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Introduction
Recommendation for dietary restrictions is standard of care

Dietary counselling is an established part of treatment for patients 
with chronic kidney disease (CKD) and end-stage renal disease 
(ESRD), as well as for patients on dialysis [1]. As dialysis does not 
completely replace kidney function and can only remove a limited 
quantity of systemic waste [2], dietitians and nephrologists advise 
patients on dialysis to maintain a restricted diet (low phosphorus, 
potassium, sodium, liquids) to avoid the serious negative consequences 
associated with electrolyte overload (Figure 1) [3-6]. Dietary electrolyte 
restrictions are also included in clinical guidelines: KDOQI/NKF and 
European Best Practice Clinical Guidelines recommend that patients 
on dialysis limit their phosphate intake to 800 - 1000 mg/day [7]. 
A dietary intervention to reduce phosphate intake lowered serum 
phosphorus by 1.67 mg/dL and 51% of patients in the intervention 
group achieved phosphorus concentrations <5.5 mg/dL vs. 18% of 
patients in the control group [8]. Lower serum phosphate is, in turn, 
associated with lower mortality risk [3]. However, a separate study 
found that prescribed dietary phosphate was not associated with 
improved survival in hemodialysis patients, and increased restriction 
may in fact be associated with greater mortality [9]. Dialysis centres 
are required by federal law to provide patients with counselling from 
qualified dietitians [10,11]. Dietitians and nephrologists focused on 
nutrition can help patients navigate dietary restrictions by providing 
practical, achievable recommendations. However, the multiple dietary 
restrictions recommended for patients on dialysis are difficult to 
achieve and may result in poor dietary quality [12]. This review will 
discuss the ways in which a restricted diet may lower patient quality 
of life, how processed foods make it difficult for patients to maintain a 
restricted diet, and the inadequacy of current phosphate management 
strategies to match dietary phosphate intake. The development of novel 
therapeutics that more consistently achieve target electrolyte levels may 

present an opportunity for patients to add a wider range of healthy 
foods to their diets.

Dietary restrictions negatively impact patient quality of life	

Many patients on dialysis do not consume a heart-healthy diet [13]. 
The negative impacts of dietary restrictions on the quality of patients' 
diets are 2-fold: patients can't consume the long list of healthy foods 
that may increase the risk of electrolyte overload, and patients must 
adhere to dietary restrictions continuously, likely depriving them of 
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Figure 1. Average Daily Phosphate Addressed by Dialysis and Phosphate (mg/Day) 
An average patient consumes ~1,400-2,400 mg of dietary phosphorus per day [21,73]. 
However, the average recommended daily dose of binders removes only 200-500 mg 
[66,68,70,71] and dialysis on average only removes 430 mg per day [2]
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foods they enjoy. Thus, dietary restrictions for patients on dialysis lead 
to monotonous meals that are likely low in nutritional content.

Dietary restrictions also negatively impact patients' quality of life by 
limiting family and social interactions. Purchasing different ingredients 
to prepare separate meals than those eaten by other members of the 
household is difficult, expensive, and time-consuming. Consuming 
a different meal than everyone else increases feelings of isolation, 
potentially causing withdrawal from family interactions. Additionally, 
patients on restricted diets feel as if they are unable to participate in 
social activities with colleagues or friends because these activities are 
often centred around food. Patients may feel that they can’t adhere 
to dietary restrictions at restaurants and/or social gatherings because 
processed foods are often high in phosphate and other additives, which 
must be avoided. Constant worrying about foods leads to feelings of 
alienation and fears that the patient's loved ones and social circles are 
excluding them. 

The inflexibility of recommended dietary restrictions not only 
decreases the quality of patients' diets and social interactions but 
also increases stress and anxiety. Decreasing quality of life as CKD 
progresses has been reported [14]. The feelings of stress, anxiety, and 
depression that may be the result of daily dietary self-management 
are potentially contributing to reduced quality of life. Many modern 
foods contain additives with unknown quantities of electrolytes (e.g., 
phosphate additives) [15,16], likely exacerbating the stress of self-
management. As manufacturers are not required to list the quantity 
of phosphate on food labels, it is extremely challenging for patients to 
accurately calculate phosphate intake.

