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In patients with advanced-stage chronic kidney disease (CKD), progressive kidney function decline leads
to increased risk for hyperkalemia (serum potassium > 5.0 or >5.5 mEq/L). Medications such as renin-
angiotensin-aldosterone system inhibitors pose an additional hyperkalemia risk, especially in patients
with CKD. When hyperkalemia develops, clinicians often recommend a diet that is lower in potassium
content. This review discusses the barriers to adherence to a low-potassium diet and the impact of dietary
restrictions on adverse clinical outcomes. Accumulating evidence indicates that a diet that incorporates
potassium-rich foods has multiple health benefits, which may also be attributable to the other vitamin,
mineral, and fiber content of potassium-rich foods. These benefits include blood pressure reductions and
reduced risks for cardiovascular disease and stroke. High-potassium foods may also prevent CKD pro-
gression and reduce mortality risk in patients with CKD. Adjunctive treatment with the newer potassium-
binding agents, patiromer and sodium zirconium cyclosilicate, may allow for optimal renin-angiotensin-
aldosterone system inhibitor therapy in patients with CKD and hyperkalemia, potentially making it
possible for patients with CKD and hyperkalemia to liberalize their diet. This may allow them the health
benefits of a high-potassium diet without the increased risk for hyperkalemia, although further studies are
needed.
© 2020 The Authors. Published by Elsevier Inc. on behalf of the National Kidney Foundation, Inc. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
INTRODUCTION

The kidney is the major organ responsible for regulating
potassium absorption and excretion in the body.1,2 In
patients with advanced chronic kidney disease (CKD), the
progressive decline in kidney function contributes to the
development of hyperkalemia, the definition of which
varies between institutional guidelines and clinical studies
and is generally considered to be a serum potassium
level > 5.0 or > 5.5 mEq/L.1,3,4 Hyperkalemia risk in-
creases as CKD progresses,3 with a reported prevalence of
up to 10% in those with CKD without kidney replacement
therapy, 16% in patients with kidney failure receiving
hemodialysis, and 11% in those receiving continuous
ambulatory peritoneal dialysis.4

Hyperkalemia is associated with increased all-cause
mortality risk, especially among patients with CKD, heart
failure, or diabetes.5 Both hyper- and hypokalemia are
associated with adverse clinical outcomes, with a U-shaped
association observed between serum potassium level and
risk for mortality or major adverse cardiac events in pa-
tients with CKD.6 Interestingly, newer data suggest that
patients with advanced CKD may have increased tolerance
to elevated serum potassium levels. Specifically, data sug-
gest that 90-day mortality rates with out-of-range plasma
potassium concentrations (normal range, 3.5-5.0 mEq/L)
are reduced among patients with stages 4-5 CKD versus
those with stages 1-2 CKD.7

Dietary potassium restriction is often recommended to
prevent and treat hyperkalemia in patients with CKD.8,9

However, evidence to support stringent reductions in di-
etary sources of potassium are lacking for some patients.
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Accumulating evidence suggests that a high-potassium
diet, which includes foods that are high in potassium as
well as other vitamins, minerals, and fiber, is associated
with several health benefits, including prevention of CKD
progression, improvements in blood pressure (BP) and
bone health, and decreased risks for cardiovascular disease
(CVD) and coronary artery disease (CAD), diabetes, kidney
stone formation, and stroke.10-14 Moreover, many
potassium-rich foods, including fresh fruits and vegeta-
bles, grains, and legumes, are considered “heart-healthy”
(Table 1).15

The Dietary Approaches to Stop Hypertension (DASH)
diet, which is high in fruits and vegetables, low-fat dairy,
lean meats, fish, poultry, whole grains, nuts, seeds, and
legumes and low in saturated fat and sugar, lowers BP,
particularly when combined with a reduced sodium
intake.16,17 Adherence to the DASH diet is also associated
with reduced risks for incident CVD, CAD, stroke, and
diabetes12 and lower mortality risk from CVD, CAD, or
stroke.10 In addition, the DASH diet has been associated
with significant reductions in markers of bone turnover,
indicating potential beneficial effects on bone health.14

There are data suggesting that high-potassium intake
increases the risk for hyperkalemia in some patients with
CKD, and current recommendations and guidelines
severely restrict dietary potassium in those patients with
CKD, leading to a mismatch between overall health rec-
ommendations regarding the benefits of a plant-based/
high-potassium diet and the type of diet recommended
in patients with CKD. This review discusses dietary po-
tassium restriction in patients with CKD and summarizes
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Table 1. Summary of Heart-Healthy Foods That Are Restricted
by a Low-Potassium Diet

Recommended
Food Groups

Examples of Heart-
Healthy Foods

Restricted by
Low-Potassium
Diet?

