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REVIEW ARTICLE
Let Them Eat Healthy: Can Emerging
Potassium Binders Help Overcome Dietary
Potassium Restrictions in Chronic Kidney
Disease?

Elizabeth J. Sussman, PhD, RD,* Bhupinder Singh, MD,†

Deborah Clegg, PhD,‡ Biff F. Palmer, MD,§ and Kamyar Kalantar-Zadeh, MD, MPH, PhD†

Potassium-rich foods might provide many health benefits even to people who have declining renal function. The barrier to obtaining

these health benefits has long been the concern over hyperkalemia. There are new and novel treatment options available which may

enable patients with chronic kidney disease to obtain the health benefits of eating a diet that contains foods such as fruits and vegetables

which are high in potassiumwhile reducing the risk of hyperkalemia.We conclude by emphasizing the need for clinical trials with patients

on hemodialysis to directly compare the current standard of care, including a potassium-restricted diet, to a potassium-liberalized diet

with a potassium binder. The outcome measures would be serum potassium (,5.3 mmol/L), assessments of acidosis, blood pressure,

constipation, glycemic control, overhydration, and azotemia, all of which might change in a favorable direction with vegetarian diets as

well as quality of life and satisfaction.

� 2020 by the National Kidney Foundation, Inc. All rights reserved.
Introduction

FOR THE GENERAL adult population, a diet rich
in fibers including fresh fruits and vegetables, whole

grains, and plant-based protein is considered a healthy
and nutritious diet. In fact, many of the tools used to
determine dietary patterns and diet quality use these
components for assessment of a healthy diet.1

Conversely, the dietary recommendations for chronic
kidney disease (CKD) patients are exceptionally restric-
tive and look very different from the accepted healthy
diet for the general adult population.2 Additionally, the
restrictive nature of the CKD diet may in fact lead to
worsening outcomes and survival,2 which is the opposite
of what is trying to be achieved by healthcare specialists
for the CKD patient population. Thus, if it was possible
to liberalize the diet for CKD patients without causing
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subsequent harm to the patient, it is worth evaluating.
Therefore, the purpose of this paper is to explore the
literature which specifically documents the rationale for
dietary restriction as well as provide references to studies
demonstrating the health benefits associated with a
plant-based, potassium enriched diet even in patients
with CKD. We conclude this review by discussing the
potential use of potassium binders with the renal diet
in order to liberalize the diet and how this could alter
the diet recommendations and nutrient profile for
CKD patients. We conducted this review by searching
relevant articles on PubMed using the following research
terms: diet, CKD, potassium, potassium binders, health
benefits, and plant-based diets. Articles were chosen to
be discussed based on their scientific rigor, sample size,
mesh with inclusion terms, and recency of publication.
Hofstra Medical School, International Federation of Kidney Foundations, Inter-

national Society of Hemodialysis, International Society of Renal Nutrition &

Metabolism, Japanese Society of Dialysis Therapy, Hospira, Kabi, Keryx, Kis-

sei, Novartis, OPKO, National Institutes of Health, National Kidney Founda-

tions, Pfizer, Relypsa, Resverlogix, Dr. Sch€ar, Sandoz, Sanofi, Shire, Veterans’
Affairs, Vifor, UpToDate, and ZS Pharma.
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The Current Recommended Diet
Management of moderate to severe CKD includes die-

tary restrictions which have long been thought to delay
progression of the disease. These restrictions, along with
those recommended for concomitant conditions such as
diabetes and hypertension, make the diet difficult to follow
and often times is confusing for patients. This issue is
further compounded for patients who develop stage 5
CKD requiring hemodialysis (HD), when more restric-
tions are added. The HD diet consists of restrictions in po-
tassium (#3 g/day), restrictions in phosphorus (#800 mg/
day), a fluid restriction (#1 L 1 urine output/day), and a
relatively high protein content ($1.2 g/kg/day), among
other requirements (Table 1).3,4 It is well established and
accepted that the diet for HDpatients is restrictive and chal-
lenging to follow.5,6 The severity of the restrictive renal diet
causes it to lack many important nutritional components,
including essential vitamins and minerals.7,8

