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ABSTRACT

Background. Sodium zirconium cyclosilicate (SZC; formerly ZS-9) is a potassium (Kþ) binder for treatment of hyperkalemia in
adults. SZC binds Kþ in exchange for sodium (Naþ) or hydrogen (Hþ) in the gastrointestinal tract, conveying potential for
systemic absorption of Naþ.

Methods. This single-center Phase 1 study evaluated the effects of SZC on Naþ and Kþ excretion in healthy, normokalemic
adults. During an initial run-in period (Days 1–2), participants started a high Kþ/low Naþ diet. After baseline (Days 3–4), SCZ
5 or 10 g once daily (QD) was administered (Days 5–8). The primary endpoint was mean change in urinary Naþ excretion
from baseline (Days 3–4) to the treatment period (Days 7–8).

Results. Of 32 enrolled participants, 30 entered and completed the study; the first 15 received 5 g and the next 15 received
10 g. Nonsignificant changes from baseline in urinary Naþ excretion were observed with SZC 5 g (mean 6 SD
�0.93 6 25.85 mmol/24 h) and 10 g (�5.47 6 13.90 mmol/24 h). Statistically significant decreases from baseline in urinary Kþ

excretion (mean 6 SD �21.17 6 21.26 mmol/24 h; P¼0.0017) and serum Kþ concentration (�0.25 6 0.24 mmol/L; P¼0.0014)
were observed with the 10-g dose. There were few adverse events and no clinically meaningful changes in vital signs or
laboratory safety measures.

Conclusions. Treatment with SZC 5 or 10 g QD reduced serum Kþ concentration and urinary Kþ excretion, with no significant
effect on urinary Naþ excretion, and was well tolerated.
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INTRODUCTION

Hyperkalemia or elevated serum potassium (Kþ) concentrations
may occur because of a disruption in Kþ homeostasis triggered

by a combination of factors, including excessive dietary Kþ in-
take, insufficient Kþ excretion, use of certain medications or ab-
normal distribution of intracellular and extracellular Kþ [1, 2].
Hyperkalemia is frequent among patients with chronic kidney
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disease, heart failure, Type 2 diabetes and hypertension [2, 3]. In
addition to the increased potential for life-threatening cardiac
arrhythmias in patients with severe hyperkalemia (Kþ6.0 mmol/
L) [4], large retrospective cohort studies have demonstrated an
increased risk of mortality even with mild hyperkalemia in vari-
ous patient populations [5–7].

Kþ-binding agents that entrap Kþ ions in the gastrointestinal
(GI) tract and increase Kþ elimination from the body have
shown promise for treating hyperkalemia. Kþ binders, including

sodium or calcium polystyrene sulfonate, patiromer and so-
dium zirconium cyclosilicate (SZC; formerly ZS-9), form bound
Kþ complexes that move through the GI tract and are excreted
in the feces [8]. Notably, sodium polystyrene sulfonate (SPS) and
patiromer are nonspecific and may also bind other electrolytes,
including magnesium and/or calcium. SPS and patiromer may
also take several hours to have an effect because their primary
site of action is in the colon, where Kþ concentrations are high-
est [8, 9]. SPS use is also limited by the potential for increased
sodium (Naþ) load and serious GI adverse events (AEs), such as
ischemic colitis, colonic necrosis and intestinal perforation [8].

SZC (chemical formula Na�1.5H�0.5ZrSi3O9�2–3H2O) is an orally
administered, inorganic, nonabsorbed, selective Kþ binder that is
currently approved for the treatment of hyperkalemia in adults in
the USA and European Union [10, 11]. The zirconium cyclosilicate
ring of SZC exchanges the initially bound hydrogen (Hþ) or Naþ

ions for Kþ and ammonium (NHþ4 ) in a 1:1 ratio through a specific
interaction driven both by cation charge and the size of the non-
hydrated cation [12]. SZC has the potential to bind Kþ through the
entire GI tract [12]. One key clinical concern of SZC treatment is
how much Naþ is released during Kþ exchange and systemically
absorbed or excreted in the urine.