Fruits and
vegetables

Green vegetables (eg,
spinach, kale, collard greens,
broccoli, asparagus)

Yes (except kale)

Berries (eg, strawberries,
blueberries, blackberries,
raspberries)

No

Avocadoes Yes
Potatoes and sweet
potatoes

Yes

Carrots Yes (if raw)
Peppers No
Pumpkin and squash Yes
Tomatoes Yes
Cantaloupes and papaya Yes
Citrus fruits (eg, oranges,
grapefruits)

Yes

Apples No
Garlic No
Soybeans Yes

Whole grains Whole wheat Yes (bran/bran
products)

Brown rice
Oats
Rye
Barley
Buckwheat
Quinoa

Low-fat dairy
products

Fat-free or low-fat milk,
yoghurt, and cheese

Yes

Skinless poultry
and fish

Prepared without added
saturated or trans fat

Yes

Fish high in omega-3
Nuts and
legumes

Walnuts Yes
Almonds Yes
Seeds (eg, chia, flaxseed,
hemp)

Yes

Dried beans and lentils Yes
Nontropical
vegetable oils

Extra-virgin olive oil No
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the barriers to patient adherence and the impact on adverse
clinical outcomes associated with dietary potassium re-
striction. This review also re-examines the evidence sup-
porting a plant-based diet in some patients with CKD and
alternative approaches to risk reduction for recurrent
hyperkalemia, including the use of newer potassium-
binding agents.
INFLUENCE OF DIETARY POTASSIUM INTAKE

ON SERUM POTASSIUM

The diet is a primary source of potassium, with the highest
potassium content found in fruits, vegetables, and meats.3

Current dietary guidelines recommend potassium intake of
Kidney Med Vol 2 | Iss 4 | July/August 2020
3,400 mg/d in adult men and 2,600 mg/d in adult
women with normal kidney function.18 These recom-
mendations take into account the health and car-
dioprotective benefits of a high-potassium diet.11

Potassium content varies widely among different foods
and is dependent on the method of food preparation, its
carbohydrate content, and whether it is combined with
other foods that influence potassium homeostasis. This
presents a challenge when determining the relative po-
tassium exposure from the diet. Additionally, potassium
content does not always directly equate to the bioavail-
ability of potassium from food, which may differ based on
its preparation.19,20 For example, the potassium content of
fresh green beans is reduced by 15% with soaking, 33%
with cooking, and 46% with soaking and cooking.20

The contribution of dietary intake to potassium balance
may vary based on the carbohydrate content of the food.
Although steady-state serum potassium concentrations are
maintained by renal potassium excretion,2 high-potassium
foods that also contain high carbohydrate levels initially
promote insulin secretion, which facilitates potassium
uptake into cells and minimizes the increase in serum
potassium levels.21,22 In contrast, high-potassium foods
that are low in carbohydrates, such as meat, may result in
greater increases in serum potassium levels despite having
similar potassium content to high-carbohydrate foods. The
processing of foods may also influence potassium content
because there are hidden sources of potassium due to food
additives and products such as low-sodium salt sub-
stitutes.23 Therefore, this review does not include a table of
potassium content of various foods because such tables
may be misleading because they present an incomplete
picture of actual dietary potassium exposure. A recent
meta-analysis indicated that restriction of dietary potas-
sium significantly reduces serum potassium levels in pa-
tients with CKD; however, this effect was driven by the
results of 1 randomized trial, in which dietary potassium
intake was strictly controlled with the sole source of
nutrition provided by a manufactured liquid diet, which
may not be attainable under normal dietary conditions.24

Dietary potassium intake can be assessed by recording
meal intake using a food diary or questionnaire, dietary
recall, or measurement of urinary potassium excre-
tion.11,25-29 However, diaries and recall rely on patients
reporting all consumed food and may be subject to inac-
curacies. Urinary potassium excretion is generally
considered to be a better indicator of potassium intake,
although other variables should also be measured to in-
crease its validity.

