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Effect of Sodium Zirconium Cyclosilicate on Potassium
Lowering for 28 Days Among Outpatients With Hyperkalemia
The HARMONIZE Randomized Clinical Trial
Mikhail Kosiborod, MD; Henrik S. Rasmussen, MD, PhD; Philip Lavin, PhD; Wajeh Y. Qunibi, MD; Bruce Spinowitz, MD; David Packham, MD;
Simon D. Roger, MD; Alex Yang, MD; Edgar Lerma, MD; Bhupinder Singh, MD

IMPORTANCE Hyperkalemia is a common electrolyte abnormality that may be difficult to
manage because of a lack of effective therapies. Sodium zirconium cyclosilicate is a
nonabsorbed cation exchanger that selectively binds potassium in the intestine.

OBJECTIVE To evaluate the efficacy and safety of zirconium cyclosilicate for 28 days in
patients with hyperkalemia.

DESIGN, SETTING, AND PARTICIPANTS HARMONIZE was a phase 3, multicenter, randomized,
double-blind, placebo-controlled trial evaluating zirconium cyclosilicate in outpatients with
hyperkalemia (serum potassium �5.1 mEq/L) recruited from 44 sites in the United States,
Australia, and South Africa (March-August 2014).

INTERVENTIONS Patients (n = 258) received 10 g of zirconium cyclosilicate 3 times daily in
the initial 48-hour open-label phase. Patients (n = 237) achieving normokalemia (3.5-5.0
mEq/L) were then randomized to receive zirconium cyclosilicate, 5 g (n = 45 patients), 10 g
(n = 51), or 15 g (n = 56), or placebo (n = 85) daily for 28 days.

MAIN OUTCOMES AND MEASURES The primary end point was mean serum potassium level in
each zirconium cyclosilicate group vs placebo during days 8-29 of the randomized phase.

RESULTS In the open-label phase, serum potassium levels declined from 5.6 mEq/L at baseline to
4.5 mEq/L at 48 hours. Median time to normalization was 2.2 hours, with 84% of patients (95%
CI, 79%-88%) achieving normokalemia by 24 hours and 98% (95% CI, 96%-99%) by 48 hours.
In the randomized phase, serum potassium was significantly lower during days 8-29 with all 3
zirconium cyclosilicate doses vs placebo (4.8 mEq/L [95% CI, 4.6-4.9], 4.5 mEq/L [95% CI,
4.4-4.6], and 4.4 mEq/L [95% CI, 4.3-4.5] for 5 g, 10 g, and 15 g; 5.1 mEq/L [95% CI, 5.0-5.2] for
placebo; P < .001 for all comparisons). The proportion of patients with mean potassium <5.1
mEq/L during days 8-29 was significantly higher in all zirconium cyclosilicate groups vs placebo
(36/45 [80%], 45/50 [90%], and 51/54 [94%] for the 5-g, 10-g, and 15-g groups, vs 38/82 [46%]
with placebo; P < .001 for each dose vs placebo). Adverse events were comparable between
zirconium cyclosilicate and placebo, although edema was more common in the 15-g group
(edema incidence: 2/85 [2%], 1/45 [2%], 3/51 [6%], and 8/56 [14%] patients in the placebo, 5-g,
10-g, and 15-g groups). Hypokalemia developed in 5/51 (10%) and 6/56 patients (11%) in the 10-g
and 15-g zirconium cyclosilicate groups, vs none in the 5-g or placebo groups.

CONCLUSIONS AND RELEVANCE Among outpatients with hyperkalemia, open-label sodium
zirconium cyclosilicate reduced serum potassium to normal levels within 48 hours; compared
with placebo, all 3 doses of zirconium cyclosilicate resulted in lower potassium levels and a
higher proportion of patients with normal potassium levels for up to 28 days. Further studies
are needed to evaluate the efficacy and safety of zirconium cyclosilicate beyond 4 weeks and
to assess long-term clinical outcomes.
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H yperkalemia is a common electrolyte disorder that can
cause potentially life-threatening cardiac arrhyth-
mias and is associated with poor prognosis in various

patient populations.1,2 Common comorbidities associated with
hyperkalemia, such as chronic kidney disease (CKD), heart fail-
ure, and diabetes mellitus, are the same conditions in which
renin-angiotensin-aldosterone system (RAAS) inhibitors im-
prove outcomes, leading to their strong endorsement in prac-
tice guidelines.3 However, broader use of RAAS inhibitors,
which mechanistically increase potassium levels,4 accompa-
nied by the parallel increase in the number of individuals with
CKD,5,6 heart failure,7 and diabetes,8 have led to higher preva-
lence of hyperkalemia and an increase in hyperkalemia-
related hospitalizations and deaths.9

Although effective and safe therapies for acute and
chronic management of hyperkalemia are needed, such
treatment options are currently lacking in the outpatient set-
ting. Cation exchange resins such as sodium polystyrene sul-
fonate (SPS) are commonly used, but their effectiveness is
uncertain10 and has not been demonstrated in randomized
controlled trials; furthermore, they have been associated
with reports of serious intestinal toxicity.11,12 Other strategies
for acute management of hyperkalemia (eg, intravenous
insulin and dextrose, intravenous sodium bicarbonate,
diuretics, and inhaled β-adrenergic agonists) are impractical
in the outpatient setting. Dietary restriction of potassium is
associated with variable adherence and limits healthy food
options for some patients.13

Sodium zirconium cyclosilicate (zirconium cyclosilicate;
also known as ZS-9) is a highly selective inorganic cation
exchanger designed to entrap potassium in the intestine. In
previous studies, zirconium cyclosilicate was well tolerated
and effective in lowering potassium within 48 hours of
administration.14,15 This study evaluated the efficacy and
safety of zirconium cyclosilicate for 28 days in patients with
hyperkalemia.

