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ABSTRACT

Introduction: The progression of mild hyper-
kalemia and the predictors of progression have
not been well characterized. In this study we
aimed to characterize the progression of
hyperkalemia and identify the risk factors for
hyperkalemia progression.

Methods: Adults with mild hyperkalemia (at
least one serum potassium measure > 5.0 and
< 5.5mEq/L) were identified using electronic
medical records from the Research Action for
Health Network (2012-2018). Progression to
moderate-to-severe and progression to severe
hyperkalemia were defined as the first
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occurrences of a serum potassium mea-
sure > 5.5 and > 6.0mEq/L, respectively.
Kaplan-Meier analyses were conducted to esti-
mate progression rates for all patients and by
pre-specified patient subgroups. Hazard ratios
(HR) of moderate-to-severe and severe hyper-
kalemia progression were estimated using Cox
models.

Results: Of 35,369 patients with mild hyper-
kalemia, 16.9% and 8.7% progressed to moder-
ate-to-severe and  severe  hyperkalemia,
respectively. Rates of hyperkalemia progression
elevated with the severity of chronic kidney
disease (CKD). The highest progression rates
were seen in patients with CKD stage 5 (stage 5
vs. no CKD: moderate-to-severe, 50.2% vs.
12.0%; severe, 31.3% vs. 3.9%; p < 0.001).
Higher progression rates were also observed in
patients with heart failure, hypertension, and
type 1I diabetes compared with patients without
those conditions (all p <0.001). The most
prominent risk factors were CKD stage 5 (HR of
progression to moderate-to-severe hyper-
kalemia, 3.32 [95% CI 3.03-3.64]; severe, 4.08
[3.55-4.69]), CKD stage 4 (2.19 [1.97-2.43], 2.28
[1.92-2.71]), CKD stage 3 (1.57 [1.46-1.68], 1.65
[1.46-1.87]), typel diabetes (1.37 [1.18-1.61],
1.54 [1.23-1.93]), and serum potassium (1.12
[1.10-1.15], 1.13 [1.10-1.17] per 0.1 mEq/L
increase) (all p values < 0.05).

Conclusion: Hyperkalemia progression rates
increased significantly with CKD stage and were
also higher among patients with higher baseline
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potassium level, heart failure, hypertension,
and diabetes.

Keywords: Hyperkalemia; Chronic kidney
disease; Comorbidities; Real-world evidence

Key Summary Points

Why carry out this study?

The progression of mild hyperkalemia and
the predictors of progression have not
been well characterized.

In this study we aimed to characterize the
progression of hyperkalemia and identify
the risk factors for hyperkalemia
progression.

What was learned from the study?

Among patients with mild hyperkalemia,
16.9% and 8.7% progressed to moderate-
to-severe and severe hyperkalemia within
2 years of follow-up; the highest
progression rates were seen in patients
with CKD stage 5 (moderate-to-severe,
50.2%; severe, 31.3%).

The most prominent risk factors for mild
hyperkalemia progression were chronic
kidney disease (stage 3, stage 4, and

stage 5), type I diabetes, and higher serum
potassium levels.

The results suggest an unmet need among
patients with mild hyperkalemia
especially those who have risk factors for
hyperkalemia progression; patients with
high risk of progression may benefit from
more frequent monitoring and timely and
appropriate treatment of hyperkalemia.

INTRODUCTION

Serum potassium is usually maintained at a
narrow range from 3.5 to 5.0 mEq/L by various
homeostatic mechanisms that simultaneously

control intracellular-extracellular potassium
redistribution and renal excretion of potassium
[1]. Hyperkalemia occurs when defects in
potassium homeostasis lead to an increase in
serum potassium concentration above the nor-
mal threshold (> 5.0 mEq/L) [2, 3]. It is a com-
mon electrolyte disturbance with increased
incidence among patients with chronic kidney
disease (CKD), acute kidney injury (AKI), dia-
betes mellitus, heart failure, and use of renin
angiotensin aldosterone system inhibitors
(RAASI) [4-6].

