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ABSTRACT

Introduction: The REVOLUTIONIZE I study
aimed to characterize the relationships between
medical nutrition therapy (MNT) and hyper-
kalemia recurrence in patients with stage 3–4
chronic kidney disease (CKD) and hyperkalemia
who received MNT in real-world clinical
practice.

Methods: This observational cohort study used
de-identified electronic health record data from
patients aged C 18 years with stage 3–4 CKD
who received MNT between January 2019 and
October 2022 and had hyperkalemia (serum
potassium[5.0 mmol/L) within 30 days before
MNT. Patients were followed for 6 months or
until the first censoring event (death, prescrip-
tion of outpatient potassium binder, or study
end). The primary outcome was the percentage
of patients with C 1 hyperkalemia recurrence
during follow-up. Secondary outcomes included
the number of hyperkalemia recurrences per
patient, time to each recurrence, and hyper-
kalemia-related healthcare resource utilization.
Exploratory outcomes included all-cause
healthcare resource utilization and mortality.
Results: The final cohort comprised 2048
patients; 1503 (73.4%) patients remained
uncensored after 6 months. During the
6-month follow-up period, 56.0% of patients
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had C 1 hyperkalemia recurrence and 37.4%
had C 1 recurrence within the first month.
Patients with C 1 hyperkalemia recurrence dur-
ing follow-up had a mean ± standard deviation
(SD) of 2.6 ± 2.2 recurrences. The mean ± SD
time to first hyperkalemia recurrence was
45 ± 46 days; the time between recurrences
decreased with subsequent episodes. Hyper-
kalemia-related hospitalizations and emergency
department visits were recorded for 13.7% and
1.5% of patients, respectively. Sensitivity anal-
yses showed that results were consistent across

patient subgroups, including those with
comorbid heart failure and patients receiving
renin–angiotensin–aldosterone system inhi-
bitor therapy at baseline.
Conclusion: Most patients with stage 3–4 CKD
had hyperkalemia recurrence, and MNT alone
was inadequate to prevent recurrence. These
patients may require additional long-term
treatment, such as novel potassium binders, to
maintain normokalemia and prevent hyper-
kalemia recurrence following MNT.
Infographic available for this article.
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PLAIN LANGUAGE SUMMARY

Patients with chronic kidney disease (CKD)
typically receive dietary counseling from a reg-
istered dietician, referred to as medical nutri-
tion therapy, to help reduce their risk of
complications of CKD while addressing their
specific nutritional needs. Patients with CKD
have an increased risk of elevated blood potas-
sium levels (hyperkalemia), which has poten-
tially life-threatening consequences. Although
medical nutrition therapy may help patients
with hyperkalemia to manage their dietary
potassium intake, its effects in preventing
recurrence are unclear. Our aim was to deter-
mine whether medical nutrition therapy can
help prevent hyperkalemia recurrence after an
initial event in patients with non-dialysis-de-
pendent (stage 3–4) CKD in real-world clinical
practice. We used data from de-identified elec-
tronic health records to study hyperkalemia
recurrence over 6 months in patients with
stage 3–4 CKD who received medical nutrition
therapy within 30 days after experiencing
hyperkalemia. Over half of the patients (56.0%)
had at least one hyperkalemia recurrence within
an average of 45 days during the 6 months after
medical nutrition therapy; these patients had
an average of 2.6 distinct recurrences in
6 months. In patients with two or more hyper-
kalemia recurrences, the time between these
became shorter than 30 days. Our real-world
study results show that hyperkalemia is a
chronic, recurring condition in patients with
stage 3–4 CKD, and that medical nutrition
therapy is not enough to prevent its recurrence.
This suggests that these patients may need
additional long-term treatment for hyper-
kalemia, such as novel potassium binder ther-
apy, to prevent hyperkalemia recurrence.

Keywords: Chronic kidney disease; Dietary
counselling; Healthcare resource utilization;
Heart failure; Hyperkalemia; Medical nutrition
therapy; Potassium; Renal dysfunction;
Renin–angiotensin–aldosterone system
inhibitor

Key Summary Points

Why carry out this study?

Medical nutrition therapy (MNT) is
frequently provided to patients with
chronic kidney disease (CKD) to address
their nutritional needs and reduce the risk
of CKD complications.

CKD is associated with an increased risk of
hyperkalemia; although MNT can help
patients to manage their dietary intake of
potassium, it is not known whether MNT
alone is sufficient to prevent
hyperkalemia recurrence.

The aim of this retrospective,
observational, cohort study was to
evaluate the relationship between MNT
and hyperkalemia recurrence in patients
with stage 3–4 CKD who received MNT
within 30 days after a hyperkalemia event.

What was learned from the study?

During the 6-month follow-up period,
56.0% of patients had C 1 hyperkalemia
recurrence (mean of 2.6 distinct
recurrences); the mean time to first
recurrence was 45 days, with the time
between recurrences decreasing with
subsequent hyperkalemia episodes.

