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Effects of Short-Term Potassium Chloride
Supplementation in Patients with CKD

Martin Gritter," Rosa D. Wouda,? Stanley M.H. Yeung,3 Michiel L.A. Wieérs," Frank Geurts,’
Maria A.J. de Ridder,* Christian R.B. Ramakers,® Liffert Vogt 2 Martin H. de Borst ®,3
Joris |. Rotmans ®,° and Ewout J. Hoorn ®," on behalf of K*onsortium*

Due to the number of contributing authors, the affiliations are listed at the end of this article.

ABSTRACT

Background Observational studies suggest that adequate dietary potassium intake (90-120 mmol/day)
may be renoprotective, but the effects of increasing dietary potassium and the risk of hyperkalemia are
unknown.

Methods This is a prespecified analysis of the run-in phase of a clinical trial in which 191 patients (age
68+11 years, 74% males, 86% European ancestry, eGFR 31+9 ml/min per 1.73 m?, 83% renin-angiotensin
system inhibitors, 38% diabetes) were treated with 40 mmol potassium chloride (KCI) per day for 2 weeks.

Results KC| supplementation significantly increased urinary potassium excretion (72=24 to 107+29
mmol/day), plasma potassium (4.3%£0.5 to 4.7+0.6 mmol/L), and plasma aldosterone (281 [198-431] to
351 [241-494] ng/L), but had no significant effect on urinary sodium excretion, plasma renin, BP, eGFR, or
albuminuria. Furthermore, KCI supplementation increased plasma chloride (104£3 to 1054 mmol/L) and
reduced plasma bicarbonate (24.5%+3.4 to 23.7%£3.5 mmol/L) and urine pH (all P<0.001), but did not
change urinary ammonium excretion. In total, 21 participants (11%) developed hyperkalemia (plasma
potassium 5.9£0.4 mmol/L). They were older and had higher baseline plasma potassium.

Conclusions In patients with CKD stage G3b—4, increasing dietary potassium intake to recommended lev-
els with potassium chloride supplementation raises plasma potassium by 0.4 mmol/L. This may result in
hyperkalemia in older patients or those with higher baseline plasma potassium. Longer-term studies
should address whether cardiorenal protection outweighs the risk of hyperkalemia.

Clinical trial number: NCT03253172

JASN 33:1779-1789, 2022. doi: https://doi.org/10.1681/ASN.2022020147

CKD strongly increases the risk of hypertension,
cardiovascular disease, and kidney failure." There-
fore, identifying novel approaches to reduce cardio-
vascular risk and CKD progression in patients with
CKD is urgently needed. In addition to a healthy
lifestyle, renin-angiotensin inhibitors, and emerging
pharmacologic approaches,” dietary approaches
represent a complementary, and perhaps underutil-
ized, approach to reduce cardiovascular risk in
patients with CKD.* With regard to dietary salt
intake, high dietary sodium chloride intake is a rec-
ognized contributor to negative outcomes in
patients with CKD.>"® Less studied are the negative
effects of low dietary potassium intake, which
may contribute to hypertension and kidney injury

JASN 33: 1779-1789, 2022

(kaliopenic nephropathy).”'® Previous studies that
analyzed urinary potassium excretion in the general
population''? and in patients with CKD"> showed
that dietary potassium intake is approximately half
of the dietary reference values of 90-120 mmol/
day.'*'® Furthermore, urinary potassium excretion
is inversely associated with BP and cardiovascular
risk.''® Systematic reviews and meta-analyses of
intervention studies with potassium supplementa-
tion illustrate its potential to reduce BP and the risk
of stroke, especially in individuals with hyperten-
sion.'”!® Similar findings were recently obtained
with salt substitution,'” ' the approach to partially
replace the discretionary use of sodium chloride
with potassium chloride (KQD).2?
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Several cohort studies showed that a higher urinary potas-
sium excretion is also associated with better kidney outcomes
or survival,>>>"*® although this was not a universal finding,”’
and malnutrition and inflammation could be confounders.
Because several of these studies included patients with CKD,
this raises the possibility that patients with CKD might also
benefit from increasing dietary potassium intake to recom-
mended levels. However, it is unclear to what degree dietary
potassium intake contributes to the plasma potassium concen-
tration in patients with CKD.***" In patients with CKD, high
plasma potassium concentrations and overt hyperkalemia are
also associated with an increased risk of cardiovascular mor-
bidity and mortality.*® Therefore, it is unknown how to weigh
the risk of hyperkalemia in relation to the negative effects of
low dietary potassium intake.”’ To address this, we initiated a
randomized clinical trial in patients with CKD to study the
long-term effects of potassium supplementation on kidney
function.'” This study includes an open-label run-in phase in
which the participants receive 40 mmol KCl per day for 2
weeks alongside their regular diet. Here, we report the prespe-
cified analysis of 191 patients who completed the run-in phase,
with the aim to analyze the feasibility of potassium supple-
mentation in CKD, its cardiorenal effects, and risk factors for
hyperkalemia.