Methods
The Hyperkalemia Randomized Intervention Multidose ZS-9
Maintenance (HARMONIZE) study was a phase 3, random-
ized, double-blind, placebo-controlled trial that enrolled am-
bulatory patients with a potassium level of 5.1 mEq/L or greater.
Patients were treated with zirconium cyclosilicate (10 g 3 times
daily) in the 48-hour open-label phase; those achieving nor-
mokalemia (potassium, 3.5-5.0 mEq/L) were randomized to re-
ceive 3 different zirconium cyclosilicate doses or matching pla-
cebo for 28 days. The study was conducted in 44 sites from the
United States, Australia, and South Africa (March through Au-
gust 2014). The full study protocol and list of participating sites
and investigators can be found in the trial protocol in
Supplement 1 and eTable 1 in Supplement 2. The primary aim
of the trial was to evaluate the efficacy and safety of 3 zirco-
nium cyclosilicate doses in patients with hyperkalemia for up
to 28 days. The study was conducted in accordance with the
ICH E6(R1) Guidelines of Good Clinical Practice and the
Declaration of Helsinki.

Patient Selection
Full inclusion and exclusion criteria may be found in the trial
protocol in Supplement 1. Adult ambulatory patients with a his-
tory or laboratory evidence of hyperkalemia were recruited
from nephrology, cardiology, and general research sites and
screened for participation. To be eligible for enrollment, pa-
tients had to have documented hyperkalemia (2 consecutive
potassium values, measured 60 minutes apart, both
≥5.1 mEq/L), be able to have repeated blood draws, and pro-
vide written informed consent (collected by the principal in-
vestigator or designee).

Exclusion criteria were pseudohyperkalemia, dialysis
requirement, life expectancy less than 3 months, pregnancy,
cardiac arrhythmias requiring immediate treatment, dia-
betic ketoacidosis, active treatment with sodium polysty-
rene sulfonate or lactulose, prior participation in another
zirconium cyclosilicate trial or treatment with an unap-
proved drug or device within 30 days of study entry, any
severe condition that would affect adherence or place a
patient at undue risk, and known hypersensitivity to zirco-
nium cyclosilicate.

Data on race and ethnicity were collected (based on
prior literature noting differences in hyperkalemia by
race)16-18 using a 2-question format in which study partici-
pants self-reported race/ethnicity information. No mon-
etary compensation was provided for study participation
(other than reimbursement of travel expenses for study vis-
its). The study was approved by national regulatory authori-
ties in each country and the institutional review board or
local ethics committee for each site.

Study Design
Patients who were deemed eligible by meeting inclusion
and exclusion criteria, agreed to participate, and signed
informed consent were enrolled in the open-label phase,
during which they received 10 g of zirconium cyclosilicate 3
times daily with meals for 48 hours (6 doses total). Zirco-
nium cyclosilicate was administered as an odorless, taste-
less white powder mixed with water (240 mL with each
dose). No protocol-directed advice on dietary potassium
was provided to participants.

Patients who achieved normokalemia at the end of the
open-label phase entered the double-blind randomized phase
(Figure 1). Patients were randomized (4:4:4:7) to once-daily zir-
conium cyclosilicate (5, 10, or 15 g) or placebo, respectively, for
28 days. If a patient’s potassium value was between 3.0 and
3.4 mEq/L at any time during the randomized phase, the dose
was reduced from once daily to every other day for the re-
mainder of the study. If a patient developed significant hypo-
kalemia (potassium <3.0 mEq/L) at any time, or severe hyper-
kalemia (potassium >6.2 mEq/L) or significant arrhythmias
(ventricular tachycardia/fibrillation, new atrial fibrillation/
flutter, paroxysmal supraventricular tachycardia, second- or
third-degree atrioventricular block or significant bradycardia
[heart rate <40 beats/min]) during the randomized phase, study
drug was discontinued, and the patient was withdrawn from
the study and referred to his or her treating physician for the
standard of care.
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Potassium Measurements
All potassium levels were measured (after an 8-hour fast) in
whole blood with a point-of-care device (i-STAT; Abbott
Laboratories). All samples were then centrifuged on site and

serum sent to a central laboratory (Beckman-Coulter-AU680
chemistry analyzer). Patient eligibility for enrollment and
randomization and treatment decisions were based on
i-STAT values. Statistical analyses were based on central

Figure 1. Patient Screening and Selection for Open-Label and Randomized Phases of the HARMONIZE Trial

85 Randomized to receive placebo 45 Randomized to receive 5-g dose
of zirconium cyclosilicate 

51 Randomized to receive 10-g dose
 of zirconium cyclosilicate

56 Randomized to receive 15-g dose
 of zirconium cyclosilicate

425 Patients were assessed for eligibility

258 Enrolled and received zirconium
cyclosilicate, 10 g

251 Eligible for 48-hour
open-label phase

167 Excluded
160 Potassium values <5.1 mEq/L

1 Prior randomization in zirconium
cyclosilicate study 

2 Withdrew consent 
1 Inability to have repeated

blood draws or effective venous
catheterization

1 Hospitalized prior to
randomization

1 Participant adherence
1 Investigator’s decision 

10 Discontinued early
2 Withdrew consent 
1 Participant adherence
2 Unconfirmed eligibility 
3 Had hyperkalemia 
2 Other reasons