This study showed that hyperkalemia is a
chronic, recurring condition for the
majority of patients with stage 3–4 CKD,
and that MNT alone was insufficient to
prevent its recurrence.

The results of this study suggest that
additional long-term treatment, such as
novel potassium binders, may be
necessary to prevent hyperkalemia
recurrence in patients with stage 3–4 CKD
and hyperkalemia.
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DIGITAL FEATURES

This article is published with digital features,
including an infographic, to facilitate under-
standing of the article. To view digital features
for this article, go to https://doi.org/10.6084/
m9.figshare.25352206.

INTRODUCTION

The burden of chronic kidney disease (CKD) is
increasing worldwide, with CKD estimated to
affect more than 10% of the global population
[1, 2]. In the USA, the estimated prevalence of
CKD among people aged 18 years or older is
approximately 35.5 million or around 14% of
the adult population [3]. CKD is associated with
a variety of electrolyte disturbances and is the
most common factor associated with elevated
levels of potassium [4, 5]. Hyperkalemia,
defined as elevated serum potassium levels
above the normal range ([ 5.0 mmol/L), is a
potentially life-threatening electrolyte imbal-
ance that can result in arrhythmias and sudden
death [6, 7]. In addition to CKD [7, 8], risk fac-
tors for hyperkalemia include diabetes, heart
failure (HF), and the use of renin–angiotensin–
aldosterone system inhibitors (RAASis)
[5, 7, 9–11].

The incidence of hyperkalemia has been
reported to range between 2% and 35% in
patients with CKD [5]. Much of the variation in
incidence may be explained by differences in
estimated glomerular filtration rate (eGFR),
with low eGFR being a key risk factor for
increased serum K? in CKD [5, 12]. Other rea-
sons for this variation include the use of RAASis
and potassium-sparing diuretics, and the pres-
ence of comorbidities such as diabetes and HF
[5, 13]. RAASis are disease-modifying drugs that
can slow CKD progression, prevent hospitaliza-
tion with HF, and reduce mortality in patients
with CKD and/or HF [14–16]. However, RAASi
treatment has often been discontinued or con-
tinued at a suboptimal dose in patients who
develop hyperkalemia, which compromises its
cardiorenal benefits [17]. Consequently, upda-
ted guidelines for CKD and HF recommend
RAASi discontinuation or dose reduction only if

hyperkalemia remains uncontrolled despite
medical treatment, including the use of anti-
hyperkalemia therapies such as potassium bin-
ders or gastrointestinal cation exchangers
[14, 15, 18].

Although sodium-glucose cotransporter 2
inhibitors and sacubitril-valsartan appear useful
in reducing the risk of hyperkalemia induced by
mineralocorticoid receptor antagonists, these
agents are not recommended to treat hyper-
kalemia once it has occurred. Therefore, rec-
ommendations for the management of
hyperkalemia include monitoring serum potas-
sium levels in patients at risk, reviewing the use
of medications associated with increased risk of
hyperkalemia, reducing dietary potassium
intake (including the use of salt substitutes),
treatment of metabolic acidosis, loop diuretic
therapy, and treatment with the newer potas-
sium binders, patiromer or sodium zirconium
cyclosilicate (SZC) [19, 20]. Potassium binder
therapy may allow patients to maintain RAASi
treatment, with real-world studies showing that
80% or more patients receiving SZC [21] or
patiromer [22] were able to continue RAASi
therapy.

An important facet of CKD management is
medical nutrition therapy (MNT), also known
as dietary counseling, which is mostly provided
by registered dietitians [23]. Treatment guideli-
nes recommend MNT for all patients with CKD
to avoid complications [24, 25]. MNT involves
assessing and addressing individual patients’
nutritional needs; this includes consideration of
protein, energy, and fluid intake, treating vita-
min deficiencies, and managing sodium, potas-
sium, and phosphorous levels [23, 25, 26]. To
reduce the risk of hyperkalemia, patients with
CKD may need to lower their dietary potassium
intake, particularly if they are receiving RAASi
therapy [25, 26]. However, adherence to a low-
potassium diet while also meeting nutritional
needs can be challenging without the guidance
of a registered dietitian [20, 26]. This is because
potassium is present in a wide variety of foods,
including plant-based foods, which contain
high levels of fiber in addition to vitamins and
trace elements, as well as other heart-healthy
foods [20, 24, 26]. In addition, there are hidden
sources of potassium, such as the salt substitutes
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that are frequently recommended for patients
with hypertension [26]. A dietitian can work
with patients to identify their individual nutri-
tional needs and their dietary sources of potas-
sium and recommend modifications such as
food substitutions or changes to cooking tech-
niques (e.g., boiling or soaking) to reduce the
potassium levels in foods [24, 26].