METHODS

Participants

This is a prespecified analysis of the 2-week run-in phase of an
ongoing placebo-controlled randomized clinical trial assessing
the effects of potassium supplementation (KCl or potassium
citrate) for 2 years on kidney function in patients with CKD."?
The study was approved by the Medical Ethics Committee of
the Erasmus Medical Center (MEC-2017-226) and registered
at ClinicalTrials.gov (NCT03253172). The ongoing trial is
powered on the assumption that the intervention will cause a
difference in eGFR of 3 ml/min per 1.73 m? in 2 years, which
will require 399 randomizations."® Inclusion criteria are age
=18 years, CKD due to any etiology stage G3b or G4 (eGFR
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Significance Statement

Observational studies show health benefits from a higher potas-
sium intake, but it is unknown if this is tolerated by patients with
CKD. This 2-week study indicates that 40 mmol/day potassium
chloride supplementation (the estimated gap between actual
and adequate intake) increased plasma potassium by 0.4 mmol/L
in 191 patients with CKD (eGFR 31 ml/min per 1.73 m?, 83% on
renin-angiotensin inhibitors). The majority of patients (89%)
remained normokalemic. Higher baseline plasma potassium and
older age were risk factors for developing hyperkalemia after
supplementation. Potassium chloride supplementation did not
lower office BP, but did cause a tendency toward hyperchloremic
metabolic acidosis. Longer-term studies should determine
whether the cardiorenal benefits of adequate dietary potassium
intake outweigh the risk of hyperkalemia in patients with CKD.

15-44 ml/min per 1.73 m? with or without albuminuria), with
progressive eGFR decline (>2 ml/min per 1.73 m” per year in
the previous 1-5 years), and hypertension. Patients with pro-
gressive eGFR decline were selected because the primary end
point of the randomized clinical trial is a change in eGFR.
Hypertension was defined as the use of antihypertensive medi-
cation and/or office BP>140/90 mm Hg. Main exclusion crite-
ria are baseline plasma potassium >5.5 mmol/L, the use of
mineralocorticoid receptor antagonists, potassium-sparing
diuretics, double renin-angiotensin system blockade, calci-
neurin inhibitors, history of ventricular arrhythmia, and kid-
ney transplantation. Eligible patients were recruited from the
nephrology outpatient clinics of four university medical cen-
ters and affiliated regional hospitals. The study visits took
place in the university medical centers.

Study Design

After baseline measurements, participants were treated for
2 weeks with KCl supplementation (two capsules, three
times per day during meals) with a daily dose of 40 mmol
(1.56 g) potassium and 40 mmol (1.42 g) chloride. The sup-
plements were manufactured specifically for the trial (Labo-
ratorium Medisan, Heerenveen, The Netherlands), and
designed such that they were indistinguishable from the
capsules containing placebo or potassium citrate that are
used in the randomized phase of the trial. The supplements
were taken with meals when insulin is usually present to
facilitate a redistribution of potassium into cells.’* The dose
of 40 mmol/day was selected because this was assessed to
be sufficient to increase dietary potassium intake to recom-
mended levels, according to our previous analysis of uri-
nary potassium excretion in patients with CKD stage G3b
and G4 (n=3893).!2 Participants were instructed to main-
tain their regular diet. After 2 weeks, participants returned,
and the measurements were repeated. Adherence was
defined as usage of =75% of study supplements on the
basis of pill counts. Patients who remained normokalemic,
defined as a plasma potassium =5.5 mmol/L, were allowed
to continue to the 2-year randomized phase of the study."

JASN 33: 1779-1789, 2022



When patients developed hyperkalemia after the run-in
phase, management was on the basis of the degree of
hyperkalemia. If plasma potassium was =6.0 mmol/L,
potassium supplements were discontinued and plasma
potassium was checked a few days later. If plasma potas-
sium was >6.0 mmol/L, hyperkalemia was treated accord-
ing to national guidelines with temporary discontinuation
of renin-angiotensin inhibitors and the use of potassium
exchange resins and/or sodium bicarbonate.