82 Included in the randomized
phase primary analysis

3 Excluded (no potassium
measurements after randomized
phase baseline) 

50 Included in the randomized
phase primary analysis

1 Excluded (no potassium
measurements after
randomized phase baseline) 

54 Included in the randomized
phase primary analysis

2 Excluded (no potassium
measurements after
randomized phase baseline) 

45 Included in the randomized
phase primary analysis

5 Discontinued early
3 Adverse event 
1 Met ECG withdrawal criteriaa

1 Other reason

7 Discontinued early
2 Unconfirmed eligibility 
3 Had hypokalemiab

2 Other reason

7 Excluded
5 Withdrew consent 
2 Discontinued early because

of hyperkalemia 

7 Discontinued early
1 Adverse event
1 Investigator’s decision

1 Had hypokalemiab
2 Met ECG withdrawal criteriaa 

1 Unconfirmed eligibility
1 Other reason 

237 Randomized

14 Excluded
1 Met ECG withdrawal criteriaa

1 Withdrew consent
1 Investigator’s decision 
9 Had hyperkalemia 
2 Had hypokalemiab

Patients who discontinued study treatment but had at least 1 follow-up serum
potassium measurement between days 8-29 were included in the randomized
phase intent-to-treat population.
a Electrocardiogram (ECG) withdrawal criteria included significant increase in PR

interval (>250 milliseconds in the absence of preexisting atrioventricular
block), or widening of the QRS complex (>140 milliseconds in the absence of
preexisting bundle branch block) or peaked T-wave or an increase in QTc

interval >25 milliseconds to more than 500 milliseconds or >25 milliseconds in
somebody with a baseline QTc of >500 milliseconds.

b According to the study protocol, all clinical decisions to withdraw patients
because of a potassium level <3.0 mEq/L were based on i-STAT values;
however, in all of these cases, subsequent central laboratory values for serum
potassium were �3.0 mEq/L.
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laboratory values; if these data were missing, i-STAT values
were used (adjusted to reflect the mean difference between
i-STAT and laboratory potassium from all available paired
samples).

Potassium was measured at 1, 2, and 4 hours after first dose
on day 1, as well as just prior to and 1 hour after first dose on
day 2 of the open-label phase. Eligibility for randomization was
based on i-STAT potassium level obtained on the morning of
study day 3 (after 48 hours of open-label treatment). After ran-
domization, potassium was measured before the dose on days
1, 2, 5, 8, 12, 15, 19, 22, 26, and 29.

Study End Points
The primary end point was the comparison of mean serum po-
tassium levels between placebo and each treatment group
(highest to lowest) during days 8 through 29 of the random-
ized phase. Prespecified secondary efficacy end points for the
randomized phase included proportion of patients who were
normokalemic at end of study (morning of day 29); absolute
and percentage change in serum potassium levels from open-
label and randomized phase baselines and proportion of nor-
mokalemic patients at measured time intervals; cumulative
days patients remained normokalemic between days 8-29 of
the randomized phase; time to first recurrence of hyperkale-
mia (potassium ≥5.1 mEq/L) and time to first return to open-
label phase baseline potassium level; mean intrapatient stan-
dard deviation in potassium levels between days 8-29 of the
randomized phase; and mean change in serum aldosterone and
plasma renin between open-label phase baseline and day 29
(US sites only). An additional prespecified analysis compared
the proportion of patients with mean potassium level less than
5.1 mEq/L during days 8-29 of the randomized phase be-
tween each treatment group and placebo.

Secondary end points for the open-label phase included
absolute and percentage change from baseline in serum po-
tassium levels at all measured time intervals after initiation of
treatment, proportion of patients who achieved normokale-
mia by 24 and 48 hours, time to normalization, and exponen-
tial rate of change in serum potassium.

Safety and tolerability were assessed throughout the study
via ascertainment of adverse events (AEs) and serious ad-
verse events (SAEs), monitoring of serial electrocardiograms,
vital signs, body weight, physical examinations, and labora-
tory assessments (standard hematology and serum chemis-
try, including serum calcium, magnesium, phosphate, creati-
nine, blood urea nitrogen, and bicarbonate; urine analysis
[including urinary sodium excretion]; and urine culture).

Statistical Analysis
Full details of the statistical analysis may be found in the trial
protocol in Supplement 1. A sample size of 232 patients in the
randomized phase had 90% power to detect a 0.3-mEq/L mean
difference in potassium levels during days 8-29 (assuming a
0.5 participant-level SD) for each dose of zirconium cyclosili-
cate vs placebo for a 2-sided t test with 5.0% type I error.

All patients who received study drug were included in the
safety population. The open-label phase intent-to-treat popu-
lation included all patients in the open-label phase who had

at least 1 postbaseline potassium level. The randomized phase
modified intent-to-treat population included all patients who
had at least 1 postbaseline potassium value on or after day 8
of the randomized phase.

