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Introduction: Hyperkalemia is a common, potentially life-threatening condition in patients with chronic

kidney disease (CKD). We studied the association between hyperkalemia and mortality, cardiovascular

events, hospitalizations, and intensive care unit (ICU) admissions.

Methods: We performed a retrospective cohort study using administrative databases in Manitoba, Can-

ada. All adults ($18 years of age) with potassium tests between January 2007 and December 2016 were

included, with follow-up until March 31, 2017. Propensity score matching was performed among patients

with de novo hyperkalemia (serum potassium $ 5.0 mmol/l) and patients who were nonhyperkalemic. The

association between hyperkalemia and normokalemia and mortality was assessed using multivariate Cox

proportional hazards regression models, adjusting for patient characteristics in a 1:1 propensity score–

matched sample. Secondary outcomes included cardiovascular events, hospitalizations, and ICU admis-

sions. A sensitivity analysis was performed with hyperkalemia defined as serum potassium $ 5.5 mmol/l.

Results: Of 93,667 patients with de novo hyperkalemia, 36% had diabetes mellitus (DM), 28% had CKD,

and 21% had heart failure (HF). In the propensity score–matched sample of 177,082 individuals, hyper-

kalemia was associated with an increased risk for all-cause mortality (hazard ratio [HR] 1.15 [95% confi-

dence interval {CI} 1.13–1.18], P < 0.001), cardiovascular events (HR 1.20 [95% CI 1.14–1.26], P < 0.001),

short-term mortality (odds ratio [OR] 1.29 [95% CI 1.24–1.34], P < 0.001), hospitalizations (OR 1.71 [95% CI

1.68–1.74]), and ICU admissions (OR 3.48 [95% CI 3.34–3.62], P < 0.001). Findings were unchanged when a

threshold of serum potassium $ 5.5 mmol/l was used.

Conclusion: Hyperkalemia was an independent risk factor for all-cause mortality, cardiovascular events,

hospitalizations, and ICU admissions. This finding expands our understanding of important clinical out-

comes associated with hyperkalemia.
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H
yperkalemia is a common but potentially life-
threatening electrolyte disturbance in patients

with CKD, HF, DM, or hypertension.1–6 Reported inci-
dence in the general population ranges from 2.6% to
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7%,4–7 with rates as high as 73% in patients with
CKD.4

Hyperkalemia can result from several mechanisms.
Potassium shifts from the intracellular to the extracel-
lular space can occur because of insulin deficiency,
metabolic acidosis, or beta adrenergic blockade.
Excretion of potassium is decreased in states where the
glomerular filtration rate (GFR) or distal sodium de-
livery is severely reduced or distal tubular potassium
secretion mechanisms are impaired. The combination of
excess dietary potassium intake and impaired renal
excretion can result in sharp increases in serum
1309

https://doi.org/10.1016/j.ekir.2021.02.038
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:ntangri@sogh.mb.ca
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ekir.2021.02.038&domain=pdf


CLINICAL RESEARCH I Hougen et al.: Hyperkalemia Outcomes Population-Based Retrospective Cohort
potassium.8 Several chronic diseases are associated with
hyperkalemia. CKD is often associated with decreased
GFR, tubulointerstitial dysfunction, and metabolic
acidosis, all of which contribute to hyperkalemia.9 In
DM, insulin deficiency, hypertonicity in hyperglyce-
mic states, and hyporeninemic hypoaldosteronism may
lead to hyperkalemia.9 Similarly, in cardiovascular (CV)
disease, especially HF, decreased tubular sodium de-
livery and the use of medications that interfere with
the renin-angiotensin-aldosterone (RAAS) axis can
predispose patients to hyperkalemia.9

The potential immediate adverse consequences of
acute hyperkalemia are well described in the literature.
As a major intracellular cation, elevated extracellular
potassium levels can lower the resting cardiac mem-
brane potential and lead to life-threatening conduction
blocks and tachyarrhythmias or bradyarrhythmias.2,10

