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Abstract

Hemodialysis patients are often advised to limit their intake of high-potassium foods to help 

manage hyperkalemia. However, the benefits of this practice are entirely theoretical and not 

supported by rigorous randomized controlled trials. The hypothesis that potassium restriction is 

useful is based on the assumption that different sources of dietary potassium are therapeutically 

equivalent. In fact, animal and plant sources of potassium may differ in their potential to contribute 

to hyperkalemia. In this commentary, we summarize the historical research basis for limiting high-

potassium foods. Ultimately, we conclude that this approach is not evidence-based and may 

actually present harm to patients. However, given the uncertainty arising from the paucity of 

conclusive data, we agree that until the appropriate intervention studies are conducted, 

practitioners should continue to advise restriction of high-potassium foods.
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Introduction

Hyperkalemia is a life-threatening complication of end-stage renal disease (ESRD)1, and 

accounts for about one-quarter of emergent dialysis treatments2. Serum potassium 

concentration is a key determinant of the resting cell membrane potential of neurons and 

muscle fibers. Consequently, hyperkalemia is associated with a variety of neuromuscular 

complications including abdominal cramping, weakness, paresthesia, and most 

concerningly, cardiac arrhythmias that can result in cardiac arrest. Under normal conditions, 
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the kidneys excrete the majority of excess dietary potassium (~80–90%) to help maintain 

potassium balance; however, this process becomes compromised as glomerular filtration 

declines.

To prevent and manage hyperkalemia, ESRD patients treated with intermittent hemodialysis 

(HD) are advised to follow a low-potassium diet (2,000–3,000 mg/d), which involves 

avoiding high-potassium, plant-based foods (>200 mg/portion), including nuts, seeds, beans, 

peas, lentils and many commonly consumed fruits and vegetables (e.g., tomatoes, potatoes, 

bananas)3. Although this approach seems prudent, numerous factors may modify the effect 

of dietary potassium on serum potassium concentrations (SK).

In this commentary, we evaluate the recommendation that HD patients should avoid high-

potassium foods, considering: (1) observational studies of dietary potassium intake in 

relation to SK; (2) experimental studies on potassium kinetics in ESRD; and (3) nutritional 

characteristics of plant-based potassium. We will not attempt to review all of the many 

variables, including dialysis modalities and prescription, and medications, which have 

profound effects on SK values.

Dietary potassium and its relation to serum potassium

The assumption that dietary potassium intake is an important determinant of SK in HD 

patients is fundamental to the recommendation to avoid high-potassium foods. However, 

although potassium salts have been shown to result in post-prandial SK excursions in 

patients with chronic kidney disease (CKD, discussed below), dietary potassium intake 

appears to be weakly (if at all) associated with pre-dialysis SK in HD patients. In a 

secondary analysis of 224 HD patients in the Nutritional and Inflammatory Evaluation in 

Dialysis (NIED) study, Noori et al. found that reported dietary potassium explained only 

about 2% of the variance in quarterly mean pre-dialysis SK (r=0.14, p <0.05, Figure 1)4. The 

regression line describing this relationship indicates that, as reported dietary potassium 

intake went from a low of 500 mg/d to a high of 4,500 mg/d (a 9-fold difference), SK was 

only about 0.4 mEq/L higher (Figure 1).

To confirm these findings, we investigated the associations of mean reported potassium 

intake (mg/d) and potassium density (mg/1,000 kcal) with pre-dialysis SK among 140 HD 

patients in the BalanceWise Study who completed three, 24-hour dietary recalls (1 dialysis 

weekday, 1 non-dialysis weekday, 1 non-dialysis weekend day)5. The scatterplots of these 

variables are shown in Figures 2a and 2b. No significant correlations were found between 

SK, and either absolute reported potassium intake (r=0.06, p=0.50) or potassium density (r=

−0.003, p=0.97) (unpublished data). These associations remained non-significant after 

adjusting for age, sex, race, and body mass (p >0.05, data not shown).

Although high pre-dialysis SK is used clinically to assess hyperkalemia risk and is 

associated with worst survival in hemodialysis patients6, lack of a correlation between 

reported dietary potassium intake and pre-dialysis SK is not, in itself, evidence that high-

potassium foods do not affect hyperkalemia risk in HD patients. Dietary potassium intake is 

measured with error, and SK reflects a complex interaction of numerous intrinsic factors, 

including nervous/endocrine signals (e.g., epinephrine, aldosterone, insulin), intracellular/
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extracellular chemical concentrations (e.g., osmolality, H+), circadian rhythms, and organ 

system functionality, which are influenced by environmental exposures such as diet and 

medications. It is possible that the association of dietary potassium intake with pre-dialysis 

SK is too weak to overcome these sources of measurement error, or that dietary potassium 

intake is correlated with SK when measured in other metabolic states (e.g., post-prandial, 

fasting). However, the lack of a discernable relationship between these variables in the 

BalanceWise study (Figures 2a and 2b) contradicts the belief that the amount of potassium 

consumed influences pre-dialysis SK in HD patients.