Studies using urinary potassium excretion to estimate
dietary potassium intake have shown conflicting results
regarding the association between urinary potassium
excretion and CKD progression.25-28 A population-based
study in the Netherlands25 and a Korean study in pa-
tients with CKD26 both demonstrated higher risk for CKD
development or progression with low urinary potassium
excretion. In contrast, the Chronic Renal Insufficiency
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Cohort (CRIC) Study in US patients with CKD found that
increased urinary potassium excretion was associated with
an increased risk for CKD progression,27 and the Modifi-
cation of Diet in Renal Disease Study in patients with stages
2-4 CKD showed no association between urinary potas-
sium excretion and kidney failure (defined as initiation of
dialysis or kidney transplantation).28

POTENTIAL BENEFITS OF A PLANT-BASED

DIET

CKD Incidence or Progression

Evidence suggests that a plant-based diet, which includes
consumption of high-potassium foods, may prevent the
development of CKD in individuals with relatively pre-
served or normal kidney function (Table 2).30-33 For
example, adherence to a healthy plant-based diet (fruits,
vegetables, whole grains, nuts, and legumes) was associ-
ated with lower risk for developing CKD,30,31 whereas a
higher animal-based protein intake was associated with
increased risk for kidney hyperfiltration and rapid kidney
function decline.34 Similarly, a Mediterranean-style diet
(ie, high in fruits and vegetables) was associated with
lower risk for incident loss of kidney function (estimated
glomerular filtration rate [eGFR] < 60 mL/min per
1.73 m2).32 Although red meat intake is strongly associ-
ated with increased risk for kidney failure in the general
population, substituting 1 daily serving of red meat with
another source of protein was shown to reduce the risk for
kidney failure by 62% (for poultry), 50% (for soy, le-
gumes, or eggs), or 49% (for fish).33 A meta-analysis of
dietary studies in individuals with normal kidney function
found that healthy dietary patterns (ie, rich in fruit, veg-
etables, whole grains, legumes, nuts, and fish and low in
sodium, sugar-sweetened drinks, and red and processed
meats) were associated with lower odds of incident CKD
and albuminuria.35

A balanced plant-based diet may also slow CKD pro-
gression among patients with CKD without kidney
replacement therapy (Table 2).36-39 In the CRIC Study,
patients with mild to moderate CKD and a healthy lifestyle,
including higher than median consumption of fruits and
vegetables, regular physical activity, a normal body mass
index, and a history of nonsmoking, had lower risk for
CKD progression.36 In patients with stage 3 CKD and
metabolic acidosis, a reduction in dietary acid by 50%
through increased fruit and vegetable consumption or oral
sodium bicarbonate administration for 3 years appeared to
be kidney protective, with preserved eGFR and decreased
urinary excretion of angiotensinogen compared with no
alkali therapy.37 In patients with stages 3-4 CKD, a very
low-protein diet with ketoacid supplementation may delay
CKD progression compared with a low-protein
diet alone.39 However, a US study of patients with CKD
found that dietary patterns were not associated with
increased risk for progression to kidney failure over
time.38
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Cardiovascular and Mortality Outcomes

Studies have indicated that a plant-based diet has potential
benefits in cardiovascular and mortality outcomes
(Table 3).36,38,40-45 In the CRIC Study, risks for athero-
sclerotic events and all-cause mortality were reduced
among patients with mild to moderate CKD with a healthy
lifestyle.36 Similarly, another US study of patients with
CKD found that a diet rich in fruits, vegetables, and fish
appeared to lower the risk for mortality over time.38

Additional studies of patients undergoing maintenance
dialysis showed beneficial effects of increased fruit and/or
vegetable intake,40,41 which was associated with lower risk
for all-cause mortality over 12 months40 and lower risks
for noncardiovascular and all-cause mortality over 3
years.41 However, the risk for cardiovascular mortality was
not significantly reduced by increased fruit and vegetable
intake.41 In patients with CKD and metabolic acidosis,
increased fruit and vegetable consumption over 5 years
was associated with improvements in CVD risk factors,
including body mass index, systolic BP, and low-density
lipoprotein, lipoprotein(a), and serum vitamin K
levels.42 A National Health and Nutrition Examination
Survey study showed that a diet high in plant-based pro-
tein was associated with lower risk for mortality,43 and in a
small study of patients with moderate CKD, a reduced-
sodium DASH diet for 2 weeks led to improvements in
nocturnal diastolic BP and was not associated with
hyperkalemia. However, in the latter study, mean serum
potassium levels showed a transient increase after 1 week
of the DASH diet (change from baseline, +0.07 ± 0.01
mEq/L; P = 0.04) that was not significant after 2 weeks
(+0.04 ± 0.07 mEq/L; P = 0.13).44 A meta-analysis of
dietary intervention studies in patients with CKD
concluded that further research was needed to confirm the
beneficial effects of a plant-based diet on mortality and
cardiovascular events.46 Further studies are also needed to
establish the health benefits of a high-potassium diet in
patients with CKD.