Possible neuromuscular complications include pares-
thesia, fasciculation, ascending paralysis, and flaccid
quadriplegia8 There is no clear threshold of hyper-
kalemia at which these complications are expected to
occur and these manifestations may differ by patient,
but higher potassium values generally confer a greater
risk.10,11

The potential long-term outcomes associated with
hyperkalemia remain poorly described, likely in part
because of the difficulty of isolating the effects of
hyperkalemia from associated comorbid conditions that
confer a poorer outcome. Although several observa-
tional studies have described the association between
hyperkalemia and excess mortality,4,5 few studies have
explored other important clinical outcomes, such as
hospitalizations and CV events. We therefore examined
the association between de novo hyperkalemia and short
term (# 30 days) and long-term (> 30 days) all-cause
mortality, CV events, hospitalizations, and ICU
admissions.

METHODS

The study protocol was approved by the health
research ethics board at the University of Manitoba
(H2018:181 [HS21778]). The reporting of this study
follows the STROBE Statement for cohort studies
(Supplementary Table S1).

Data Source, Study Design, and Participants

We used linked provincial administrative health data-
bases in Manitoba, Canada to perform a retrospective
cohort study. Accessed databases were housed at the
Manitoba Center for Health Policy and included the
Manitoba Health Insurance Registry (a list of all Man-
itoba residents), Medical Services and Claims (medical
claims data), Canadian Institute for Health Information
Discharge Abstract Database (hospitalization events
1310
and discharge diagnoses), Shared Health Diagnostic
Services (laboratory tests), Drug Program Information
Network (medications), and Vital Statistics (deaths).
Deidentified information in the databases is linked to
each individual through a unique scrambled personal
health identification number.

The study period ran from January 1, 2007 through
March 31, 2017. We included all adults ($18 years of
age) with de novo hyperkalemia between January 1,
2007 and December 31, 2016. Hyperkalemia was iden-
tified through the Shared Health Diagnostic Services
laboratory test data that contained laboratory results
for inpatient and outpatients’ tests in the province. De
novo hyperkalemia was defined as an individual who
had a serum potassium test result $ 5.0 mmol/l but no
previous tests showing hyperkalemia (to exclude
recurrent hyperkalemia). The index date was defined as
the date of the first serum potassium value qualifying
for hyperkalemia. We used 5.0 mmol/l as our hyper-
kalemia threshold as this cutoff has previously been
shown to be of clinical importance.5,12-15 We also
examined hyperkalemia stratified by severity ($ 5.0,$
5.5, $ 6.0, $ 6.5, and $ 7.0 mmol/l). Patients were
followed until the end of the study period (March 31,
2017), death, or migration from the province. We
excluded patients from the de novo hyperkalemia group
if they had < 365 days of observation time before the
index date, if they had received dialysis or a kidney
transplant before their index date, or if the incident
serum potassium level was $ 10.0 mmol/l (to exclude
probably spurious results). Baseline comorbidities,
such as hypertension, HF, and CKD, were defined using
validated codes (Supplementary Table S2).

For our propensity match, when designing our
comparator group (patients without hyperkalemia) we
selected all patients in the province who had a potas-
sium test during the study period but did not have
hyperkalemia as being eligible for inclusion. We
randomly assigned an index date to participants
without hyperkalemia so that they would have com-
parable lookback and observation windows for covar-
iate and outcome ascertainment, respectively. Those
whose random index date resulted in negative follow-
up time were excluded.

Study Outcomes

Outcomes of interest included all-cause mortality, short
(# 30 days) and long-term (> 30 days) mortality, CV
events, hospitalizations, and ICU admissions. Mortality
was determined through the Manitoba Health Insur-
ance Registry when the reason for cessation of insur-
ance coverage was death. CV events were defined as
hospitalizations where the primary reason was atrial
fibrillation, HF, ischemic heart disease, myocardial
Kidney International Reports (2021) 6, 1309–1316
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infarction, peripheral vascular disease, stroke, or un-
stable angina, according to International Classification
of Diseases, 9th and 10th revision codes. Hospitaliza-
tions and ICU admissions were defined as all admissions
to hospital or the ICU occurring after the index date
until the end of follow-up. All hospitalizations and ICU
admissions were counted following the index date;
therefore, patients may have experienced >1 outcome.
We expressed the incidence of our clinical outcomes in
patients with de novo hyperkalemia in a rate of number
of events per 100 person-years at risk.