Potassium
Potassium is the body’s major intracellular cation, main-

taining an intracellular concentration of approximately
145 mmol/L and an extracellular concentration of only
3.8-5 mmol/L, maintained by the Na1/K 1 -ATPase
pump.9 Common foods high in potassium include leafy
greens (cabbage, kale, spinach), fruit of vine-based plants
(cucumbers, eggplant, pumpkin, tomatoes, zucchini),
root vegetables (carrots, onions, radishes), beans and peas
(chick peas, green beans, kidney beans, peas, soybeans),
tree fruits (oranges, bananas, grapes, strawberries), tubers
(potatoes, sweet potatoes, yams), and milk and yogurt
(Table 2).9 What is perhaps underappreciated is that animal
proteins are also high in potassium, especially those from
organ meats and from cattle. It is important to note, de-
pending on the food source, there may be differences in
the relative rise in serum potassium.10,11 For example,
potassium-rich foods that are also high in carbohydrates
may impact serum potassium to a lesser degree than foods
that are high in potassium and low in carbohydrates as the
carbohydrate-rich foodswould also stimulate insulin release
which would decrease the initial rise in serum potassium.10

Potassium-rich foods are considered healthy due to their
alkalinity, highmicronutrient (vitamin andmineral), and fi-
ber content.4,12,13 Studies have demonstrated a reduction in
blood pressure when potassium consumption increases and
sodium consumption decreases in the healthy adult popula-
tion,14 while an insufficient intake of potassium increases
the risk of cardiovascular disease and stroke.9,12 TheDietary
Approaches to StopHypertension diet, which is rich in po-
tassium, is commonly prescribed for patients with hyper-
tension, and has been shown to lower blood pressure15

and low density lipoprotein cholesterol.16 Additionally, po-
tassium intake has been associated with reduced risk of kid-
ney stones and increased bone mineral density.9,12

However, in patients with advanced CKD, hyperkalemia
Downloaded for Anonymous User (n/a) at UC HEALTH fro
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is a barrier to instituting this diet plan.2,17 To achieve the
normal reference range for serum potassium of 3.5-
5.5 mmol/L,9 the Dietary Reference Committee estab-
lished an adequate intake for healthy adults to consume
4.7 g/day (120 mmol/day) of potassium.
Epidemiologic studies have demonstrated an association

between plasma potassium and greater progression of kid-
ney disease with a reasonably low (,4.0 mmol/L) and
high (.5.5 mmol/L) plasma potassium level.18 Further-
more, a high potassium concentration among long-term
HD patients is associated with an increased mortality
risk.19-21 There are studies which suggest that HD
patients who consume high potassium foods have a
modest, if any, increase in serum potassium.19 Because of
the apparent risk of hyperkalemia in HD patients they
have been advised to limit their potassium intake to less
than 3 g/day4 due to the deleterious effects of hyperkale-
mia, most notably, cardiac arrhythmia, including sudden
death.22 However, the recommended intake is almost
40% less than the adequate intake for healthy adults putting
HD patients at risk for lacking essential vitamins and min-
erals normally found in potassium-rich food sources.7,8,23

Consequently, limiting high potassium containing foods
causes a subsequent lack of intake in important micronu-
trients and fiber, resulting in a diet that causes greater con-
stipation24 and there are data to suggest that the colonmight
be an important potassium sensor and a critical organ for
regulating potassium homeostasis especially as renal func-
tion declines.25 Certain cooking techniques (i.e., boiling)
can alter the amount of potassium in foods26,27; however,
the effect of a dietary potassium restriction on serum potas-
sium levels remains uncertain due to lack of randomized
trials.24