DIETARY POTASSIUM RESTRICTION IN

PATIENTS WITH CKD

Challenges of Dietary Potassium Restriction

As discussed, a low-potassium diet is currently recom-
mended in patients with advanced CKD and hyperkalemia.
Clinical guidelines recommend that patients with CKD and
hyperkalemia receive individualized dietary advice
regarding the need to restrict potassium intake, when
indicated.8,9 A recent Kidney Disease: Improving Global
Outcomes (KDIGO) consensus report recognized the val-
idity of dietary potassium restriction as a strategy for
managing acute hyperkalemia; however, this report also
hypothesized that restriction of dietary potassium for the
prevention of hyperkalemia in CKD may deprive patients
of the benefits of a high-potassium diet.47 The KDIGO
report acknowledged the lack of direct evidence support-
ing dietary potassium restriction in patients with CKD,
Kidney Med Vol 2 | Iss 4 | July/August 2020



Table 2. Summary of Studies Investigating the Potential Benefits of a Plant-Based Diet in CKD Outcomes

Study
Design (mean or
median follow-up) Population (n) Parameter(s) Studied CKD Outcome

ARIC Study30 Prospective cohort (24 y) Age 45-64 y,
eGFR ≥ 60 mL/min/1.73 m2

at baseline (n = 14,686)

Overall plant-based diet,
healthy plant-based diet, and
less healthy plant-based diet

Lower risk for incident CKDa and slower annual
eGFR decline with highest intake of overall and
healthy plant-based diets

CRIC Study36 Prospective cohort (4 y) Age 21-74 y, eGFR
20–70 mL/min/1.73 m2 at
baseline (n = 3,939)

Lifestyle factors: regular
physical activity, BMI,
nonsmoking, and healthy diet

No significant association between healthy diet
and CKD progression

Jhee et al,31 2019 Prospective cohort study
(8.2 y)

Age 40-69 y,
eGFR ≥ 60 mL/min/1/73 m2

at baseline (n = 9,229)

Daily consumption of fruit and
vegetables (nonfermented or
fermented)

Lower risk for incident CKDa with highest vs
lowest intake of nonfermented vegetables, but
no significant risk reduction with any level of
intake of fermented vegetables or fruits

Northern
Manhattan Study32

Prospective cohort study
(6.9 y)

Age > 40 y, eGFR ≥60 mL/
min/1.73 m2 at baseline
(n = 803)

MeDi score (< 5 vs ≥ 5)b Lower odds of incident CKDa with MeDi
score ≥ 5 vs < 5

Singapore
Chinese Health
Study33

Prospective cohort study
(15.5 y)

Age 45-74 y,
eGFR ≥ 15 mL/min/1.73 m2

(n = 60,198)

Red meat vs other protein
sources

Dose-dependent increase in risk for ESKD with
red meat intake; risk reduction when daily red
meat replaced with other protein

Goraya et al,37
2014

Randomized
interventional study (3 y)

Age ≥ 18 y, nondiabetic
stage 3 CKD (eGFR 30-
50 mL/min/1.73 m2) with
metabolic acidosis (n = 108)

Fruit + vegetables, oral
NaHCO3, or usual care (no
alkali therapy)

Reduced urine excretion of angiotensinogen
and slower rates of eGFR decline with
fruit + vegetables or NaHCO3 vs usual care

REGARDS
Study38

Prospective cohort study
(6.4 y)

Age ≥ 45 y, eGFR < 60 mL/
min/1.73 m2 (n = 6,009)

Dietary patterns: convenience,
plant-based, sweets/fat,
Southern, alcohol/salads

No significant association between risk for
ESKD and convenience, plant-based, sweets/
fat, or alcohol/salads dietary patterns

Satirapoj et al,39
2018

Retrospective cohort
study (1 y)

Age ≥ 18 y, nondialysis
stages 3-4 CKD (eGFR 15-
59 mL/min/1.73 m2)
(n = 140)

Very low-protein diet + KA/EAA
vs low-protein diet

Significantly slower rate of eGFR decline with
very low-protein diet + KA/EAA vs low-protein
diet