Statistical Analysis

We collected patient baseline demographics, comor-
bidities including DM, CKD, HF, hypertension, and CV
disease, previous hospitalization, and medications
associated with increased risk of hyperkalemia
including RAAS inhibitors (RAASis), azole antifungals,
beta-blockers, cyclosporine, digoxin, heparin, pre-
scription nonsteroidal anti-inflammatory drugs, potas-
sium supplements, tacrolimus, and trimethoprim, as
well as hyperkalemia recurrences (defined as an addi-
tional serum potassium measurement $ 5.0 mmol/l that
took place >7 days beyond the index date). We used
propensity score matching to adjust for the effect of
potential confounders (age, sex, baseline comorbidities,
and medications) and to isolate the independent
contribution of hyperkalemia to outcome probability.
We derived the propensity score for propensity of
hyperkalemia using logistic regression and reported the
C-statistic and max rescaled R2 to evaluate model
discrimination and fit. We executed a 1:1 propensity
score match without replacement of patients with
hyperkalemia to those without hyperkalemia within a
caliper distance of 20% of the pooled standard devia-
tion of the logit of the propensity score to create the
matched hyperkalemia and control groups. Covariates
in the propensity score model included the aforemen-
tioned baseline variables. We used a nonparsimonious
multivariable logistic regression model, in which
hyperkalemia was modeled using all baseline patient
characteristics mentioned above. We assessed balance
in our groups using the standardized mean difference
where a standardized mean difference > 0.1 was
considered unbalanced.

We used Cox proportional hazards regression to
analyze the effect of hyperkalemia on mortality and CV
events. We used logistic regression for the analysis of
short-term mortality as censoring is negligible over
such short time intervals and we used negative bino-
mial regression to assess the effect of hyperkalemia on
all-cause hospitalizations and ICU admissions. The
proportional hazards assumption was tested for by
plotting Schoenfeld residuals against time and visual
Kidney International Reports (2021) 6, 1309–1316
inspection for uniformity. Outcomes from our models
were expressed in HRs and ORs where appropriate
with 95% CIs. All statistical analyses were performed
using SAS software (version 9.4; SAS Institute Inc.,
Cary, NC).

Sensitivity Analyses

Several sensitivity analyses were performed. First, we
restricted the study population to individuals who had
the de novo hyperkalemia episode in the outpatient
setting. Second, we included only patients with $ 2
values with serum potassium values $ 5.0 mmol/l.
Third, we used a threshold value of serum potassium$
5.5 mmol/l to define hyperkalemia. In these analyses we
examined the risk of all-cause mortality and CV events
in the entire population.
RESULTS

Study Population

A total of 93,667 patients experienced an episode of de
novo hyperkalemia while meeting our inclusion and
exclusion criteria (Figure 1). The total follow-up time
was 306,698 person-years, corresponding to an average
of 3.27 years per person. The baseline characteristics of
patients with and without de novo hyperkalemia are
summarized in Table 1. Among 93,667 patients, the
mean age was 64.15 � 18.09 years, a higher proportion
were male (54.2%), and the mean serum potassium
level at baseline was 5.29 mmol/l. Among hyperkalemic
events, the majority (80.5%) were mild (5.0 mmol/l
to < 5.5 mmol/l), or moderate (13.0%; 5.5 mmol/l to <
6.0 mmol/l). Higher potassium values were uncommon
(6.6%), with only 3.6% between 6.0 and < 6.5 mmol/l,
1.5% between 6.5 and <7.0 mmol/l, and 1.5% $ 7.0
mmol/l (Table 1). This distribution of potassium values
was similar in patients with CKD, DM, HF, or hyper-
tension. Patients with higher potassium levels ($ 7.0
mmol/l) were younger, had more frequency of CKD and
DM compared with those with serum potassium levels
between 5 and 5.5 mmol/L (Supplementary Table S3).