Phosphorus
Certain potassium containing foods, including nuts, le-

gumes, beans, and dairy products also contain phosphorus.
Phosphorus occurs in 2 forms: organic (as phosphates) and
inorganic (as salts).28 Generally, organic phosphorus is natu-
rally found in food whereas inorganic phosphorus salts are
added to foods for purposes of moisture retention, longer
shelf-life, and enhanced flavor.28,29 Of the previously
mentioned potassium containing foods, fruits and vegeta-
bles contain very small amounts of organic phosphorus,
while nuts, beans, and yogurt are richer in organic phos-
phorus.30 Nonetheless, the absorption of phosphorus
from the plant-based foods that contain organic phosphorus
(and potassium) is less than 50%19 due to the phytic acid
content.31 Organic phosphorus in plant-based foods is
mostly in the storage form of phytates or phytic acid and
humans do not possess the enzyme required to degrade
phytates or phytic acid, thus the bioavailability of phos-
phorus from plant-based sources is low.32 However, these
sources are still rich in potassium which has no barrier
for absorption. Although high in phosphorus, these
m ClinicalKey.com by Elsevier on July 30, 2022. For 
opyright ©2022. Elsevier Inc. All rights reserved.



Table 1. Recommended Dietary and Nutrient Intake in
Adults With Ongoing Dialysis

Dietary Constituent Amount

Protein (g/kg/day) 1.2-1.4; may require
.1.5 if hypercatabolic

Sodium (g/day) ,3

Potassium (g/day) ,3; target high fiber intake

Phosphorus (mg/day) ,800; minimize added inorganic
phosphorus; add

phosphorus binder as needed

Calcium (mg/day) ,800
Fibers, alkali, and

plant-based

foods (g/day)

25-30 or more

Energy (kcal/kg/day) 30-35; target higher intake of
PEW is present or imminent

Fats Mostly unsaturated lipids,

including n23 fatty acids

PEW, protein energy wasting.
Adapted from Table 2 from Kalantar-Zadeh et al.4
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plant-based foods do not significantly contribute to serum
phosphorus levels as does inorganic phosphorus from food
additives and phosphorus from animal-based sour-
ces.30,33,34 Moreover, it is well known that dialysis patients
experience a high pill burden, with a majority of their daily
pill intake from phosphorus binders.35 An increased intake
of these organic phosphorus containing and potassium con-
taining foods could ultimately contribute to a reduced daily
pill burden due to the reduced phosphorus bioavailability
and lack of significant contribution to serum phosphorus
levels, plausibly leading to a lower phosphorus binder
requirement with greater phosphorus control while simul-
taneously leading to an improved nutrient profile.
Protein With a Plant-Based Diet

Nuts, beans, and legumes are plant-based protein sour-
ces as well as sources of potassium. Consumed individually,
these foods do not comprise a complete protein (defined as
a protein source that contains all of the essential amino
acids). However, when eaten in combination with other
foods, as typically eaten during a meal, these foods will
provide all the essential amino acids required by the
body. Research has shown a close correlation between
serum potassium levels and nutritional markers, notably
protein equivalent of nitrogen appearance (nPNA).35

The relationship suggests that patients with better protein
consumption are likely to have a higher serum potassium
level (Fig. 1).20

The consumption of plant-based protein does not
contribute to metabolic acidosis, as does an animal-
based diet.36 Metabolic acidosis is a common problem
among HD patients and can cause detrimental physiologic
effects, including protein degradation,37,38 kidney stone
Downloaded for Anonymous User (n/a) at UC HEALTH from
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disease,36 deleterious bone issues,39-41 and insulin
resistance.36 Although only a few studies have directly
compared a plant-based (vegetarian) diet to an animal-
based diet in the HD population, a plant-based diet in
HD patients has been shown to be equivalent to or
more beneficial to an animal-based diet.42,43 When
comparing non-vegetarian HD patients to vegetarian
HD patients, activities of daily living and subjective global
assessment scores were not significantly different.42 When
measuring advanced glycation end products through skin
autofluorescence in HD patients, Nongnuch and Daven-
port43 found vegetarian HD patients to have a lower
skin autofluorescence, suggesting a vegetarian diet may
reduce exposure to dietary advanced glycation end prod-
ucts which could potentially reduce CVD risk compared
to non-vegetarians.
It can be assumed that consuming more plant-based

