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ABSTRACT 

Background: The Internet search engines and social media websites are prominent and growing 

sources of dietary information for people with chronic kidney disease (CKD) and their healthcare 

providers. However, nutrition therapy for CKD is undergoing a paradigm shift, which may lead 

to inconsistent and conflicting advice online for managing diet-related complications such as 

hyperphosphatemia. 

Purpose of the study: To summarize and evaluate online resources for phosphate-specific diet 

therapy in people with chronic kidney disease. 

Methods: For this systematic review, patient-facing resources on phosphate-specific diet therapy 

were collected from Google and Yahoo search engines, and the social media website Facebook. 

Using nine independent search terms, the first 100 hits were reviewed. Dietary advice for food 

types, food groups, food sub-groups, and individual food items was categorized as “restricted”, 

“recommended”, “mixed” and “not mentioned”. Additional information on publication date, 

source, author, phosphorus bioavailability and demineralization were also collected for 

comparison to dietary advice. Resources that were not intended for people with CKD such as 

journal publications were excluded from analyses. 

Results: After removing duplicates, 199 online resources were available for review from Google 

and Yahoo, and 33 from Facebook. Dietary advice was primarily focused on restriction of foods 

high in phosphorus, and processed foods containing phosphorus-based food additives. Although 

there were notable overlaps in dietary advice, significant inconsistencies were found. Resources 

ranged from 2005 to 2021 and were primarily from healthcare providers and websites (29% and 

39% respectively) and prepared by registered dietitians and medical doctors (65% and 31% 

respectively). Few resources mentioned phosphorus bioavailability as an important consideration 
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(16%) or noted demineralization as a phosphorus-lowering strategy (8%). Similar findings were 

available from Facebook, but limited number of resources limited comparisons. 

Conclusion: Results of this study indicate that online resources for phosphate-specific diet 

therapy are highly restrictive and contain important inconsistencies despite coming from 

reputable sources. Given the widespread and growing use of online resources by people with 

CKD, and healthcare professionals to inform dietary choices affecting health outcomes, efforts 

are urgently needed to establish an evidence-based consensus for phosphate-specific diet therapy. 

Until then, the findings from this thesis project provide a basis for increasing awareness of the 

potential for confusion arising from online resources. 
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1. Overview of chronic kidney disease (CKD) 

1.1 Classification of kidney function 

The kidneys are critical organs with a variety of functions, including excreting 

metabolic waste products, and maintaining key homeostatic processes such as fluid, 

electrolyte and acid-base balance. [1] The kidneys are made up of about a million filtering 

units called nephrons. The nephrons are the main functional unit of the kidneys, 

comprised of two principal components: 1) glomerulus and 2) renal tubule. When blood 

flows into each nephron, it enters the glomerulus where smaller molecules, wastes, and 

fluid are able to pass into the nephron, and larger components such as blood cells and 

protein to remain in the blood vessel (filtration). [1], [2] 

After filtration, the ultrafiltrate of plasma in the nephron moves along the renal 

tubules, which continue to modify its composition, producing urine for excretion from the 

body. During transit through the renal tubules, the majority of useful compounds such as 

fluid and nutrients are returned to the blood to prevent losses (reabsorption), and some 

additional compounds are added to the ultrafiltrate for excretion (secretion). [1], [2] The 

processes of reabsorption and secretion in the renal tubules is tightly regulated, and 

particularly important for maintaining mineral balance (e.g., phosphorus).  

Generally, two important characteristics of kidney function determine kidney 

disease: 1) filtration rate and 2) filtration barrier. Filtration rate, more specifically 

glomerular filtration rate (GFR) is a measure of how much blood is filtered by the 

kidneys. GFR is defined as the volume of plasma that is filtered by the glomeruli per unit 

of time. [3], [4] In practice, GFR is usually estimated using serum creatinine because 
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creatinine is produced at a fixed rate relative to muscle mass, and almost entirely filtered 

by the glomeruli with a minimal amount of secretion in the distal nephron. [5] Since GFR 

is estimated, the term estimated glomerular filtration rate (eGFR) is generally used rather 

than GFR. [6] 