Clinical Outcomes

There were 31,803 deaths corresponding to a rate of
10.37 per 100 person-years, with 24,371 (76.63%)
deaths occurring >30 days after the index event and
7432 (23.36%) occurring <30 days after the index
event (short-term mortality; Figure 2). There were
24,036 CV events, 16,779 ICU admissions, 223,377 all-
cause hospitalizations, and 803 instances of acute dial-
ysis after the index hyperkalemia event (crude rates of
7.86/100 person-years, 5.48/100 person-years, 0.74 per
person-years, and 6.96/1000 person-years,
respectively).
1311



Total number of subjects 
with a Hyperkalemia 

episode
n = 99,789

Exclusion criteria:
•History of Kidney Transplant (n=299)
•History of dialysis treatment (n=2153)
•Potassium >=10 mmol/L  (n=136)
•Less than 1 year prior index date (n=1729)
•Age <18 years, Hyperkalemia before Jan 1st, 
2007 (n=1805)

Total number of subjects included in study
n = 93,667

Total number of subjects 
with at least 1 serum 

potassium test during 
study period
n= 710,459

Figure 1. Flow chart of patient selection to the study.
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Patients with de novo hyperkalemia from high-risk
subgroups consistently experienced higher rates of
adverse outcomes compared with the study cohort
(Supplementary Table S4).

Propensity-Matched Cohort

In our propensity-matched cohort, 88,541 patients with
de novo hyperkalemia were matched to 88,541 patients
without a hyperkalemic episode. The matched groups
were balanced by age, sex, baseline comorbidities, and
the use of medications that affect potassium levels
(Table 2). The logistic regression model comparing
those with and without hyperkalemia achieved a C-
statistic of 0.76 and a max rescaled R2 of 18.0% indi-
cating good discrimination and fit.
Table 1. Baseline characteristics stratified by comorbidities

Characteristic
Overall,

n [ 93,667
CKD,

n [ 26,566

Demographics

Age, yr, mean � SD 64.15 � 18.09 70.02 � 16.08

Female, n (%) 43,541 (45.64) 13,491 (50.78)

Hyperkalemia
severity, Kþ

mmol/l

$5.0–<5.5 75,364 (80.5) 20,683 (77.9)

$5.5–<6.0 12,139 (13.0) 3917 (14.7)

$6.0–<6.5 3349 (3.6) 1095 (4.1)

$6.5–<7.0 1378 (1.5) 437 (1.6)

$7.0 1437 (1.5) 434 (1.6)

CKD, chronic kidney disease; DM, diabetes mellitus; HF, heart failure; HTN, hypertension; Kþ,

1312
Our Cox proportional hazards regression models
showed that a de novo episode of hyperkalemia was
associated with a higher risk of all-cause mortality (HR
1.15 [95% CI 1.13–1.18], P < 0.001) and CV events (HR
1.20 [95% CI 1.14–1.26], P < 0.001) in our propensity-
matched cohorts (Table 3). The Kaplan–Meier survival
curve for all-cause mortality is shown in Figure 3.
Short-term mortality was also significantly increased
by an episode of hyperkalemia (OR 1.29 [95% CI 1.24–
1.34], P < 0.001) in our logistic regression model
(Table 4). In our negative binomial regression models,
the incidence of hospitalizations (OR 1.71 [95% CI
1.68–1.74], P < 0.001) and ICU admissions (OR 3.48
[95% CI 3.34–3.62], P < 0.001) were also significantly
increased after an episode of hyperkalemia (Table 5).
DM,
n [ 33,548

HF,
n [ 19,374

HTN,
n [ 65,161

66.23 � 15.04 75.57 � 13.24 69.52 � 14.90

14,662 (43.70) 9454 (48.80) 30,088 (46.17)

26,520 (79.1) 14,861 (76.7) 52,316 (80.3)

4683 (14.0) 2974 (15.4) 8683 (13.3)

1283 (3.8) 870 (4.5) 2302 (3.5)

522 (1.6) 345 (1.8) 943 (1.4)

540 (1.6) 324 (1.7) 917 (1.4)

potassium.