foods would result in a higher potassium intake. In the gen-
eral population, many studies have shown that vegetarians
have a lower risk of cardiovascular disease, hypertension,
diabetes, and some forms of cancer.44 Interestingly, in
2011, Moe et al.45 conducted a crossover trial with 9
CKD patients (mean estimated glomerular filtration rate
of 32 mL/min/1.73 m2) and directly compared meat and
vegetarian diets. The diets contained the same amount of
protein and the participants followed each diet for 7 days.
Although the authors did not measure serum potassium
or dietary potassium intake, they found that following the
vegetarian diet for a week led to a lower serum phosphorus
level and decreased fibroblast growth factor 23 levels, which
is thought to improve bone health.
A concern with recommending a more plant-based diet

for dialysis patients could be that the diet will fall short of
the required amount of protein and that a diet low in pro-
tein will (1) decrease the components for albumin synthe-
sis and (2) could potentially result in malnutrition leading
to protein-energy wasting (PEW).46 Interestingly, vege-
tarian dialysis patients have lower inflammation (measured
by C-reactive protein and white blood cell count) which
may explain how patients following a vegetarian diet
maintain their prealbumin and albumin levels, possibly
indicating that visceral protein stores can be sustained in
vegetarians despite a decrease in protein catabolic rate.42

PEW, a state of decreased body stores of protein and en-
ergy fuels, is common in patients with CKD and is one
of the strongest predictors of mortality.47 The diagnostic
criteria of PEWare multi-factorial and include nutritional
and non-nutritional mechanisms. There are 4 distinct cat-
egories of PEW: (1) biochemical indicators, (2) low body
weight, reduced body fat or weight loss, (3) decreased
muscle mass, and (4) low protein or energy intake.48

Those eating primarily plant-based diets have been
observed to consume approximately 0.7-0.9 g/kg/day of
mostly plant-based protein without any negative effects49;
however, it is important to note that the evidence to
 ClinicalKey.com by Elsevier on July 30, 2022. For 
pyright ©2022. Elsevier Inc. All rights reserved.



Table 2. Comparative Amounts of Approximate Potassium Content in Various Food Groups

Food Group Potassium (mg/100 kcal) Examples

Leafy greens 1,500 Spinach, lettuce, romaine, cabbage, kale

Fruit of vine-based plants 1,200 Tomatoes, cucumbers, zucchini, eggplant, pumpkin
Root vegetables 975 Carrots, radishes, turnips, rutabaga, onions

Beans and peas 500 Kidney beans, peas, green beans, chick peas, soybeans

Tree fruits 430 Apples, oranges, bananas, apricots, grapes, strawberries

Tubers 400 Potatoes, sweet potatoes, yams
Milk and yogurt 350 Skimmed milk, whole milk, yogurt

Meats 230 Beef, lamb, pork, poultry, fish, rabbit

Cheese 150 Edam, stilton, cottage, cheddar
Nuts 110 Walnuts, cashews, almonds, brazil nuts, hazelnuts

Eggs 90 Chicken eggs

Cereal grains 90 Wheat, rice, oats, rye

Adapted from Institute of Medicine.9
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prescribe a lowered protein intake is still emerging. None-
theless, using the 4 distinct criteria listed above, those
eating a plant-based diet have improved biochemical indi-
cators, do not have reductions in body weight or body fat
mass, do not have reductions in muscle mass, and can
maintain adequate protein consumption. Furthermore,
consuming plant-based proteins have shown reductions
in severity of hypertension, hyperphosphatemia, and
metabolic acidosis. Plant-based proteins, when consumed
in a varied diet, are not only nutritionally adequate but
have pleiotropic effects which may favor their use in
CKD patients.49 Despite the seen benefits of those eating
a plant-based diet, the evidence is limited and hence more
research is needed.
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Potential Health Benefits of a Liberalized
Diet for Dialysis Patients