Although MNT has been evaluated in the
context of CKD progression [23] and has the
potential to reduce hyperkalemia risk by
managing dietary potassium intake, the rela-
tionship between MNT and hyperkalemia has
not been well investigated. Furthermore,
although it has been established that hyper-
kalemia is associated with increased healthcare
costs and healthcare resource utilization (HRU)
[27–30], there is a lack of data describing HRU in
patients with hyperkalemia who receive MNT.
Therefore, the aim of the REVOLUTIONIZE I
retrospective cohort study was to better under-
stand the correlations between MNT and
hyperkalemia recurrence, hyperkalemia-related
hospitalizations, and hyperkalemia-related
emergency department (ED) visits in patients
with stage 3–4 CKD and hyperkalemia who
received MNT in real-world clinical practice.

METHODS

Study Design and Data Source

REVOLUTIONIZE I was an observational cohort
study that utilized de-identified longitudinal
electronic health record (EHR) data collected on
December 19, 2022, from the TriNetX Dataworks-
USA Network database. This network provided
access to de-identified inpatient and outpatient
EHR data (diagnoses, procedures, medications,
laboratory values, genomic information) from
approximately 66 million patients at
45 healthcare organizations, including aca-
demic medical centers, integrated delivery net-
works, specialty hospitals, and large specialty
physician practices. Healthcare encounters that
occurred outside of this network were not
captured.

Ethical Considerations

This retrospective, non-interventional study
used only patient data that were de-identified in
compliance with the standard defined in sec-
tion §164.514(a) of the Health Insurance
Portability and Accountability Act (HIPAA) pri-
vacy rule. All data were collected during routine
clinical practice prior to access to the final data
cut from the TriNetX Dataworks-USA Network
database; all data were de-identified and no
patient identifiers were available to the study
investigators. AstraZeneca did not access or
license data from TriNetX for the conduct of
this study. This study was not classified as
research involving human subjects (under the
Code of Federal Regulations title 45 §46.101)
and was therefore exempt from institutional
review board approval or requirement for
informed consent from individual patients. This
study was conducted in accordance with the
Declaration of Helsinki of 1964 and its later
amendments.

Study Population

Eligible patients were aged 18 years or older,
had diagnosed hyperkalemia and stage 3–4
CKD, and received MNT between January 1,
2019, and October 31, 2022 (study period). The
MNT date was the date of the first evidence of
MNT preceded by a serum potassium level
[5.0 mmol/L (within 30 days before MNT).
MNT involved the use of standardized curricu-
lums on dietary counselling with appropriate
follow-up monitoring, although the contents of
the curriculums used are not visible within the
data source. The index date was defined as the
MNT date plus 7 days. The baseline period was
the 24 months immediately preceding the
index date (Fig. 1). To ensure that patients
received regular care, within the TriNetX Data-
works-USA Network, all patients were required
to have at least one healthcare encounter
within 12–24 months prior to the index date.
Patients were excluded if they had stage 5 CKD
or end-stage kidney disease (eGFR\15 mL/
min/1.73 m2) at any time during the baseline
period. Patients were also excluded if they had
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an outpatient prescription for a potassium bin-
der (sodium polystyrene sulfonate, patiromer,
or SZC) within 182 days before the index date to
focus on first-line MNT.

Patients included in the study were followed
for either 6 months from the index date or until
the first censoring event (death or prescription
of outpatient potassium binder, or end of study
period). All data gathering and analyses were
overseen by three pharmacoepidemiologists.

Study Objectives and Outcomes

The primary outcome was the percentage of
patients who experienced at least one hyper-
kalemia recurrence, defined as a serum potas-
sium measurement of [5.0 mmol/L during
follow-up. Hyperkalemia recurrence was classi-
fied within six analysis intervals (i.e., 0–1, 0–2,
0–3, 0–4, 0–5, and 0–6 months post index).
Secondary outcomes were analyzed for patients
who remained uncensored at 6 months post
index. These outcomes were described for a
single analysis interval (0–6 months) and
included (1) hyperkalemia recurrence after the
first post-index recurrence, defined as a serum
potassium level of[5.0 mmol/L observed more

than 7 days after the previous hyperkalemia
recurrence; (2) time to each hyperkalemia
recurrence for up to six hyperkalemia recur-
rences during the 6-month follow-up period
(calculated as the number of days from the start
of the follow-up period [i.e., index date plus
1 day] to the date of the first post-index serum
potassium measurement of [ 5.0 mmol/L); (3)
change in serum potassium level from baseline
to the first hyperkalemia recurrence; (4) serum
potassium level at each recurrence; (5) hyper-
kalemia-related hospitalizations, defined as an
inpatient encounter in which a hyperkalemia-
related diagnosis was recorded in any diagnosis
position during admission (classified by Current
Procedural Terminology codes for initial and
subsequent hospital care, inpatient observa-
tions, discharge management, and critical care
in the intensive care unit), with the outcome
date defined as the date of the first inpatient
encounter recorded in the EHR and no analysis
of subsequent hospitalizations; (6) hyper-
kalemia-related ED visits, classified as an ED
encounter with a recorded diagnosis of hyper-
kalemia (in any diagnosis position) on the date
of the ED visit, occurring within 6 months post
index.