Hidden sources of dietary phosphate

Accurate quantification of dietary phosphate intake is a major 
challenge due to the large amount of "hidden" phosphate additives present 
in modern processed foods. Food-grade phosphates are widely used as 
preservatives and flavourings in baked goods, meats and seafood, dairy 
products, and beverages [17]. In baked goods such as cakes, cookies, 
and crackers, phosphates are used as a chemical leavening agent [17]. 
Sodium tripolyphosphate is most commonly used for processed meats 
(e.g., ham, bacon, injected poultry, chicken nuggets) to improve texture 
and maintain moisture [17]. Sodium phosphate is also often added to 
seafood during factory processing [17,18]. Tetrasodium pyrophosphate 
is used in processed dairy products (e.g., chocolate milk, cheese slices) 
to enhance texture and extend shelf life [17]. Soft drinks in particular 
often contain phosphoric acid as an acidifying and flavouring agent 
[17]. Phosphorus is ubiquitous in packaged/bottled drinks [19]. (See: 

Top 5 Types of Beverages Where Phosphate is Hiding). Non-carbonated 
and powdered beverage mixes are also likely to contain phosphate 
additives acting as preservatives [17]. Even worse, in foods containing 
phosphate additives, the proportion of digestible phosphate in total 
phosphate is high [20]. This suggests that the inorganic phosphate in 
food additives has higher bioavailability than organic phosphate from 
plant and animal-based foods, compounding the negative effects for 
patients on dialysis [20]. Results from a study by Bell et al. suggest that 
inorganic phosphate is more readily and completely absorbed than 
organic phosphate in humans [21]. Thus, patients will absorb much 
more phosphate when eating the processed foods with additives in 
comparison to natural foods, even when the total quantity of phosphate 
present in these foods is the same. A modern diet with a lot of hidden, 
inorganic phosphate additives is extremely dangerous for patients on 
dialysis due to the synergistic effects of increased phosphate content 
and almost 100% absorption of phosphate from additives. 

Labels are not required to state the amount of these phosphate 
additives, so patients on phosphate-restricted diets are at a high risk 
of ingesting large amounts of "hidden" phosphates (See: Top 10 Types 
of Food Where Phosphate is Hiding). A study found that a diet high in 
processed foods increased total phosphate intake by 60% in comparison 
to a low-additive diet consisting mainly of fresh and minimally 
processed foods [22]. Leon et al. discovered that 44% of top-selling 
items at a grocery store contained phosphate additives. Categories of 
food most commonly containing phosphate additives were prepared 
frozen foods (72%), dry food mixes (70%), packaged meat (65%), 
bread and baked goods (57%), soup (54%), and yogurt (51%). The most 
significant sources of hidden phosphate additives were cheese (347 mg), 
cereal (137 mg), packaged meats (118 mg), dry food mixes (63 mg), 
snacks (57 mg), and condiments (53 mg) (per 100 grams of food). 

Consumption of processed foods high in hidden phosphate 
is of particular concern during the COVID-19 pandemic. During 
this period, patients with CKD have found it difficult, and maybe 
impossible, to avoid consuming large quantities of phosphate additives. 
Stay-at-home orders, social distancing, and fear of going to public 
places such as grocery stores have made it more difficult to find fresh, 
healthy foods. Some patients are already living in food deserts, where 
getting fresh produce and quality proteins is not possible, and they have 
been totally cut off from even getting healthy groceries delivered due to 
the pandemic. These patients are forced to rely on processed foods and 
whatever is available in restaurants close by. Therefore, consumption of 
processed, shelf-stable foods containing preservatives is likely to have 
increased significantly.

SIDE INSERT (like a table/figure but highlighted with a different 
background color to draw attention to it) Top 5 Types of Beverages 
Where You May Not Have Known Phosphate is Hiding [23] (Figure 2).

SIDE INSERT (like a table/figure but highlighted with a different 
background color to draw attention to it) Top 10 Types of Food Where 
You May Not Have Known Phosphate is Hiding [15,25] (Figure 3).