A reduction in cardiovascular disease is of the upmost
importance in dialysis patients as it is the primary cause of
death.50 Certain micronutrients, including vitamin C and
carotenoids, as well as fiber, can help protect against the
development of cardiovascular disease; however, these mi-
cronutrients and fiber are also often restricted in dialysis pa-
tients due to the potential for hyperkalemia.51 In fact, when
one analyses the nutrient composition of the diet most
often consumed by dialysis patients it is actually atherogenic
due to the high intake of saturated fat and a low intake of
fiber and unsaturated fat.52 Liberalizing the diet by
increasing consumption of fruits, vegetables, and fiber in
00
-1.
09

1.1
0-1
.19

1.2
0-1
.29

1.3
0-1
.39

>=
1.4
0

Intake (nPNA) g/kg/day
predialysis serum potassium in HD patients. HD, hemodial-
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the dialysis patient could lead to reductions in disease devel-
opment most notably atherosclerosis.51

High-risk patients for cardiovascular disease are
commonly treated by using angiotensin converting enzyme
inhibitors and angiotensin receptor blockers; however, hy-
perkalemia is often a side effect.53,54 Hyperkalemia result-
ing from renin-angiotensin-aldosterone system (RAAS)
blockers, including angiotensin converting enzyme inhibi-
tors and angiotensin receptor blockers, can pose a therapeu-
tic dilemma for physicians treating individuals with CKD
because there are numerous health benefits associated
with these medications such as reductions in mortality,
slowed progression of kidney disease, and decreased risk
of hospitalization in individuals who are receiving optimal
therapeutic levels of these medications.53,54 Due to the risk
of hyperkalemia, many of the patients who would most
benefit from these drugs are suboptimally dosed. Recently,
a large retrospective analysis of the general adult population
found that 62% of patients received a lower than recom-
mended dose of the RAAS inhibitor due to the risk of hy-
perkalemia, whereas only 22% were receiving the
recommended dose, and 15% had actually had the medica-
tion discontinued due to hyperkalemia.55

Pharmacological Management of
Hyperkalemia: Can It Be Accomplished?
Over the past 50 years, management of hyperkalemia has

relied upon dietary potassium restriction, the use of potas-
sium excreting diuretics, eliminating RAAS blockers, and a
potassium binder, specifically sodium polystyrene sulfonate
(Kayexalate); unfortunately, Kayexalate has been associated
with gastrointestinal (GI) toxicity and is not well toler-
ated.12 Within the past few years, 2 new potassium binders
have been approved for use in the United States: patiromer
(Vifor Fresenius Medical Care Renal Pharma Ltd., St.
Gallen, Switzerland) and sodium zirconium cyclosilicate
(AstraZeneca Pharmaceuticals LP, Wilmington, DE).56,57

Both are of powder consistency and should be dissolved
in water prior to consuming.
Patiromer binds potassium in the GI tract, notably the

colon, in exchange for calcium, and excretes potassium
through the feces56 within 24-72 hours after administra-
tion.58 Patiromer has been demonstrated to be efficacious
in patients with CKD and/or heart failure who are
receiving optimal doses of RAAS inhibitor to reduce the
incidence of hyperkalemia.59-61 Due to potential drug/
binder interactions, it is recommended to separate the
binder and drugs by 3 hours.62 The reported adverse effects
include constipation (7.2%), hypomagnesemia (5.3%),
diarrhea (4.8%), hypokalemia,3.5 mEq/L (4.7%), nausea
(2.3%), abdominal discomfort (2%), and flatulence (2%).
Additional conditions to consider before administering pa-
tiromer include the following: (1) it binds many orally
administered medications which could decrease their GI
absorption and lead to reduced efficacy, (2) avoid use
Downloaded for Anonymous User (n/a) at UC HEALTH from
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with severe constipation, bowel obstruction, or impaction,
including abnormal postoperative bowel motility disorders;
patiromer may be ineffective with these conditions present
andmayworsenGI conditions, (3) patients with a history of
bowel obstruction or major GI surgery, severe GI disorders,
or swallowing disorders were not included in clinical trials,
and (4) it binds to magnesium in the colon which can lead
to hypomagnesemia; monitor serum magnesium and
consider magnesium supplementation if low serummagne-
sium levels are observed.
Sodium zirconium cyclosilicate binds potassium in the