Fig. 1 REVOLUTIONIZE I study design. CKD chronic kidney disease, EHR electronic health record, HK hyperkalemia,
iHK index hyperkalemia, K? potassium, MNT medical nutrition therapy
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Exploratory outcomes included all-cause
hospitalizations, all-cause ED visits, and all-
cause mortality. Hospitalizations and ED visits
were assessed for the 6-month follow-up period;
mortality was assessed for an additional month
after the follow-up period, because EHR data
capture the month after the actual date of death
to protect patient privacy.

Sensitivity analyses were conducted to eval-
uate study outcomes for the following sub-
groups: stage 3b CKD (eGFR C 30 and\45 mL/
min/1.73 m2); stage 4 CKD (eGFR C 15 and
\30 mL/min/1.73 m2); diagnosis of HF, pre-
scription of RAASi therapy at baseline; stage 3a
CKD (eGFR C 45 and \60 mL/min/1.73 m2);
diagnosis of hypertension; diagnosis of type 2
diabetes; diagnosis of HF plus stage 3a/3b CKD;
diagnosis of HF plus stage 3a CKD; and
moderate-to-severe hyperkalemia (serum potas-
sium C5.5 mmol/L for the index hyperkalemia
episode). An additional sensitivity analysis was
conducted to assess the proportion of patients
with hyperkalemia recurrence when recurrence
was defined as a serum potassium level of C 5.0
mmol/L; this was done for the overall popula-
tion and the aforementioned patient subgroups.

Statistical Analyses

A sample size of 263 patients was calculated to
provide 90% power to detect a 10% difference
in hyperkalemia recurrence, assuming a 50%
hyperkalemia recurrence rate under the null
hypothesis. Descriptive statistics and 95% con-
fidence intervals (95% CIs; Clopper–Pearson,
exact binomial) were used. Hypothesis testing
was used for the primary analysis to determine
if the observed proportion of patients with a
hyperkalemia recurrence was 50%, with a null
hypothesis that there was no difference
between the observed proportion of patients
with a hyperkalemia recurrence and the a priori
specified hypothesis of 50% recurrence. For the
primary outcome of hyperkalemia recurrence,
the analysis set for each interval comprised
patients who remained uncensored for the
entire duration of that analysis interval. For
secondary and exploratory objectives, exclud-
ing all-cause mortality, the analysis set

comprised all patients with at least 6 months of
follow-up; all-cause mortality was analyzed in
the cohorts without censoring.

RESULTS

Study Population

The final cohort comprised 2048 patients
(Table S1 in the electronic supplementary
material), and 1503 (73.4%) remained uncen-
sored at the end of the 6-month follow-up per-
iod. Reasons for censoring and the time to the
first censoring event are presented in Table S2 in
the electronic supplementary material. Baseline
demographics, clinical characteristics, treat-
ments, and HRU for the overall study cohort
and key patient subgroups are presented in
Table 1.

In the overall study cohort, the mean ±

standard deviation (SD) age at index was
66.0 ± 14.1 years. The mean ± SD serum
potassium level at baseline was 5.5 ± 0.5 mmol/
L and the majority (59.0%) of patients had mild
hyperkalemia ([5.0 to \5.5 mmol/L). Mean ±

SD eGFR, based on the last serum creatinine
measurement within 12 months of the index
date, was 34.6 ± 12.8 mL/min/1.73 m2; 58.1%
of patients had stage 3a or 3b CKD and 41.9%
had stage 4 CKD at baseline. The most common
comorbidities in the overall patient cohort were
hypertension (96.1% of patients), type 2 dia-
betes (65.1%), and HF (57.6%). Notably, during
the 6 months before the index date, 71.1% of
patients were receiving loop diuretics and
43.6% were receiving RAASi therapy. Baseline
data for additional patient subgroups for which
sensitivity analyses were conducted are pre-
sented in Table S3 in the electronic supple-
mentary material.

Hyperkalemia Recurrence

More than half of the overall population expe-
rienced hyperkalemia recurrence during the
6 months after MNT (Table 2), with over one-
third having a recurrence within the first
month. During the 6-month follow-up period,
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Table 1 Baseline patient demographics, clinical characteristics, treatments, and healthcare resource utilization in the total
study cohort and selected subgroups

Total
(N = 2048)

CKD stage 3b
(n = 657)

CKD stage 4
(n = 859)

HF
(n = 1179)

RAASi prescription
(n = 892)

Age at index, years

Mean ± SD 66.0 ± 14.1 66.3 ± 14.0 65.4 ± 14.4 67.3 ± 13.3 66.9 ± 13.6

Median (IQR) 68 (59, 76) 67 (59, 76) 68 (58, 76) 69 (59, 77) 69 (60, 77)

Sex, n (%)

Female 822 (40.1) 267 (40.6) 366 (42.6) 462 (39.2) 362 (40.6)

Male 1226 (59.9) 390 (59.4) 493 (57.4) 717 (60.8) 530 (59.4)

Race, n (%)

Asian 66 (3.2) 17 (2.6) 33 (3.8) 28 (2.4) 27 (3.0)

