Introduction

* Due to impaired renal excretory capacity, patients with chronic
kidney disease (CKD) accumulate potassium (K) in their serum.
Hyperkalemia, defined as serum K >5.0 mEqg/L, can contribute to
hospitalizations and death in CKD patients.?!

« Both low and high serum K are associated with poor outcomes,
but the level of serum K at which risk of hospitalization becomes
statistically and clinically significant has not been established.

e The contribution of severity of CKD (measured as estimated
glomerular filtration rate [eGFR]) is also unknown.

Objectives

e The purpose of this study was to evaluate the association between
serum K levels and hospitalization among CKD patients stratified
by underlying severity of disease.

Methods

Results

Table 1. Baseline Patient Demographic Data

Serum K Concentration (mEqg/L)

N = 55,266
<3.5 3.5-3.9 4.0-4.4 4.5-4.9 5.0-54 5.5-5.9 26.0
Variable n=897 n=5664 n=18,712 n=18,947 n=8270 n=2187 n=589 p

Age (years) 722119 738+115 746+11.3 748+11.1 747+11.3 743+115 73.9+12.3 <0.001
mean = SD

Female 66.6% 67.6% 62.2% 55.9% 52.2% 51.0% 45.7%  <0.001
Diabetes 20.4% 22.1% 22.5% 26.4% 29.2% 30.9% 345%  <0.001
CHF 11.3% 8.9% 7.4% 7.8% 8.3% 8.8% 11.5%  <0.001
CAD 10.9% 12.3% 12.2% 13.4% 13.9% 15.0% 15.6%  <0.001
CVA 6.9% 6.5% 6.6% 6.2% 6.1% 6.9% 7.8% 0.29
Loop diuretic 13.5% 8.6% 6.8% 7.0% 7.0% 8.3% 10.9% <0.001
Thiazide diuretic ~ 32.6% 26.7% 16.0% 10.9% 9.4% 9.5% 10.9%  <0.001
RAAS blockade ~ 22.5% 24.8% 27.3% 30.2% 31.8% 34.5% 37.4%  <0.001

Abbreviations: CAD, coronary artery disease; CHF, congestive heart failure; CVA, cerebrovascular disease; K, potassium, RAAS, renin-
angiotensin aldosterone axis, SD, standard deviation

« Study data and patients. We considered the electronic health record of HealthCare
Partners, which includes data for nearly 1 million people annually. We studied patients
>18 years old who over a 3.5-year period had eGFR of <60 mL/min/1.73m? and thereafter
or concurrently had serum K measured. Patients who had received a kidney transplant or
dialysis prior to their serum K index date were excluded. Qualifying patients’ demographic,
comorbid disease, laboratory, and mortality data were extracted for analysis. Medication
utilization data were derived from pharmacy claims files, while hospitalization data were
abstracted from medical claims files.

* Analysis. Results of generalized additive models examining the nonlinear association
between K were used to guide the discrete categorization of K for subsequent analyses
(<3.5, 3.5-3.9, 4.0-4.4, 4.5-4.9, 5.0-5.4, 5.5-5.9, and 26.0 mEq/L, including the serum K
category used for risk comparisons (4.5-4.9 mEg/L). Other covariates of interest (including
eGFR) were also updated as of the time of each K measurement.

* The outcome of interest was hospitalizations for any cause. Hospitalizations were
considered in terms of rate: number of events observed divided by cumulative time
at-risk.
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Figure 1. Study Design: Serum K Patient-Time Intervals
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« Study design. Patients were followed forward in time from CKD index date until death,
dialysis initiation, kidney transplant, loss to follow-up, or end of study, whichever came
first. The primary exposure of interest was serum K. Given the time-varying nature of
serum K, we studied exposure status on a time-updated basis (Figure 1).

 All hospitalizations incurred during a patient-time interval were attributed to the
corresponding serum K group; all time-varying covariates (including eGFR) were updated
as of the start of each interval. Variables for adjustment are listed in the Table 2 legend.
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Table 2. Adjusted Incidence Rate Ratios for Hospitalization

Serum K Concentration (mEqg/L)

eGFR

mL/min/L.73m? <35 3539 4.0-44 4549 5054 5559  26.0 P
1.93 1.65 0.93 1.00 1.34 3.65

<30 [1.24,  [1.28,  [0.77, Ref [0.82, [1.04,  [2.68,  <0.001
3.01] 2.14] 1.13] 1.22] 1.74] 4.97]
1.77 1.35 0.99 0.96 1.07 1.82

30-39 [1.22,  [1.08, [0.85, Ref [0.80, [0.83, [1.15, 0.02
2.57] 1.69] 1.16] 1.14] 1.38] 2.87]
2.24 1.23 1.08 1.07 1.23 1.91

40-49 [1.61,  [1.01, [0.95, Ref [0.91, [0.93, [1.10,  0.007
3.11] 1.50] 1.23] 1.26] 1.63] 3.31]
2.06 1.13 1.01 1.00 0.81 1.07

50-59 [1.60, [0.99, [0.92, Ref [0.87, [0.62, [0.64,  0.001
2.66] 1.29] 1.11] 1.14] 1.05] 1.80]

Incidence rate ratios were adjusted (alRRs) for prior hospitalization, age, sex, race/ethnicity, diabetes mellitus, congestive heart failure,
coronary artery disease, cerebral vascular accident, beta blockers, non-dihydropyridine centrally acting calcium channel blockers, loop
diuretics, and thiazide diuretics. alRRs are shown with 95% confidence intervals (Cl) in brackets.

« Within each eGFR stratum, a statistically significant U-shaped association was
observed between serum K and hospitalization rate.

Figure 2. Percent of Patient-Time Outside the Normal Serum K
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* As eGFR fell, the percent of patient-time spent hyperkalemic increased.

* The cumulative percent of patient-time spent with K 25.5 was higher at lower
eGFRs, ranging between 1.9% to 9.4%.

* The percent of patient-time spent with K <3.5 mEq/L was constant, ranging from
1.2% to 1.4% across eGFR strata.
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Figure 3. Adjusted Incidence Rate Ratios for <30 mL/min/1.73m?
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Conclusions

* The risk of hospitalization was significant at serum K 26.0 and
eGFR <50 mL/min/1.73m?, while hospitalization risk associated with
hypokalemia was generally constant across eGFR strata.

* The association between hyperkalemia and all-cause hospitalizations may be
under-recognized in patients with CKD.

» Greater awareness of hyperkalemia in CKD patients is warranted, as well as
Improved strategies around preventing and/or treating the condition. In this
regard, clinical studies are needed.
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