lumen of the GI tract in exchange for hydrogen and so-
dium, and increases fecal potassium excretion.57 Sodium
zirconium cyclosilicate has a rapid onset of action (within
1 hour) and like patiromer, this drug is effective in lowering
plasma K1 concentration in a dose-dependent manner
with greater reductions in those with the highest K1 levels.
Sodium zirconium cyclosilicate has been shown to be effi-
cacious in phase 2 and 3 studies in a wide range of patients,
including a high proportion of patients with CKD
receiving RAAS inhibitor therapy.63-66 Due to potential
drug/binder interactions, it is recommended to separate
sodium zirconium cyclosilicate and drugs by 2 hours.
Because sodium zirconium cyclosilicate can transiently
increase gastric pH, oral medications with pH-dependent
solubility should be administered at least 2 hours before
or 2 hours after sodium zirconium cyclosilicate. Spacing
is not needed if it has been determined that the con-
comitant medication does not exhibit pH-dependent
solubility. Common adverse effects (among $5% of
patients) reported during the extended dosing phase were
hypertension, peripheral edema, urinary tract infection,
nausea, constipation, anemia, and upper respiratory tract
infection.67 Edema may be associated with retention of
sodium as well. Both binders are generally well tolerated
with an incidence of GI adverse events similar to placebo.
Hypokalemia is uncommon and resolves with dose reduc-
tions or discontinuation of the use of the binders.
It is important to note that dietary potassium was not

controlled in clinical trials for either patiromer or sodium
zirconium cyclosilicate; however, patients were counseled
to maintain a low potassium intake (#3 g/day) during
the patiromer clinical trial59 and to continue their usual
diet during the sodium zirconium cyclosilicate clinical tri-
als.12,64 To the best of our knowledge, the DIALIZE study
has been the only study to evaluate the effectiveness of a po-
tassium binder in the HD patient population.68 In this
phase 3b randomized, double-blind, placebo-controlled
trial, a significantly higher proportion of HD patients
achieved a predialysis serum potassium between 4.0 and
5.0 mmol/L when taking sodium zirconium cyclosilicate
compared to the placebo group (41.2% compared to 1%,
respectively). Although these results are promising, these
potassium binders have yet to be carefully studied through
randomized trials in the dialysis patient population who
 ClinicalKey.com by Elsevier on July 30, 2022. For 
pyright ©2022. Elsevier Inc. All rights reserved.



Table 3. Comparison of a One-Day Meal Plan With the
Current Recommended HD Diet and a Proposed
Liberalized HD Diet