Distribution and excretion of potassium in kidney disease

Kidney disease has been recognized as a condition of impaired potassium tolerance for 100 

years. In 1915, Smillie published findings from a series of functional tests performed in five 

patients with chronic nephritis. Patients ingested either 5-g or 10-g of potassium chloride 

(provides 2.6-g or 5.2-g potassium), and one of the patients given the 10-g dose later 

exhibited symptoms of weakness, collapse, abdominal distress, chest pain, vomiting, and 

cyanosis, which were attributed to potassium poisoning7. Despite some concerns, potassium 

salts continued to be regularly used as diuretics in patients with renal insufficiency to 

manage edema (standard dose of potassium nitrate provided approximately 4.8 grams of 

potassium per day)8.

In the 1940s, potassium balance studies by Winkler et al. and Keith & Osterberg 

demonstrated impaired renal clearance of potassium and higher SK in patients with renal 

insufficiency after ingesting 2-g to 5-g of potassium9–10. It was then concluded that caution 

should be exercised when using potassium-based diuretics in patients that were anuric9 or 

uremic (blood urea ≥100 mg/dL)10. In both studies, the increases in SK were highly variable, 

and less than predicted based on the dose and renal clearance of potassium.

It is now apparent that a portion of ingested potassium is temporarily distributed within a 

secondary (intracellular) compartment, thereby buffering its effect on SK. This extrarenal 

buffering of potassium was well demonstrated in a series of kinetics analyses conducted in 

one oliguric and four anuric HD patients11. In this study, 63–92% of intravenous potassium 

(0.3 mEq/kg/hr × 3 hours) exited the extracellular fluid, and the observed changes in SK 

were consistent with a two-compartment model with bidirectional flux between 

compartments.

Several factors are known to influence intracellular/extracellular shifts of potassium, 

including acid-base balance. In the kinetic series above, when the same dose of potassium 

was infused in an alkaline solution, significantly more potassium was dispersed into the 

secondary compartment11. Moreover, hydrogen ion concentrations and SK were found to be 

inversely correlated in HD patients (r=−0.66)12, and higher bicarbonate dialysate solutions 

resulted in more rapid SK decreases, despite removing less potassium13. Prolonged infusions 

of sodium bicarbonate in hyperkalemic HD patients were shown to decrease SK from 6.04 

mmol/L to 5.30 mmol/L (p<0.01), although half of this decrease was attributed to 

extracellular volume expansion14. The biological mechanisms linking acidosis and 

hyperkalemia are incompletely understood, but appear to involve a complex interaction of 
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numerous ion transporters (e.g., Na+-H+ exchanger, Na+/K+-ATPase), which help to 

maintain blood pH balance by indirectly leading to an exchange of H+ for K+ between 

intracellular and extracellular compartment15.

Insulin is another key determinant of potassium distribution in the body. Although insulin is 

generally recognized for its role in macronutrient metabolism, it also helps regulate 

potassium distribution and balance; potassium triggers and mediates insulin release16–18, 

and insulin, in turn, shifts potassium into cells by stimulating Na+/K+-ATPase activity19–20. 

Because dietary macronutrients, in particular glucose, also stimulate insulin release, they can 

help shift potassium intracelluarly21–22. The rise in SK following potassium ingestion is 

greatly attenuated if glucose is provided along with it23–24, although studies providing 

potassium and glucose in kidney disease patients and normal controls have produced 

conflicting results. Gonick et al. found no difference in peak SK between patients with 

glomerular or tubular kidney diseases or normal controls despite differences in urinary 

potassium excretion following potassium load of 0.75 mEq/kg (~2,050 mg potassium/70-kg 

person) in 8-oz of orange juice23. Other studies were conducted in a fasted state using lower 

doses of potassium (0.25 mmol/kg24–25 and 0.5 mmol/kg26), and found significantly higher 

peak SK in HD patients compared to controls. Importantly, fasting is known to increase SK 

in ESRD. In one of these studies24, the difference in the maximal change in SK between HD 

patients and controls was greatly attenuated after ingestion of carbohydrates (+0.41 mmol/L 

→ +0.20 mmol/L). In the other study26, total CO2 (HCO3) concentrations were measured 

and found to be low (avg. 15±1.5 mEq/L) indicating metabolic acidosis, which was 

moderately, albeit non-significantly, correlated with peak increases in SK in HD patients (r=

−0.53), and may have contributed to the observed differences between groups.