Measurements

Demographic data were collected including self-reported eth-
nicity. Plasma potassium, pH, and bicarbonate were mea-
sured in whole-blood on a blood gas analyzer (ABL90 Series
Radiometer), because it is the most direct method and pre-
vents pseudohyperkalemia.®®> Other measures to prevent
pseudohyperkalemia were the instruction to avoid fist clench-
ing and routine monitoring of the hemolysis index. Plasma
and urine creatinine, sodium, and chloride were measured on
an automated Cobas 8000 chemistry platform (Roche Diag-
nostics). eGFR was calculated by the CKD Epidemiology
Collaboration equation, with use of the race coefficient.*
Hemoglobin and hematocrit were determined in whole blood
from EDTA tubes and were analyzed on a Sysmex XN900
(Sysmex). Plasma renin (Cisbio, Codolet, France) and aldoste-
rone (Demeditec, Kiel, Germany) were measured by radioim-
munometric assays. Next, 24-hour urine was collected on
the day before the study visits. Accurate collection was verified
by urine creatinine excretion in relation to age, sex, and body
mass index.”> Urine ammonium and citrate were measured
using the Berthelot method®® and an enzymatic method
(Instruchemie, Delfzijl, The Netherlands), respectively. Urine
pH was measured using a high-resolution pH meter
(HI15221, Hanna Instruments, Nieuwegein, The Netherlands).
Office BP was measured three times with an automated device
at the nondominant arm in seated position after a 10-minute
rest. The first measurement was discarded, and the mean of
the second and third measurement was used.”’ At baseline,
ambulatory (24-hour) BP was also measured at the nondomi-
nant arm using the 90217 A Ultralite device (Spacelabs Health-
care). This device measures BP every 15 minutes during the
day and every 30 minutes during the night. When =70% of
measurements were successful, the data were included for
analysis.”’

Statistics

This prespecified analysis was performed after 191 patients
had completed the run-in phase, because, on the basis of pre-
vious literature, this number of patients should provide suffi-
cient power to detect a difference in urinary potassium
excretion, plasma potassium, and BP.!”'®*® Data are reported
as mean*SD for normally distributed data and as median
(interquartile range) for non-normally distributed data. Data
with a non-normal distribution were log-transformed, after

JASN 33: 1779-1789, 2022
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which normal distribution was confirmed before analysis.
Data from baseline and 2-week visits were compared using a
paired t test. Multivariable linear regression analysis was used
to identify baseline characteristics associated with the change
in plasma potassium after KCl supplementation. The charac-
teristics of patients who did or did not develop hyperkalemia
after KCI supplementation were compared using an indepen-
dent ¢ test or chi-squared test. Logistic regression was used to
analyze which characteristics were independently associated
with the development of hyperkalemia. Variables with a bio-
logically plausible relationship with a rise in plasma potas-
sium or hyperkalemia were included in the multivariable
analyses. In the multivariable logistic regression only six vari-
ables were included in the model because of the limited num-
ber of events. Data on plasma potassium and eGFR were
complete for all participants. Data with 0.5%-7% of missing
measurements were imputed using the multiple imputation
tool in SPSS. Ambulatory BP (15% missing data because the
measurement was refused by the participant or did not fulfill
quality criteria), venous pH (51% missing data), and urine cit-
rate (34% measurements below detection limit) were not
imputed. All data were analyzed using SPSS (IBM, version 25).
P =0.05 was considered statistically significant.

RESULTS

Patient Characteristics

The run-in phase was started by 240 patients and completed
by 205 patients (86%, Supplemental Figure 1). During the
run-in phase, 35 patients discontinued (15%) because of gas-
trointestinal symptoms (22 patients), pill or trial burden (eight
patients), and other reasons (two screen failures, two worsen-
ing comorbidities, one other symptoms). None of the patients
reported symptoms of hyperkalemia, such as muscle weakness.
In total, 14 patients were excluded because of nonadherence
(6%). Data of 191 participants were used for analysis. Partici-
pants were aged 68*+11 years, 141 (74%) were male, and
eGFR was 319 ml/min per 1.73 m” (Table 1). In the majority
of participants, hypertension, diabetes mellitus, and/or reno-
vascular disease were considered the primary cause of CKD. A
subset of participants had a specific cause of CKD, including
polycystic kidney disease (n=24), glomerular disease (n=14),
or a urological cause (n=6); nine patients had a previous his-
tory of nephrectomy. Baseline ambulatory systolic and diastolic
BP were 12715 and 749 mm Hg, respectively. The partici-
pants used 2.3*1.1 antihypertensive drugs, including 158
(83%) participants who used renin-angiotensin inhibitors. Four
patients used a sodium-glucose cotransporter 2 inhibitor.