For the primary end point, a log transformation was ap-
plied to serum potassium levels to reduce the effect of outli-
ers. A longitudinal generalized estimating equation (GEE)
model was used to simultaneously compare each active dose
(highest to lowest) vs placebo for the mean day 8-29 values;
the model included all serum potassium levels collected at
scheduled study visits, baseline covariates for estimated glo-
merular filtration rate (eGFR), baseline serum potassium, age,
sex, and binary indicators for prespecified subgroups (RAAS
inhibitors, CKD, heart failure, diabetes mellitus). The longitu-
dinal GEE model uses all available observations in the se-
quence of data points and a variance-covariance matrix that
deals with correlations between consecutive observations to
produce population-based estimates of treatment effects with-
out imputing individual patient-specific missing data points.
This accounts for missing data.19

Additional efficacy end points were evaluated using a
logistic regression model (proportion normokalemic at day
29); 2-sample t test (absolute and percentage change in potas-
sium levels from open-label and randomized phase baselines
at measured time intervals and for changes in aldosterone
and renin at day 29); Fisher exact test (proportions of normo-
kalemic patients at measured time intervals and patients
with mean day 8-29 potassium <5.1 mEq/L); linear regression
model (cumulative days with normokalemia); Kaplan-Meier
life table and Wilcoxon-Gehan test (median time to hyperka-
lemia and return to open-label phase baseline potassium
level); and analysis of covariance (mean intrapatient standard
deviation).

For the open-label phase efficacy end points, the abso-
lute and percentage change from baseline in potassium at all
time points (including 24 and 48 hours) were assessed using
1-sample t test to test the null hypotheses that the mean
changes from baseline were 0. Kaplan-Meier life table was used
to estimate time to normokalemia. Exponential rate of change
in serum potassium level was assessed by fitting a straight line
through the log of all postbaseline potassium values through
48 hours controlling for age, sex, baseline potassium, base-
line eGFR, CKD, diabetes, heart failure, and use of RAAS in-
hibitors.

Two-sided P ≤ .05 was considered statistically signifi-
cant for all end points. All analyses were conducted using SAS
version 9.1 (SAS Institute).

Results
In total, 425 patients were assessed for eligibility (Figure 1),
and 258 patients were enrolled into the open-label phase.
After 48 hours of open-label therapy with zirconium cyclo-
silicate, 10 g, 3 times daily, 237 patients were randomized to
receive either once-daily zirconium cyclosilicate (n = 45 to
5 g, n = 51 to 10 g, n = 56 to 15 g) or matching placebo (n = 85).
Six patients (3 in placebo, 1 in 10-g dose, 2 in 15-g dose) did
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not have follow-up potassium measurements between days
8-29 and were not included in the randomized phase modi-
fied intent-to-treat analyses.

Baseline characteristics are listed in Table 1. Mean age
was 64 years, 58% were men, and 83% were white. Eighty
percent of patients were enrolled in the United States, 8% in
Australia, and 12% in South Africa (eTable 1 in Supplement 2).
Substantial proportions of patients had CKD (169/258 [66%]),
heart failure (94 [36%]), and diabetes (170 [66%]) and were
treated with RAAS inhibitors (180 [70%]). Mean baseline
serum potassium was 5.6 mEq/L, 100 patients (39%) had
moderate hyperkalemia (potassium 5.5 to <6.0 mEq/L), 39
patients (15%) had severe hyperkalemia (potassium
≥6.0 mEq/L), and mean eGFR was 46 mL/min/1.73 m2

(Table 1). Overall, 6.2% of potassium values were missing
during randomized phase. Higher proportions of patients
taking zirconium cyclosilicate had heart failure, CKD, eGFR
less than 60 mL/min/1.73 m2, and diabetes, and brain natri-
uretic peptide levels were higher in the 5-g and 15-g dose
groups, compared with placebo (Table 1).

Efficacy
Open-Label 48-Hour Phase
Zirconium cyclosilicate significantly reduced serum potas-
sium during the initial 48 hours vs baseline (Figure 2A). A
significant change in potassium (−0.2 mEq/L; 95% CI, −0.3
to −0.2) was noted 1 hour after the first 10-g dose compared
with baseline (P < .001). At 2 and 4 hours after the first dose,
mean change in potassium was −0.4 mEq/L (95% CI, −0.5 to
−0.4) and −0.5 mEq/L (95% CI, −0.6 to −0.5), respectively
(P < .001 for both time points). Absolute change in serum
potassium was −0.7 mEq/L (95% CI, −0.7 to −0.6; −12%) at
24 hours and −1.1 mEq/L (95% CI, −1.1 to −1.0; −19%) at 48
hours (P < .001 for both time points). Patients with higher
baseline potassium experienced greater magnitude of
potassium reduction (Figure 2B). Serum potassium was
within the normal range in 84% of patients (95% CI, 79% to
88%) by 24 hours and in 98% (95% CI, 96% to 99%) by 48
hours. Median time to potassium normalization was 2.2
hours (interquartile range, 1.0 to 22.3). The effect of zirco-
nium cyclosilicate was consistent across all prespecified

Table 1. Baseline Characteristics of Ambulatory Patients With Hyperkalemia Enrolled in HARMONIZE Trial
According to the Study Group

Open-Label
Phase

(Zirconium
Cyclosilicate,

10 g)
(n = 258)

Randomized Phase

Placebo
Group

(n = 85)

Zirconium Cyclosilicate Dose Group
5 g

(n = 45)
10 g

(n = 51)
15 g

(n = 56)
Age, mean (SD), y 64.0 (12.7) 64.3 (12.1) 61.5 (16.9) 63.8 (10.0) 64.9 (12.9)