The glomerular filtration barrier is built of multiple layers of highly organized, 

semipermeable membranes that function to control the filtration process. [7] Albumin is 

one of the major proteins present in the blood, and since it is a large molecule, it is 

usually not filtered, and found in very low concentrations in the urine. [8] However, when 

the filtration barrier becomes impaired, albumin is able to pass through it into urine at 

abnormally high concentrations (albuminuria). [9] Hence, in addition to eGFR, 

albuminuria is the other main indicator of kidney disease. [6] Although albuminuria can be 

assessed using 24-hour urine samples, this is practically challenging. As a result, in 

practice, albuminuria is generally assessed in relation to creatinine excretion using spot 

urine sample (albumin-to-creatinine ratio (ACR)), as creatinine is excreted at a nearly 

constant rate, it can serve as an indicator of time. [10-14] 

In general, eGFR ≤ 60 mL/min/1.73 m2, [15] or a urine ACR of 30 mg/g or higher 

in two of three spot urine specimens indicate kidney disease. [14] In 2012, the Kidney 

Disease: Improving Global Outcomes (KDIGO) classified CKD into six categories (G1, 

G2, G3a, G3b, G4, and G5) based on eGFR, and three categories (A1, A2 and A3) based 

on ACR. [11] The combined assessment of GFR categories and ACR level furnishes a 

more precise evaluation for risk of worsening kidney function and complications. [16-18] 

 

https://www.sciencedirect.com/topics/medicine-and-dentistry/glomerulus-filtration
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1.2 Global and national burden of CKD  

CKD is an emerging and serious health condition, affecting an estimated 843.6 

million people worldwide (~13% of population). [19] In 2019, the Global Burden of 

Disease study estimated about 1.4 million deaths from CKD, which is a 20% increase 

from 2010 and one of the biggest rises among the top causes of death throughout the 

world. [20] In the United States, more than 1 in 7 adults (~15%) or 37 million people are 

estimated to have CKD, and 1 in 3 adults (⁓80 million) is at risk for developing CKD. [21] 

CKD is projected to become the 5th most common cause of years of life lost globally by 

2040. [22], [23]  

The risk of mortality increases with increasing stages of CKD. [24] The leading 

cause of death in this population is cardiovascular disease (CVD). Increased risk of CVD 

in the CKD population is largely attributed to disorders of mineral metabolism, chief 

among them being phosphorus. High serum phosphorus level or hyperphosphatemia is 

independently associated with increased cardiovascular mortality in CKD patients. [25] 

Moreover, it is an important clinical feature of chronic kidney disease-mineral and bone 

disorder (CKD-MBD) which is a common co-morbidity in patients with CKD. [26] A 

thorough discussion on phosphorus homeostasis process and hyperphosphatemia is 

essential for the better understanding of the impact of hyperphosphatemia on health 

outcomes in patients with CKD.  
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2. Phosphorus homeostasis and hyperphosphatemia in CKD 

2.1 Phosphorus homeostasis 

Following calcium, phosphorus is the second most abundant element in the 

human body and constitutes approximately 1% of total body weight. [27], [28] The total 

body phosphorus is approximately 680 g in average healthy adult, the majority of which 

(80–90%) is present in bone in the form of hydroxyapatite (major component of bone 

mineral), although the remainder of phosphorus has important roles in numerous body 

functions. [29-31] Within the body, phosphorus is present as phosphate, which serves as an 

important donor group (e.g., kinases, ATP), as well as being bound to key 

macromolecules (e.g., nucleic acids, phospholipids). [32-34]  

Phosphorus homeostasis is tightly controlled and involves major regulatory 

pathways in the intestines, bones, and kidneys. (Fig-1.1) A typical Western diet contains 

approximately two to three times more phosphorus than is required for maintaining body 

functions (580 mg/d). [35] Assuming a standard intake of 1,300 mg/d of phosphorus from 

the diet, ⁓1,100 mg are absorbed in the small intestines, primarily in the jejunum, by both 

transcellular and paracellular processes where, the former process is mediated by 

sodium–phosphate (NaPi) type IIb transport protein.  

Because ⁓200 mg of phosphorus is secreted into the digestive tract via pancreatic 

and intestinal secretions, net phosphorus absorption is about 900 mg (60%); this amount 

must be excreted by the kidneys to maintain phosphorus balance. Within the body, 

approximately 200 mg of phosphorus is exchanged daily between the serum phosphorus 

pool and bone as part of normal bone remodeling process. In determining the 
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concentration of serum phosphorus, the rate of bone remodeling (both resorption and 

mineralization) is pivotal. [20] In conditions of net bone resorption (demineralization), the 

additional phosphorus from bone is added to the phosphorus from dietary intake that 

must be removed by the kidneys. [36] 

Figure 1.1. Phosphorus homeostasis in healthy adults. 