Effects of KCl Supplementation on Electrolyte and
Volume Homeostasis

Urine potassium excretion increased from 72%+24 to 107=*
29 mmol/day after 2 weeks of KCl supplementation (P<<0.001,

KCI Supplementation in CKD 1781
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Table 1. Baseline characteristics

Characteristic n=191
Age, yr 68+11
Male sex, n (%) 141 (74)
Body mass index, kg/m? 28.8+4.4
Self-reported ethnicity

Asian 15 (8)

Black 11 (6)

White 165 (86)
Baseline eGFR, ml/min per 1.73 m? 31%9
eGFR decline, ml/min per 1.73 m? per year 3.4 (2.7-4.8)
Diabetes, n (%) 72 (38)
Hypercholesterolemia, n (%)? 126 (66)
Cardiovascular and/ or cerebrovascular disease, n (%)° 80 (42)
24-hour systolic BP, mm Hg 127+15
24-hour diastolic BP, mm Hg 74+8
24-hour heart rate, beats/min 6910
Number of antihypertensive medications, n (%) 2.3+1.1

Renin-angiotensin inhibitor 158 (83)

Calcium channel blocker 100 (52)

Loop and/or thiazide diuretic 82 (43)

Beta-blocker 77 (40)

Alpha-blocker 14 (7)
Sodium-glucose cotransporter 2 inhibitor 4 (2)

?Defined as the use of statins.
®Defined as a history of previous cardiovascular or cerebrovascular events.

Figure 1A). Urine sodium excretion remained stable (154*62
to 152262 mmol/day, P=0.57, Figure 1B). Plasma potassium
increased from 4.3+0.5 to 4.7+0.6 mmol/L (range —0.6 to 2.1
mmol/L, P<<0.001, Figure 1C). KCI supplementation increased
plasma aldosterone from 281 (198-431) to 351 (241-494) ng/
L (P<<0.001, Figure 1D), but had no effect on measures of
extracellular fluid volume including plasma renin (34 [20-73]
ng/L to 37 [18-94] ng/L, P=0.46) or hematocrit (stable at
0.40*0.05 L/L, Figure 1, E and F, P=0.69). In 28 participants
(15%), plasma potassium did not increase. The increase in
urine potassium excretion of these patients, however, was sim-
ilar compared with the participants in whom plasma potas-
sium did increase (change in urine potassium 39*24 versus
34+19 mmol/day, P=0.23, Supplemental Figure 2), suggesting
adequate adherence. Baseline characteristics that were inde-
pendently associated with a larger increase in plasma
potassium after KCl supplementation were the use of renin-
angiotensin inhibitors and older age (Figure 2, Supplemental
Table 1, Supplemental Figures 3 and 4). A lower body weight
or body mass index was not associated with a larger increase
in plasma potassium after KCl supplementation (data not
shown). Conversely, factors that were independently associ-
ated with a smaller increase in plasma potassium were diuretic
use and baseline levels of plasma potassium and plasma bicar-
bonate (Figure 2, Supplemental Table 1, Supplemental
Figures 3 and 4). Addition of ethnicity to the model did not
materially change the results (Supplemental Figure 5).

Effects of KCl Supplementation on Acid-Base Balance
KCI supplementation was associated with a decrease in plasma
bicarbonate (24.5+3.4 to 23.7+3.5 mmol/L) and increase in
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Figure 1. Effects of 40 mmol KCl| supplementation for 2
weeks. The effects are shown on (A) urine potassium (K*) excre-
tion, (B) urine sodium (Na™*) excretion, (C) plasma potassium
(K*), (D) plasma aldosterone, (E) plasma renin, and (F) hemato-
crit (Hct). Data before and after KCI supplementation are shown
in 191 patients. Data were analyzed by paired t test.

plasma chloride (104*3 to 1054 mmol/L, both P<<0.001,
Figure 3, A and B). Urine chloride increased from 151*61
mmol/day at baseline to 18664 mmol/day at follow-up
(Figure 3C, P<<0.001). In the subset of patients in whom venous
pH was measured (n=94), this decreased from 7.36+0.03 to
7.34%+0.04 (P<0.001, Figure 3D). Urine ammonium excretion
did not change significantly (18 [12-26] to 16 [11-24] mmol/
day, P=0.22, Figure 3E), whereas urine citrate increased (1.19
[0.77-1.75] to 1.20 [0.86-1.81] mmol/day, P=0.06, Figure 3F)
and urine pH decreased (5.90 [5.52-6.50] to 5.74 [5.36-6.33],
P=0.01, Figure 3G).
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Variable Unit ) B (95% CI) P-value
Sex Female vs. male '—0—' 0.091 (-0.042, 0.224) 0.18
T2DM Yes vs. no '—‘—'—' 0.060 (—0.058, 0.177) 0.32
RAS-I use Yes vs. no A 0.175 (0.027, 0.323) 0.02
Beta-blocker use  Yes vs. no '-—0—| 0.110 (—0.005, 0.225) 0.06
Diuretic use Yes vs. no ——e—A —-0.152 (-0.270, 0.035) 0.01
Age Per 10 years increase l—'—i 0.068 (0.010, 0.126) 0.02
Plasma [K*] Per 0.5 mmol/L increase —e—i —0.114 (-0.183, —0.045) 0.001
Plasma [HCO47] Per 1.0 mmol/L increase M —0.021 (-0.040, —0.002) 0.03
eGFR Per 10 mL/min/1.73 m? increase '—’—‘ -0.069 (-0.138, 0.001) 0.05
Urine K* Per 10 mmol/24h increase

roi -0.021 (~0.046, 0.003)  0.09

T T T T T T T T 1
-04 -0.3 -0.2 -0.1 0.0 0.1 02 03 04

Smaller increase

Larger increase

Figure 2. Baseline characteristics that were associated with a smaller or larger increase in plasma potassium after KCl supple-
mentation for 2 weeks. Data were analyzed by multivariable linear regression. See Supplemental Table 1 for univariable analysis.
T2DM, type 2 diabetes mellitus; RAS-I, renin-angiotensin inhibitor; HCO3™, bicarbonate; K*, potassium.