Black or African

American

591 (28.9) 184 (28.0) 251 (29.2) 353 (29.9) 266 (29.8)

Other 11 (0.5) 3 (0.5) 6 (0.7) 7 (0.6) 7 (0.8)

Unknown 124 (6.1) 33 (5.0) 63 (7.3) 71 (6.0) 49 (5.5)

White 1256 (61.3) 420 (63.9) 506 (58.9) 720 (61.1) 543 (60.9)

Ethnicity, n (%)

Hispanic or Latino 82 (4.0) 29 (4.4) 31 (3.6) 42 (3.6) 40 (4.5)

Not Hispanic or

Latino

1856 (90.6) 586 (89.2) 788 (91.7) 1091 (92.5) 805 (90.2)

Unknown 110 (5.4) 42 (6.4) 40 (4.7) 46 (3.9) 47 (5.3)

US Census geographic region, n (%)a

Midwest 70 (3.4) 14 (2.1) 35 (4.1) 30 (2.5) 42 (4.7)

Northeast 1821 (88.9) 583 (88.7) 761 (88.6) 1069 (90.7) 788 (88.3)

South 131 (6.4) 52 (7.9) 52 (6.1) 62 (5.3) 42 (4.7)

West 26 (1.3) 8 (1.2) 11 (1.3) 18 (1.5) 20 (2.2)

Index serum K? (mmol/L), n (%)

Mean ± SD 5.5 ± 0.5 5.5 ± 0.5 5.5 ± 0.5 5.5 ± 0.5 5.5 ± 0.5

Median (IQR) 5.4 (5.2, 5.7) 5.4 (5.2, 5.7) 5.4 (5.2, 5.7) 5.4 (5.2, 5.7) 5.4 (5.2, 5.6)

[5.0 to\5.5 (mild

HK)

1209 (59.0) 393 (59.8) 502 (58.4) 710 (60.2) 541 (60.7)

C 5.5 to\6.0

(moderate HK)

580 (28.3) 177 (26.9) 246 (28.6) 321 (27.2) 246 (27.6)

C 6.0 to\6.5 (severe

HK)

170 (8.3) 58 (8.8) 75 (8.7) 92 (7.8) 72 (8.1)
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Table 1 continued

Total
(N = 2048)

CKD stage 3b
(n = 657)

CKD stage 4
(n = 859)

HF
(n = 1179)

RAASi prescription
(n = 892)

C 6.5 (very severe

HK)

89 (4.3) 29 (4.4) 36 (4.2) 56 (4.7) 33 (3.7)

eGFR (mL/min/1.73 m2), n (%)b

Mean ± SD 34.6 ± 12.8 37.0 ± 4.2 22.2 ± 4.4 34.3 ± 12.6 35.5 ± 12.8

Median (IQR) 33.4 (23.5,

45.3)

36.9 (33.4, 40.6) 21.9 (18.2, 26.0) 32.8 (23.4,

45.0)

34.7 (24.5, 46.8)

15–29 (stage 4 CKD) 859 (41.9) 0 (0.0) 859 (100.0) 514 (43.6) 347 (38.9)

30–44 (stage 3b

CKD)

657 (32.1) 657 (100.0) 0 (0.0) 371 (31.5) 287 (32.2)

45–59 (stage 3a

CKD)

532 (26.0) 0 (0.0) 0 (0.0) 294 (24.9) 258 (28.9)

Comorbidities within 24 months pre-index, n (%)

CCI, mean ± SD 9.37 ± 3.86 9.53 ± 4.02 9.15 ± 3.75 10.19 ± 3.69 9.55 ± 3.72

Hypertension 1968 (96.1) 628 (95.6) 826 (96.2) 1151 (97.6) 881 (98.8)

Type 2 diabetes 1334 (65.1) 430 (65.4) 557 (64.8) 815 (69.1) 642 (72.0)

Heart failure 1179 (57.6) 371 (56.5) 514 (59.8) 1179 (100.0) 549 (61.5)

Pharmacotherapy within 6 months pre-index, n (%)

RAASi 892 (43.6) 287 (43.7) 347 (40.4) 549 (46.6) 892 (100.0)

MRA 271 (13.2) 99 (15.1) 92 (10.7) 205 (17.4) 137 (15.4)

ACEI 479 (23.4) 160 (24.4) 185 (21.5) 275 (23.3) 479 (53.7)

ARB 467 (22.8) 150 (22.8) 179 (20.8) 315 (26.7) 467 (52.4)

ARNI 147 (7.2) 46 (7.0) 51 (5.9) 130 (11.0) 147 (16.5)

Loop diuretic 1456 (71.1) 458 (69.7) 634 (73.8) 997 (84.6) 644 (72.2)

Thiazide diuretic 514 (25.1) 168 (25.6) 227 (26.4) 350 (29.7) 274 (30.7)

HRU within 12 months pre-index, n (%)

Outpatient visit 1996 (97.5) 641 (97.6) 837 (97.4) 1150 (97.5) 874 (98.0)

ED visit 528 (25.8) 184 (28.0) 203 (23.6) 332 (28.2) 249 (27.9)
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842 of 1503 patients (56.0%; 95% CI,
53.5–58.6%; p = 0.001 vs the estimated recur-
rence rate) experienced at least one hyper-
kalemia recurrence (Fig. 2a). Of the 1790
patients who remained uncensored for the 0–-
1 month post-index interval, 669 (37.4%;
95% CI, 35.1–39.7%; p\0.001) experienced
hyperkalemia recurrence.