Healthy phosphate and protein goals for patients with chronic 
kidney disease and end-stage renal disease

It is important for patients with CKD on dialysis to maintain 
normal phosphate levels so that they can avoid negative clinical 
outcomes and increased morbidity and mortality risks. Patients with 
CKD commonly experience phosphate retention resulting in elevated 
phosphate levels above the normal range of 2.5 to 4.5 mg/dL, due to 
impaired renal function as the disease progresses [25]. Phosphate 

Figure 2. Patients on restricted diets may not realize that many popular beverages contain 
“hidden” phosphorus additives. A study of actual phosphorus content in powdered drinks 
and water enhancers found that almost 80% of the tested beverages had higher measured 
phosphorus than listed reference values from the Nutrition Data System for Research 
(NDSR) [23], indicating that patients may not have accurate information on the quantities 
of phosphate present in beverages and may be taking in dangerously high amounts of 
dietary phosphate
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retention and elevated phosphate are strongly associated with numerous 
negative conditions (e.g., vascular calcification, cardiovascular diseases, 
secondary hyperparathyroidism [26]) and increased morbidity and 
mortality [27]. In fact, elevated phosphate levels are by far the largest 
contributor to CKD mortality: 2- to 6-fold higher than other top risk 
factors such as hypercalcemia, hyperparathyroidism, low urea reduction 
ratio, and anemia (12% vs. 4%, 2%, 5%, and 6%, respectively). Abnormal 
phosphate levels have also been shown to be an independent risk factor 
for cardiovascular (CV) morbidity in patients with CKD [28,29]. There is 
an association between increased serum phosphate concentrations and 
increased risk of cardiovascular disease hospitalizations and mortality 
[24]. In addition to the degree of phosphate increase, time spent with 
elevated phosphate levels also increases the risk of CV mortality; a 
large multinational study of patients on dialysis found that the more 
time patients spent with phosphate >4.5 mg/dL over six months, the 
greater their risk of CV mortality. Elevated phosphate levels are directly 
linked to hypertension, a major cardiovascular disease risk factor that is 
seen in up to 90% of patients with CKD [30,31]. In addition, increased 
phosphate levels trigger an increase in fibroblast growth factor 23, which 
leads to left ventricular hypertrophy [32,33]. Therefore, reduction of 
serum phosphate levels through dietary restriction, dialysis, and the use 
of phosphate binders is a guideline-recommended, established clinical 
practice [34] (Table 1).

Phosphorus and protein intake correlate significantly. A major risk 
of dietary restrictions for patients on dialysis is protein malnutrition 
[35]. Patients on dialysis are recommended to consume more protein 
than patients with CKD that are not on dialysis [36]. Healthy individuals 
are recommended to maintain a protein intake of ~0.8 g/kg body 
weight [37]. Patients with CKD at a pre-dialysis stage are recommended 
to maintain a protein intake of ~0.6 g/kg body weight [38]. Patients 
on hemodialysis are recommended to maintain an increased protein 
intake of 1.2 g/kg body weight [38,39], while patients on peritoneal 
dialysis require even more protein (1.2 to 1.3 g/kg/day) to compensate 
for the loss of nutrients during treatment. Patients with ESRD have 
a higher resting energy expenditure than healthy individuals due 
to inflammation and co-morbidities such as cardiovascular disease, 
diabetes, and hyperparathyroidism [40-44]. Dialysis-related protein 
loss also contributes to the risk of insufficient energy and protein 
intake [45]. Protein intake <0.8 g/kg/day is associated with increased 
mortality [46]. A low phosphate and protein diet increases the risk of 
malnutrition. Protein-energy wasting (PEW) is marked by decreased 
body protein and fat masses [47] and is a strong risk factor for adverse 
outcomes and mortality in patients on dialysis [48]. Protein and 
energy intake, as well as overall protein-energy status, declines as CKD 
progresses [49], likely exacerbating the risk of PEW. Approximately 30-
60% of patients with advanced CKD show evidence of PEW [50,51]. 

The KDOQI guidelines for nutrition in CKD recommend maintaining 
adequate protein and energy intake to maintain stable nutritional 
status, with the option of protein-energy supplementation for patients 
who are at risk of or experiencing protein-energy wasting [36]. Low 
protein intake is also a risk factor for low albumin levels [52], a strong 
predictor of mortality in patients on dialysis [53]. Albumin levels are 
an established proxy/biomarker for cardiovascular health and mortality 
in both patients with and without CKD [54-56]. Serum albumin levels 
<4.0 g/dL are associated with negative clinical outcomes in patients 
on dialysis [57-60]. Low albumin levels are associated with increased 
risk of all-cause and CV death and increases in albumin levels predict 
improved survival [61,62]. Factors that may lead to low albumin 
include inadequate protein intake [52], peritoneal membrane transport 
characteristics [63], and inflammation [64]. Research suggests that 
nutritional supplementation with protein and amino acids can increase 
serum albumin levels [65], thereby potentially reducing the risk of 
PEW and/or mortality.

