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Association of dyskalemias with short-term 
health care utilization in patients with 
advanced CKD
Ankur A Dashputre, MS; Justin Gatwood, MPH, PhD; Keiichi Sumida, MD, MPH, PhD; Fridtjof Thomas, PhD;  
Oguz Akbilgic, PhD; Praveen K Potukuchi, MS, PhD; Yoshitsugu Obi, MD, PhD; Miklos Z Molnar, MD, PhD;  
Elani Streja, MPH, PhD; Kamyar Kalantar-Zadeh, MD, PhD; and Csaba P Kovesdy, MD

What is already known  
about this subject

•	 Dyskalemias (especially 
hyperkalemia) are common in 
patients with advanced chronic 
kidney disease (CKD) and associated 
with adverse outcome such as 
mortality, cardiovascular events, and 
higher health care burden.

•	 Information is scarce regarding the 
association of dyskalemias with short-
term hospital/emergency room (ER) 
visits in an advanced CKD population.

What this study adds

•	 Hyper- and hypokalemia are associated 
with a higher risk of short-term 
hospital and ER visits, with a higher risk 
associated with hyperkalemia.

•	 Study results shed further light on the 
short-term risk of hospital/ER visits due 
to dyskalemias.

•	 Correcting and especially preventing 
dyskalemias could reduce hospital/
ER visits and associated costs—close 
monitoring of K levels and the advent of 
newer K binding agents (in the context 
of hyperkalemia) might help in reducing 
health care utilization and eventual 
economic burden.
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ABSTRACT
BACKGROUND: Patients with advanced 
chronic kidney disease (CKD) are at high risk 
for dyskalemias, which may induce arrhyth-
mias that require immediate emergent or 
hospital care. The association of dyskalemias 
with short-term hospital/emergency room 
(ER) visits in advanced CKD is understudied. 

OBJECTIVE: To assess the association of 
dyskalemias with short-term hospital/ER 
visits in an advanced CKD population.

METHODS: From among 102,477 US veterans 
transitioning to dialysis from 2007 to 2015, we 
identified 21,366 patients with 2 predialysis 

outpatient eGFR < 30 ml/min/1.73m2 90-365 
days apart (with the second eGFR serving as 
the index date) and at least 1 potassium (K) 
in the baseline period (1 year before index) 
and 1 outpatient K (oK) in the follow-up 
(1 year after the index but before dialysis 
initiation). We examined the association of 
time-varying hypokalemia (K < 3.5 mEq/L) 
and hyperkalemia (K > 5.5 mEq/L) vs referent 
(3.5-5.5 mEq/L) with separate hospital and 
ER visits within 2 calendar days following 
each oK value over the 1-year follow-up 
period from the index. We used generalized 
estimating equations with binary distribution 
and logit link to model the exposure-
outcome relationship adjusted for various 
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Serum potassium (K) is maintained within a narrow range 
of 3.5-5.0 milliequivalents per litre (mEq/L) by the kidneys, 
thus, patients with chronic kidney disease (CKD) are prone 
to dyskalemias (hypo- and hyperkalemia, especially the lat-
ter).1,2 The prevalence of hypo- and hyperkalemia in CKD 
(irrespective of CKD stage and depending on the K thresh-
old) is between 12%-31% and 14%-41%, respectively, with a 
higher prevalence among those with advanced CKD.3-8 In 
addition, patients with advanced CKD may be chronic users 
of dyskalemia-inducing medications such as renin-angio-
tensin-aldosterone system inhibitors (RAASi) and diuretics 
for comorbidity management (eg, cardiovascular diseases 
[CVD]).3,9 Across various populations, dyskalemias are asso-
ciated with adverse outcomes, including higher mortality, 
cardiovascular events, and health care burden.4,5,10-12

Dyskalemias induce arrhythmias, which may require 
immediate hospital/emergency room (ER) visits, and may 
also lead to sudden cardiac death.1,3 Previous research 
in CKD and hemodialysis populations suggests that dys-
kalemias are associated with higher risk of hospital and 
ER visits.5,11,13-16 Some of the previous studies assessed the 
association of hyperkalemia (using a single K value) with 
hospital/ER visits observed over 6-months or more follow-
ing a measured K value.11,14-16 Others used repeated K values 
and assessed outcomes over patient-period following each 
K value or within 4 days of K measurement.5,13 While the 
studies using a single K value showed how a single dys-
kalemia event might affect future distant outcomes,11,14-16 

the latter 2 studies,5,13 using repeated K values and short 
outcome assessments period, better mimic the transient 
nature of dyskalemia-associated events. 

Patients with advanced CKD transitioning to dialy-
sis represent a unique population with high comorbidity 
burden (eg, hypertension and CVD) and are in frequent 
need of pharmacotherapeutic interventions (eg, RAASi 
and diuretics).17 These patients are thus at a higher risk of 
dyskalemias (especially hyperkalemia) because of gradu-
ally declining kidney function, comorbidities, and use of 
medications affecting K levels and may experience higher 
rates of dyskalemia-associated hospital/ER visits. Although 
previous studies in CKD have described the association of 
dyskalemias with hospital/ER visits, they are either limited 
by use of single K value and long outcome assessment 
periods,11,14-16 use of patient-period (which might be long or 
short) following K,5 focused on hemodialysis patients,13 or 
focused mainly on hyperkalemia (and not hypokalemia).11,13-16 
The aim of this study was to assess the association of dys-
kalemias with short-term hospital/ER visits in an advanced 
CKD population transitioning to dialysis. 

Methods
STUDY POPULATION 
A retrospective analysis of longitudinal data from the 
Transition of Care in Chronic Kidney Disease cohort, a 
nationally representative historical cohort of US veter-
ans (sourced from the United States Renal Data System 
[USRDS]; n = 102,477) with incident end-stage renal dis-
ease (ESRD) transitioning to dialysis from October 1, 2007, 
through March 31, 2015, was conducted.18-22 An initial sample 
of 60,520 US veterans with predialysis outpatient estimated 
glomerular filtration rate (eGFR) data was identified. Among 
these, we identified 36,644 with 2 outpatient eGFR < 30 ml/
min/1.73m2 measured 90-365 days apart, with the second 
eGFR serving as the index. 