Sex, No. (%)

Male 149 (57.8) 44 (51.8) 27 (60.0) 27 (52.9) 40 (71.4)

Female 109 (42.2) 41 (48.2) 18 (40.0) 24 (47.1) 16 (28.6)

Race, No. (%)

White 215 (83.3) 73 (85.9) 36 (80.0) 44 (86.3) 46 (82.1)

Black/African American 37 (14.3) 10 (11.8) 8 (17.8) 5 (9.8) 9 (16.1)

Asian 5 (1.9) 3 (3.5) 0 1 (2.0) 1 (1.8)

Other 3 (1.2) 1 (1.2) 1 (2.2) 1 (2.0) 0

Weight, mean (SD), kg 87.9 (22.9) 85.1 (18.6) 89.6 (23.9) 87.4 (25.6) 87.2 (18.6)

Serum potassium, mean
(SD), mg/dL

5.6 (0.4) 4.6 (0.4) 4.5 (0.4) 4.4 (0.4) 4.5 (0.4)

Serum potassium, No. (%)

<5.5 mEq/L 119 (46.1) 43 (50.6) 23 (51.1) 19 (37.3) 24 (42.9)

5.5 to <6.0 mEq/L 100 (38.8) 30 (35.3) 17 (37.8) 23 (45.1) 26 (46.4)

≥6.0 mEq/L 39 (15.1) 12 (14.1) 5 (11.1) 9 (17.6) 6 (10.7)

eGFR,a mean (SD),
mL/min/1.73 m2

46.3 (30.5) 48.0 (28.8) 48.0 (30.7) 44.7 (30.7) 44.9 (29.5)

eGFR, No. (%)

<60 mL/min/1.73 m2 179 (69.4) 52 (61.2) 31 (68.9) 38 (74.5) 41 (73.2)

≥60 mL/min/1.73 m2 72 (27.9) 28 (32.9) 12 (26.7) 13 (25.5) 15 (26.8)

Not reported 7 (2.7) 5 (5.9) 2 (4.4) 0 0

Brain natriuretic peptide,
mean (SD), pg/mLb

125.9 (170) 101.3 (106.5) 174.6 (228.6) 100.6 (143.7) 151.6 (216.8)

Comorbidities, No. (%)

Chronic kidney disease 169 (65.5) 50 (58.8) 29 (64.4) 36 (70.6) 37 (66.1)

Heart failure 94 (36.4) 26 (30.6) 18 (40.0) 18 (35.3) 25 (44.6)

Diabetes mellitus 170 (65.9) 54 (63.5) 26 (57.8) 38 (74.5) 39 (69.6)

RAASi medication, No. (%) 180 (69.8) 61 (71.8) 33 (73.3) 36 (70.6) 33 (58.9)

Abbreviations: eGFR, estimated
glomerular filtration rate; RAASi,
renin-angiotensin-aldosterone
system inhibitor.
a Calculated from the Modification of

Diet in Renal Disease Study
equation.

b US sites only; brain natriuretic
peptide values shown represent
open-label baseline.
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subgroups and all ranges of hyperkalemia at baseline
(Figure 2B). Mean exponential rate of change in potassium
at 48 hours was −0.3% per hour (95% CI, −0.4% to −0.3% per
hour).

Randomized 28-Day Phase
Mean serum potassium during days 8-29 was significantly re-
duced in all zirconium cyclosilicate groups vs placebo, with nu-
merically lower potassium achieved with higher doses
(4.8 mEq/L [95% CI, 4.6-4.9], 4.5 mEq/L [95% CI, 4.4-4.6], and
4.4 mEq/L [95% CI, 4.3-4.5] for 5-g, 10-g, and 15-g doses, re-
spectively; 5.1 mEq/L [95% CI, 5.0-5.2] for placebo; P < .001 for
each zirconium cyclosilicate dose vs placebo comparison
(Figure 3A and Table 2). This effect was consistent through-
out the randomized phase (Figure 3B). The greater degree of
potassium lowering with zirconium cyclosilicate compared
with placebo was consistent across all prespecified sub-
groups (eFigure in the Supplement).

Corresponding between-group differences for mean
serum potassium level during days 8-29 of the randomized
phase were −0.3 mEq/L (95% CI, −0.3 to −0.3), −0.6 mEq/L
(95% CI, −0.5 to −0.6), and −0.7 mEq/L (95% CI, −0.7 to −0.7)
for 5-g, 10-g, and 15-g doses, respectively, vs placebo. The
proportion of patients who had normal potassium levels at
the end of the randomized phase was significantly higher in
each of the 3 zirconium cyclosilicate groups compared with
placebo and was numerically greater with higher doses
(71%, 76%, and 85% for 5-g, 10-g, and 15-g groups, respec-
tively, vs 48% with placebo; P = .01 for 5-g, P = .002 for 10-g,
P < .001 for 15-g dose of zirconium cyclosilicate vs placebo).
Similarly, the proportion of patients with mean potassium
less than 5.1 mEq/L during randomized phase days 8-29 was
significantly higher in all zirconium cyclosilicate groups vs
placebo and was numerically higher with higher doses
(80%, 90%, and 94% for 5-g, 10-g, and 15-g groups, respec-
tively, vs 46% with placebo; P < .001 for each dose vs pla-
cebo). Other secondary efficacy end points are presented in
Table 2, and all demonstrated superiority for all 3 doses of
zirconium cyclosilicate compared with placebo (with the
exception of mean intrapatient standard deviation in serum
potassium levels, which was higher in the 10-g group vs pla-
cebo, and plasma renin, which was lower in the 10-g group
vs placebo).