Current phosphate management strategies are insufficient

Current phosphate management strategies are insufficient to 
achieve and maintain target phosphate levels, placing more pressure on 

Electrolyte Negative Consequences
Recommendations/ 

Healthy Levels

Sodium

Vomiting [85]

Achieve and maintain: 
135-145 mmol/L [87] 

Excessive sweating [85]

Central nervous system dysfunction [85]

Irritability and agitation [85]

Lethargy, somnolence, and coma [85]

Orthostatic hypotension and tachycardia [85]

Brisk reflexes and myoclonus [85]w

Subarachnoid or subdural hemorrhage [85]

Phosphate

Increased overall mortality in adults with and 
without CKD [88] 

Achieve and maintain: 
2.5-4.5 mg/dL [99]

Increased cardiovascular morbidity and 
mortality [89,90] 

Vascular calcification [91]

Hypertension [92]

Increased FGF23* [93], and PTH# [94], levels

FGF23*: Left ventricular hypertrophy [95] and 
congestive heart failure [96]
PTH#: Increased inflammation [97] and coronary 
microvascular impairment [98] 

Fluid

Swelling, cramping, bloating [100]

Avoid fluid accumu-
lation >10% of body 
weight [99]

High blood pressure [100]

Shortness of breath [100]

Increased cardiovascular morbidity [100]

Congestive heart failure [101]

Pulmonary edema [101]

Delayed wound healing [101]

Tissue breakdown [101]

Impaired bowel function [101]

*FGF23, fibroblast growth factor 23; #PTH, parathyroid hormone

Table 1

Figure 3. Hidden phosphates are present in many popular grocery store items. Although 
patients are likely aware that phosphate additives are abundant in processed foods, they 
may not suspect that uncooked proteins (e.g., poultry) are also likely to contain phosphate 
additives. Thus, patients would believe that seemingly “healthy” foods like chicken or 
yogurt are safe to eat when they are potentially sources of hidden phosphates [102]
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the patients to adhere to recommended dietary restrictions. Phosphate 
binders, which work by binding to dietary phosphate to create insoluble 
complexes that are then excreted [66-70], have long been the only 
FDA-approved treatment indicated for hyperphosphatemia. Phosphate 
binders are prescribed to ~80% of US patients on dialysis. Despite 
the widespread use of phosphate binders, a significant proportion 
of patients are unable to achieve target or normal phosphate levels. 
Forty-two percent of patients on dialysis treated with binders had a 
most recent phosphate level >5.5 mg/dL and 77% had a most recent 
phosphate level >4.5 mg/dL. Both phosphate binders and dialysis can 
only remove a small portion of total dietary phosphate: hemodialysis 
removes ~3000 mg phosphate each week (~430 mg per day) [2], and 
high doses of phosphate binders can remove about 200 to 500 mg of 
dietary phosphate each day [68,70-72] (Figure 1). Assuming a daily 
phosphate intake of ~1,400 mg up to 2,400 mg [21,73], it is clear that 
dialysis and binders can only remove a low proportion of dietary 
phosphate. Sub-optimal efficacy of phosphate management strategies 
creates more pressure for patients to adhere to recommended dietary 
restrictions to avoid electrolyte overload. 

Phosphate binders also change the gut microbiota by reducing 
bacteria living on phosphorus. Miao et al. identified seven reduced 
genera after the use of lanthanum carbonate for 12 weeks, demonstrating 
that phosphate binder use leads to decreased microbial diversity and 
lower network complexity [74]. Another study revealed a distinctive 
microbiota composition in patients receiving ferric citrate and calcium 
carbonate, with reduced microbial species diversity and increased 
microbial dysbiosis index in calcium carbonate users [75]. Further 
investigation on the long-term effects of different phosphate binders on 
the gut microflora is needed. For now, clinicians and patients should be 
aware of the potential for phosphate binders to damage gut flora.

Therapeutic advancements may allow for a more liberal diet

Although dietary restrictions are guideline recommended, 
there is very little data to support the benefits of the recommended 
dietary restrictions for patients on dialysis [76]. Recent therapeutic 
advancements that more consistently achieve normal electrolyte levels 
may allow patients to enjoy a more liberal diet consisting of a greater 
variety of healthy foods. However, foods containing preservatives and/
or additives would likely never be recommended even if more effective 
pharmacologic therapies became available.	

Therapies with novel mechanisms of action that may more effectively 
maintain and achieve normal electrolyte levels may allow patients to 
consume a more liberal diet containing healthy foods without the risk 
of electrolyte overload. 