Abbreviations: ARIC, Atherosclerosis Risk in Communities; BMI, body mass index; CKD, chronic kidney disease; CRIC, Chronic Renal Insufficiency Cohort; eGFR, estimate glomerular filtration rate; ESKD, end-stage kidney
disease; KA/EAA, ketoacid analogues of essential amino acids; MeDi, Mediterranean Diet; NaHCO3, sodium bicarbonate; REGARDS, Reasons for Geographic and Racial Differences in Stroke.
aDefined as incident occurrence of eGFR < 60 mL/min/1.73 m2.
bMeDi score ranged from 0 to 9, with higher scores representing closer similarity to a Mediterranean diet.
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Table 3. Summary of Studies Investigating the Potential Benefits of a Plant-Based Diet in Cardiovascular and Mortality Outcomes

Study
Design (mean or
median follow-up) Population (n) Parameter(s) Studied CV and Mortality Outcomes

CRIC Study36 Prospective cohort
(4 y)

Age 21-74 y, eGFR
20-70 mL/min/1.73 m2

(n = 3,939)

Lifestyle factors: regular
physical activity, BMI,
nonsmoking, and healthy
diet

Higher diet scores were not associated with reduced risk
for atherosclerotic events or mortality

Diaz-Martinez et al,40 2019 Prospective study
(1 y)

HD patients (n = 77) Dietary components Mortality risk reduced 4-fold with intake of ≥2 fruit
servings/d and 5-fold with ≥7 g/d cereal fiber

DIET-HD Study41 Prospective cohort study
(2.7 y)

HD patients (n = 9,757) Dietary intake (fruits and
vegetables)

Lower risk for all-cause mortality and CV and non-CV
mortality with highest vs lowest intake of fruit and
vegetables

Goraya et al,42 2019 Randomized
interventional study
(5 y)

Age ≥ 18 y, nondiabetic
CKD (30-59 mL/min/
1.73 m2) with metabolic
acidosis (n = 108)

Fruit + vegetables, oral
NaHCO3, or usual care (no
alkali therapy)

Better improvement in CV risk factors with
fruit + vegetables than NaHCO3 or usual care

NHANES III Study43 Observational study
(8.4 ys)

Age ≥ 20 y,
eGFR < 60 mL/min/
1.73 m2 (n = 1,065)

Plant protein ratio Mortality risk significantly reduced with each 33%
increase in plant protein ratio

REGARDS Study38 Prospective cohort study
(6.4 y)

Age ≥ 45 y, CKD
(< 60 mL/min/1.73 m2)
(n = 6,009)

Dietary patterns:
convenience, plant-based,
sweets/fat, Southern,
alcohol/salads

Lower risk for mortality with highest vs lowest
consumption of plant-based diet

Tyson et al,44 2016 Prospective pilot study
(2 wk)

Age ≥ 18 y, eGFR
30-59.9 mL/min/1.73 m2

with hypertension
(n = 11)

Reduced-sodium DASH diet Significantly lower night-time DBP and improvements in
lowering nocturnal SBP and DBP with DASH diet

Abbreviations: BMI, body mass index; CKD, chronic kidney disease; CRIC, Chronic Renal Insufficiency Cohort; CV, cardiovascular; DASH, Dietary Approaches to Stop Hypertension; DBP, diastolic blood pressure; DIET-HD,
Dietary Intake, Death and Hospitalization in Adults With ESKD Treated With Hemodialysis; eGFR, estimated glomerular filtration rate; HD, hemodialysis; NaHCO3, sodium bicarbonate; NHANES, National Health and Nutrition
Examination Survey; REGARDS, Reasons for Geographic and Racial Differences in Stroke; SBP, systolic blood pressure.
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although they found no evidence confirming the safety of
increased potassium intake in those with advanced CKD.47

The KDIGO report recommended developing educational
materials that include information regarding the potassium
content of foods that promote a plant-based low-potas-
sium diet, to be used when a reduction in high-potassium
foods is clinically indicated.47

Most recommendations for a low-potassium diet as-
sume similar bioavailability of the potassium in different
foods.48 The data demonstrating the need for potassium
restriction in patients with declining kidney function
originated from a potassium balance study conducted in
the 1940s, in which potassium tablet administration in
individuals with normal kidney function resulted in a
significant increase in serum potassium levels.49 Based on
these findings and others, there is a long-held belief that
potassium-containing foods increase serum potassium
levels. However, there is limited evidence to suggest that
plant-based diets are associated with increased risk for
hyperkalemia in patients with CKD, with 1 study reporting
hyperkalemia associated with a plant-based diet in a patient
with type IV renal tubular acidosis.50 In an observational
study of patients receiving long-term hemodialysis, an
increase in dietary potassium intake was weakly correlated
with predialysis serum potassium levels,29 whereas
another study of hemodialysis patients found no correla-
tion between serum potassium levels and absolute reported
potassium intake or potassium density.51