This Phase 1 study evaluated the effects of SZC 5 or 10 g once
daily (QD) administration >4 days on the excretion of Naþ, Kþ

and other electrolytes in healthy adults. To maximize detection
of Naþ following release from SZC and to ensure safe concentra-
tion of Kþ during SZC administration, study participants were
given a standardized diet with more Kþ and less Naþ than the
typical US diet [13].

MATERIALS AND METHODS
Study design

The study was conducted at Riverside Clinical Research
(Edgewater, FL, USA). The study protocol was approved by the

institutional review board (Liberty IRB, now Advarra) at the
study investigational center, and the study was performed in
accordance with regulations governing clinical trials, including
the declaration of Helsinki. All participants provided written in-
formed consent prior to study entry.

This Phase 1, single-center, nonblinded, inpatient study in
healthy adults assigned participants to receive either SZC 5 g
QD (first 15 participants enrolled) or 10 g QD (next 15 partici-
pants enrolled; Figure 1).

Enrolled participants entered the clinical facility on the morn-
ing of study Day 1 after fasting for �8 h and remained at the clinic
until study Day 9. During a 2-day run-in period (study Days 1–2),
participants started a standardized diet that was continued
through study Day 8. After a 2-day baseline period (study Days
3–4), participants received SZC 5 or 10 g QD for 4 days (study Days
5–8) and were discharged from the clinic on study Day 9 (Figure 1).

Study participants

The study included healthy adults (aged �18 years) with a his-
tory of daily defecation and the ability to undergo repeated
blood sample collection or venous catheterization. Women of
childbearing potential were required to have a negative preg-
nancy test within 1 day before starting the standardized diet,
and sexually active women of childbearing potential were re-
quired to use two forms of medically acceptable contracep-
tion, including at least one barrier method.

Major exclusion criteria included history of constipation or
erratic bowel transit time (>48 h) or history of any irregular
bowel movements, including unexplained diarrhea; any condi-
tion which, according to the investigator, placed the individual
at undue risk or potentially jeopardized the quality of generated
data; and use of a drug or device within the last 30 days that had
not received regulatory approval at the time of study entry.
Individuals were also excluded for the use of concomitant medi-
cations that might have potentially confounded the study
results, including dietary supplements and vitamins, without
approval of the medical monitor. Women who were pregnant,
lactating or planning on becoming pregnant, as well as individ-
uals with known hypersensitivity or previous anaphylaxis to
SZC or any of its components, were not permitted to participate
in the study.

Study endpoints

The primary endpoint was mean change in urinary Naþ excre-
tion from baseline (study Days 3–4; 48-h collection) to the SZC
treatment period (study Days 7–8; 48-h collection). Secondary
endpoints included mean change in cumulative urinary Kþ ex-
cretion and serum Kþ concentration (central laboratory) from
baseline to the SZC treatment period (study Days 7–8). Safety
assessments, including vital signs (blood pressure, body tem-
perature, heart rate), body weight, standard hematologic labora-
tory values (hemoglobin, hematocrit, blood cell counts),
spontaneously reported AEs and laboratory safety, were also
recorded. Additional endpoints included mean change in fecal
Naþ and Kþ excretion, urinary pH and urinary creatinine excre-
tion from baseline to the SZC treatment period (study Days 7–8).

Baseline

1 2 3 4 5 6 7 8 9

Run-in
perioda

SZC treatmentb Off
drugc

SZC 5 g QD
SZC 10 g QD

Study
day 

Fastingd serum K+ measured by i-STAT and central laboratory

Urine and fecal Na+ and K+ excretion and urinary pH
and creatinine excretion measured

FIGURE 1: Study design.

aParticipants began a standardized diet of 920 mg or 40 mmol (610%)
Naþ and 5005 mg or 128 mmol (610%) Kþ per day (continued until
study Day 9).
bSZC was administered to two dose groups (5 or 10 g QD).
cParticipants discharged from clinic at study Day 9.
dDefined as nothing by mouth except water for �8 h prior to collec-
tion of any sample.