Although intracellular shifts of potassium help to prevent hyperkalemia in HD patients, 

excess dietary potassium must eventually be removed from the body. When the kidneys are 

unable to excrete the dietary potassium load (i.e. oliguria/anuria), the bowel becomes 

especially important for maintaining potassium balance. In the 1960s, Hayes et al. conducted 

a series of potassium balance studies demonstrating that potassium excretion in stool was 

three times higher in HD patients (avg. 37%) compared to normal controls (avg. 12%), 

reaching almost 80% of dietary potassium (up to 3,000 mg/d) for some HD patients. 

Importantly, fecal potassium content was directly proportional to dietary potassium intake 

and stool weight27. The increase in bowel potassium excretion in CKD was later shown to 

be primarily the result of potassium secretion into the bowel, rather than reduced dietary 

potassium absorption in the small intestine, an adaptation that may be due to greater high-

conductance potassium channels on the apical surface of colonic epithelial cells28–29. Given 

the relatively high prevalence of constipation in HD patients (~53%)30, infrequent bowel 

movements may be an important determinant of hyperkalemia in HD patients.

Nutritional characteristics of plant foods

Many plants are naturally high in potassium, which make them an obvious target for dietary 

potassium restriction. However, in the aforementioned study by Noori et al.4, which reported 

a weak correlation between potassium intake and SK concentrations in HD patients, the top 

five sources of potassium were beef, chicken, Mexican food, hamburgers and legumes. It is 
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possible that patients were already restricting high-potassium plant foods, or underreported 

their consumption (social desirability bias), but muscle-based animal products are naturally 

high in potassium, and may be enhanced with potassium-based food additives that can 

greatly increase potassium content31. The contribution of potassium additives to dietary 

potassium is largely unknown and unaccounted for in conventional nutrition assessments, 

but one analysis found that enhanced boneless loin strip steak contained 930 mg/100 g, 

nearly three times more than a similar, unenhanced product (311 mg/100 g)31. Meats are 

often absent from high-potassium foods lists3, despite containing more potassium than the 

recommended cut off (>200 mg/portion), and nearly as much or more potassium than many 

of the fruits and vegetables listed, including tomatoes (213 mg), bananas (211 mg), kiwi 

(215 mg), oranges (237 mg) and baked potatoes (471 mg) (from USDA National Nutrient 

Database for Standard Reference32 using portions provided by National Kidney 

Foundation)3.

Although potassium from different foods is chemically equivalent, other nutrients in food 

influence potassium distribution and excretion, as well as the relationship between 

potassium intake and health outcomes. Unlike meats, the metabolism of which leads to net 

acid production, and which are low in carbohydrates and contain no fiber, plant foods 

(especially fruits and vegetables) tend to yield net base production, and are high in both 

carbohydrates and fiber. Although the pH of oranges, for example, is acidic, the net result of 

orange juice ingestion is urinary alkalinization33. Therefore, compared to high potassium 

meats, potassium-rich plant foods may promote distribution of a greater proportion of 

dietary potassium intracellularly (alkaline and insulin-stimulating), and excretion of 

potassium in stool by increasing fecal bulk (dietary fiber). Moreover, the dietary fiber and 

phytonutrients (e.g., carotenoids, flavonoids, etc.) in plants may provide additional health 

benefits. There are no studies demonstrating differences in SK resulting from potassium 

ingested from animal versus plant products in HD patients.

Recent data have suggested that alkalinizing fruits and vegetables may have a beneficial 

effect of reducing the progression of CKD. A study conducted in stage 4 CKD patients 

found that increasing fruit and vegetable consumption for one year reduced metabolic 

acidosis and progressive kidney injury without increasing SK
34. Unfortunately, due to 

concern regarding hyperkalemia, this study specifically selected non-diabetic patients with 

acidemia who had SK ≤4.6 mEq/L and did not require potassium-sparing diuretics.

Discussion

The practice of restricting potassium-rich foods appears to have begun in the mid-1960s, 

when the purpose of the ESRD diet was “to lower the production of protein catabolites, and 

to prevent wastage of body proteins”35. With this intent, Giordano36 and Giovannetti & 

Maggiore35 developed very low-protein diets, which were then modified for different 

cultures to treat severely uremic patients37–40. The Giordano diet included synthetic pudding 

made of sugar, starch, margarine or vegetable oil, amino acids, colored flavor, and rum or 

anise consumed over 3–4 meals, as well as lettuce (100 g) and apple (150 g) at the second 

and third meals36. The Giovannetti and Maggiore diet included eggs and some low-nitrogen 
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fruits and vegetables, but the majority of energy came from unsalted butter and lard, 

vegetable oils, sugar honey, and maize and wheat starch35.