In patients with at least 6 months of follow-
up and at least one hyperkalemia recurrence,
the mean ± SD number of recurrences during
follow-up was 2.6 ± 2.2 (median 2; range 1–13).
In these patients, the mean ± SD time to first
hyperkalemia recurrence was 45 ± 46 days and
mean ± SD serum potassium at the first recur-
rence was 5.4 ± 0.4 mmol/L (Table 2). The
mean interval between subsequent hyper-
kalemia recurrences decreased with each recur-
rence, whereas the mean serum potassium
levels remained relatively constant for each
recurrence (Table 2).

Sensitivity analyses of patient subgroups
with stage 3b CKD, stage 4 CKD, HF, and base-
line RAASi use also showed that over half of all
patients in each subgroup experienced hyper-
kalemia recurrence during the follow-up period.
As in the total study cohort, the time to recur-
rence among patients with at least 6 months of
follow-up and at least one hyperkalemia recur-
rence decreased with subsequent recurrences,

but the mean serum potassium levels were
consistent (Table 2).

Patients with Stage 3b CKD
Among patients with stage 3b CKD (n = 657),
256 of 472 patients with at least 6 months’ fol-
low-up (54.2%; 95% CI, 49.7–58.7%; p = 0.066)
experienced at least one hyperkalemia recur-
rence (Fig. 2b). In this subgroup, 222 of 571
patients (38.9%; 95% CI, 34.9–42.9%;
p\0.001) who remained uncensored for the
0–1 month post-index interval experienced
hyperkalemia recurrence during the first month
post index.

Patients with Stage 4 CKD
In the subgroup with stage 4 CKD (n = 859), 614
patients had at least 6 months’ follow-up
available; 365 of these patients (59.4%; 95% CI,
55.6–63.3%; p\0.001) experienced at least
one hyperkalemia recurrence (Fig. 2c). During
the first month post index, 287 of 734 patients
(39.1%; 95% CI, 35.6–42.6%; p\0.001) had
hyperkalemia recurrence.

Patients with HF
In the subgroup with HF (n = 1179), 861
patients had at least 6 months of follow-up. Of
these patients, 485 (56.3%; 95% CI,
53.0–59.6%; p\0.001) experienced at least
one hyperkalemia recurrence (Fig. 2d).

Table 1 continued

Total
(N = 2048)

CKD stage 3b
(n = 657)

CKD stage 4
(n = 859)

HF
(n = 1179)

RAASi prescription
(n = 892)

Inpatient

hospitalization

1773 (86.6) 563 (85.7) 759 (88.4) 1070 (90.8) 751 (84.2)

ACEI angiotensin-converting enzyme inhibitor, ARB angiotensin II receptor blocker, ARNI angiotensin receptor-neprilysin
inhibitor, CCI Charlson Comorbidity Index, CKD chronic kidney disease, ED emergency department, eGFR estimated
glomerular filtration rate, HF heart failure, HK hyperkalemia, HRU healthcare resource utilization, IQR interquartile range,
K? potassium, MRA mineralocorticoid receptor antagonist, RAASi renin–angiotensin–aldosterone system inhibitor, SD
standard deviation
aUS Census region
bBased on the last serum creatinine measurement within 12 months pre-index and calculated using the Mayo Clinic
quadratic equation
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Table 2 Hyperkalemia recurrence and healthcare resource utilization following medical nutrition therapy among patients
with C 6 months of follow-up in the total study cohort and selected subgroups

Total
(N = 1503)

Patient subgroup

Stage 3b CKD
(n = 472)

Stage 4 CKD
(n = 614)

Heart failure
(n = 861)

Baseline RAASi
(n = 681)

Number of HK recurrences, n (%)a

0 661 (44.0) 216 (45.8) 249 (40.6) 376 (43.7) 314 (46.1)

1 356 (23.7) 107 (22.7) 142 (23.1) 200 (23.2) 166 (24.4)

2 195 (13.0) 54 (11.4) 94 (15.3) 111 (12.9) 88 (12.9)

3 87 (5.8) 30 (6.4) 38 (6.2) 56 (6.5) 33 (4.8)

4 79 (5.3) 32 (6.8) 28 (4.6) 43 (5.0) 28 (4.1)

5 50 (3.3) 15 (3.2) 24 (3.9) 29 (3.4) 17 (2.5)

C 6 75 (5.0) 18 (3.8) 39 (6.4) 46 (5.3) 35 (5.1)