SZC effect on sodium and potassium excretion | 1925



Standardized diet

During the 9-day study period, study participants were required
to consume a standardized high Kþ/low Naþ diet containing
920 mg or 40 mmol (610%) Naþ and 5005 mg or 128 mmol (610%)
Kþ per day from study Day 1 until study Day 8. The standardized
diet was developed by a registered dietitian and designed to
provide 300 mg or 13.1 mmol (615%) Naþ and 1200 mg or
30.7 mmol (6 15%) Kþ per meal across breakfast, lunch and din-
ner, with additional Naþ and Kþ from between-meal snacks and
beverages. Each 5 g dose of SZC contains �400 mg (17.4 mmol) of
Naþ [11]. According to National Health and Nutrition
Examination Survey 2017–18 data, US adults (aged �20 years)
typically consume an average of 3531 mg or 154 mmol of Naþ

and 2618 mg or 67 mmol of Kþ per day [13]. Therefore, compared
with a typical US diet, the standardized diet had very low Naþ

content to maximize detection of Naþ release from SZC and any
changes in urinary and fecal Naþ excretion and high Kþ content
to minimize the risk of hypokalemia.

All meals were prepared and provided to the participants at
the study site, where the weight of food and volume of bever-
ages provided and of any items not consumed were recorded.
The total daily intake of Naþ and Kþwas calculated for each par-
ticipant and recorded in the electronic case report form.

Clinical laboratory evaluations

Blood samples were collected under fasting conditions on
study Day 1 of the 2-day run-in period, after which the stan-
dardized diet was started. During the subsequent 2-day base-
line period (study Days 3–4), urinary and fecal Naþ and Kþ

excretion was measured by collecting two 24-h samples.
During the treatment period, urinary and fecal excretion of
electrolytes was assessed by collecting two 24-h samples on
study Days 7 and 8. Urinary and fecal excretion of Naþ and Kþ

and urinary pH and creatinine excretion were measured from
each 24-h collection period (study Days 3, 4, 7 and 8). Fasting
serum Kþ was also measured each day by central laboratory
and the point-of-care device i-STAT (Abbott Point of Care, Inc.,
Princeton, NJ, USA).

Statistical analysis

All calculations were performed using SAS statistical software,
version 9.1 or later, and StatXact, version 10 or later. Because
the study was powered only for within-treatment comparisons,
comparison of the effect between the two dose groups could not
be addressed. A sample size of 15 participants per dose group
(30 participants total) was determined to be sufficient for
assessing mean change from baseline for each of the urinary
Naþ and Kþ excretion endpoints. There were no missing data.
The effect size was calculated as the change divided by the
standard deviation (SD) of the change. The study had 80% power
to detect a 0.675 effect size (5% one-sided Type I error); an effect
size of >0.446 would rule out the null hypothesis in favor of the
alternative hypothesis.

Unless otherwise specified, descriptive statistics were used
to summarize data for each dose group. Efficacy analyses in-
cluded all participants who had received SZC per the study pro-
tocol and had Naþ and Kþ excretion measurements made at
baseline and during the treatment period. Daily results were av-
eraged by dose group within the study period to derive individ-
ual baseline and mean treatment period data values. The null
hypothesis was based on the premise that mean change from

baseline is 0. This was tested using a one-sample, one-sided,
paired t-test for each endpoint under study and performed sep-
arately for each dose group. A one-sided P of �0.05 was consid-
ered statistically significant. A one-sided 95% confidence
interval (CI) on the change from baseline was constructed to
provide the upper bound of the expected change. The alterna-
tive hypothesis was that the change from baseline is not 0. The
safety population consisted of all study participants who re-
ceived at least one dose of SZC. Missing AE or laboratory data
were not imputed for the safety analysis.

RESULTS
Study participants

Of the 33 individuals screened, 32 met the study criteria and
were enrolled in the study between 28 January 2015 and 4
March 2015 (Figure 2). Two individuals withdrew consent before
receiving the study drug. In total, 30 healthy adults participated
in the study; the first 15 enrolled participants received SZC 5 g
QD and the next 15 received SZC 10 g QD. All 30 participants
completed the study and were included in the efficacy and
safety analyses.