Safety
The most common AEs are listed in Table 3. Edema
occurred in 2 of 85 patients (2%), 1 of 45 patients (2%), 3 of
51 patients (6%), and 8 of 56 patients (14%) in the placebo,
5-g, 10-g, and 15-g groups, respectively. Seven of 14 patients
who developed edema (1/1 in 5-g group, 3/3 in 10-g group,
3/8 in 15-g group) did not require any changes in therapy; 13
of 14 patients who developed edema completed the study.
Gastrointestinal AEs were reported in 12 patients (14%) tak-
ing placebo vs 3 patients (7%), 1 patient (2%), and 5 patients
(9%) in the 5-g, 10-g, and 15-g groups. No drug-related seri-
ous AEs were reported (Table 3). Treatment-related AEs
were recorded in 8% of placebo patients vs 8% of zirconium
cyclosilicate patients (eTable 2 in Supplement 2). One death
(10-g zirconium cyclosilicate group), of a patient with stage
5 CKD, diabetes, hypertension, and known cardiovascular
disease that was due to myocardial infarction, occurred on
randomized phase day 18 and was deemed not related to
study drug.

Hypokalemia (defined as potassium level <3.5 mEq/L)
developed in 5 of 51 patients (10%) and 6 of 56 patients (11%)
receiving 10 g and 15 g of zirconium cyclosilicate vs no
patients in the 5-g or placebo groups. All cases of hypokale-
mia were mild (3.0-3.4 mEq/L) and resolved after the dose
of study drug was reduced. No clinically significant changes
in vital signs or other electrolytes (including sodium, cal-
cium, and magnesium) were observed. Specifically, there
were no significant changes in blood pressure, heart rate, or
body weight at any dose level. No dose-dependent increase
in urinary sodium excretion was noted. No clinically signifi-
cant arrhythmias occurred in any of the zirconium cyclosili-
cate groups or placebo.

Figure 2. Serum Potassium Levels During the Open-Label Phase (48
Hours)
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Discussion

The HARMONIZE randomized trial was designed to evaluate
the efficacy and safety of zirconium cyclosilicate for up to 4
weeks in patients with hyperkalemia, a common and poten-
tially serious electrolyte abnormality.20-22 Our findings dem-
onstrate that zirconium cyclosilicate was effective both in rap-
idly lowering potassium to normal range and maintaining
normal potassium levels for up to 4 weeks in patients with vari-
ous degrees of hyperkalemia. The potassium-lowering effect
of zirconium cyclosilicate was consistent across all patient sub-
groups and observed immediately (after 1 hour of the first dose),
and normokalemia was achieved in 84% of the patients within
24 hours and 98% within 48 hours of treatment initiation. Com-
pared with placebo, all 3 doses of zirconium cyclosilicate re-
sulted in significantly higher proportions of patients with nor-
mal potassium levels for up to 28 days. These outcomes
occurred with a tolerability profile that was comparable with
that of placebo.

Because of the increase in the common comorbid risk fac-
tors for developing hyperkalemia, such as CKD, heart failure,
diabetes, aging population, and broader use of RAAS inhibi-

tors, the prevalence of hyperkalemia and related hospitaliza-
tions has been increasing.3,4,23 Because hyperkalemia is asso-
ciated with serious cardiac arrhythmias, conduction system
abnormalities, and increased mortality, strategies for lower-
ing potassium are often necessary to minimize potential harm
to patients. Treatments commonly used for severe hyperka-
lemia in the hospital—such as intravenous calcium, insulin, so-
dium bicarbonate, and inhaled β-adrenergic agonists—do not
eliminate excess potassium and are typically not feasible in the
outpatient setting.24-27 Dietary interventions that limit potas-
sium intake13,28 are met with nonadherence and can limit
healthier food options. Withdrawal of RAAS and mineralocor-
ticoid receptor antagonists is also potentially problematic be-
cause these agents improve survival in several at-risk patient
populations, such as those with heart failure and CKD (par-
ticularly when accompanied by proteinuria).29,30

Although polymeric exchange resins (SPS) are commonly
used for treatment of hyperkalemia, their effectiveness is un-
certain, as they have not been evaluated in randomized
trials.31-33 Furthermore, numerous reports of serious, even fa-
tal gastrointestinal complications associated with SPS coad-
ministration with 70% sorbitol (leading to the US Food and Drug
Administration recommendations to avoid its use in 200934)

Figure 3. Serum Potassium Levels During the Randomized Phase (Days 8-29) According to Study Group
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Table 2. Randomized Phase End Points

Placebo Group
(n = 82)

Zirconium Cyclosilicate Dose Group

5 g
(n = 45)

P
Value

10 g
(n = 50)

P
Value

15 g
(n = 54)

P
Value

Primary End Point

Potassium, days 8-29, mean (95% CI), mEq/La 5.1
(5.0 to 5.2)

4.8
(4.6 to 4.9)

<.001 4.5
(4.4 to 4.6)

<.001 4.4
(4.3 to 4.5)

<.001

Secondary End Points

Proportion of normokalemic patients,
No./Total No. (%)