Meal

Diets

Current Diet Liberalized Diet

Breakfast 2 scrambled eggs 2 scrambled eggs

1 cup of coffee 1 cup of coffee

2 slices, soft
white toast

2 slices, whole
wheat toast

2 tsp margarine 2 tbsp butter

2 tbsp sugar free

maple syrup

1/2 cup fresh

strawberries
1/2 cup unsweetened

grape juice

1/2 cup fresh

blueberries

Snack 15 grapes
10 walnut halves

Lunch 3 oz grilled salmon 3 oz grilled salmon

1 cup pasta 1 cup pasta

1 piece cornbread 1/2 cup
steamed broccoli

1 tsp margarine Salad with tomatoes,

carrots, cucumber

Small salad 2 tsp olive oil
2 tsp olive oil 1 tsp balsamic vinegar

1 tsp balsamic vinegar

Snack 15 grapes Baby carrots
1/2 cup Sprite Zero 1/4 cup hummus

1 medium apple

Dinner 4 oz steak 4 oz steak

1/2 cup mushrooms 1/2 cup mushrooms
1/4 cup onion 1/4 cup onion

1/2 cup boiled

green beans

1/2 cup green beans

1/2 cup spaghetti 1/2 baked sweet
potato, with skin

1 large dinner roll 1 chocolate

chip cookie
1 tsp margarine

1 individual cup

sugar-free Jell-O

1/2 cup sugar
free lemonade

Snack 3 cups popcorn 3 cups popcorn

1 tsp margarine 1 tsp margarine

HD, hemodialysis.
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have been encouraged to liberalize their diet while taking
these potassium binders. Therefore, it is plausible that the
use of these binders could change and improve the nutrient
profile of dialysis patients. More specifically, the use of po-
tassium binders could allow for liberalization of foods
otherwise avoided in this patient population, including
fruits, vegetables, and beans. Theoretically, consuming
more of these foods would expand the current nutrient
profile of these patients. We believe that the use of new
K1 binding drugs as a way to maintain normokalemia dur-
ing liberalization of the diet in patients at risk for hyperka-
lemia is an area deserving of additional exploration. In line
with the authors’ suggestion of additional exploration, the
newly released for comments 2019 update to the Kidney
Disease Outcomes Quality Initiative Clinical Practice
Guidelines for Nutrition in Chronic Kidney Disease also
suggests a need for further research evaluating the optimal
intake of dietary potassium when taking potassium
binders.69

To evaluate the nutrient differences between the current
recommend diet70 and a more liberalized diet for HD pa-
tients, nutrient comparisonwas completed using Food Pro-
cessor (ESHA, 11.3.2, Salem, OR). Table 3 compares two
1-day menus for HD patients, while Table 4 provides a
nutrient comparison of the current diet prescription to a
liberalized diet. As seen in Table 4, the liberalized diet is
far superior to the current recommended diet for a number
of nutrients. Notably, the liberalized diet provides a sub-
stantial more amount of fiber, omega-3 fatty acids, vitamin
A, vitamin B6, vitamin C, copper, magnesium, manganese,
potassium, and zinc. Furthermore, by liberalizing the diet
to include more potassium-rich foods, the Dietary Refer-
ence Intake recommendation is met for 8 nutrients that,
with the current recommended diet, are deficient. It is
also important to note that the phosphorus content of the
liberalized diet is slightly more than the current diet; how-
ever due to greater organic sources of phosphorus in the
liberalized diet, less phosphorus will be absorbed.

The restrictive nature of the current prescribed diet for
HD patients is not ideal and difficult to maintain. Further-
more, a disconnect exists between the restrictive prescrip-
tion of the HD diet, what the patients actually consume,
and what is recommended for a heart healthy diet. Dietary
non-compliance of HD patients is quite prevalent5,71 with
phosphorus restrictions being the most frequently
broken.71 Interestingly, approximately 75% of patients are
knowledgeable of the dietary restrictions required of
them, and patients with better knowledge of the medical
consequences of non-adherence were less likely to be
compliant with the diet, specifically with phosphorus and
sodium/fluid.71 The need for diet re-evaluation and liber-
alization of dialysis patients has previously, albeit briefly,
been discussed and amore individualizedmethod to dietary
restrictions consisting of a more balanced diet should be
implemented.2 To further strengthen the argument for a
Downloaded for Anonymous User (n/a) at UC HEALTH fro
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more liberalized diet, more research is needed. Further-
more, the small number of studies conducted to date on a
liberalized dietmakes scientific rigor of prior studies limited
as well. It has also been suggested that clarity of the severely
restricted dietary prescriptions on improved outcome mea-
sures has not been well established, has the potential to be
harmful, andmay contribute to the development of athero-
sclerosis. Therefore, it is plausible to think that a more liber-
alized diet will lead to better compliance and overall
improved health.

Conclusion
Incorporating more plant-based and potassium-rich

foods for HD patients might provide multiple benefits.
m ClinicalKey.com by Elsevier on July 30, 2022. For 
opyright ©2022. Elsevier Inc. All rights reserved.