Kidney International Reports (2021) 6, 1309–1316
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Sensitivity Analyses

All sensitivity analyses yielded similar associations of
hyperkalemia and all-cause mortality and CV events. In
the propensity-matched score sample, those with $2
instances of hyperkalemia had a higher risk of all-cause
mortality (HR 1.94 [95% CI 1.66–2.28]) and CV events
(HR 1.83 [95% CI 1.29–2.61]) compared with those
without hyperkalemia. Similarly, in the cohort limited
to those with hyperkalemia in the outpatient setting,
the results were similar (all-cause mortality: HR 1.05
[95% CI 1.02–1.08]; CV events: HR 1.18 [95% CI 1.12–
1.24]).

Finally, the sensitivity analyses among those pa-
tients with a serum potassium level $ 5.5 mmol/l
yielded similar associations between hyperkalemia and
all-cause mortality (HR 1.66 [95% CI 1.58–1.74], P <
0.001) and CV events (HR 1.31 [95% CI 1.17–1.45];
Supplementary Tables S5 and S6).
DISCUSSION

In this large, population-based cohort study, we found
that hyperkalemia was independently associated with
an increased risk of all-cause mortality, CV events,
hospitalizations, and ICU admissions. These findings
were independent of the hyperkalemia threshold
(serum potassium $ 5.0 and $ 5.5 mmol/l). Taken
together, these findings suggest that a single episode of
hyperkalemia is associated with a major disease burden
that extends well beyond the acute episode, and that
elevated potassium levels may contribute to increased
health care costs in both the short term and the long
term.

Our findings are in keeping with the results of other
observational studies on clinical outcomes associated
Kidney International Reports (2021) 6, 1309–1316
with hyperkalemia. A large cohort study of 900,000
patients receiving medical care from multiple health
care providers across the United States examined the
association between serum potassium and all-cause
mortality, comparing mortality rates in patients with
risk factors of HF, CKD, and DM at different ranges of
potassium values.5 They found that after adjusting for
multiple factors, patients with DM, HF, and CKD had
significantly higher mortality rates than control sub-
jects. The study further found that even mild hyper-
kalemia (potassium 5.0–< 5.5 mmol/l) was
independently associated with increased rates of
mortality.5

A recent meta-analysis combining 27 international
cohorts in the CKD Prognosis Consortium and
including >1 million patients has summarized the
relationship between serum potassium and all-cause
mortality, CV-associated mortality, and end-stage
renal disease. This meta-analysis concluded that
hyperkalemia > 5.5 mmol/l was associated with an
increased risk of all-cause mortality (HR 1.22 [95% CI
1.15–1.29]) as well as CV mortality and end-stage renal
disease when compared with a serum potassium of 4.2
mmol/l.4

Fewer studies have looked at other long-term out-
comes, such as CV events, hospitalizations, and ICU
admissions. In a systematic review of 14 studies
examining hyperkalemia in patients with CKD, HF,
type 2 DM, or hypertension, the risk of hospitalization
was increased with increasing severity of hyper-
kalemia. This review identified a limited number of
studies that reported an association between hyper-
kalemia and major adverse cardiac events.16

Our study is unique and builds upon the above find-
ings. Our results are externally valid, confirming the
1313



Table 2. Baseline characteristics: Propensity score match of
patients with and without hyperkalemia

Characteristic
With hyperkalemia,

n [ 88,541
Without hyperkalemia,

n [ 88,541 SMD

Demographics

Age, yr, mean � SD 63.6 � 18.0 64.8 � 18.3 0.066

Female, n (%) 41,053 (46.4) 40,969 (46.3) 0.002

Baseline comorbidities, n (%)

Chronic kidney disease 21,977 (24.8) 20,426 (23.1) 0.041

Diabetes mellitus 29,893 (33.8) 30,128 (34.0) 0.006

Heart failure 15,777 (17.8) 14,624 (16.5) 0.034

Hypertension 60,386 (68.2) 63,038 (71.2) 0.065

Cardiovascular disease 13,811 (15.6) 13,286 (15.0) 0.016

Previous hospitalization 65,800 (74.3) 65,857 (74.4) 0.001

Medications, n (%)