Change in serum K? from baseline to first HK recurrence (mmol/L)

Mean ± SDb -0.1 ± 0.6 -0.1 ± 0.6 -0.1 ± 0.7 -0.1 ± 0.6 -0.1 ± 0.6

Serum K? at recurrence (mmol/L), mean ± SDb

First 5.4 ± 0.4 5.4 ± 0.4 5.5 ± 0.5 5.4 ± 0.4 5.4 ± 0.5

Second 5.4 ± 0.4 5.4 ± 0.4 5.4 ± 0.4 5.4 ± 0.4 5.4 ± 0.3

Third 5.5 ± 0.5 5.5 ± 0.5 5.5 ± 0.6 5.5 ± 0.5 5.5 ± 0.4

Fourth 5.5 ± 0.4 5.5 ± 0.5 5.4 ± 0.3 5.5 ± 0.4 5.5 ± 0.5

Fifth 5.4 ± 0.3 5.4 ± 0.3 5.4 ± 0.4 5.4 ± 0.4 5.4 ± 0.3

Sixth 5.4 ± 0.3 5.4 ± 0.3 5.4 ± 0.4 5.4 ± 0.4 5.4 ± 0.4

Time to each HK recurrence (days), mean ± SDb

First 45 ± 46 45 ± 48 43 ± 44 42 ± 44 47 ± 48

Second 35 ± 37 38 ± 40 31 ± 34 35 ± 37 36 ± 38

Third 29 ± 29 33 ± 33 28 ± 27 26 ± 26 27 ± 28

Fourth 27 ± 26 27 ± 25 30 ± 30 26 ± 24 27 ± 27

Fifth 24 ± 22 19 ± 14 24 ± 22 22 ± 24 24 ± 22

Sixth 20 ± 19 16 ± 12 20 ± 17 22 ± 22 22 ± 16

Patients with HK-related HRU, n (%)a

Hospitalization 206 (13.7) 65 (13.8) 96 (15.6) 121 (14.1) 94 (13.8)

ED visit 22 (1.5) 5 (1.1) 11 (1.8) 10 (1.2) 12 (1.8)

Patients with all-cause HRU, n (%)a

Hospitalization 955 (63.5) 291 (61.7) 408 (66.4) 594 (69.0) 420 (61.7)

ED visit 339 (22.6) 119 (25.2) 137 (22.3) 202 (23.5) 160 (23.5)
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Hyperkalemia recurrence was recorded for 395
of 1036 patients (38.1%; 95% CI, 35.2–41.1%;
p\0.001) during the 0–1 month post-index
interval.

Patients Receiving RAASi Therapy
Among patients receiving RAASi therapy at base-
line (n = 892), 681 patientshad at least6 months’
follow-up available, of whom 367 (53.9%; 95% CI
50.1–57.6%; p = 0.042) experienced at least
one hyperkalemia recurrence (Fig. 2e). During the
0–1 month post-index interval, 283 of 794
patients (35.6%; 95% CI 32.3–39.0%; p\0.001)
experienced hyperkalemia recurrence.

Other Patient Subgroups
Sensitivity analyses for the subgroups of patients
with hypertension, patients with stage 3a CKD,
patients with type 2 diabetes, patients with HF
and stage 3a/3b CKD, patients with HF and
stage 3a CKD, and patients with moderate-to-
severe hyperkalemia also showed that more than
half (52.5–57.2%) of each subgroup had at least
one hyperkalemia recurrence during the 6-month
follow-up period (Table S4 in the electronic sup-
plementary material). Within these subgroups,
time to recurrence also decreased with subsequent
recurrences, while mean serum potassium levels
remained consistent for each recurrence (Table S4
in the electronic supplementary material).

Hyperkalemia Recurrence with Serum
Potassium ‡ 5.5 mmol/L
The sensitivity analysis with recurrence defined
as serum potassium of C 5.5 mmol/L showed

that hyperkalemia recurrence occurred in
approximately one-third of patients within
6 months after MNT (Table S5 in the electronic
supplementary material).

HRU and All-Cause Mortality

Among the 1503 patients in the total study
cohort with at least 6 months of follow-up,
hyperkalemia-related hospitalizations were
recorded for 206 patients (13.7%), and hyper-
kalemia-related ED visits were recorded for 22
patients (1.5%) (Table 2). In addition, all-cause
hospitalizations were recorded for 955 patients
(63.5%), and all-cause ED visits for 339 patients
(22.6%). Sensitivity analyses revealed similar
HRU in patient subgroups, with the proportions
of patients with hyperkalemia-related hospital-
ization ranging from 10.8% to 15.6%, and the
proportions with hyperkalemia-related ED visits
ranging from 0.4% to 1.8% (shown in Table 2
and in Table S4 in the electronic supplementary
material).

In the overall study cohort (N = 2048), all-
cause mortality was recorded for 325 patients
(15.9%) (Table 2). All-cause mortality rates in
patient subgroups ranged from 12.6% among
patients with stage 3a CKD to 19.0% among
patients with HF (shown in Table 2 and in
Table S4 in the electronic supplementary
material).