Table 4. Nutrient Analysis Comparison for a One-Day Meal
Plan With the Current Recommended HD Diet and a
Proposed Liberalized HD Diet

Nutrients

Diet

DRICurrent Liberalized

Macronutrients

Calories (kcal) 2,013 1,976

Protein (g) 70 73.4
Carbohydrate (g) 229 215.3 130

Fiber (g) 16 34.8 21-38*

Fat (g) 91.5 97.6 ND

Saturated fat (g) 26 28.4
Omega-3 (g) 1.2 2.6 1.1-1.6*

Omega-6 (g) 13.3 14.5 11-17*

Vitamins
VitA (mcg RAE) 250.7 1,847 700-900

Vit B1 (mg) 1.43 1.4 1.1-1.2

Vit B2 (mg) 1.63 1.7 1.1-1.3

Vit B3-NE (mg) 20 20.1 14-16
Vit B6 (mg) 0.7 1.4 1.3-1.7

Vit B12 (mcg) 1.3 1.1 2.4

Vit C (mg) 15 135 75-90

Vit D (mcg) 2.3 2.3 15-20
Vit E-a-Toco (mg) 5.3 6.06 15

Folate (mcg DFE) 531.4 480 400

Vit K (mcg) 76.3 104 90-120*
Pantothenic

acid (mg)

4.3 5.2 5*

Biotin (mcg) 32 41.06 30*

Minerals
Calcium (mg) 453.7 450 1,000-1,200

Chromium (mcg) 6.27 5.9 20-35*

Copper (mcg) 850 1,900 900

Fluoride (mg) 0.4 0.2 3-4*
Iodine (mcg) 59.5 56 150

Iron (mg) 13.7 15.3 8-18

Magnesium (mg) 170.9 233.1 310-420
Manganese (mg) 2.4 4.7 1.8-2.3*

Phosphorus (mg) 884.1 950.3 700

Potassium (g) 1.5 2.8 4.7*

Selenium (mcg) 122.4 103.5 55
Sodium (g) 2.3 2.2 1.2-1.5*

Zinc (mg) 5.4 7.4 8-11

DFE, dietary folate equivalents; DRI, Dietary Reference Intake; HD,

hemodialysis; ND, not determined; NE, niacin equivalents; RAE,
retinol activity equivalents.

Dietary Reference Intake is issued by the Food andNutrition Board

of the Institute ofMedicine, National Academy of Sciences, and is set

for nutrient intakes of healthy people. The references above are
ranges to incorporate men and women 19 years and older. They

represent the recommended dietary allowances unless otherwise

noted by an asterisk (*) which denotes adequate intake.

POTASSIUM BINDERS COULD CHANGE RENAL DIET 481
Specifically, in conjunction with a potassium binder, the
dialysis patient would be able to liberalize and alter their
diet composition by incorporating more nutrient dense
foods, such as fruits, vegetables, nuts, beans, legumes, seeds,
peanut butter, and dairy products. By increasing intake of
these foods, it is plausible to hypothesize that dietary phos-
phorous could be controlled more easily and with a
decreased amount of phosphorus binders taken daily.
Downloaded for Anonymous User (n/a) at UC HEALTH from
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Furthermore, a diet higher in fruits, vegetables, and plant
protein, and lower in animal protein, would lend itself
well to a more alkaline diet while still obtaining the neces-
sary amount of protein. A diet high in fruits and vegetables
would provide a greater amount of fiber and reduce the
incidence of constipation in the HD patient population.
Finally, as we previously mentioned, the HD diet is very
difficult to follow and leads to a poor quality of life, liber-
alization of the diet would allow for a greater variety of
foods to be consumed thereby enhancing dietary compli-
ance and patient satisfaction. For all of these reasons, the
benefit of a liberalized potassium diet, in conjunction
with a potassium binder, and a decrease in animal protein
warrant further research.
Practical Application
Ingestion of K1-rich foods is beneficial as it reduces the

incidence of stroke, hypertension, nephrolithiasis, and oste-
oporosis. Currently, patients who would most benefit from
increasing their intake of K1-rich foods are the very pa-
tients who are unable to do so because of reductions in kid-
ney function. Additionally, therapy to reduce hypertension
and provide cardiorenal protection is often suboptimally
dosed due to the risk of hyperkalemia. There are 2 new
therapeutic options to chronically treat hyperkalemia, af-
fording for the speculation these drugs may allow for die-
tary liberalization of K1 in the diet and optimal dosing of
cardiorenal protective drugs in those who would most
benefit.
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