Further, the sample was restricted to 23,363, with at 
least a 1-year look-back period (baseline) and follow-up 
period (before dialysis initiation) from the index for each. 
Among these, 21,602 had at least 1 K value in the baseline 
and 1 outpatient K (oK) value in the follow-up period.

Finally, we excluded 236 patients (aged < 18 years at index 
[n = 1] and without medication data [n = 235]) to yield a final 
sample size of 21,366 patients (Supplementary Figure 1, 
available in online article). 

EXPOSURE
The exposure of interest was the time-varying oK value 
captured during the 1-year follow-up period from the index. 
Each time-varying oK value was categorized as hypokalemia 
(K < 3.5 mEq/L), hyperkalemia (K > 5.5 mEq/L), and referent 
(3.5 ≤ K ≤ 5.5 mEq/L).23

confounders. We conducted various subgroup and sensitivity analyses 
to test the robustness of our results.

RESULTS: Over the 1-year follow-up, 125,266 oK measurements were 
observed, of which 6.8% and 3.7% were classified as hyper- and 
hypokalemia, respectively. In the multivariable-adjusted model, 
hyperkalemia (adjusted odds ratio [aOR] = 2.04; 95% CI = 1.88-2.21) 
and hypokalemia (aOR = 1.66; 95% CI = 1.48-1.86) were associated with 
significantly higher odds of hospital visits. Similarly, hyperkalemia 
(aOR = 1.83; 95% CI = 1.65-2.03) and hypokalemia (aOR = 1.24; 95% 
CI = 1.07-1.44) were associated with significantly higher odds of ER 
visits. Results were robust to subgroups and sensitivity analyses.

CONCLUSIONS: In patients with advanced CKD, dyskalemias are asso-
ciated with higher risk of hospital/ER visits. Interventions targeted at 
lowering the risk of dyskalemias might help in reducing the health 
care utilization and associated economic burden among patients with 
advanced CKD experiencing dyskalemias.

https://www.jmcp.org/pb-assets/Supplmental%20Material/SupplementaryMaterials21137-1627916366.pdf
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by the Agency for Healthcare Research and Quality (AHRQ) 
Clinical Classifications Software (CCS) for ICD-9-CM.30

STATISTICAL ANALYSIS 
Patient characteristics were summarized for the entire 
sample and by hypokalemia, hyperkalemia, and referent cat-
egories (previously described) based on average K levels in 
the baseline. Data were presented as counts (percentages), 
mean (SD), or median (25th-75th percentiles), and differ-
ences across K categories were assessed using chi-square 
tests, 1-way analysis of variance, and Kruskal-Wallis tests, 
as appropriate. In the 1-year follow-up period, the propor-
tion (95% CI) of hospital and emergency visits over all the 
measured oK values was reported using binomial propor-
tions. The association between categorized time-varying 
oK value (clustered within each individual patient) and hos-
pital/ER visits within 2 calendar days of the K measurement 
was assessed using generalized estimating equations (GEE) 
with a binomial distribution, logit link, and independent 
correlation matrix. 

Incrementally multivariable-adjusted models (models 
1-6) accounting for confounders based on theoretical con-
siderations and availability in the database were conducted. 
Supplementary Table 1 (available in online article) elabo-
rates on the incrementally adjusted models (models 1-6) 
and the confounders accounted for in each model. Briefly, 
the models were conducted as follows—model 1: unad-
justed; model 2: adjusted for sociodemographics; model 3: 
adjusted for smoking status, baseline averaged vital signs, 
history of comorbidities, CCI, and baseline health care 
utilization; model 4: adjusted for baseline medication use; 
model 5: index eGFR value, index year, baseline-averaged K 
levels and characteristics (number of K counts and hyper-/
hypokalemia events), and baseline-averaged bicarbonate 
levels; and model 6 (fully adjusted): time-varying eGFR and 
medications captured at each oK during the 1-year follow-
up period. 

We also modeled the relationship between categorized 
time-varying oK value and reason for hospital visit. We 
assessed the relationship between categorized time-vary-
ing oK and hospital visits categorized as “diseases of the 
circulatory system” (AHRQ CCS 96-121, event of interest); 
“other” (all other reasons as captured by AHRQ CCS); and no 
hospital visit (reference). In addition, we assessed the asso-
ciation between categorized time-varying oK value with 
hospital visits due to “arrhythmias” (AHRQ CCS 105-107). 
Similarly, we assessed the relationship between catego-
rized time-varying oK value and hospital visits categorized 
as “endocrine, nutritional, and metabolic diseases and 
immunity disorders” (AHRQ CCS 48-58, event of interest); 
“other” (all other reasons as captured by AHRQ CCS); and no 

COVARIATES
Patient demographic characteristics were extracted from 
the USRDS Patient and Medical Evidence file. Data on mari-
tal and smoking status were obtained from VA records.24,25 

Preexisting comorbidities as of the index were identified 
from the VA Inpatient and Outpatient Medical SAS, and 
the VA/Centers for Medicare & Medicaid Services (CMS) 
databases, using a 2 outpatient or 1 inpatient claims algo-
rithm of the International Classification of Diseases, Ninth 
Revision, Clinical Modification (ICD-9-CM) diagnostic and 
Current Procedural Terminology (CPT) codes. The Charlson 
Comorbidity Index (CCI) score was calculated using the 
Deyo modification for administrative datasets as a measure 
of comorbidity burden with kidney disease excluded from 
the algorithm.26 

Data on prescribed medications were collected in the 
baseline period and as a time-varying covariate from VA 
pharmacy dispensation records and CMS Medicare Part D. 
For the baseline period, patients were considered to be 
users if they had at least one 30-day supply dispensation 
for chronic medications (RAASi, loop diuretics, K-sparing 
diuretics, thiazide diuretics, nonsteroidal anti-inflamma-
tory drugs, digoxin, beta blockers, calcium channel blockers, 
insulin, oral hypoglycemics, beta-2 agonist, and calcineurin 
inhibitors) and at least 1 dispensation of any days supply for 
sodium polystyrene sulphonate (SPS), trimethoprim, azole 
antifungals, and laxatives. 