The demographic and baseline characteristics of the study
participants were generally similar between the two dose
groups (Table 1). Most participants were male (76.7%) and White
(83.3%) and had a mean age of 33 years. The proportion of male
participants was greater in the 5 g dose group (93.3%) than that
in the 10 g dose group (60.0%). Concomitant medications were
received by four participants (26.7%) in the 5 g dose group (all re-
ceived paracetamol) and by three participants (20.0%) in the 10-
g dose group (all received paracetamol and ketorolac trometh-
amine; one participant received ibuprofen, one received levo-
norgestrel and one received medroxyprogesterone acetate).

Primary endpoint

For the primary endpoint, mean 6 SD urinary Naþ excretion
over study Days 7–8 numerically decreased from baseline

Screened
(N = 33)

Enrolled
(n = 32)

SZC 5 g QD
(n = 15)

Completed study
(n = 15) 

Excluded (n = 1)
Abnormal electrocardiogram

Consent withdrawn
(n = 2)

SZC 10 g QD
(n = 15)

Completed study
(n = 15)

FIGURE 2: Study participant disposition. The broken line indicates sequential

SZC administration in the two dose groups (the SZC 5 g group was evaluated

first, followed by the SZC 10 g group).
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(study Days 3–4) following treatment with SZC 5 g QD
[�0.93 6 25.85 mmol/24 h (95% CI �15.25, 13.38 mmol/24 h);
P> 0.05] and 10 g QD [�5.47 6 13.90 mmol/24 h (95% CI �13.17,
2.23 mmol/24 h); P> 0.05; Figure 3A]. This corresponded to a de-
crease in urinary Naþ excretion of �21 mg (0.9 mmol) and
�126 mg (5.5 mmol) with SZC 5 and 10 g, respectively.

Secondary endpoints

Mean 6 SD numerical decreases from baseline in urinary Kþ

excretion were observed over study Days 7–8 for SZC 5 g QD
[�9.67 6 18.33 mmol/24 h (95% CI �19.82, 0.48 mmol/24 h);
P¼ 0.0604] and were statistically significant for 10 g QD
[�21.17 6 21.26 mmol/24 h (95% CI �32.94, �9.39 mmol/24 h);
P¼ 0.0017; Figure 3B]. This corresponded to a decrease in urinary
Kþ excretion of �379 mg (9.7 mmol) and �829 mg (21.2 mmol)
with SZC 5 and 10 g, respectively.

Both the 5 and 10 g SZC doses reduced mean serum Kþ con-
centration over the treatment period (4.46 and 4.33 mmol/L, re-
spectively, averaged over study Days 7–8) compared with
baseline (4.52 and 4.57 mmol/L, respectively); however, the
change was statistically significant for only the 10 g dose group
(mean change �0.25 6 0.24 mmol/L, P¼ 0.0014; Figure 4).

Additional endpoints

Mean 6 SD fecal Naþ excretion was numerically decreased from
baseline with SZC 5 g QD [�0.01 6 1.60 mmol (95% CI �0.90,
0.88 mmol)] but was numerically increased by 1.48 6 3.73 mmol
(95% CI �0.58, 3.55 mmol) with 10 g QD; however, the observed
changes were not statistically significant (Figure 3C). Mean 6 SD
fecal Naþ excretion showed high variability for each SZC dose
tested, whether taken on study Days 3–4 or study Days 7–8
(Figure 5A).

Fecal Kþ excretion was significantly increased from baseline
in both the 5 g dose group [mean 6 SD change 9.31 6 14.97 mmol
(95% CI 1.02, 17.60 mmol); P¼ 0.0304] and 10 g dose group

[17.79 6 18.31 mmol (95% CI 7.65, 27.93 mmol); P¼ 0.0021;
Figure 3D]. Similar to Naþ excretion, there was high variability
in mean 6 SD Kþ excretion between study Days 3 and 4 and
between study Days 7 and 8 (Figure 5B).