RAAS inhibitors

Current usersa 29,816 (33.7) 29,490 (33.3) 0.008

Nonusersb 11,383 (12.8) 11,510 (13.0) 0.004

Never usersc 47,342 (53.5) 47,541 (53.7) 0.004

Azole antifungals

Current users 194 (0.2) 159 (0.2) 0.009

Nonusers 5072 (5.7) 5026 (5.7) 0.002

Never users 83,356 (94.1) 83,275 (94.1) 0.004

Beta-blockers

Current users 19,363 (21.9) 19,304 (21.8) 0.002

Nonusers 7116 (8.0) 7064 (8.0) 0.002

Never users 62,062 (70.1) 62,173 (70.2) 0.003

Cyclosporine

Current users 89 (0.1) 74 (0.1) 0.005

Nonusers 58 (0.1) 57 (0.1) <0.001

Never users 88,394 (99.8) 88,410 (99.9) 0.004

Digoxin

Current users 2620 (3.0) 2510 (2.8) 0.007

Nonusers 1230 (1.4) 1119 (1.3) 0.010

Never users 84,691 (95.7) 84,912 (95.9) 0.012

Heparin

Current users 479 (0.5) 450 (0.5) 0.004

Nonusers 3284 (3.7) 3355 (3.8) 0.004

Never users 84,778 (95.8) 84,736 (95.7) 0.002

Prescription NSAIDs

Current users 4728 (5.4) 4665 (5.3) 0.003

Nonusers 28,574 (32.3) 29,287 (33.0) 0.017

Never users 55,239 (62.4) 54,589 (61.7) 0.015

Potassium supplements

Current users 2477 (2.8) 2464 (2.8) <0.001

Nonusers 4620 (5.2) 4504 (5.1) 0.006

Never users 81,444 (92.0) 81,573 (92.1) 0.005

Tacrolimus

Current users 79 (0.1) 61 (0.1) 0.007

Nonusers 19 (w0) 13 (w0) 0.005

Never users 88,446 (99.9) 88,467 (99.9) 0.008

Trimethoprim

Current users 1663 (1.9) 1481 (1.7) 0.015

Nonusers 16,378 (18.5) 16,640 (18.8) 0.007

Never users 70,500 (79.6) 70,420 (79.5) 0.002

NSAID, nonsteroidal anti-inflammatory drug; RAAS, renin-angiotensin-aldosterone
system; SD, standard deviation; SMD, standardized mean difference.
aDefined as a current user if 150% of the days’ supply of the last prescription of a given
exposure covers the date of incident hyperkalemia.
bDefined as patients with a prescription for a given exposure for which 150% of the
days’ supply of the last prescription days’ supply did not overlap with the index date.
cPatients with no record of any prescription for an exposure before the index date.

Table 3. Hazard ratios with 95% confidence intervals and P values
of Cox proportional hazards regression models

Model type

All-cause mortality Cardiovascular events

HR (95% CI) P value HR (95% CI) P value

Unadjusted 3.59 (3.55–3.64) <0.001 4.59 (4.49–4.68) <0.001

Propensity-matched 1.15 (1.13–1.18) <0.001 1.20 (1.14–1.26) <0.001

CI, confidence interval; HR, hazard ratio.

CLINICAL RESEARCH I Hougen et al.: Hyperkalemia Outcomes Population-Based Retrospective Cohort
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previous studies showing an increased association be-
tween hyperkalemia and mortality. Our findings are
novel in that we additionally found that the association
persists beyond 30 days and is associated with long-term
mortality. Our study adds to the limited data available
regarding clinical outcomes of hospitalizations and CV
events and is, to our knowledge, the first study to
examine the association between hyperkalemia and ICU
admissions. ICU admissions are important because they
often carry disproportionately high costs, and morbidity
and mortality and should be considered in health eco-
nomic evaluations of therapies targeting hyperkalemia.