Time-varying medications were captured at each oK 
during the follow-up period such that if the prescription 
date was the same as the oK measurement date or if the 
oK measurement fell within the days supply of the medica-
tion. Laboratory and vital signs data were captured over 
the baseline period and were obtained from VA research 
databases as previously described.27,28 The eGFR was 
calculated by the Chronic Kidney Disease Epidemiology 
Collaboration equation, using outpatient serum creatinine 
values.29 Outpatient eGFR was assessed at the index and as 
a time-varying covariate captured at each oK measurement 
over the 1-year follow-up.

OUTCOMES
The outcomes of interest were hospital visits and ER vis-
its (treated as separate events) observed within 2 calendar 
days of each time-varying oK value captured during the 
1-year follow-up period from the index. ER visits that were 
observed on the same day or on the day before a hospital 
visit were not counted as an ER visit, since they potentially 
could have led to the subsequent hospital visit. Reason for 
hospital visit was identified based on the primary diagno-
sis and categorized into “diagnosis chapters” as specified 

https://www.jmcp.org/pb-assets/Supplmental%20Material/SupplementaryMaterials21137-1627916366.pdf


Association of dyskalemias with short-term health care utilization in patients with advanced CKD1406

JMCP.org | October 2021 | Vol. 27, No. 10

a nominal multinomial distribution, a logit link, and an 
independent correlation matrix with the incrementally mul-
tivariable-adjusted models as listed in Supplementary Table 1  
were used.

hospital visit (reference). We also assessed the associa-
tion between categorized time-varying oK value with 
hospital visits due to “fluid and electrolyte disorders” 
(AHRQ CCS 55). For these analyses, the GEE model with 

Characteristic 
All  

(N = 21,366)
K < 3.5 mEq/L 

(n = 401)
K 3.5-5.5 mEq/L 

(n = 20,295)
K > 5.5 mEq/L 

(n = 670) P value

Age at index 	 68.6	 (10.4) 	 65.6	 (10.2) 	 68.6	 (10.4) 	 70.7	 (10.2) < 0.0001a

Sex

Males 	 20,969	 (98.1) 	 394	 (98.3) 	 19,917	 (98.1) 	 658	 (98.2)
0.98b

Female 	 397	  (1.9) 	 7 	 (1.7) 	 378 	 (1.9) 	 12 	 (1.8)

Race

White 	 14,726	 (68.9) 	 189	 (47.1) 	 14,007	 (69.0) 	 530	 (79.1)

< 0.0001bBlack 	 6,041	 (28.3) 	 203	 (50.6) 	 5,721	 (28.2) 	 117	 (17.5)

Other 	 599	 (2.8) 	 9	 (2.2) 	 567	 (2.2) 	 23	 (3.4)

Married 	 12,329	 (57.7) 	 216	 (54.1) 	 11,689	 (57.6) 	 424	 (63.3) 0.009b

Region

Northeast 	 3,153	 (14.7) 	 36	 (8.9) 	 3,004	 (14.8) 	 113	 (16.9)

< 0.0001b

Midwest 	 4,782	 (22.4) 	 87	 (21.7) 	 4,568	 (22.5) 	 127	 (1.9)

South 	 9,655	 (45.2) 	 228	 (56.9) 	 9,113	 (44.9) 	 314	 (46.9)

West 	 3,457	 (16.2) 	 46	 (11.5) 	 3,329	 (16.4) 	 82	 (12.2)

Other 	 305	 (1.4) 	 267	 (1.3) 	 4	 (1.0) 	 34	 (5.1)

Income, $ 18,012 (6,492-34,532) 17,796 (4,524-34,992) 18,020 (6,648-34,598) 18,042 (1,788-33,876) 0.60c

Smoking status

Current 	 6,930	 (32.5) 	 121	 (30.2) 	 6,613	 (32.6) 	 196	 (29.3)

0.15bPast 	 7,529	 (35.3) 	 134	 (33.4) 	 7,152	 (35.3) 	 243	 (36.3)

Never 	 6,893	 (32.3) 	 146	 (36.4) 	 6,516	 (32.1) 	 231	 (34.5)

Comorbidities 

Diabetes mellitus 	 14,715	 (68.9) 	 283	 (70.6) 	 13,967	 (68.8) 	 465	 (69.4) 0.72b

Congestive heart failure 	 7,351	 (34.4) 	 152	 (37.9) 	 6,983	 (34.4) 	 216	 (32.2) 0.17b

Hypertension 	 20,668	 (96.7) 	 390	 (97.3) 	 19,639	 (96.8) 	 639	 (95.4) 0.11b

Peripheral vascular disease 	 6,432	 (30.1) 	 93	 (23.2) 	 6,116	 (30.1) 	 223	 (33.3) 0.002b

Cerebrovascular disease 	 5,298	 (24.8) 	 85	 (21.2) 	 5,037	 (24.8) 	 176	 (26.3) 0.17b

Chronic lung disease 	 6,207	 (29.1) 	 104	 (25.9) 	 5,915	 (29.2) 	 188	 (28.1) 0.32b

Peptic ulcer disease 	 977	 (4.6) 	 14	 (3.5) 	 924	 (4.6) 	 39	 (5.8) 0.18b

Ischemic heart disease 	 10,477	 (49.0) 	 189	 (47.1) 	 9,940	 (48.9) 	 348	 (51.9) 0.24b

Paraplegia/hemiplegia 	 492	 (2.3) 	 7	 (1.8) 	 474	 (2.3) 	 11	 (1.6) 0.38b

Anemia 	 9,990	 (46.8) 	 164	 (40.9) 	 9,476	 (46.7) 	 350	 (52.2) 0.001b

Atrial fibrillation 	 2,381	 (11.1) 	 54	 (13.5) 	 2,250	 (11.1) 	 77	 (11.5) 0.31b

Liver disease 	 1,530	 (7.2) 	 31	 (7.7) 	 1,461	 (7.2) 	 38	 (5.7) 0.29b

Malignancies 	 4,180	 (19.6) 	 71	 (17.7) 	 3,986	 (19.6) 	 123	 (18.4) 0.45b

TABLE 1 Cohort Baseline Characteristics 

continued on next page
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Characteristic 
All  