Hyperkalemia has been associated with
deleterious clinical outcomes (e.g., increased
risk of sudden death [7], total mortality [8]) and
significantly higher healthcare costs and
resource use [2, 9, 10]. The impact of hyper-
kalemia on patient outcomes increases with
severity. Moderate-to-severe cases may lead to
serious or fatal complications including muscle
weakness, paralysis, cardiac conduction abnor-
malities, and cardiac arrhythmias [11] whereas
mild hyperkalemia is often asymptomatic.
Given the considerable clinical impact, a sig-
nificant economic burden associated with
moderate-to-severe hyperkalemia has been
reported. In particular, patients hospitalized
because of moderate-to-severe hyperkalemia
had a significantly higher risk of hyperkalemia-
related readmission than those with mild
hyperkalemia [10]. Outcomes in patients pre-
senting to the emergency department (ED) also
worsen with hyperkalemia severity. The mor-
tality rate during ED visit (mild, 1.1%; moder-
ate, 3.7%; and severe, 10.6%; p < 0.001) and
inpatient admission rate within 30 days of dis-
charge from ED (mild, 12.0%; moderate, 19.0%;
and severe, 32.5%; p < 0.05) both increase sub-
stantially as the patient’s potassium level rises
[12]. The substantial burden of moderate or
severe hyperkalemia underscores the impor-
tance of hyperkalemia management and the
prevention of progression.

Although the underlying pathogenesis of
hyperkalemia is well documented, there is lim-
ited evidence-based guidance for the prevention
of hyperkalemia progression [13]. Treatment
guidelines focus on severe acute hyperkalemia
only [14, 15]. Dietary modifications, use of
gastrointestinal  cation exchangers (e.g.,
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patiromer, sodium zirconium cyclosilicate [SZC]
[16]), diuretics, and avoidance of medication
that creates an additive risk of hyperkalemia
(e.g., RAASI) are suggested for patients without
emergent hyperkalemia; however, explicit
strategies regarding monitoring and treatment
optimization are not specified [17]. The lack of
guidance for chronic hyperkalemia manage-
ment and progression prevention is in part
because the natural history of hyperkalemia and
the factors associated with progression after the
onset of mild hyperkalemia are not well
understood.

To help inform future clinical recommenda-
tions on the prevention of hyperkalemia pro-
gression and reduce the significant burden
associated with hyperkalemia, the present study
sought to describe time to progression from
mild hyperkalemia to moderate-to-severe or
severe hyperkalemia and evaluate the risk fac-
tors associated with hyperkalemia progression.

METHODS

Data Source

This study was a retrospective cohort study of
electronic medical record (EMR) data from the
Research Action for Health Network (REACH-
net). REACHnet was formed in 2014 with the
goal of improving the efficiency and capacity
for patient-centric research, as one of nine
clinical data research networks participating in
the National Patient-Centered Outcomes
Research Network (PCORnet). The database
contains EMR data from January 2012 to
February 2018 for over 5 million patients of all
ages, sexes, and racial groups from health sys-
tems across Louisiana and Texas. Specifically,
this study analyzed EMR data from two health
systems in Louisiana, Tulane Medical Center
and Ochsner Medical Center, offering robust lab
test results along with the standard EMR ele-
ments including patient demographics, pre-
scriptions, procedures, and diagnosis.

Compliance with Ethics Guidelines

This study was approved by the New England
Independent Review Board on June 25, 2018.
Reference NEIRB# 1-5667-1. Permission to
access the Research Action for Health Network
database was granted by the study collaborator,
REACHnet.

Sample Selection

The study population included adult patients
with at least one mild hyperkalemia event
(serum potassium lab [K*] > 5.0 and < 5.5 mEq/
L). The index date was defined as the date of the
first mild hyperkalemia event. Patients were
required to have at least 6 months of data prior
to the index date (baseline period). The study
period spanned from the index date to the ear-
liest of 2 years post-index date, death, last date
of patient data, or the end of the data cut in
2018. Patients were excluded if they had a
moderate ([K™] > 5.5 and < 6.0 mEq/L) or sev-
ere ([K"] > 6.0 mEq/L) hyperkalemia event any
time prior to the first mild event. Additionally,
patients with insufficient data (i.e., without any
outpatient lab data throughout the entire data
period or without any encounters after the first
mild hyperkalemia event) were excluded.