As mentioned, hyperkalemia risk factors may differ
among patients with advanced CKD because these in-
dividuals are potentially more tolerant of higher serum
potassium levels than those with normal kidney function.
It is hypothesized that patients with advanced CKD sense
and maintain potassium homeostasis by different mecha-
nisms, with the gastrointestinal tract potentially playing a
role in potassium homeostasis in addition to the kidneys.52

Gastrointestinal potassium excretion may increase to
compensate for reduced kidney function. For example, in
healthy adults with a “normal” diet, w10% of potassium
intake is actively secreted by the colon and excreted in
feces,53 whereas fecal potassium excretion appears to be
approximately 3-fold higher in patients with kidney fail-
ure.54 However, it is unclear whether this increase in fecal
potassium excretion plays a clinically significant role in
maintaining potassium homeostasis.53 Furthermore, there
are no guidelines regarding how much dietary potassium
restriction is needed to prevent hyperkalemia in patients
with advanced CKD. This generally varies according to the
patient’s age and comorbid conditions and further research
is needed before recommendations can be made.

Adherence to Low-Potassium Diet

Patient adherence to a low-potassium diet requires indi-
vidualized dietary regimens, skilled dietitians, and regular
counseling, which may be available in hospitals and dial-
ysis units but are less common in clinical practice.55 For
Kidney Med Vol 2 | Iss 4 | July/August 2020
example, outpatient nephrologists typically do not have
the resources for this service.

Dietary recommendations for patients receiving hemo-
dialysis are considered to be among the most restrictive
and may thus lead to reduced adherence in many pa-
tients,15 with nonadherence estimated at 25% to 86%.56

Patient-reported barriers to adherence include eating
away from home, lack of appetite, craving salty foods,
being too tired to cook, finding the diet bland and taste-
less, difficulty tracking nutrient intake, feeling deprived,
and lack of motivation to eat the right foods, each reported
by more than half the participants (Fig 1).51 Onset of
depression, stress, beliefs about loss of control, and the
patient’s level of social support also contribute to non-
adherence.56-58 Adding a low-potassium diet to already
restricted diets required in comorbid conditions such as
diabetes and heart disease can also increase the burden of
dietary requirements.59

Nondietary Factors Affecting Serum Potassium

In addition to the effects of dietary intake, medications
such as renin-angiotensin-aldosterone system (RAAS)
inhibitors can also affect serum potassium levels. Hyper-
kalemia risk often represents a barrier to optimal RAAS-
inhibitor treatment,60 which is recommended in patients
with CKD.8 RAAS-inhibitor therapy is associated with re-
ductions in the rate of CKD progression, BP, and the risks
for CVD and all-cause mortality.61-63 However, because
aldosterone regulates potassium excretion by the kid-
neys,22 RAAS-inhibitor use in patients with reduced kidney
function can increase the risk for hyperkalemia.64 Physi-
cians often reduce the dose or discontinue RAAS-inhibitor
therapy entirely when hyperkalemia develops, which re-
sults in suboptimal RAAS-inhibitor therapy in patients with
CKD.60,65 In addition, patients with CKD have an increased
risk for developing metabolic acidosis as eGFR declines.42

Metabolic acidosis can cause a shift of potassium out of
cells, thereby increasing serum potassium levels and
contributing to hyperkalemia risk.1

Impact of Low-Potassium Diet on Clinical

Outcomes

In patients with CKD, the National Kidney Foundation
(NKF) currently recommends limiting consumption of
foods that are high in potassium.66 However, this conflicts
with the American Heart Association’s recommendations
for a heart-healthy diet.67 Restriction of high-potassium
fruits and vegetables and the resultant reduction in fiber
intake may also lead to adverse clinical outcomes in pa-
tients receiving hemodialysis, including an increased risk
for CVD.68,69 In a Taiwanese study of patients with CKD,
the kidney function–related dietary pattern, which in-
cludes a high intake of preserved or processed foods and
low intake of plant-based foods, was correlated with being
overweight or obese and a greater risk for CVD and
worsening CKD.70 An NKF study showed that female
481