(N = 21,366)
K < 3.5 mEq/L 

(n = 401)
K 3.5-5.5 mEq/L 

(n = 20,295)
K > 5.5 mEq/L 

(n = 670) P value

Charlson Comorbidity Index 	 4	 (2-5) 	 3	 (2-5) 	 4	 (2-5) 	 4	 (2-6) 0.23b

Utilization measures

Outpatient visits 	 16	 (9-28) 	 17	 (10-28) 	 17	 (9-28) 	 12	 (7-20) < 0.0001b

Hospital visits 	 0	 (0-1) 	 0	 (0-1) 	 0	 (0-1) 	 0	 (0-1) < 0.0001b

Emergency room visits 	 0	 (0-1) 	 0	 (0-1) 	 0	 (0-1) 	 0	 (0-0) 0.008b

Nephrology visits 	 0	 (0-1) 	 0	 (0-1) 	 0	 (0-1) 	 0	 (0-0) < 0.0001b

Medications

RAASi 	 15,923	 (74.5) 	 292	 (72.8) 	 15,143	 (74.6) 	 488	 (72.8) 0.43b

Loop diuretics 	 11,996	 (56.2) 	 253	 (63.1) 	 11,437	 (56.4) 	 306	 (45.7) < 0.0001b

K-sparing diuretics 	 1,958	 (9.2) 	 76	 (18.9) 	 1,843	 (9.1) 	 39	 (5.8) < 0.0001b

Thiazide diuretics 	 6,982	 (32.7) 	 228	 (56.9) 	 6,560	 (32.3) 	 194	 (28.9) < 0.0001b

SPS 	 1,662	 (7.8) 	 2	 (0.5) 	 1,474	 (7.3) 	 186	 (27.8) < 0.0001b

NSAID 	 7,209	 (33.7) 	 137	 (34.2) 	 6,912	 (34.1) 	 160	 (23.9) < 0.0001b

Digoxin 	 1,007	 (4.7) 	 22	 (5.5) 	 961	 (4.7) 	 24	 (3.6) 0.29b

Beta blockers 	 14,681	 (68.7) 	 303	 (75.6) 	 13,960	 (68.8) 	 418	 (62.4) < 0.0001b

Calcium channel blockers 	 14,126	 (66.1) 	 307	 (76.6) 	 13,450	 (66.3) 	 369	 (55.1) < 0.0001b

Insulin 	 8,703	 (40.7) 	 177	 (44.1) 	 8,296	 (40.9) 	 230	 (34.3) 0.001b

Oral hypoglycemics 	 7,525	 (35.2) 	 153	 (38.2) 	 7,120	 (35.1) 	 252	 (37.6) 0.19b

Calcineurin inhibitors 	 226	 (1.1) 	 4	 (1.0) 	 214	 (1.1) 	 8	 (1.2) 0.93b

Trimethoprim 	 388	 (1.8) 	 9	 (2.2) 	 364	 (1.8) 	 15	 (2.2) 0.57b

Azole antifungals 	 2,296	 (10.8) 	 34	 (8.5) 	 2,217	 (10.9) 	 45	 (6.7) 0.0008b

Beta-2 agonists 	 3,224	 (15.1) 	 57	 (14.2) 	 3,094	 (15.3) 	 73	 (10.9) 0.007b

Laxatives 	 5,848	 (27.4) 	 101	 (25.2) 	 5,641	 (27.8) 	 106	 (15.8) < 0.0001b

Vitals

Body mass index, kg/m2 	 29.9	 (6.1) 	 31.4	 (6.3) 	 29.9	 (6.1) 	 29.0	 (5.8) < 0.0001a

Systolic blood pressure, mm/Hg 	 143.6	 (16.3) 	 147.7	 (18.8) 	 143.5	 (16.2) 	 143.8	 (17.6) < 0.0001a

Diastolic blood pressure, mm/Hg 	 74.9	 (10.8) 	 80.1	 (13.2) 	 74.9	 (10.8) 	 72.9	 (11.0) < 0.0001a

Laboratory measures 

Index eGFR, ml/min/1.73m2 	 24.8	 (20.9-27.6) 	 24.9	 (20.9-27.6) 	 24.0	 (20.2-27.4) 	 23.3	 (19.1-27.3) < 0.0001c

Average K, mEq/L 	 4.5	 (0.5) 	 3.3	 (0.2) 	 4.5	 (0.5) 	 5.8	 (0.2) < 0.0001a

Number of K measurements 	 3	 (2-6) 	 3	 (2-6) 	 3	 (2-7) 	 2	 (1-4) < 0.0001c

Bicarbonate, mEq/L 	 24.9	 (3.2) 	 27.9	 (3.9) 	 24.9	 (3.2) 	 22.8	 (3.1) < 0.0001a

At least 1 dyskalemia event

K > 5.5 mEq/L 	 3,696	 (17.3) 	 2	 (0.5) 	 3,024	 (14.9) 	 670	(100.0) < 0.0001b

K < 3.5 mEq/L 	 2,417	 (11.3) 	 401	(100.0) 	 2,016	 (9.9) 0 < 0.0001b

Both K < 3.5 and K > 5.5 mEq/L 	 362	 (1.7) 	 2	 (0.5) 	 360	 (1.8) 0 < 0.0001b

TABLE 1 Cohort Baseline Characteristics (continued)

continued on next page
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baseline use of SPS, RAASi, and loop diuretics; and index 
eGFR using singly imputed data as previously described. 
Potential interactions between dyskalemia categories 
and selected subgroups were tested by including inter-
actions terms. 

2.	 The exposure-outcome association was assessed by cat-
egorizing the time-varying oK into granular categorizes 
as K < 3.5 mEq/L, 3.5- < 4.0 mEq/L, 4.0- < 4.5 mEq/L 
(reference), 4.5- < 5.0 mEq/L, 5.0- < 5.5 mEq/L, 5.5- < 6.0 
mEq/L, and ≥ 6.0 mEq/L using singly imputed data as 
previously described. 

3.	 Analyses were repeated using multiple imputation 
(imputation n = 25) for baseline characteristics using the 
fully conditional specification method34,35 and complete 
cases (n = 11,239 for models 1-6) after excluding those with 
missing baseline and time-varying eGFR. 