Statistical Analysis

Patients were categorized on the basis of their
most severe progression event into no progres-
sion, moderate progression, and severe pro-
gression subgroups. Patient characteristics,
including demographics, comorbidities, treat-
ments, and serum potassium lab values, of
patients with no, moderate (5.5 < [K'] <
6.0 mEq/L), and severe ([K']> 6.0 mEq/L)
hyperkalemia progression were described and
compared between subgroups using pairwise
chi-squared tests for categorical variables and
Wilcoxon rank-sum tests for continuous
variables.
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Table 2 Rates of progression from mild to moderate-to-severe and severe hyperkalemia at 2 years post-index

Patient populations”

Rate of progression from mild hyperkalemia to

Moderate-to-severe hyperkalemia (%)

Severe hyperkalemia (%)

Overall 16.9
CKD stage
No CKD 12.0
Stage 3 217
Stage 4 322
Stage 5 without dialysis 43.6
Stage 5 with dialysis 50.2
Heart failure
Yes 28.0
No 15.1
Hypertension
Yes 20.3
No 12.4

Type II diabetes
Yes 23.3
No 14.0

6.3

3.9
7.5
12.4
22.8
313

12.0
5.3

77
4.2

8.9
5.1

CKD chronic kidney disease

* All log-rank tests comparing across patient subgroups were statistically significant (p < 0.001)

Time to moderate-to-severe and time to
severe hyperkalemia progression were calcu-
lated from the index date to the first moderate-
to-severe ([K*] > 5.5 mEq/L) or severe
([K*] > 6.0 mEq/L) hyperkalemia event.
Patients without an occurrence of a moderate-
to-severe or severe hyperkalemia event after the
index date were censored at the end of the study
period. Kaplan-Meier analyses were used to
estimate the time to progression and the pro-
portions of patients who had an occurrence of a
moderate-to-severe or a severe hyperkalemia
event at certain time points (e.g., 1, 3, 6, 12, and
24 months after the index date) during the
study period. Kaplan-Meier analyses were repe-
ated among patients with CKD, heart failure,
hypertension, and type Il diabetes to describe

comorbidity subgroup-specific rates of hyper-
kalemia progression.

Multivariable Cox proportional hazards
models were implemented to estimate the
adjusted hazard ratios (HR) of moderate-to-sev-
ere and severe hyperkalemia progression asso-
ciated with key patient characteristics.

All analyses were performed using SAS 9.4
and R 3.4.2.

RESULTS

Patient Characteristics

Among the 53,667 patients with at least one
mild hyperkalemia event in REACHnet, 35,569
were determined to be eligible for this study.
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g e — CKD stage 5 or BSRD without dialysis
= " — CKD stage 5 or HSRD with dialysis
; 20% 2 No CKD
=S o
=]
= ==
A 10% Log-rank
P <0.001
0%
0 6 18 24
Time to Progression (Months)
Total Patients Proportion with Proportion with Proportion with Proportion with Proportion with
Patient populations® at‘:ents with progression at progression at progression at progression at progression at
p progression month 1 month 3 month 6 month 12 month 24
All patients 35,369 5,323 2.86% 5.48% 7.89% 11.69% 16.94%
CKD stage
CKD stage 3 7,792 1,479 3.83% 7.26% 10.31% 14.80% 21.68%
CKD stage 4 1,892 538 5.13% 10.68% 15.20% 22.69% 32.16%
CKD stage 5 or end stage without dialysis 1,377 539 10.64% 17.83% 23.52% 34.23% 43.64%
CKD stage 5 or end stage with dialysis 531 248 10.19% 21.87% 28.97% 40.21% 50.23%
No CKD 23,777 2,519 1.75% 3.41% 5.16% 7.91% 11.96%