At day 15b 35/80
(43.8)

31/44
(70.5)

.005 40/47
(85.1)

<.001 43/52
(82.7)

<.001

At day 29 (ITT)b,c 39/82
(47.6)

32/45
(71.1)

.01 38/50
(76.0)

.002 45/54
(85.2)

<.001

Change in potassium from open-label phase
baselined

Day 15 No. of patients 80 44 47 52

Mean (95% CI), mEq/L −0.5
(−0.6 to −0.3)

−0.8
(−0.9 to −0.6)

.008 −1.1
(−1.3 to −0.9)

<.001 −1.2
(−1.4 to −1.0)

<.001

% (95% CI) −8.3
(−10.7 to −5.9)

−13.7
(−16.3 to −11.2)

.004 −19.3
(−22.5 to −16.1)

<.001 −21.2
(−24.1 to −18.2)

<.001

Day 29 (ITT) No. of patients 82 45 50 54

Mean (95% CI), mEq/L −0.4
(−0.6 to −0.3)

−0.8
(−0.9 to −0.6)

.001 −1.1
(−1.3 to −0.9)

<.001 −1.2
(−1.4 to −1.0)

<.001

% (95% CI) −7.7
(−9.6 to −5.7)

−13.9
(−16.7 to −11.0)

<.001 −19.3
(−23.3 to −15.3)

<.001 −21.1
(−24.1 to −18.0)

<.001

Change in potassium from RP baselined

Day 15 No. of patients 80 44 47 52

Mean (95% CI), mEq/L 0.5
(0.4 to 0.7)

0.3
(0.1 to 0.4)

.02 0.1
(−0.1 to 0.3)

<.001 −0.1
(−0.3 to 0.1)

<.001

% (95% CI) 12.5
(9.0 to 16.0)

6.0
(2.3 to 9.7)

.02 2.9
(−0.8 to 6.7)

<.001 −1.9
(−5.3 to 1.5)

<.001

Day 29 (ITT) No. of patients 82 45 50 54

Mean (95% CI), mEq/L 0.6
(0.4 to 0.7)

0.3
(0.1 to 0.5)

.007 0.1
(−0.1 to 0.3)

<.001 −0.1
(−0.3 to 0.1)

<.001

% (95% CI) 13.0
(10.1 to 15.9)

6.1
(1.8 to 10.5)

.008 3.0
(−2.0 to 8.1)

.001 −1.4
(−5.2 to 2.3)

<.001

Days with normokalemia, days 8-29,
mean No./Total No. (95% CI)e

7.4/22
(5.6 to 9.1)

13.4/22
(11.1 to 15.6)

<.001 13.9/22
(11.6 to 16.1)

<.001 16.8/22
(14.9 to 18.7)

<.001

Time to first hyperkalemic measure, median, df 7 14 .002 28 <.001 NR <.001

Time to first return to open-label phase baseline,
median, df

19 29 .006 NR <.001 NR <.001

Intraparticipant potassium SD during RPg

No. of patients 82 45 50 54

Mean (95% CI), mEq/L 0.06
(0.06 to 0.07)

0.06
(0.06 to 0.07)

.96 0.08
(0.07 to 0.09)

.008 0.07
(0.06 to 0.08)

.34

Proportion of patients with mean potassium
<5.1 mEq/L, days 8-29 (ITT),
No./Total No. (%)b

38/82
(46.3)

36/45
80.0)

<.001 45/50
(90.0)

<.001 51/54
(94.4)

<.001

Change in serum aldosteronec,h

Day 29 (ITT) No. of patients 59 30 32 33

Mean (95% CI), ng/dL −0.8
(−2.1 to 0.5)

−4.8
(−7.8 to −1.9)

.01 −6.1
(−10.1 to −2.1)

.01 −3.7
(−5.8 to −1.6)

.02

Change in plasma reninc,h

Day 29 (ITT) No. of patients 57 29 31 30

Mean (95% CI), ng/mL/h 3.0
(−0.5 to 6.5)

0.8
(−2.2 to 3.7)

.33 −2.3
(−5.5 to 1.0)

.03 −0.32
(−4.2 to 3.5)

.23

Abbreviations: ITT, intent-to-treat population; NR, not reached; RP, randomized
phase.
a Generalized estimating equation model for zirconium cyclosilicate dose vs

placebo.
b Fisher exact test for zirconium cyclosilicate dose vs placebo.
c Logistic regression.
d 2-Sample t test for zirconium cyclosilicate dose vs placebo.

e Linear regression. Normokalemic days counted only if both the beginning and
end assessments for that time interval displayed normal serum potassium
values.

f Wilcoxon-Gehan test for zirconium cyclosilicate dose vs placebo.
g Analysis-of-covariance test for zirconium cyclosilicate dose vs placebo.
h US sites only; differences reported are between the open-label phase baseline

and randomized phase day 29.
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and other SPS preparations have led to calls to significantly limit
their clinical use.11,12,35-37 Moreover, the poor gastrointestinal
tolerability of polymer exchange resins makes these agents gen-
erally unsuitable for chronic use. Therefore, there is a sub-
stantial need for novel, effective, and safe treatment strate-
gies in patients with hyperkalemia.