Risk of Hyperkalemia after KCl Supplementation

In total, 21 participants developed hyperkalemia (11%). In
these patients, average plasma potassium increased from
4.9%+0.4 to 5.9+0.4 mmol/L (range 5.6-6.9 mmol/L). Patients
who developed hyperkalemia after KCI supplementation were
older, had higher baseline plasma potassium, lower baseline
plasma bicarbonate, lower eGFR, and used diuretics less often
(Table 2). On univariable analysis, higher age and baseline
plasma potassium increased the risk of hyperkalemia, whereas
higher plasma bicarbonate, eGFR, and diuretic use decreased
this risk (Figure 4A). On multivariable analysis, only older age
and a higher baseline plasma potassium were independently
associated with the risk of hyperkalemia after KCl supplemen-
tation (Figure 4B). Patients who developed hyperkalemia had
a smaller increase in urine potassium excretion compared
with those who remained normokalemic (24*24 versus
3620 mmol/day, P=0.02, Supplemental Figure 6). In partici-
pants with mild hyperkalemia (plasma potassium 5.6-6.0
mmol/L, n=16) the only intervention was discontinuation of
KCI supplementation. In participants with a plasma potassium
between 6.1 and 6.9 mmol/L (n=5), electrocardiograms were
performed, which showed no signs of hyperkalemia. In these
participants, hyperkalemia was treated by discontinuation of
KCl supplementation, sodium polystyrene sulfonate, sodium
bicarbonate, and/or temporary discontinuation of renin-
angiotensin inhibitors (Supplemental Table 2). Plasma potas-
sium normalized on follow-up in all patients, after which
renin-angiotensin inhibitors were resumed.

Effects of KCl Supplementation on Kidney Function
and BP

KCl supplementation had no significant effect on eGFR (stable
at 319 ml/min per 1.73 m?, Figure 5A) or albuminuria (0.17

JASN 33: 1779-1789, 2022

[0.04-0.83] to 0.21 [0.04-0.80] g/day, Figure 5B, P=0.63).
Similarly, KCI supplementation had no significant effect on
office systolic or diastolic BP (from 13316 to 133*17 mm
Hg and 78*11 to 7811 mm Hg, Figure 5, C and D) or heart
rate (70*11 to 71=13 bpm, P=0.08, Figure 5E). A higher
baseline office systolic BP correlated with a greater reduction
in office systolic BP in response to KCl supplementation
(Supplemental Figure 7A). However, this probably reflects
regression to the mean, because baseline 24-hour systolic BP
did not show this correlation (Supplemental Figure 7B).*
Baseline values for urine sodium and potassium excretion and
eGFR did not correlate with the BP response to KCl supple-
mentation (Supplemental Figure 7, C-E).

DISCUSSION

This study presents the changes observed in a cohort of
patients with CKD exposed to short-term KCI supplementa-
tion. With a supplementation of 40 mmol KCl per day (the
amount of potassium in approximately four bananas) the
average urine potassium excretion increased from 72 to 107
mmol/day. This translates to a dietary intake of approxi-
mately 120 mmol/day when considering approximately 10%
fecal potassium loss** and is therefore at the higher end of
the current dietary reference values (90-120 mmol/day)."*"
Potassium supplementation was associated with a rise in the
plasma potassium concentration of on average 0.4 mmol/L.
The majority of patients remained normokalemic, despite the
prevalent use of renin-angiotensin inhibitors. Older age and
higher baseline plasma potassium were independent risk fac-
tors for developing hyperkalemia after KCl supplementation.
KCl supplementation did not reduce office BP, although it

KCI Supplementation in CKD 1783
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Figure 3. Effects of 40 mmol KCl supplementation for 2
weeks. The effects are shown on (A) plasma bicarbonate
(HCO37), (B) plasma chloride (CI7), (C) venous pH, (D) urine
ammonium (NH,™") and (E) citrate excretion, and (G) urine pH.
Data before and after KCl supplementation are shown in 191
patients (A), (B), (D), (G), 94 patients (C), and 126 patients (E).
Data were analyzed by paired t test.