Fig. 1 Progression from mild to moderate-to-severe hyperkalemia by CKD stage. “Median time to progression was not
reached in all patients and by CKD stage. CKD chronic kidney disease, NR not reached

Among eligible patients, 3371 progressed to
moderate hyperkalemia, 1952 progressed to
severe hyperkalemia, and 30,046 did not pro-
gress during the 2-year follow-up period.
Patients with no hyperkalemia progression,
progression to moderate hyperkalemia, and
progression to severe hyperkalemia were similar
in age and all groups contained a slightly higher
proportion of male patients than female
patients (Table 1). Racial distribution was sig-
nificantly different among patients with vs.
without hyperkalemia progression. Specifically,
a higher proportion of patients who progressed
were Black (moderate-severe hyperkalemia,
29.3%; severe hyperkalemia, 43.9%; versus no
progression, 24.3%; both p < 0.001).

Mean Dbaseline serum potassium was
5.2mEq/L in the no progression group and
5.3 mEq/L in both the moderate-to-severe and
severe hyperkalemia groups. Patients who
experienced progression had a greater preva-
lence of CKD stage 3 to stage S or end-stage
renal disease (with and without dialysis), heart
failure, typel diabetes, type Il diabetes, hyper-
tension, AKI, and higher mean Charlson
Comorbidity Index (CCI) compared to those

who did not progress. Baseline RAASi use was
slightly higher among patients who progressed
to moderate-to-severe hyperkalemia, compared
to those who did not progress at 2 years post-
index date.

Hyperkalemia Progression Rates

Among the overall population, 16.9% of
patients progressed from mild to moderate-to-
severe hyperkalemia within 2 years post-index
date (Supplemental Fig. 1). The proportion of
patients who progressed from mild to moderate-
to-severe hyperkalemia at 2 years post-index
date increased with CKD stage (no CKD, 12.0%;
stage 3, 21.7%; stage 4, 32.2%; stage 5 without
dialysis, 43.6%; and stage5 with dialysis,
50.2%). Stage 5 CKD with dialysis was associ-
ated with the highest and most rapid progres-
sion rate of any subgroup (Table 2 and Fig. 1).
Patients with heart failure also had a high risk of
hyperkalemia progression with 28.0% of
patients having progressed from mild to mod-
erate-to-severe hyperkalemia at 2 years post-in-
dex date. Among patients with hypertension
and typell diabetes, 20.3% and 23.3%
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progressed from mild to moderate-to-severe
hyperkalemia at 2years post-index date,
respectively (Table 2).

Similar trends, with lower rates, were
observed for progression from mild to severe
hyperkalemia, where 6.3% of the overall group
progressed to severe hyperkalemia during the
2-year study period. Higher progression rates
were observed among patients with CKD, heart
failure, hypertension, and typell diabetes
(Table 2, Supplemental Figs. 2 and 3). Rates of
progression to severe hyperkalemia at 2 years
post-index date increased with increasing
severity of CKD (no CKD, 3.9%; stage 3, 7.5%;
stage 4, 12.4%; stage S with dialysis, 22.8%; and
stage 5 without dialysis, 31.3%; Supplemental
Fig. 3). Patients with heart failure also had a
high risk of hyperkalemia progression where
1.5%, 3.5%, 5.5%, 8.4%, and 12.0% progressed
from mild to severe hyperkalemia at 1, 3, 6, 12,
and 24 months, respectively. Among patients
with hypertension and type Il diabetes, 7.7%
and 8.9% progressed from mild to severe
hyperkalemia at 2years post-index date,
respectively (Table 2).