Figure 1. Patient-reported barriers to adherence to hemodialysis (HD) diet, as reported by St-Jules et al51 2016.
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patients with kidney failure receiving maintenance dialysis
had significantly lower intake of fruits and vegetables, fi-
ber, potassium, sodium, and phosphorus and a lower daily
intake of protein compared with baseline data from the
Women’s Health Initiative-Dietary Modification (WHI-
DM) trial of postmenopausal women without CKD.71 In
the WHI-DM trial, eligible participants consumed ≥32% of
their total energy intake from fat;72 whereas women
receiving dialysis consumed significantly greater.71

A low-potassium diet may also lead to other nutritional
deficiencies, such as folic acid deficiency, in patients with
advanced CKD. A study of patients with CKD found 3-fold
higher incidence of folic acid deficiency among patients
with stages 3-4 CKD on a potassium-restricted diet
compared with those with stages 1-2 CKD on an unre-
stricted potassium diet.73 Severe folic acid deficiency is
482
associated with an increased risk for some cancers and can
contribute to CAD and hematologic and neurologic
disorders.73

Current diet recommendations in patients with CKD
may also contribute to the development of acidosis.
Dietary acid load is determined by the intake of acid-
inducing foods, such as animal-based protein, and base-
inducing foods, such as fruits and vegetables.74 A higher
dietary acid load leads to increased ammonia production in
the kidney proximal tubule and increased metabolic
acidosis, which is associated with increased risk for inci-
dent CKD in the general population74 and increased risk
for progression in patients with CKD.75,76 A higher dietary
acid load has been shown to lead to increased risk for
progression to kidney failure, particularly in patients with
albuminuria with albumin excretion ≥ 30 mg/g75 and is
Kidney Med Vol 2 | Iss 4 | July/August 2020
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associated with a faster decline in eGFR.76 In contrast,
potassium intake and correction of acidosis was not shown
to be related to a decline in eGFR.76 In patients with CKD
and mild metabolic acidosis, reduction in dietary acid by
50% with either oral sodium bicarbonate or base-inducing
fruits and vegetables over 5 years improved plasma total
carbon dioxide levels (a measure of metabolic acidosis)
and attenuated decline in eGFR.42

A low-potassium diet may lead to poor nutritional
status in patients with advanced-stage CKD due to limited
food choices. Data suggest that poor nutritional status can
lead to increased mortality risk.77 In a study of patients
with stage 5 CKD without kidney replacement therapy,
44% of patients were malnourished, and these patients had
higher levels of inflammatory markers and a greater
prevalence of atherosclerotic CVD compared with well-
nourished patients, indicating a close association be-
tween malnutrition, inflammation, and atherosclerosis.77

This may be the result of low amounts of fruits and veg-
etables in the diet and a lack of essential naturally occurring
vitamins and minerals.

A low-potassium diet, with limited high-fiber foods,
could contribute to changes of the intestinal microbiota in
patients with CKD. The diversity of the intestinal micro-
biota is significantly reduced in patients with kidney failure
and increased uremia.78 This altered microbiota is associ-
ated with increases in intestinal barrier permeability,
oxidative stress, systemic inflammation, and fibrosis.79,80

A plant-based diet may reduce inflammation through
increased intake of antioxidants and fiber, and an increase
in fiber may also lead to an increase in commensal bacteria
and reduction in uremic dysbiosis.79 In patients with CKD,
an increase in total fiber intake of 10 g/d reduced the risk
for inflammation by 38% and all-cause mortality by
19%.81 Similarly, a population-based study has shown that
an increase in total fiber intake of 5 g/d can reduce the risk
for incident CKD by 11%.82

Impact of Low-Potassium Diet on Health-Related

Quality of Life

Studies have suggested that poor nutritional status as a
result of dietary potassium restrictions may cause reduced
health-related quality of life (QoL).83,84 A 5-year study of
patients receiving maintenance hemodialysis found that
higher malnutrition-inflammation scores were associated
with lower scores on the health-related QoL 36-Item Short
Form Health Survey (SF-36) across all physical and mental
dimensions and significantly increased the risk for mor-
tality.84 In another study of patients receiving hemodial-
ysis, poor nutritional status (ie, high body fat percentage
and low serum albumin or creatinine concentrations) was
associated with worse health-related QoL scores on the
mental and physical domains of the SF-36 questionnaire.83

In this study, lower mental health scores were correlated
with increased mortality risk.83 A systematic review of
qualitative studies in patients with CKD indicated that
complex dietary and fluid restrictions are associated with
Kidney Med Vol 2 | Iss 4 | July/August 2020
worsening of patient QoL and had a negative impact on
patients’ relationships.85 However, the development of
hyperkalemia was associated with significantly reduced
health-related QoL in patients with CKD, particularly those
receiving maintenance dialysis.86,87
ADJUNCTIVE TREATMENT WITH POTASSIUM