Table 2 continued

Total
(N = 1503)

Patient subgroup

Stage 3b CKD
(n = 472)

Stage 4 CKD
(n = 614)

Heart failure
(n = 861)

Baseline RAASi
(n = 681)

Mortalityc 325 (15.9) 102 (15.5) 156 (18.2) 224 (19.0) 135 (15.1)

CKD chronic kidney disease, ED emergency department, HK hyperkalemia, HRU healthcare resource utilization, K?

potassium, RAASi renin–angiotensin–aldosterone system inhibitor, SD standard deviation
aAnalyses included patients with C 6 months of follow-up
bAnalyses included patients with C 6 months of follow-up and a sufficient number of HK recurrences
cMortality analyses included all patients in each cohort without censoring
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DISCUSSION

Among patients with stage 3–4 CKD who
received MNT after experiencing hyperkalemia,

more than one-third of patients (37.4%) had a
hyperkalemia recurrence within 1 month after
MNT. By 6 months, more than half (56.0%) had
experienced at least one recurrence, with an

Fig. 2 Proportion of patients with hyperkalemia recur-
rence among the total study cohort (a), patients with
stage 3b CKD (b), patients with stage 4 CKD (c), patients
with heart failure (d), and patients receiving RAASi
therapy at baseline (e). N values represent patients

remaining uncensored for the analysis interval. p values
are versus the a priori estimated recurrence rate of 50%
(vertical red line). *Statistically significant. CI confidence
interval, CKD chronic kidney disease, RAASi renin–
angiotensin–aldosterone system inhibitor
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average of 45 days until the first recurrence,
which exceeded the prespecified recurrence rate
of 50.0% (p\0.001). The time between subse-
quent hyperkalemia recurrences tended to
decrease to less than 30 days by the third
recurrence, indicating the recurrent nature of
hyperkalemia. In addition, serum potassium
levels were relatively constant and unchanged
between each recurrence. Results of sensitivity
analyses were consistent with those for the
overall study cohort and did not reveal clini-
cally relevant differences between the patient
subgroups investigated.

HRU in patients with CKD who experienced
hyperkalemia after MNT was substantial, with
approximately 14% of patients having hyper-
kalemia-related inpatient hospitalizations.
Although MNT is an important component of
CKD management, there is a lack of evidence
regarding its utility in the treatment of hyper-
kalemia and the prevention of recurrent
hyperkalemia. Our results suggest that MNT is
insufficient to treat hyperkalemia and prevent
recurrence of hyperkalemia in patients with
CKD, and that augmentation of MNT with well-
tolerated and efficacious treatments to reduce
potassium levels in a sustained manner, such as
novel potassium binder therapies, may be nec-
essary. Furthermore, the results of this study
indicate that hyperkalemia is a chronic risk for
most patients with stage 3–4 CKD, for which
long-term treatment will be required to prevent
subsequent recurrences. Notably, the hyper-
kalemia recurrence was high despite the
majority (71.1%) of patients receiving loop
diuretics during the 6 months before the index
date. This suggests that further research is nee-
ded to determine whether loop diuretic therapy
is sufficient to prevent hyperkalemia recurrence.

A strength of our study was that patients
who received outpatient oral potassium binder
therapy within 6 months before MNT were
excluded, allowing a focus on patients who
received first-line MNT. Moreover, to mitigate
the potential for selection bias, the study cohort
systematically included all patients with
stage 3–4 CKD and hyperkalemia who received
MNT during the study period. Importantly, the
patient population included in the TriNetX
Dataworks-USA Network has been shown to be

broadly representative of patients who receive
medical care in the USA, because the database
captures de-identified EHR data from large
healthcare systems with multiple affiliated sites
across a large geographic region. The require-
ment for patients to have received regular care
within the network reduces the potential for
missing data and increases the probability that
patients included in the study received follow-
up treatment at centers within the network.

However, the results of this EHR study
should be interpreted in the context of its
inherent limitations, including misclassifica-
tion bias. To mitigate the potential for misclas-
sification, patients were required to have
diagnosed hyperkalemia with a clinically
accepted serum potassium threshold
([5.0 mmol/L), and MNT was required to be
initiated within 30 days of the index hyper-
kalemia episode. In addition, the contents of
the standardized curriculums used during the
MNT visits and patients’ adherence to dietary
counseling were unknown, as these were not
captured in the data source. It is also important
to note that, as a retrospective observational
study, causality cannot be inferred from the
study results.

CONCLUSION

Our real-world study results showed that
hyperkalemia is a chronic and recurrent condi-
tion for most patients with stage 3–4 CKD and
that MNT alone was inadequate to prevent its
recurrence. Furthermore, all-cause and hyper-
kalemia-related HRU were high even after
patients received MNT. Patients with stage 3–4
CKD may require additional long-term treat-
ment, such as novel potassium binders, to
maintain normokalemia and prevent hyper-
kalemia recurrence following MNT.
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