Risk Factors for Hyperkalemia Progression

Multivariable Cox models found the most
prominent risk factors for progression to mod-
erate-to-severe hyperkalemia were CKD stage 5
(HR =3.32, p < 0.001), CKD stage 4 (HR = 2.19,
p <0.001), CKD stage 3 (HR =1.57, p < 0.001),
typel diabetes (HR =1.37, p < 0.001), and
serum potassium on the index date (HR = 1.12
per 0.1 mEq/L increase, p < 0.001) (Table 3).
These trends held in the analysis of risk of pro-
gression from mild to severe hyperkalemia, with
a greater risk of progression associated with
CKD stage 5 (HR = 4.08, p < 0.001), CKD stage 4
(HR = 2.28, p < 0.001), CKD stage 3 (HR = 1.65,
p < 0.001), type I diabetes (HR = 1.54, p < 0.01),
and serum potassium on the index date (HR =

1.13 per 0.1 mEq/L increase, p < 0.001,
Table 3). Female (vs. male) and White (vs. non-
White) showed a reduced risk of progression. A
higher CCI and type II diabetes were associated
with higher risk of progression. Additionally,
AKI was associated with higher risk of

progression to moderate-to-severe progression
and patients who had their first mild hyper-
kalemia event at an older age had a reduced risk
of progression to severe hyperkalemia.

DISCUSSION

This study described the natural history of and
assessed the risk factors for progression from
mild to moderate-to-severe or severe hyper-
kalemia using lab-rich real-world data. The
findings of this study indicate that rates of
hyperkalemia progression are high among
patients with mild hyperkalemia, especially in
subgroups with specific comorbidities where
increased risk of hyperkalemia has been estab-
lished. Within the 2-year study period, the
progression rates vary across different comor-
bidity subgroups with the highest rates reaching
50% for moderate-to-severe hyperkalemia and
30% for severe hyperkalemia among patients
with CKD stage 5 or end-stage renal disease on
dialysis. Furthermore, this study showed that
comorbidities associated with hyperkalemia,
such as CKD, typel diabetes, type Il diabetes,
and heart failure, could also be contributing risk
factors for progression from mild to more severe
hyperkalemia.

CKD at baseline was found to be the key risk
factor for hyperkalemia progression which may
be attributable to the fact that several biological
mechanisms involving CKD are known to
increase serum potassium levels. Renal impair-
ment by its nature could cause reduced potas-
sium excretion. Dietary modifications and
inadequate management of CKD progression
may also increase the risk of hyperkalemia
progression. In particular, patients with CKD
are typically instructed to consume a low
sodium and low potassium diet; however, low
sodium foods or products often contain a high
amount of potassium (e.g., salt substitutes, low
sodium soy sauce, fruits, leafy greens, roots, and
tubers) [18, 19]. Furthermore, metabolic acido-
sis may occur among patients with uncon-
trolled CKD which drives more potassium into
the bloodstream than usual to maintain elec-
troneutrality [20, 21]. We observed that patients
with stage5 CKD and on dialysis have the
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highest rate of developing moderate-to-severe
hyperkalemia and severe hyperkalemia within
2-years of follow-up. It is important to consider
that the development of moderate or severe
hyperkalemia in this patient group may be
affected by factors such as dialysis technique
and dialysate composition other than the
underlying disease progression. Nevertheless,
this data points to the unmet need among
patients on dialysis in managing their hyper-
kalemia. We assessed how baseline CKD stage
impacts hyperkalemia disease progression; it
will be important for future studies to evaluate
how the progression of CKD stage influences
hyperkalemia progression.

Higher risk of hyperkalemia progression in
patients with heart failure and diabetes (both
typel and typell) may be a consequence of
inadequate disease control. Uncontrolled dia-
betes among patients with heart failure may
lead to hypertonicity which facilitates the shift
of potassium from the intracellular space to the
bloodstream [22, 23]. Reduced cardiac output
can compromise renal perfusion in patients
with heart failure, making them more suscep-
tible to hyperkalemia [24]. Diabetes commonly
leads to hyporeninemic hypoaldosteronism
which leads to hyperkalemia. Although the
underlying mechanisms among these comor-
bidities and hyperkalemia progression merit
future research, the findings of this study are
broadly in line with previous evaluations on
recurrent hyperkalemia among high-risk
patients, highlighting the importance of long-
term management for hyperkalemia [25, 26].