Several transcellular phosphate absorption inhibitors are in 
development and clinical trial data so far are mixed. A phase 1 trial 
on standardized phosphate diet of the novel drug EOS789, an inhibitor 
of the sodium phosphate cotransporter NaPi-2b, PiT-1, and PiT-2, 
showed encouraging results in patients receiving hemodialysis [77]. 
Nicotinamide appears to inhibit gastrointestinal NaPi2b cotransporters, 
thereby reducing phosphate-specific transcellular permeability [78]. 
However, there was a lack of significant reductions in phosphorus or 
FGF23 in non-dialysis CKD patients treated by lanthanum carbonate 
and/or nicotinamide during a 12-month trial [79]. A phase 1 study 
of the NaPi2b inhibitor ASP3325 showed that this therapy was not 
effective in reducing serum phosphorus levels in patients with ESKD 
[80].

One example of a novel therapy is an NHE3 inhibitor (tenapanor) 
that blocks phosphate absorption by conformational change(s) in 

claudin proteins present in tight junctions and reduces paracellular 
phosphate transport [81]. In contrast to phosphate binders, which do 
not interact with any phosphate absorption pathways, this mechanism 
of action targets the dominant paracellular phosphate absorption 
pathway and may represent a revolutionary approach to phosphate 
management. At 12 weeks, tenapanor administration lowered serum 
phosphorus in subjects from baseline concentrations of 8.1 mg/dL to 
5.5 mg/dL in the efficacy analysis set [82]. In a long-term phase 3 study, 
at 26 weeks, tenapanor administration lowered serum phosphorus 
in subjects from baseline concentrations of 7.7 mg/dL to 5.1 mg/dL 
in the efficacy analysis set [83]. The effect of tenapanor administered 
in conjunction with phosphate binders has a more significant effect 
than binders alone: a recent trial that compared the effectiveness of a 
combination of tenapanor and binder vs. placebo and binder showed 
that tenapanor plus binder resulted in a 0.65 mg/dL larger mean serum 
phosphorus reduction from baseline compared to placebo plus binder 
[84]. The study included 236 patients undergoing maintenance dialysis 
with hyperphosphatemia (defined in this trial as serum phosphorus 
5.5-10 mg/dL inclusive) despite receiving phosphate binder therapy 
(sevelamer, non-sevelamer, sevelamer plus non-sevelamer, or multiple 
non-sevelamer binders) [84]. Additionally, almost twice as many 
patients treated with tenapanor and binder achieved serum phosphorus 
<5.5 mg/dL compared to patients treated with placebo and binder (37-
50% vs. 18-24%, p<0.05) [84]. This dual-mechanism approach may be 
particularly relevant for patients with persistent hyperphosphatemia 
[84]. In the recent OPTIMIZE TRIAL, 85.4% of patients previously 
treated with binders who were switched to a new treatment plan 
that reduced their binder dose by 50% and added tenapanor (30 mg 
twice daily) reported an improvement in their overall phosphorus 
management experience, primarily due to a better medication regimen 
[85,86].

Conclusions
Patients on dialysis are recommended to adhere to restricted 

diets to avoid negative consequences of electrolyte overload. While 
negative clinical outcomes associated with elevated phosphate levels 
are well-established, there is little data to support the benefits of 
dietary restrictions for patients on dialysis, specifically with respect to 
phosphorus. Furthermore, dietary restrictions decrease patients' quality 
of life by increasing stress, impeding social relationships, and limiting 
healthy food choices. Dietary restrictions have been the mainstay to 
management electrolytes in dialysis patients, and there has been little 
in the way of progress on new and novel pharmacology for CKD and 
dialysis patients. Recently, more inorganic phosphates which are not 
listed on food labels have been added to foods, making management of 
phosphorus extremely difficult. Now, there are new options for patients 
to manage their hyperphosphatemia, which may more effectively 
reduce and control phosphate concentrations. Incorporating these 
novel therapies into phosphate management strategies would allow 
patients to reap the benefits of healthy, liberalized diets. Broader 
benefits of a more liberalized diet would include improved interactions 
with family, a more robust social life, and less stress from the need to 
self-manage a restricted diet. Clinicians should consider these novel 
hyperphosphatemia therapies to improve both clinical outcomes and 
quality of life for their patients, while dietary counselling on appropriate 
phosphorus, sodium, potassium, fluids, and protein intake should 
remain a part of treatment. 
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