did cause a tendency toward hyperchloremic metabolic aci-
dosis. The 2-year randomized phase of our study, which also
includes potassium citrate and placebo, should inform
whether the proposed cardiorenal benefits of increasing
potassium intake outweigh the risks of hyperkalemia.'’
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A systematic review and meta-analysis of randomized
controlled trials in people with normal kidney function
using potassium supplementation (average increase in uri-
nary potassium excretion 46 mmol/day) showed a small but
significant increase in plasma potassium of 0.14 mmol/L.>®
On the basis of these previous data, it appears that potas-
sium supplementation causes a greater rise in plasma potas-
sium in patients with CKD than in subjects with normal
kidney function. A previous study in which the response to
50 mmol KCI for 5 days was compared in six healthy sub-
jects to ten patients with CKD reached a similar conclu-
sion.” We identified several baseline characteristics that
independently contributed to the rise in plasma potassium
after KCl supplementation, including age, use of renin-
angiotensin inhibitors, diuretics, and beta-blockers, and
baseline levels of plasma potassium, bicarbonate, and eGFR.
Of note, a higher baseline potassium was associated with a
smaller increase in plasma potassium after KCl supplemen-
tation, which we explain by regression to the mean. Most of
these factors also contributed to the development of hyper-
kalemia, although only age and baseline plasma potassium
were identified as independent associations. Recently, higher
baseline plasma potassium and lower eGFR were also identi-
fied as risk factors for hyperkalemia with the use of finere-
none, whereas diuretic use was protective.*” Our results
suggest changes in plasma potassium with KCl supplementa-
tion are mostly driven by factors regulating tubular potassium
secretion and acid-base balance.*’ The identification of these
factors may help to individualize potassium supplementation
in patients with CKD. Of note, potassium supplementation
likely has a larger effect on plasma potassium than potas-
sium in food because the bioavailability of potassium
from natural foods is lower, and because potassium-rich
foods cause a tendency toward metabolic alkalosis.*®***°
However, the effects of KCl supplementation are still rele-
vant because salt substitution is emerging as public health
intervention.*®

We observed no effect of KCl supplementation on office
BP. This observation is different from previous studies show-
ing that potassium supplementation usually reduced BP in
patients with hypertension.'® However, our observation is in
agreement with a recent randomized feeding trial (40 versus
100 mmol potassium/day) in patients with CKD stage G3,
which did not observe significant differences in 24-hour BP.*
There may be several explanations for why potassium supple-
mentation did not reduce BP in our patients with CKD. First,
ambulatory BP was well controlled in our cohort, leaving little
room for further BP reduction. Second, the relationship
between urinary potassium excretion and BP follows a
U-shaped relationship, suggesting a “therapeutic window.”
Indeed, BP reduction is attenuated when potassium supple-
mentation increases urinary potassium excretion =30 mmol/
day, whereas BP even increases with higher supplementa-
tion."®*® Third, the fact that we did not observe a rise in
plasma renin suggests that KCI supplementation failed to
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Table 2. Comparison between patients who remained normokalemic and who developed hyperkalemia after KCI
supplementation

Characteristic Normokalemia (n=170) Hyperkalemia (n=21) P Value
Female sex, n (%) 44 (26) 6 (29) 0.79
Diabetes mellitus, n (%) 61 (36) 11 (52) 0.14
Renin-angiotensin inhibitor use, n (%) 139 (82) 19 (90) 0.32
Beta-blocker use, n (%) 66 (39) 11 (52) 0.23
Diuretic use, n (%) 78 (46) 4 (19) 0.02
Age, yr 6711 74+£8 0.005
Baseline plasma potassium, mmol/L 4.2+0.4 4.9+0.4 <0.001
Baseline plasma bicarbonate, mmol/L 247=+3.4 225*35 0.007
Baseline eGFR, ml/min per 1.73 m? 32+8 24+8 <0.001
Baseline urine potassium excretion, mmol/day 73+25 65+16 0.1
induce potassium-induced natriuresis. In healthy males, 90 KCl supplementation caused a clear tendency toward
mmol KCI did increase plasma renin and angiotensin II, likely ~ hyperchloremic metabolic acidosis. In previous studies in
reflecting urinary sodium chloride loss with secondary activa-  people with normal kidney function, KCI supplementation

tion of the renin-angiotensin system.*’ Potassium-induced  (in the range of 40-100 mmol/day) did not reduce plasma
natriuresis is one of the proposed mechanisms by which potas-  bicarbonate.’®"*® This suggests patients with CKD are more
sium reduces BP, an effect that is mediated by potassium’s  susceptible to the acidifying effect of dietary chloride,
inhibition of the thiazide-sensitive sodium-chloride cotrans-  although the effects we observed were still modest. KCI-
porter.®**~* Finally, the BP-lowering effect of potassium may  induced acidosis has been observed previously in experi-
have been offset by the increase in plasma aldosterone or the  mental settings and has been attributed to a form of renal
development of hyperchloremic metabolic acidosis. Patients  tubular acidosis.®" Recent data indicate hyperkalemic (type
with CKD may be more prone to the hypertensive effects of ~ IV) renal tubular acidosis is caused by a direct inhibitory
aldosterone in response to a rise in plasma potassium than effect of plasma potassium on kidney ammoniagenesis.”> We
healthy subjects.”>* Similarly, both hyperchloremia and meta-  also observed that urinary ammonium excretion failed to
bolic acidosis can increase BP in CKD.>>™’ increase in response to the development of acidosis, whereas