Interestingly, no significant differences in
hyperkalemia progression rates were seen for
patients using RAASi treatments, despite past
studies underscoring RAASi use as a key risk
factor for the development of hyperkalemia [5].
This result may reflect awareness of the associ-
ation between RAASi use and hyperkalemia and
recommendations in clinical practice guidelines
to withhold or down-titrate RAASi therapy once
hyperkalemia is diagnosed among patients with
CKD [27, 28]. Many patients were likely taken
off these treatments after their initial mild
hyperkalemia event, mitigating the impact of
baseline RAASi use on the risk of progression
during the study follow-up period. It is also

possible that RAASi use has a lesser role in
hyperkalemia progression than hyperkalemia
recurrence as this study focused on the pro-
gression of mild hyperkalemia to moderate or
severe hyperkalemia.

Our study found that 7.9% of the overall
mild hyperkalemia population progressed to
moderate-to-severe or severe disease within
6 months of follow-up. The high proportion of
patients with rapid progression observed in this
study may reflect a significant burden posed to
society, as clinical outcomes worsen and
healthcare resource utilization increases with
hyperkalemia severity [2, 9]. For instance, a US
study reported a significantly higher mortality
rate (24.9% vs. 10.4%) and fivefold higher
healthcare costs ($5645 vs. $1035) among
Medicare-insured patients with CKD and
hyperkalemia compared with those without
hyperkalemia [29]. This suggests an unmet need
among patients with mild hyperkalemia who
have risk factors for hyperkalemia progression
who may benefit from more frequent monitor-
ing and timely and appropriate treatment of
hyperkalemia. Traditionally physicians have
been reducing or discontinuing RAASis when
patients develop hyperkalemia, especially
moderate to severe hyperkalemia. The new
potassium binders (SZC or patiromer) should be
part of the therapeutic measures for hyper-
kalemia management to maximize the benefits
from the intended RAASi treatment.

Identifying hyperkalemia on the basis of
diagnosis codes has been traditionally chal-
lenging because of low sensitivity [30] which
underlines the difficulty in evaluating this
condition in retrospective databases without lab
measures. The REACHnet EMR database con-
tained ample longitudinal lab measures which
allowed this study to identify hyperkalemia
events over an extended period of follow-up
with high sensitivity. Furthermore, this study
was able to evaluate hyperkalemia progression
and its associated risk factors in a broadly rep-
resentative sample across the communities of
Louisiana, unlike typical EMR database studies
which are usually restricted to data from a sin-
gle center or a smaller geographic region cov-
erage. Results of this study are robust as
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demonstrated by the consistent findings across
a variety of analyses conducted.

Nevertheless, the results of this study should
be interpreted in light of its limitations. First,
the data source draws only from patients in the
Louisiana area, potentially restricting the gen-
eralizability of the study findings to regions or
nations with distinct differences from Louisi-
ana. Second, patient encounters occurring out-
side of the healthcare systems were not
available through the EMR data, leading to
potential underestimations of progression esti-
mates (e.g., outpatient labs done at a facility
outside of the healthcare system may not have
been captured). However, we excluded patients
without any outpatient lab data or without any
encounters in the health systems after the first
mild hyperkalemia event and this should have
mitigated this limitation. Additionally, there
may be inconsistency in self-reported variables
such as race, limiting the ability to determine
the effect of such wvariables on outcomes.
Finally, limitations that are inherent to studies
using EMR data sources also apply to this study,
including potential data omissions and coding
errors. Furthermore, codes used to identify
diagnoses and treatments may not perfectly
capture this information nor confirm actual
treatment administration.

CONCLUSIONS

The study found that hyperkalemia progression
rates increased significantly with CKD stage and
were also higher among patients with higher
baseline potassium level, heart failure, hyper-
tension, and diabetes. The totality of evidence
across the analyses conducted in this study
demonstrates the need for better management
of patients with mild hyperkalemia to prevent
hyperkalemia progression. In particular, the
results suggest that more frequent monitoring
and the new potassium binders should be part
of the therapeutic measures for hyperkalemia
management especially for patients at high risk
of hyperkalemia progression, such as those with
CKD, heart failure, hypertension, and diabetes.
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