Compared with those included in the study cohort 
(n = 21,366), those excluded (n = 81,111) were older (70.3 
vs 68.6 years); less likely to be males (91.9% vs 98.1%), 
African Americans (24.3% vs 28.3%), married (55.1% vs 
57.7%), and current smokers (19.8% vs 32.5%); and have 
DM (59.5% vs 68.9%). 

A 2-sided P value of < 0.05 was used as a threshold 
of statistical significance for all statistical analyses. All 
analyses were conducted in SAS Enterprise guide version 
8.2 (SAS Institute) and STATA/MP version 15 (StataCorp). 

Missingness was observed for marital status (0.05%), 
smoking status and region of residence (0.07% each), 
systolic blood pressure (SBP) and diastolic blood pressure 
(DBP; 0.7% each), body mass index (BMI; 0.8%), bicarbonate 
(22.2%), and time-varying eGFR (13.5%). Data were assumed 
to be missing at random (MAR), since epidemiological 
studies are more likely to have such type of missing data 
compared with other missing data types, such as missing 
completely at random (MCAR) or missing not at random 
(MNAR).31-33 Further, the missing data pattern was found to 
be “arbitrary” as assessed by the proc MI procedure in SAS. 

Baseline characteristics (marital status, smoking status, 
region of residence, SBP, DBP, BMI, and bicarbonate) were 
imputed using single regression imputation, modeled on 
other complete covariates. Time-varying eGFR was imputed 
by estimating the eGFR values based on intra-individual 
eGFR slopes calculated from linear mixed-effects models 
using all available outpatient eGFR measured over the 
1-year follow-up. The main analysis (models 1-6) was con-
ducted using singly imputed data as previously described. 
We conducted several subgroup and sensitivity analyses to 
test the robustness of our results as follows:
1.	 Subgroup analyses were conducted after categorizing 

patients by age; race; region of residence; prevalent dia-
betes mellitus (DM) and congestive heart failure (CHF); 

Characteristic 
All  

(N = 21,366)
K < 3.5 mEq/L 

(n = 401)
K 3.5-5.5 mEq/L 

(n = 20,295)
K > 5.5 mEq/L 

(n = 670) P value

Index eGFR year

2005 	 3,459	 (16.2) 	 41	 (10.2) 	 3,289	 (16.2) 	 129	 (19.3)

< 0.0001b

2006 	 3,322	 (15.6) 	 53	 (13.2) 	 3,143	 (15.5) 	 126	 (18.8)

2007 	 3,193	 (14.9) 	 64	 (15.9) 	 3,023	 (14.9) 	 106	 (15.8)

2008 	 2,758	 (12.9) 	 59	 (14.7) 	 2,607	 (12.8) 	 92	 (13.7)

2009 	 2,474	 (11.6) 	 56	 (13.9) 	 2,349	 (11.6) 	 69	 (10.3)

2010 	 2,307	 (10.8) 	 37	 (9.2) 	 2,204	 (10.9) 	 66	 (9.8)

2011 	 1,853	 (8.7) 	 44	 (10.9) 	 1,765	 (8.7) 	 44	 (6.6)

2012 	 1,312	 (6.1) 	 25	 (6.2) 	 1,265	 (6.2) 	 22	 (3.3)

2013 	 657	 (3.1) 	 22	 (5.5) 	 619	 (3.0) 	 16	 (2.4)

2014 	 31	 (0.2) 0 	 31	 (0.2) 0

Note: Data are presented as n (%), mean (SD), and median (25th-75th percentiles) unless otherwise indicated.
aOne-way analysis of variance.
bChi-square test.
cKurskal-Wallis test.
eGFR = estimated glomerular filtration rate; K = potassium; mEq/L = milliequivalents per litre; NSAID = nonsteroidal anti-inflammatory drug;  
RAASi = renin-angiotensin-aldosterone system inhibitor; SPS = sodium polystyrene sulphonate. 

TABLE 1 Cohort Baseline Characteristics (continued)
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Results
BASELINE CHARACTERISTICS 
The mean (SD) age of the sample was 68.6 (10.4) years; 98.1% 
were males; 28.3% were African Americans; and 68.9% had 
DM (Table 1). The most commonly used medications were 
RAASi (74.5%), beta blockers (68.7%), and calcium channel 
blockers (66.1%). Approximately 8% of the patients used SPS. 
The median (25th-75th percentiles) index eGFR was 24.8 
(20.9-27.6) ml/min/1.73m2. Patients had a median (25th-75th 
percentiles) of 3 (2-6) K measurements, with a mean (SD) K 
of 4.5 (0.5) mEq/L in the baseline. At least 1 hyperkalemia 
and hypokalemia event in the baseline was experienced by 
17.3% and 11.3% patients, respectively. Approximately 3% 
and 1.9% of the sample had average baseline K levels > 5.5 
mEq/L and < 3.5 mEq/L, respectively. Those with average 
baseline K levels > 5.5 mEq/L were more likely (all P values 
< 0.05) to be older, White, married, have prevalent periph-
eral vascular disease and anemia, SPS users, and have lower 
eGFR, bicarbonate, SBP, DBP, and BMI levels. 

EXPOSURE POTASSIUM CHARACTERISTICS
During the 1-year follow-up period, 125,266 oK values were 
observed, with a median (25th-75th percentiles) of 5 (2-8) 
measurements per patient, of which 6.8% and 3.7% were 
categorized as hyper- and hypokalemia, respectively.

ASSOCIATION OF DYSKALEMIAS  
WITH HOSPITAL VISITS
Over the 1-year follow-up period, 8,635 (40%) patients 
experienced a hospital visit, with a total (median [25th-75th 
percentiles]) of 18,374 (2 [1-3]) hospital visits. Across the 
125,266 oK measurements in the 1-year follow-up period, 
8,542 (6.8%; proportion = 0.068, 95% CI = 0.067-0.069) hos-
pital visits were observed within 2 calendar days of the 
measured oK. In the unadjusted analysis, hyperkalemia 
(odds ratio [OR] = 2.08; 95% CI = 1.92-2.24) and hypokalemia 
(OR = 2.09; 95% CI = 1.89-2.32) were associated with sig-
nificantly higher odds of a hospital visit (Figure 1, Model 1; 
Supplementary Table 2, Model 1, available in online article). 