Mean 6 SD serum Naþ concentration showed no significant
change from baseline with SZC 5 g QD on study Day 9
(�0.10 6 2.25 mmol/L) but showed a significant increase with
10 g QD (1.20 6 1.42 mmol/L; Supplementary data, Table S1). A
significant increase in mean 6 SD urinary pH from baseline was
observed with SZC 5 g but not with SZC 10 g, and mean 6 SD uri-
nary creatinine excretion showed no significant change from
baseline with SZC 5 and 10 g (Supplementary data, Table S2 and
Figure S1).

Safety

No clinically meaningful changes in blood pressure, body
weight, hemoglobin or hematocrit were observed during the
study period (Table 2). However, statistically significant reduc-
tions from baseline in diastolic blood pressure and body weight
were observed with both SZC doses. Similarly, there were no
clinically meaningful changes from baseline in other chemistry
evaluations following treatment with SZC (Supplementary data,
Table S1). During the run-in and baseline periods, eight AEs
were reported by six participants, including headache (five
events), toothache (one event) and gingival abscess (one event)
with gingival pain (one event). One treatment-emergent AE of
mild headache was reported in the SZC 5 g dose group; this was
not considered study drug related. There were no deaths, seri-
ous AEs or study drug discontinuations due to AEs.

DISCUSSION

This Phase 1 single-center study in healthy adults showed that
while serum and urinary Kþ excretion were significantly re-
duced, urinary Naþ excretion was not significantly altered dur-
ing administration of SZC (5 or 10 g QD) over 4 days. Kþ binders
are emerging as a potential tool for managing hyperkalemia
over time. Previous randomized controlled studies of SZC in
patients with hyperkalemia have demonstrated significant
reductions in serum Kþ within 48 h of SZC administration at
dosages of 2.5–10 g three times daily [14–16] and sustained nor-
mokalemia (serum Kþ 3.5–4.9 mmol/L) during maintenance
treatment for 12 or 28 days at dosages of 5, 10 or 15 g QD [15, 16].
Nevertheless, a key clinical concern regarding SZC treatment is
what happens to the Naþ counterion.

The mechanism of action for SZC predicts that consumption
of food containing Kþ would selectively release Hþ and Naþ

from SZC in exchange for Kþ or NHþ4 , with Kþ or NHþ4 being
retained as part of the SZC complex and removed from the body
in the feces [12]. An initial consideration in conducting this
Phase 1 study of SZC in healthy individuals was that Naþ release
from SZC could increase fluid retention, while Kþ absorption
and removal could result in hypokalemia. However, this study
showed that neither dose of SZC tested had any notable effect
on urinary Naþ excretion. Furthermore, fecal Naþ excretion did
not change with either dose, and there were no clinically mean-
ingful changes in body weight, blood pressure, hemoglobin
or hematocrit, which may be expected with increased fluid
retention [17]. These results are consistent with results of the
DIALIZE trial, which observed no fluid retention or worsening
hypertension in patients on hemodialysis who were treated
with SZC [18].

Table 1. Participant baseline demographics and characteristics

SZC 5 g QD
(n¼15)

SZC 10 g QD
(n¼ 15)

Age, years 33.6 6 11.9 32.2 6 12.9
Male, n (%) 14 (93.3) 9 (60.0)
Race, n (%)

White 11 (73.3) 14 (93.3)
Black or African American 4 (26.7) 1 (6.7)

Hispanic ethnicity,a n (%) 3 (20.0) 2 (13.3)
Body weight, kg 81.2 6 20.0 82.4 6 13.2
Height, cm 175.7 6 6.2 173.2 6 8.9
BMI, kg/m2 26.2 6 5.8 27.4 6 3.6
Blood pressure, mmHg

Systolic 125.3 6 11.6 127.7 6 10.2
Diastolic 79.3 6 7.8 81.3 6 4.7

Hemoglobin, g/dL 14.8 6 0.9 14.3 6 1.4
Hematocrit, % 45.9 6 2.7 44.6 6 3.7
Serum Kþ, mmol/L 4.5 6 0.3 4.6 6 0.3
Serum Naþ, mmol/L 136.9 6 1.8 137.2 6 1.4
Serum creatinine, mmol/L 0.092 6 0.017 0.083 6 0.015
Urinary pH 6.45 6 0.44 6.50 6 0.31

Data are mean 6 SD unless stated otherwise.
aIndividuals of Cuban, Mexican, Puerto Rican, South or Central American, or

other Spanish culture or origin.