A
Variable Unit OR (95% Cl) P-value
Age Per 10 years increase ,_.4 2.179 (1.243, 3.839) 0.007
Plasma [K*] Per 0.5 mmol/L increase — e 25.478 (5.575, 116.439) <0.001
Plasma [HCO5;]  Per 1.0 mmol/L increase n 0.819 (0.707, 0.949) 0.008
eGFR Per 10 mL/min/1.73 m? increase —e— 0.291 (0.151, 0.556) <0.001
RAS-I use Yes vs. no l—o—l 2.119 (0.469, 9.573) 0.77
Diuretic use Yes vs. no I—O—i 0.278 (0.090, 0.859) 0.03
B
Variable Unit OR (95% CI) P-value
Age Per 10 years increase ;_H 2.199 (1.051, 4.605) 0.03
Plasma [K*] Per 0.5 mmol/L increase —e—i 24.247 (3.101, 189.621) <0.001
Plasma [HCOZ;]  Per 1.0 mmol/L increase lbl 1.045 (0.842, 1.295) 0.69
eGFR Per 10 mL/min/1.73 m? increase I—H 0.479 (0.211, 1.083) 0.08
RAS-I use Yes vs. no |—-—o—| 0.855 (0.145, 5.055) 0.86
Diuretic use Yes vs. no l—H 0.265 (0.062, 1.131) 0.07
T T T T T 1
0.01 0.1 1 10 100 1000
QOdds ratio

Figure 4. Baseline characteristics associated with the development of hyperkalemia after KCl supplementation for 2 weeks.
Data were analyzed by (A) univariable and (B) multivariable logistic regression.
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Figure 5. Effects of 40 mmol KCl supplementation for 2
weeks. The effects are shown on (A) eGFR, (B) urine albumin
excretion, (C) office systolic BP, (D) office diastolic BP, and (E)
heart rate. Data before and after KCl supplementation are
shown in 191 patients. Data were analyzed by paired t test.

urine pH decreased appropriately. Because metabolic acidosis
is clearly recognized as a risk factor for CKD progression and
outcomes,”>** our data suggest potassium supplementation
with other anions such as citrate or bicarbonate may be pref-
erable in patients with CKD. Of interest, a trend toward an
increase in urine citrate excretion was observed, which is a
recognized effect of KCl supplementation.®®

Our study has a number of limitations. First, this was an
uncontrolled, single-arm, open-label intervention study. This
study design has inherent limitation, although some of these
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limitations may have been overcome by the large sample size.
Second, ambulatory BP and body weight were not measured
at the second study visit, which precludes a more detailed
analysis of effects on BP and volume status. Finally, urinary
potassium excretion was higher in our patients than in a pre-
vious cohort of patients with CKD stage G3b and G4 (72 ver-
sus 50 mmol/day),"> which may have limited effect size and
generalizability. Other factors that may have limited general-
izability were subject refusal, premature drop-outs (largely
because of gastrointestinal symptoms, likely related to the
fact that the supplements were not slow release), and the
inclusion of primarily male participants.

In summary, in patients with CKD stage G3b-4 who
were mostly on renin-angiotensin inhibitors, increasing die-
tary potassium intake to recommended levels with KCI sup-
plementation raises plasma potassium by 0.4 mmol/L.
Although the majority of patients remained normokalemic,
hyperkalemia may develop especially in older patients or
those with higher baseline plasma potassium. In addition,
the anticipated BP lowering effect of KCI supplementation
was not observed, whereas it did cause a tendency toward
hyperchloremic metabolic acidosis. Longer-term studies
should address if the proposed cardiorenal protection of
adequate potassium intake outweighs the risk of hyperkale-
mia in patients with CKD.
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Table S1: Baseline characteristics associated with a smaller or lager increase in plasma

potassium after KCI supplementation.