BINDERS

Adjunctive oral potassium-binder therapy has a potential
role in managing hyperkalemia in patients with CKD. Until
recently, the only potassium binder available for hyper-
kalemia management was sodium polystyrene sulfonate;
however, long-term sodium polystyrene sulfonate use is
limited by the associated risk for gastrointestinal adverse
events.88 Two newer potassium binders, patiromer and
sodium zirconium cyclosilicate, are now available for
hyperkalemia treatment in the United States and European
Union. In clinical studies that included patients with CKD
and those receiving RAAS-inhibitor therapy, patiromer and
sodium zirconium cyclosilicate showed efficacy for the
treatment of hyperkalemia.89-95 Of note, the sodium zir-
conium cyclosilicate studies did not impose dietary re-
strictions during potassium-binder therapy,89-92 indicating
that sodium zirconium cyclosilicate may remain effective
in patients who consume a heart-healthy plant-based diet.
Both potassium binders were well tolerated in these
studies, with no serious gastrointestinal adverse events.
Long-term studies have indicated that these newer potas-
sium binders can safely and effectively reduce the risk for
recurrent hyperkalemia over 12 months.92,94

Studies have indicated that the newer potassium binders
may be used in hemodialysis patients with hyperkalemia.
In patients with kidney failure receiving hemodialysis,
sodium zirconium cyclosilicate on nondialysis days
reduced the incidence of predialysis hyperkalemia, with
treatment response (predialysis serum potassium levels of
4.0-5.0 mEq/L during ≥3 of 4 hemodialysis sessions)
achieved in 41% of patients with sodium zirconium
cyclosilicate versus 1% with placebo.96 In a real-world
study of patients with kidney failure receiving hemodial-
ysis, patiromer significantly reduced serum potassium
levels during the three 30-day intervals following initia-
tion, with anw50% relative reduction in the prevalence of
severe hyperkalemia (potassium ≥ 6.0 mEq/L) after
patiromer therapy initiation.97 An analysis of a phase 3
study showed that patiromer was associated with re-
ductions in BP and aldosterone levels, as well as lowering
serum potassium levels, in patients with CKD and hyper-
kalemia who were receiving RAAS-inhibitor therapy,
including those with hypertension and type 2 diabetes.98

Preliminary findings from the AMBER (Spironolactone
With Patiromer in the Treatment of Resistant Hypertension
in Chronic Kidney Disease) trial indicated that patiromer
administration may allow for more patients with advanced
CKD and resistant hypertension to continue spironolactone
therapy.99
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Taken together, these data suggest that patiromer and
sodium zirconium cyclosilicate are both viable adjunctive
long-term therapy options that may allow for diet liber-
alization in patients with CKD and hyperkalemia. In
addition, the newer potassium binders were safe and
effective in patients receiving concomitant RAAS-inhibitor
therapy. Therefore, patiromer and sodium zirconium
cyclosilicate use may also enable clinicians to optimize
RAAS-inhibitor therapy, providing patients with the asso-
ciated cardiorenal benefits of RAAS inhibitors while
minimizing the risk for recurrent hyperkalemia. Further
research is needed to determine whether potassium
binders in combination with a plant-based diet can
improve RAAS-inhibitor use and reduce the risk for
recurrent hyperkalemia among patients with CKD.
CONCLUSIONS

Current clinical guidelines recommend limiting dietary
potassium intake to prevent and treat hyperkalemia in
patients with CKD. However, the traditional low-
potassium diet is complex and can counteract the bene-
fits of a plant-based diet, with only modest evidence to
support the rationale for these dietary restrictions.
Furthermore, reduction of fruit and vegetable intake due to
their high-potassium content results in a less heart-healthy
diet and may have adverse effects on the patient’s acid-base
balance and intestinal microbiota. There is increasing ev-
idence to support the multiple health benefits of a plant-
based diet in patients with CKD, including improvements
in BP and reductions in the risk for CVD, stroke, and CKD
progression. Recent evidence suggests that adjunctive
treatment with the newer potassium-binding agents may
allow for diet liberalization and optimization of RAAS in-
hibitor therapy in patients with CKD and a history of
hyperkalemia while minimizing the risk for recurrent
hyperkalemia, although further studies are needed to
confirm this.
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