The reasons for the association between hyper-
kalemia and an increased risk of adverse events may
be explained in part by the direct proarrhythmic
effects of hyperkalemia, which may result in hypo-
tension, myocardial ischemia, and death.4 It is also
possible that some outcomes may result from per-
manent discontinuation of medications with known
CV benefit (e.g., RAASis). In some cases, adverse
events may be associated with treatment with sodium
polystyrene sulfonate, which has been linked with
the rare but serious risk of bowel necrosis.17-19 In
other cases, adverse outcomes may relate to recurrent
hyperkalemia, although in our cohort only 36.0% of
patients had $1 recurrence of hyperkalemia during
the study period. Our study also has important
research implications. The increased risk of adverse
clinical outcomes demonstrated in our study suggests
that substantial short- and long-term benefits to pa-
tients, payers, and health systems may accrue
following the development of safe and effective
treatments for hyperkalemia. In this regard, it will be
important for future clinical studies to examine
whether the use of newer serum potassium–lowering
agents, such as patiromer and sodium zirconium
cyclosilicate,20-29 can help prevent short-term com-
plications related to hyperkalemia; allow the
resumption and continued use of hyperkalemia-
limited cardioprotective agents (e.g., RAASis and
mineralocorticoid antagonists); prevent long-term
mortality, CV events, and hospitalizations; and
reduce health care costs. Studies evaluating the risk
versus benefit of resuming medications that
Kidney International Reports (2021) 6, 1309–1316
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Figure 3. Kaplan–Meier plot for all-cause mortality in patients with
and without hyperkalemia. CI, confidence interval; HR, hazard ratio.

Table 5. Odds ratios with 95% confidence intervals and P values of
negative binomial regression models

Model type

Hospitalizations ICU admissions

OR (95% CI) P value OR (95% CI) P value

Unadjusted 2.19 (2.16–2.22) <0.001 8.04 (7.84–8.25) <0.001

Propensity-matched 1.71 (1.68–1.74) <0.001 3.48 (3.34–3.62) <0.001

CI, confidence interval; OR, odds ratio.
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contribute to hyperkalemia but which provide CV or
other benefits, such as RAASis, is another area of
research that should be prioritized.

Our study has several strengths. First is the use of
propensity score matching, a statistical method that
attempts to account for observable factors that may
affect the likelihood of a patient having an outcome.30

In our cohort, we were able to match 88,541 in-
dividuals of 93,667 initially identified hyperkalemic
episodes, which resulted in groups that were compa-
rable in baseline characteristics. Therefore, the exclu-
sion of those who could not be suitably matched
resulted in only a small reduction in overall sample.
Other strengths include our analysis of relevant clini-
cally important outcomes for which there were previ-
ously limited data in the literature. The use of a large,
population-based sample also adds to the generaliz-
ability of our study. We included patients with
comorbidities known to be risk factors for hyper-
kalemia but did not limit our study to any specific
high-risk group, such as patients with CKD.

Limitations of the study include its observational
nature. While propensity matching reduces the effect
of confounding, we cannot exclude residual con-
founding. In addition, there may have been some data
not captured by the databases used in the study. We
could not adjust for patient race because those data
were not available. The proportional hazards assump-
tion was tested and held, however time dependent is a
study limitation. Some over-the-counter medications,
Table 4. Odds ratios with 95% confidence intervals and P values of
logistic regression models

Model type

Short-term mortality

OR (95% CI) P value

Unadjusted 3.64 (3.54–3.74) <0.001

Propensity-matched 1.29 (1.24–1.34) <0.001

CI, confidence interval; OR, odds ratio.
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such as nonsteroidal anti-inflammatory drugs, would
not have been captured, and outpatient serum potas-
sium tests performed at laboratories not affiliated with
Shared Health Diagnostic Services were not included,
which could represent ~30% of laboratories in
Manitoba.

In this large, population-based cohort study of
hyperkalemic events and associated adverse clinical
outcomes, we found hyperkalemia to be an independent
risk factor for short- and long-term mortality, CV events,
hospitalizations, and ICU admissions. These findings
highlight the substantial health burden imposed by an
episode of hyperkalemia and identify additional clini-
cally important outcomes that newer therapies targeting
hyperkalemia should seek to improve.
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