BMI, body mass index.
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While it is tempting to conclude from this study that SZC
does not release Naþ for absorption and therefore excretion,
these results should be interpreted with caution because the
study conditions may have influenced outcomes. A previous
study of urinary Naþ excretion under conditions of Naþ deple-
tion allowed 9 days for equilibration of Naþ concentration [19], a
longer time than the 2-day period included in this study. Thus,
it is possible that participants in this study were still adapting
to the low Naþ diet when SZC administration was started. If
study participants had not fully adapted to the low Naþ diet, on-
going loss of Naþ and water may explain the �2.5 kg reduction
in body weight that was observed between baseline to study
Day 9. The lack of any notable increase in urinary or fecal Naþ

excretion might suggest that reduction in dietary Naþ (from an
average of 154 mmol/day in a typical US diet [13] to 40 mmol/
day with the standardized diet) masked any increase in Naþ

provided by either 5 or 10 g of SZC. Each 5 g dose of SZC contains
400 mg of Naþ [11], thus the maximum Naþ amount in each
dose is 17.4 mmol, and it is unlikely that all Naþ in SZC is
exchanged.

Mean serum Kþ concentration and urinary Kþ excretion each
showed significant reductions with SZC in this study, while
fecal Kþ excretion was significantly increased from baseline,
consistent with the Kþ-binding effects of SZC within the GI
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FIGURE 3: Mean change from baseline (Days 3–4) to treatment period (Days 7–8) in (A) urinary sodium excretion, (B) urinary potassium excretion, (C) fecal sodium excre-

tion and (D) fecal potassium excretion with SZC 5 or 10 g QD. Error bars are the SD. Circles and squares show values for individual participants in the SZC 5 g and SZC

10 g groups, respectively. *P<0.01 versus baseline. **P<0.05 versus baseline.
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tract [12]. Importantly, no hypokalemia was observed with the
significant reductions in serum Kþ concentration. In Phases 2
and 3 clinical studies of SZC administration in patients with
hyperkalemia in which there was no standardized diet, no in-
crease in urinary Naþ excretion (measured by spot test) or any
clinically significant changes in serum Naþ, blood pressure or
body weight were seen [14–16].

Similar to the observed decrease in urinary Kþ excretion
with both SZC doses in this study, a previous study evaluating
the effects of patiromer on urinary ion excretion in healthy
adults (n¼ 32) showed dose-dependent decreases in urinary Kþ

excretion with patiromer over 7 days of treatment that were sig-
nificantly greater than placebo (P< 0.01) [20]. However, unlike
the results of this study, patiromer was also associated with sig-
nificant dose-dependent decreases in urinary Naþ excretion
(P< 0.01), consistent with patiromer binding Naþ in the GI tract
as part of its nonspecific, cation-exchange-driven (calcium
counterion) mechanism of action [20].

In contrast to SZC, SPS is associated with excess delivery of
Naþ ions. The recommended daily dose of SPS is 15 g taken up
to four times daily, and each 15-g dose of SPS contains 1500 mg
or 65.25 mmol of Naþ [21]. Therefore, SPS is associated with a
Naþ intake of up to 246 mmol/day. Although no studies have in-
vestigated Naþ excretion with SPS in humans, a study of Kþ-
binding agents in mice demonstrated significant increases in
Naþ excretion with SPS compared with controls (P< 0.0001) [22].