Zirconium cyclosilicate is unique in its potassium-
lowering mechanism, which offers several potential benefits
compared with currently available treatments. One advan-
tage over polymer resins is that the crystal structure of zirco-
nium cyclosilicate selectively entraps potassium in the intes-
tinal tract, thereby limiting potassium’s enteric recirculation.38

In addition, zirconium cyclosilicate is substantially (ie, >125
times) more selective for potassium than organic polymer ex-
change resins that also bind calcium and magnesium and hence

can cause hypocalcemia and hypomagnesemia.38 Zirconium
cyclosilicate binds potassium throughout the gastrointesti-
nal tract, including potassium in food, which may explain its
rapid onset of action. Zirconium cyclosilicate is insoluble, does
not expand on contact with water, and is not systemically ab-
sorbed, which may explain its tolerability.38

In this study, we observed a favorable safety and tolerabil-
ity profile for zirconium cyclosilicate, with no major treatment-
related SAEs. Treatment-related AEs, including gastrointesti-
nal AEs, were comparable across the groups. Edema was
observed more frequently with 15-g zirconium cyclosilicate
dose than with the other doses or with placebo; however, this
difference might be explained by significantly higher base-
line rates of heart failure and eGFR less than 60 mL/min/1.73 m2

and higher baseline levels of brain natriuretic peptide among

Table 3. Adverse Events Occurring in 5% or More of Patients in Any Group and All Serious Adverse Events

No. (%)

Open-Label Phase
(Zirconium

Cyclosilicate,
10 g)

(n = 258)

Randomized Phase

Placebo
Group

(n = 85)

Zirconium Cyclosilicate Dose Group
5 g

(n = 45)
10 g

(n = 51)
15 g

(n = 56)
Adverse Events

Any event 20 (7.8) 27 (31.8) 24 (53.3) 15 (29.4) 25 (44.6)

Blood and lymphatic system
disorders

Anemia 0 0 0 0 3 (5.4)

Gastrointestinal disorders

Constipation 2 (0.8) 6 (7.1) 0 1 (2.0) 1 (1.8)

General disorders and
administration site conditions

Edemaa 0 2 (2.4) 1 (2.2) 3 (5.9) 8 (14.3)

Metabolism and nutrition disorders

Hypokalemia (all) 0 0 0 5 (9.8) 6 (10.7)

Hypokalemia (reported as
adverse event)

0 0 0 0 1 (1.8)

Infections and infestations

Nasopharyngitis 0 1 (1.2) 0 0 3 (5.4)

Upper respiratory tract infection 1 (0.4) 1 (1.2) 3 (6.7) 1 (2.0) 1 (1.8)

Serious Adverse Eventsb

Any event 0 0 5 (11.1) 2 (3.9) 3 (5.4)

Cardiac disorders

Cardiac failure, congestive 0 0 1 (2.2) 0 0

Myocardial infarction 0 0 0 1 (2.0) 0

Gastrointestinal disorders

Small intestinal obstruction 0 0 1 (2.2) 0 0

General disorders and
administration site conditions

Generalized edema 0 0 0 0 1 (1.8)

Hepatobiliary disorders

Hepatotoxicity 0 0 1 (2.2) 0 0

Cellulitis 0 0 0 1 (2.0) 0

Pneumonia 0 0 1 (2.2) 0 1 (1.8)

Psychiatric disorders

Confusional state 0 0 1 (2.2) 0 0

Respiratory, thoracic, and
mediastinal disorders

Dyspnea 0 0 0 0 1 (1.8)

a Including generalized and peripheral
edema.

b None of the serious adverse events
were deemed by the investigator to
be related to study treatment. An
adverse event was considered
serious if it was life threatening or
resulted in death, inpatient
hospitalization or prolongation of
existing hospitalization, persistent
or significant incapacity or
substantial disruption of the ability
to conduct normal life functions, or
a congenital anomaly/birth defect.
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patients randomized to receive the 15-g dose compared with
placebo. There was a numerically higher rate of hypokalemia
with higher zirconium cyclosilicate doses, which is expected
given its mechanism of action; all episodes of hypokalemia
were mild and were corrected with protocol-directed dose ad-
justments. Nevertheless, monitoring for hypokalemia and ap-
propriate dose optimization should be incorporated with higher
doses of zirconium cyclosilicate.

This study should be interpreted in the context of several
potential limitations. First, some patient groups that may ben-
efit from potassium-lowering treatments, such as those re-
ceiving dialysis, were not included. However, a substantial pro-
portion of patients in the study (36%) had severe CKD (stages
4 and 5). Second, because this study focused on the effects of
zirconium cyclosilicate for up to 4 weeks in the outpatient set-
ting, hospitalized patients and those with life-threatening ar-
rhythmias were also excluded. The effectiveness and safety of
zirconium cyclosilicate in these patient groups will need to be
demonstrated in future studies. Third, the randomized study

duration was 28 days, and clinical outcomes other than po-
tassium levels were not assessed. Whether better control of
chronic hyperkalemia will improve long-term patient out-
comes, such as survival and quality of life, remains to be es-
tablished.

Conclusions
Among ambulatory patients with hyperkalemia, open-label
administration of sodium zirconium cyclosilicate reduced
serum potassium levels to the normal range within 48 hours,
and in the randomized phase, compared with placebo,
administration of all 3 doses of zirconium cyclosilicate
resulted in lower potassium levels and a higher proportion of
patients with normal potassium levels for up to 28 days. Fur-
ther studies are needed to evaluate the efficacy and safety of
zirconium cyclosilicate beyond 4 weeks and to assess long-
term clinical outcomes.
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