 

Note: Values are based on approximate estimates from Shaikh et al. (2008). [31]          
 

As noted, the kidneys prevent bioaccumulation of phosphorus by excreting excess 

phosphorus from the diet and bone in urine. Serum phosphorus is almost entirely filtered 

at the glomerulus, so the initial tubular fluid concentration of phosphorus is 

approximately the same as serum phosphorus, and amounts to about 7,200 mg/day, far 

more than is needed to maintain phosphorus balance. Almost all of the filtered 

phosphorus is reabsorbed in the proximal renal tubule, and the main regulation of urinary 
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phosphorus excretion occurs in the distal nephron, which is controlled by several factors 

(e.g., parathyroid hormone (PTH), calcitriol, fibroblast growth factor-23 (FGF-23)). [30] 

2.2 Factors regulating phosphorus homeostasis 

Phosphorus homeostasis is a complex process, involving several factors and 

pathways working together to maintain serum phosphorus concentrations within a narrow 

physiological range (3.5-4.5 mg/dL). [31] In general, phosphorus homoeostasis is 

regulated by adjusting phosphorus absorption from the intestine, reabsorption from 

kidney, and mobilization from and/or uptake by the bone. [26] These homeostatic 

processes are coordinated by the interplay of the PTH and vitamin D (calcitriol) 

endocrine system that also regulates calcium homeostasis, [31], [37] with several new 

factors named phosphatonins (notably FGF-23). [38-40] The factors regulating phosphorus 

homeostasis, and their effects on phosphorus homeostasis are outlined in Table 1.1.  

The effect of PTH on phosphorus balance is mixed, as it has a primary role in 

regulating calcium homeostasis. Parathyroid glands have calcium-sensing receptors that 

monitor the extracellular ionized calcium concentrations and secrete PTH accordingly. 

[41], [42] When ionized calcium concentration is low, parathyroid gland secretes PTH, 

which promotes bone resorption, releasing stored calcium and phosphorus. In addition to 

increasing phosphorus from bone, PTH also stimulates the activity of 1α-hydroxylase in 

the kidney, which is responsible for synthesizing calcitriol (active vitamin D). [43-45] PTH 

also acts directly on the kidneys to increase urinary phosphorus excretion by reducing the 

number of NaPi co-transporters in the renal tubules, reducing phosphorus reabsorption. 

[46-49] 
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Calcitriol increases phosphorus retention by enhancing the efficiency of 

phosphorus absorption in the intestine and reabsorption in the kidney. [50-54] In the 

intestine, calcitriol upregulates NaPi co-transporters, thereby increasing the absorption of 

phosphorus [55-57] and in the kidneys, it stimulates NaPi co-transporters to reduce 

phosphorus excretion or increase phosphorus retention. In addition, calcitriol indirectly 

promotes phosphorus uptake in bone, in part by inhibiting PTH, thereby reducing bone 

resorption. [58], [59]   

As previously mentioned, other phosphatonins, namely FGF-23, have been found 

to have important roles in phosphorus homeostasis. Similar to PTH, FGF-23 inhibits 

renal NaPi co-transporters, leading to increased renal phosphate excretion. [60] However, 

unlike PTH, FGF-23 reduces calcitriol activity by inhibiting 1α-hydroxylase and 

stimulating other hydroxylases that inactivate calcitriol and calcidiol (stored vitamin D, 

its precursor), and mark it for excretion, further increasing urinary phosphorus excretion. 

[61]  
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Table 1.1. Factors regulating phosphorus homeostasis and their effects. [41-61] 

Factors Mechanisms of Action Net Effects 

Parathyroid 

hormone  

1. ↓ NaPi co-transporters in renal 

tubules. 

2. ↑ 1α-hydroxylase in the kidney 

(increases synthesis of calcitriol). 

3. ↑ Bone resorption. 

↑ Urinary phosphorus 

excretion. 

Calcitriol 

1. ↑ NaPi co-transporters in 

intestine (↑ phosphorus 

absorption). 

2. ↓ 1α-hydroxylase in the renal 

tubules. 