In the multivariable-adjusted model, although the point 
estimates were slightly attenuated, hyperkalemia (OR = 2.04; 
95% CI = 1.88-2.21) and hypokalemia (OR = 1.66; 95% CI = 1.48-
1.86) were associated with significantly higher odds of a 
hospital visit (Figure 1, Model 6; Supplementary Table 2, 
Model 6). In the multivariable-adjusted model, the asso-
ciation of granular K value categories showed a U-shaped 
association with hospital visits, with significantly higher 
odds of a hospital visit (vs K 4.0 to < 4.5 mEq/L) associated 
with K < 3.5 mEq/L (OR = 1.71; 95% CI = 1.51-1.92) and K ≥ 6.0 
mEq/L (OR = 3.56; 95% CI = 3.15-4.02; Model 6; Supplementary 

This study was approved by the institutional review boards 

of the Memphis and Long Beach VA Medical Centers, with 

exemption from informed consent.
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aModel 1: unadjusted. 
bModel 2: adjusted for age, sex, race, marital status, region of residence, and 
income. 
cModel 3: adjusted for model 2 and smoking status; systolic blood pressure; 
diastolic blood pressure; body mass index; comorbidities (diabetes mellitus, 
congestive heart failure, hypertension, ischemic heart disease, peripheral 
vascular disease, cerebrovascular disease, chronic lung disease, peptic ulcer, 
para-/hemiplegia, anemia, atrial fibrillation, liver disease, and malignancies); 
CCI; and outpatient, hospital, emergency and nephrology visits measured at 
baseline. 
dModel 4: adjusted for model 3 and baseline medications (RAASi, sodium 
polystyrene sulphonate, loop diuretics, K-sparing diuretics, thiazide diuretics, 
NSAIDs, digoxin, beta blockers, calcium channel blockers, insulin, oral 
hypoglycemics, calcineurin inhibitors, trimethoprim, azole antifungals, beta-2 
agonists, and laxatives). 
eModel 5: adjusted for model 4 and index eGFR, index year, K levels and 
bicarbonate levels averaged over baseline, number of K measurements, and at 
least 1 hyperkalemia event (K > 5.5 mEq/L), hypokalemia event (K < 3.5 mEq/L), 
and hypo-/hyperkalemia event measured over baseline. 
fModel 6: adjusted for model 5 and time-varying medications listed above and 
time-varying outpatient eGFR.
CCI = Charlson Comorbidity Index; eGFR = estimated glomerular filtration rate; 
K = serum potassium; mEq/L = milliequivalents per litre; NSAID = nonsteroidal 
anti-inflammatory drug; RAASi = renin-angiotensin-aldosterone system 
inhibitor.

FIGURE 1 Association of Time-Varying 
Outpatient Potassium with  
Hospital Visits
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https://www.jmcp.org/pb-assets/Supplmental%20Material/SupplementaryMaterials21137-1627916366.pdf
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Table 3, available in online article). 
The association of dyskalemias with 
hospital visits was similar using mul-
tiple imputation and complete case 
analyses (Supplementary Table 4A and 
4B, respectively, available in online 
article).

Among the 8,542 hospital visits, 
36% were due to “diseases of the 
circulatory system” (of which 5.6% 
[172 of 3,078] were due to “arrhyth-
mias”); 15.2% were due to “diseases of 
the genitourinary system”; and 12.2% 
were due to “endocrine, nutritional, 
and metabolic diseases and immunity 
disorders” (of which 34.3% [356 of 
1,039] were due to “fluid and elec-
trolyte disorders”; Supplementary 
Table 5, available in online article). 
In the multivariable-adjusted model, 
hyperkalemia (OR = 1.39; 95% CI = 1.20-
1.63) and hypokalemia (OR = 1.52; 95% 
CI = 1.28-1.79) were associated with 
higher odds of a hospital visit due to 
“diseases of the circulatory system” 
but showed a nonsignificant higher 
odds of hospital visits due to “arrhyth-
mias” (Supplementary Table 6A and 
6B, Model 6, respectively, available in 
online article). 

Similarly, in the multivariable-
adjusted model, hyperkalemia 
(OR = 4.47; 95% CI = 3.82-5.23) and hypo-
kalemia (OR = 2.43; 95% CI = 1.83-3.21) 
were associated with higher odds of a 
hospital visit due to “endocrine, nutri-
tional, and metabolic diseases and 
immunity disorders” (Supplementary 
Table 7A, Model 6, available in online 
article). Specifically, hyperkalemia 
(OR = 11.86; 95% CI = 9.30-15.11) and 
hypokalemia (OR = 4.44; 95% CI = 2.77-
7.14) were associated with higher odds 
of hospital visit due to “fluid and 
electrolyte disorders” (Supplementary 
Table 7B, Model 6). In the subgroup 
analysis, significant differences were 
found by the loop diuretic users sub-
group, with those using loop diuretics 
having lower odds of a hospital 
visit following a hypokalemia event  

Note: Model adjusted for age; sex; race; marital status; region of residence and income; smoking 
status; systolic blood pressure and diastolic blood pressure; body mass index; comorbidities (diabetes 
mellitus, congestive heart failure, hypertension, ischemic heart disease, peripheral vascular disease, 
cerebrovascular disease, chronic lung disease, peptic ulcer, para/hemiplegia, anemia, atrial fibrillation, 
liver disease, and malignancies); CCI; outpatient, hospital, emergency and nephrology visits measured at 
baseline; baseline medications (RAASi, sodium polystyrene sulphonate, loop diuretics, K-sparing diuretics, 
thiazide diuretics, NSAIDs, digoxin, beta blockers, calcium channel blockers, insulin, oral hypoglycemics, 
calcineurin inhibitors, trimethoprim, azole antifungals, beta-2 agonists, and laxatives); index eGFR; index 
year; K levels and bicarbonate levels averaged over baseline; number of K measurements; and at least 
1 hyperkalemia event (K > 5.5 mEq/L), hypokalemia event (K < 3.5 mEq/L), and hypo/hyperkalemia event 
measured over baseline, time-varying medications listed above, and time-varying outpatient eGFR.
CCI = Charlson Comorbidity Index; CHF = congestive heart failure; DM = diabetes mellitus; eGFR = estimated 
glomerular filtration rate; K = serum potassium; NSAID = nonsteroidal anti-inflammatory drug; 
RAASi = renin-angiotensin-aldosterone system inhibitor; SPS = sodium polystyrene sulphonate.