The incidence of AEs following 4-day treatment with SZC
was low, with only one patient from the 5 g dose group
experiencing headache, which was mild in severity and not
considered to be study drug related. In these healthy partici-
pants, no hypokalemia, GI AEs, edema or blood pressure in-
crease was reported. Furthermore, there were no reported
serious AEs, AEs leading to study drug discontinuation or
deaths.

This study has several potential limitations. A conservative
approach was adopted, whereby therapeutic doses of SZC were
used to investigate the Kþ exchange process during
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FIGURE 5: Mean daily fecal excretion of (A) sodium and (B) potassium on study

Days 3 and 4 (baseline) and study Days 7 and 8 (treatment period). Error bars are

the SD. Circles and squares show values for individual participants in the SZC

5 g and SZC 10 g groups, respectively.

Table 2. Mean change from baseline in vital signs and hematologic evaluations following QD treatment with SZC 5 or 10 g for 4 days

SZC 5 g QD (n¼15) SZC 10 g QD (n¼ 15)

Systolic blood pressure, mmHg
Baseline 125.30 6 11.60 127.70 6 10.17
Study Day 9 122.30 6 8.66 121.10 6 10.32
Change to study Day 9 (95% CI) �3.1 6 13.31 (�10.40, 4.30) �6.5 6 13.83 (�14.20, 1.10)

Diastolic blood pressure, mmHg
Baseline 79.30 6 7.78 81.30 6 4.65
Study Day 9 73.10 6 5.72 76.70 6 6.20
Change to study Day 9 (95% CI) �6.1 6 7.03 (�10.00, �2.20) �4.6 6 7.73 (�8.90, �0.30)

Body weight, kg
Baseline 81.17 6 20.01 82.37 6 13.19
Study Day 9 78.55 6 19.31 79.97 6 12.15
Change to study Day 9 (95% CI) �2.61 6 1.85 (�3.64, �1.59) �2.39 6 1.39 (�3.16, �1.62)

Hemoglobin, g/dL
Baseline 14.76 6 0.95 14.33 6 1.37
Study Day 9 15.05 6 1.02 14.50 6 1.12
Change to study Day 9 (95% CI) 0.29 6 0.72 (�0.11, 0.68) 0.17 6 0.79 (�0.27, 0.60)

Hematocrit, %
Baseline 45.87 6 2.67 44.55 6 3.70
Study Day 9 46.45 6 3.12 45.58 6 3.68
Change to study Day 9 (95% CI) 0.58 6 2.45 (�0.78, 1.94) 1.03 6 2.94 (�0.60, 2.66)

Data are mean 6 SD unless stated otherwise.
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consumption of a high Kþ/low Naþ diet. While the low Naþ con-
sumption helped to maximize detection of Naþ release from
SZC, it does not represent the physiologic environment, and
changes in regulatory hormones may have affected Naþ absorp-
tion. Similarly, the high Kþ consumption may have reduced the
risk of hypokalemia in the healthy participants with normal Kþ

values but also does not reflect normal physiology. The variabil-
ity of fecal electrolyte amounts between individual study days
may also preclude meaningful conclusions being drawn regard-
ing fecal Naþ and Kþ excretion. It should also be noted that this
study was not powered to compare the effects between doses of
SZC. Most importantly, the participants did not have hyperkale-
mia or comorbidities that are often associated with hyperkale-
mia, such as chronic kidney disease or hypertension, and were
not taking the medications commonly administered to patients
with these conditions that may affect electrolyte metabolism.
Thus, additional study of Naþ metabolism and excretion with
SZC in patients with hyperkalemia on their usual diet and medi-
cations is warranted.

CONCLUSIONS

This study showed that SZC 5 or 10 g QD administration in
healthy adults on a high Kþ/low Naþ diet did not significantly
influence urinary or fecal Naþ excretion and was well tolerated.
Consistent with its mechanism of action, SZC administered to
healthy individuals resulted in significant reductions in serum
Kþ concentration and urinary Kþ excretion, and significantly in-
creased fecal Kþ excretion.

SUPPLEMENTARY DATA

Supplementary data are available at ckj online.
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