Despite the relatively low potassium content of these diets (~2,000 mg/d), patients were 

prone to developing hyperkalemia37–40. The etiology of hyperkalemia was unknown, but 

thought to involve acidosis and reduced urinary clearance of potassium37,40. Regardless of 

the cause, treatment included potassium restriction to about 1,000 mg/d as a prudent, albeit 

unproven measure37,39–40. Since that time, advances in HD and clinical practice, as well as 

changes in our food system have dramatically transformed the HD diet from the traditional 

low-protein Giordano-Giovannetti diet, and yet restriction of high-potassium foods have 

remained a component of the usual dietary prescription3, which many HD patients appear to 

follow41–43. Indeed, HD patients consistently report mean dietary potassium intakes well 

below the proposed upper limit of 3,000 mg/d3 and less than non-CKD matched 

controls41–43 with corresponding lower intakes of fruits and vegetables43 and other plant-

derived compounds (e.g., dietary fiber, vitamin C, carotenoids)41–43. Of note, very few 

(<2%) of U.S. adults actually consume the Adequate Intake for potassium (4,700 mg/d), 

regardless of CKD status44.

Both then and now, the targeting of high-potassium foods is based on the assumption that all 

dietary potassium is therapeutically equivalent. Dietary potassium is not alone in being 

regarded this way. HD patients with hyperphosphatemia are advised to avoid many high-

phosphorus foods that may contribute minimally to hyperphosphatemia due to their 

relatively low phosphorus bioavailability45–46. For example, sesame seeds, which are often 

eliminated because of their high phosphorus content (667 mg/100 g), actually have a 

relatively low digestible fraction of phosphorus (42 mg/100 g)47. Recently, a dietary 

intervention study demonstrated the food-specific effects of phosphorus in patients with 

chronic kidney disease48, and similar studies should be conducted with regard to potassium.

Unfortunately, health effects of dietary interventions are difficult to predict. The low-

potassium diet changes more than the intake of high-potassium foods because 

improvisational cooking through substitutions can often be difficult (e.g. replacing tomatoes 

in spaghetti or chili), and the vigilance required to follow the many components of the renal 

diet (low-salt, low-phosphorus, low-potassium, high-protein), may overwhelm patients 

causing them to either give up, or to adopt a very simple diet from which they derive little 

pleasure or nutrition. When asked about factors that make adherence to the HD diet difficult 

(rated ≥3 on a 5-point Likert scale), many BalanceWise participants reported that the diet is 

bland and tasteless (59/140) and too complicated (49/139), and that it is hard to keep track of 

nutrient intakes (64/140)49. In addition to potentially impairing nutrition status and quality 

of life50, advising HD patients to limit or avoid many plant-based foods, especially fruits and 

vegetables, may contribute to adverse metabolic states (e.g., oxidative stress, inflammation, 

metabolic acidosis, dyslipidemias) and conditions (e.g., constipation, hypertension) that 

negatively impact the health of HD patients. Ultimately, we can only speculate as to the net 

health effects of liberalizing the HD diet to allow potassium-rich plant foods, and any such 

change should only be conducted in a controlled setting with close monitoring of other 

nutrition and health indices (e.g., protein status).
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Implication for practice

In this commentary, we have examined the recommendations that HD patients should avoid 

high-potassium foods to manage hyperkalemia. Although up to half of severe hyperkalemia 

episodes in HD patients (>6.0 mmol/L) are attributed to the consumption of high-potassium 

foods51, the evidence linking high dietary potassium intake to hyperkalemia in HD patients 

is virtually non-existent. When determining the cause of hyperkalemia, it is important to 

consider non-dietary factors such as prolonged fasting, hyperosmolality, metabolic acidosis, 

tissue breakdown, constipation, and medications52. In the absence of empirical evidence, it 

is of course prudent to continue to recommend low-potassium diets to HD patients with 

hyperkalemia; however, the practice of advising patients to eliminate so many plant foods 

from the diet may be harmful, and must be evaluated.
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Figure 1. 
Associations of reported dietary potassium intake with serum potassium concentration in 

hemodialysis patients from the Nutritional and Inflammatory Evaluation in Dialysis (NIED) 

study (n=224)

Regression line (solid line) and 95% confidence interval (shaded area) are shown for the 

linear regression analysis.

Reproduced with permission from Noori et al., Am J Kidney Dis 2010;56(2):338–347.
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Figure 2. 
Associations of reported dietary potassium intake with serum potassium in hemodialysis 

patients from the BalanceWise Study (n=140)

a. Potassium Intake; r=0.06, p=0.50

b. Potassium Density; r=−0.003, p=0.97
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