FIGURE 2 Association of Time-Varying Outpatient Potassium with 
Hospital Visits by Subgroups
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(vs hypokalemia in nonusers; Figure 2 and Supplementary 
Table 8, available in online article). 

ASSOCIATION OF DYSKALEMIAS WITH ER VISITS
Over the 1-year follow-up period, 7,135 (33.4%) patients 
experienced an ER visit, with a total (median [25th-75th 
percentiles]) of 14,368 (1 [1-2]) ER visits. Across the 125,266 
oK measurements in the 1-year follow-up period, 5,114 
(4.1%; proportion = 0.041, 95% CI = 0.039-0.042) ER visits 
were observed within 2 calendar days of the measured oK. 
In the unadjusted analysis, hyperkalemia (OR = 1.72; 95% 
CI = 1.56-1.89) and hypokalemia (OR = 1.52; 95% CI = 1.33-1.75) 
were associated with significantly higher odds of an ER 
visit (Figure 3, Model 1 and Supplementary Table 9, Model 1, 
available in online article). 

Similarly, in the multivariable-adjusted model, hyper-
kalemia (OR = 1.83; 95% CI = 1.65-2.03) and hypokalemia 
(OR = 1.24; 95% CI = 1.07-1.44) were associated with sig-
nificantly higher odds of an ER visit (Figure 3, Model 6 
and Supplementary Table 9, Model 6). In the multivari-
able-adjusted model, the association of granular K value 
categories showed a U-shaped association with ER visits, 
with significantly higher odds of an ER visit (vs K 4.0 to 
< 4.5 mEq/L) associated with K < 3.5 mEq/L (OR = 1.20; 95% 
CI = 1.03-1.40) and K ≥ 6.0 mEq/L (OR = 3.04; 95% CI = 2.61-
3.54; Supplementary Table  10, Model 6, available in online 
article). The association of dyskalemias with ER visits was 
similar, using multiple imputation and complete case analy-
ses (Supplementary Table 11A and 11B, respectively, available 
in online article).

In the subgroup analysis, significant differences were 
observed by region of residence (South vs other US regions; 
Figure 4 and Supplementary Table 12, available in online 
article). The odds of an ER visit following a hypokalemia 
event was significantly higher among those residing in the 
US South.

Discussion
In a nationally representative cohort of US veterans with 
advanced CKD who transitioned to dialysis, dyskalemias 
were associated with higher risk of short-term hospital and 
ER visits in the predialysis period. Overall, the risk for such 
short-term visits was higher following a hyperkalemia event 
compared with a hypokalemia event. In addition, the risk 
for a hospital visit was higher compared with emergency 
visits, with higher risk associated with hyperkalemia than 
hypokalemia. When K levels were categorized into granular 
categories, the risk for short-term visits was the highest at 
the extreme K levels. 

Model 1a Model 2b Model 3c Model 4d Model 5e Model 6f

2.2

1.9

1.6

1.3

1.0

O
dd

s 
ra

ti
o,

 9
5%

 C
I

Referrent (K 3.5-5.5 mEq/L)
Hypokalemia (K < 3.5 mEq/L)
Hyperkalemia (K > 5.5 mEq/L)

aModel 1: unadjusted. 
bModel 2: adjusted for age, sex, race, marital status, region of residence, and 
income. 
cModel 3: adjusted for model 2 and smoking status; systolic blood pressure; 
diastolic blood pressure; body mass index; comorbidities (diabetes mellitus, 
congestive heart failure, hypertension, ischemic heart disease, peripheral 
vascular disease, cerebrovascular disease, chronic lung disease, peptic ulcer, 
para-/hemiplegia, anemia, atrial fibrillation, liver disease, and malignancies); 
CCI; and outpatient, hospital, emergency and nephrology visits measured at 
baseline. 
dModel 4: adjusted for model 3 and baseline medications (RAASi, sodium 
polystyrene sulphonate, loop diuretics, K-sparing diuretics, thiazide diuretics, 
NSAIDs, digoxin, beta blockers, calcium channel blockers, insulin, oral 
hypoglycemics, calcineurin inhibitors, trimethoprim, azole antifungals, beta-2 
agonists, and laxatives). 
eModel 5: adjusted for model 4 and index eGFR, index year, K levels and 
bicarbonate levels averaged over baseline, number of K measurements, and at 
least 1 hyperkalemia event (K > 5.5 mEq/L), hypokalemia event (K <14113.5 mEq/L), 
and hypo-/hyperkalemia event measured over baseline. 
fModel 6: adjusted for model 5 and time-varying medications listed above and 
time-varying outpatient eGFR.
CCI = Charlson Comorbidity Index; eGFR = estimated glomerular filtration rate; 
K = serum potassium; mEq/L = milliequivalents per litre; NSAID = nonsteroidal 
anti-inflammatory drug; RAASi = renin-angiotensin-aldosterone system 
inhibitor.

FIGURE 3 Association of Time-Varying 
Outpatient Potassium with  
Emergency Room Visits
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Dyskalemias were associated with 
higher risk of hospital visits due to 
“diseases of the circulatory system” 
and “endocrine, nutritional, and 
metabolic diseases and immunity dis-
orders,” especially the latter. Further, 
for hospital visits due to “arrhyth-
mias,” there was a nonsignificant 
higher risk associated with dyskale-
mias. Also, hypo- and hyperkalemia 
were associated with a 4.4- and 11.9-
fold higher risk for hospital visits due 
to “fluid and electrolyte disorders” 
(which includes hypo- and hyperka-
lemia), respectively. However, caution 
should be exercised when interpreting 
the association of dyskalemias with 
hospital visit subtypes due to the low 
event rates and wide CIs. 