10 mmol/day increase

Variable Univariable regression Multivariable regression

B (95% CI) P B (95% CI) P
Female sex 0.112 (-0.022, 0.246) | 0.100 0.091 (-0.042, 0.224) 0.182
Type 2 diabetes mellitus 0.118 (-0.003,0.239) | 0.056 | 0.060 (-0.058, 0.177) 0.320
Renin-angiotensin system 0.079 (-0.077, 0.235) | 0.322 0.175 (0.027, 0.323) 0.021
inhibitor use
Beta blocker use 0.147 (0.028, 0.266) | 0.015 | 0.110 (-0.005, 0.225) 0.062
Diuretic use -0.110 (-0.229, 0.008) | 0.068 | -0.152 (-0.270,-0.035) | 0.011
Age, per 10 years increase 0.069 (0.015, 0.123) | 0.013 0.068 (0.010, 0.126) 0.021
Baseline plasma potassium, per | -0.036 (-0.098, 0.027) | 0.264 | -0.114 (-0.183, -0.045) 0.001
0.5 mmol/L increase
Baseline plasma bicarbonate, -0.022 (-0.039, -0.005) | 0.011 | -0.021 (-0.040, -0.002) 0.033
mmol/L
Baseline eGFR, per 10 -0.090 (-0.157, -0.023) | 0.008 | -0.069 (-0.138, 0.001) 0.053
mL/min/1.73 m? increase
Baseline urine potassium, per -0.041 (-0.064, -0.017) | 0.001 | -0.021 (-0.046, 0.003) 0.089




Table S2: Treatment of participants with plasma potassium > 6.0 mmol/L after KCI

supplementation.

Participant

Plasma potassium

after 2 weeks KCI

Treatment

Plasma

potassium at

30 g/day; temporary

discontinuation of lisinopril

supplementation follow-up

5035 6.2 mmol/L Sodium bicarbonate 3 x 1 g/day 4.9 mmol/L
for 2 days

7038 6.4 mmol/L Sodium polystyrene sulfonate 2 x | 3.9 mmol/L
30 g/day for 3 days; temporary
discontinuation of losartan

7041 6.9 mmol/L Sodium polystyrene sulfonate 2 x | 4.3 mmol/L
30 g/day for 3 days; temporary
discontinuation of irbesartan

8069 6.3 mmol/L Sodium polystyrene sulfonate 1 x | 4.9 mmol/L
15 g/day for 3 days; temporary
discontinuation of lisinopril

8103 6.9 mmol/L Sodium polystyrene sulfonate 2 x | 3.9 mmol/L




Figure S1: Flowchart of screened and included patients.

Meeting study criteria
n=1,098

Refused to participate
n =858

Start run-in phase
n =240

Excluded for incompliance
n=14

Completed run-in phase
n=191

Drop-out during run-in phase
n=235

+ Gastro-intestinal symptoms (n = 22)
¢ Pill/ trial burden (n = 8)
+ Other (n=5)

Normokalemia
n=170

Hyperkalemia
n=21




Figure S2: Change in urine potassium (K*) excretion in participants with or without an

increase in plasma K* concentration after KCI supplementation.
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Figure S3: Change in plasma potassium (K*) after KCI supplementation classified by sex,

presence of diabetes mellitus, and the use of renin-angiotensin inhibitors, beta blockers, or

diuretics.
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Figure S4: Correlations between the change in plasma potassium (K*) after KCI

supplementation with age and selected baseline laboratory measurements.
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Figure S5: Exploratory analysis of baseline characteristics that were associated with a smaller
or lager increase in plasma potassium after KCI supplementation for two weeks with the

addition of ethnicity.

Variable Unit

Sex Female vs. male I——.—i 0.090 (-0.046, 0.225) 0.194
T2DM Yes vs. no I——O—! 0.061 (-0.059, 0.180) 0.319
RAS-I use Yes vs. no —— 0.176 (0.028, 0.324) 0.020
Beta blocker use  Yes vs. no I-'—.—i 0.109 (-0.007, 0.225) 0.065
Diuretic use Yes vs. no P—e— -0.152 (-0.270, -0.034) 0.011
Age Per 10 years increase I—O—i 0.068 (0.010, 0.126) 0.022
Plasma [K*] Per 0.5 mmol/L increase —e— -0.115 (-0.185, -0.045) 0.001
Plasma [HCO4] Per 1.0 mmol/L increase }-O-i -0.021 (-0.040, -0.002) 0.029
eGFR Per 10 mL/min/1.73 m2 increase |—.—i -0.069 (-0.138, 0.001) 0.054
Urine K* Per 10 mmol/24h increase |-.-] -0.022 (-0.047, 0.004) 0.096
Ethnicity White vs. non-white } p | 0.006 (-0.161, 0.174) 0.940
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Figure S6: Change in urine potassium (K*) excretion in patients with or without

hyperkalemia after KCI supplementation.
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Figure S7: Correlations between the change in office systolic blood pressure (BP) after
potassium chloride supplementation with baseline office and 24-hour systolic blood pressure,

urinary sodium (Na*) and potassium (K*) excretion, and estimated glomerular filtration rate

(eGFR).
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