Our results align with exist-
ing literature that has assessed the 
association of dyskalemias (baseline 
and time-varying exposure) with 
health care utilization (as a distant/
immediate outcome).5,11,13-16 Among 
those with eGFR < 30 ml/min/1.73m2,5 
time-varying K 5.5-5.9 mEq/L, K ≥ 6.0 
mEq/L, and K < 3.5 mEq/L were 
associated with a 1.3-, 3.7-, and 1.9-
fold (vs K 4.5-4.9 mEq/L) higher risk 
of a hospital visit, respectively. In a 
hemodialysis cohort,13 Brunelli et al 
observed a higher risk of hospital and 
ER visits with increasing levels of K (vs 
K 4.0 to < 4.5 mEq/L), with a higher 
risk associated with a hospital visit 
compared with an ER visit. Further, 
similar to Brunelli et al, we observed 
that hospital visits due to “diseases 
of the circulatory system” visits were 
the most common (36% in our study 
vs 28.7%), and the number of hospital 
visits due to “endocrine, nutritional, 
and metabolic diseases and immunity 
disorders” were also similar (~12% in 
our study vs ~9%). Finally, similar to 
Brunelli et al, we observed a higher 
risk associated with higher K levels for 
hospital visits due to “diseases of the 
circulatory system” and “endocrine, 
nutritional, and metabolic diseases 

Note: Model adjusted for age; sex; race; marital status; region of residence and income; smoking 
status; systolic blood pressure and diastolic blood pressure; body mass index; comorbidities (diabetes 
mellitus, congestive heart failure, hypertension, ischemic heart disease, peripheral vascular disease, 
cerebrovascular disease, chronic lung disease, peptic ulcer, para/hemiplegia, anemia, atrial fibrillation, 
liver disease, and malignancies); CCI; outpatient, hospital, emergency and nephrology visits measured at 
baseline; baseline medications (RAASi, sodium polystyrene sulphonate, loop diuretics, K-sparing diuretics, 
thiazide diuretics, NSAIDs, digoxin, beta blockers, calcium channel blockers, insulin, oral hypoglycemics, 
calcineurin inhibitors, trimethoprim, azole antifungals, beta-2 agonists, and laxatives); index eGFR; index 
year; K levels and bicarbonate levels averaged over baseline; number of K measurements; and at least 
1 hyperkalemia event (K > 5.5 mEq/L), hypokalemia event (K < 3.5 mEq/L), and hypo-/hyperkalemia event 
measured over baseline, time-varying medications listed above, and time-varying outpatient eGFR.
CCI = Charlson Comorbidity Index; CHF = congestive heart failure; DM = diabetes mellitus; eGFR = estimated 
glomerular filtration rate; K = serum potassium; NSAID = nonsteroidal anti-inflammatory drug; 
RAASi = renin-angiotensin-aldosterone system inhibitors; SPS = sodium polystyrene sulphonate.

FIGURE 4 Association of Time-Varying Outpatient Potassium with 
Emergency Room Visits by Subgroups
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observed complete covariates. While 
the MAR assumption may not neces-
sarily hold true (owing to unmeasured 
confounders), the similarity of our 
results across the single imputation, 
multiple imputation, and complete 
case analyses further validates the 
robustness of our study results and 
missing data assumptions. 

Finally, because of the nature of 
the study, we cannot eliminate the 
possibility of unmeasured confound-
ers such as a lack of data regarding 
dietary K intake and other nutritional 
markers. 

Conclusions
In patients with advanced CKD who 
are transitioning to dialysis, dyskale-
mias are associated with a higher risk 
of hospital and ER visits. Close moni-
toring of K levels and the advent of 
newer K-binding agents (in the con-
text of hyperkalemia) might help in 
reducing health care utilization and 
eventual economic burden.
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and renoprotective agents such as 
RAASi, ultimately leading to improved 
clinical outcomes.38 The prevalence of 
hypokalemia is comparatively lower 
than hyperkalemia and the treatment 
is less complex3,8; however, the health 
care burden and costs need to be 
considered when managing patients 
experiencing hypokalemia.

LIMITATIONS
Our study results need to be inter-
preted in light of several limitations. 
First, we used observational data, 
hence, we cannot infer causality but 
only associations. 

Second, the cohort consisted of 
predominantly male US veterans 
(98%), so the results may not be 
generalizable to women or a broader 
general population. 

Third, all patients survive until 
dialysis initiation due to the cohort 
construction, and we studied the 
exposure-outcome relationship in 
the predialysis period. However, our 
results align with previous literature, 
thus, validating the generalizability of 
our results. 

Fourth, we assumed the missing 
data to be MAR, since this missing type 
seems more likely to hold true in epi-
demiological studies compared with 
other types, such as MCAR or MNAR.31-33  
The MAR assumption allowed for the 
use of a single regression imputation 
(and even multiple imputation) method 
for imputing missing data based on 

and immunity disorders,” especially 
for the latter.

The risk of dyskalemias increases 
as kidney function worsens, and fur-
ther dyskalemias are associated with 
higher risk of cardiovascular events 
and mortality.1,3-6,10,12,36 Thus, patients 
are at a higher risk of hospital/ER 
visits due to dyskalemia-induced 
events such as arrhythmias or are 
simply referred to an ER or hospital-
ized after detection of a dyskalemia 
event for fear of a potential cardio-
vascular event. 

Our study has several clini-
cal implications. Studies in CKD/
ESRD populations have shown that 
those experiencing hyperkalemia 
incur higher hospital/ER visit costs 
compared with those who do not 
experience hyperkalemia.11,13-16 Studies 
quantifying health care costs associ-
ated with hypokalemia are currently 
lacking, but it can be assumed that 
hypokalemia represents a substantial 
economic burden. We can hypoth-
esize that correcting and especially 
preventing dyskalemias could improve 
clinical outcomes and reduce hos-
pital/ER visits and associated costs. 
Among patients experiencing hyper-
kalemia A, a study by Toto et al found 
that risk of hospital visits was lower 
(vs no medication use) with the use of 
SPS and patiromer (especially the lat-
ter) and the risk of ER visits was lower 
with patiromer use.37 This finding 
further emphasizes that correcting/
preventing hyperkalemia (and poten-
tially even hypokalemia) can indeed 
reduce health care burden and  
associated costs. 

While the management of hypo-
kalemia is straightforward (K 
supplementation, diuretic dose reduc-
tion, changing antihypertensives from 
diuretics to RAASi or K-sparing diuret-
ics), the management of hyperkalemia 
is more complex (including acute 
interventions such as administration 
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