3. ↓ PTH production and secretion. 

↓ Urinary phosphorus 

excretion. 

Fibroblast growth 

factor-23 

1. ↓ NaPi co-transporters in renal 

tubules. 

2. ↓ Activity of 1α-hydroxylase 

reduces the synthesis of calcitriol. 

↑ Urinary phosphorus 

excretion. 

NaPi, Sodium-Phosphate 

2.3 Hyperphosphatemia in CKD 

2.3.1 Definition of hyperphosphatemia  

Hyperphosphatemia is defined as an abnormally high serum phosphorus 

concentration of >4.5 mg/dL. [62], [63] When kidney function decreases, and homoeostatic 

mechanisms are no longer able to maintain phosphorus balance, hyperphosphatemia 

develops. [64] Generally, serum phosphorus levels are able to be maintained in the normal 

range until the advanced stages of CKD (stage 4 and 5). However, the consequences of 

excess dietary phosphorus in CKD may develop earlier in CKD due to shifts in 
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phosphorus-regulating hormones, known as the trade-off hypothesis. [65], [66] For example, 

as the PTH levels start to increase in stage 3 CKD to maintain phosphorus balance, bone 

resorption increases contributing to bone demineralization. 

2.3.2 Burden of hyperphosphatemia in CKD 

Although hyperphosphatemia is an infrequent condition in the general population, 

nearly all dialysis-dependent kidney failure patients encounter this condition at some 

point during the occurrence of their disease. [67] Due to the higher occurrence rate of 

hyperphosphatemia in the later stages of disease, higher cutoff than normal (5.5 mg/dL) 

is typically used in kidney failure patients. [68] In patients with kidney failure, the 

prevalence of this higher hyperphosphatemia cutoff ranges from 50% to 74%. [69] In 

2020, 481,050 prevalent cases of hyperphosphatemia in kidney failure patients 

undergoing dialysis treatment were reported in the United States. [70] 

In patients with CKD, a well-known comorbidity is CKD-MBD, of which 

hyperphosphatemia is an important component. The umbrella term CKD-MBD was 

established in 2006 by KDIGO and is defined as a systemic disorder of mineral and bone 

metabolism due to CKD. [71] Vascular calcification, left ventricular hypertrophy and renal 

osteodystrophy are some of the adverse clinical health outcomes highlighted within the 

entity termed “CKD-MBD”.  

Within the CKD-MBD condition, hyperphosphatemia is thought to be one of the 

main drivers of vascular calcification. [72], [73] When serum phosphorus levels are 

elevated, calcium-phosphate salts form deposits in non-bone tissues, leading to 

calcification. [74], [75] Calcification generally occurs in the blood vessels, heart valves, 
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myocardium, and other soft tissues. [76] Although vascular calcification was initially 

attributed to calcium-phosphorus supersaturation, in vitro studies suggest that 

hyperphosphatemia may directly cause phenotypic changes in smooth muscle cells to 

take part in osteogenesis. Hardening of the arteries in vascular calcification increases 

vascular resistance, leading to elevated systolic blood pressure, raised pulse pressure, and 

subsequent left ventricular hypertrophy, which contribute to cardiovascular 

complications. [77], [78] Owing to the incidence of significant clinical adverse effects of 

hyperphosphatemia, it is recommended to manage hyperphosphatemia to improve the 

quality of life and survival rate in patients with CKD. [79], [80] 

2.3.3 Strategies to manage hyperphosphatemia in CKD 

Hyperphosphatemia is a key priority in the management of patients with CKD, 

particularly in those with kidney failure undergoing dialysis treatment. [81-83] Three main 

strategies are used in clinical practice for controlling hyperphosphatemia in CKD 

patients: 

       I.   Dialysis: Removing phosphorus from the body through ultrafiltration of blood. 

       II.   Drugs: Minimizing intestinal phosphorus absorption using phosphate binders.   

       III. Diet: Restricting dietary phosphorus intake. 

               Dialysis is primarily used as a treatment option for the kidney failure patients 

who have other CKD complications. Dialysis removes waste products, and excess fluids 

and mineral that are usually removed by the kidneys. [84] However, conventional dialysis 

treatment can remove only a fraction of excess body phosphorus from the standard diet. 

https://www.sciencedirect.com/topics/medicine-and-dentistry/renal-replacement-therapy
https://www.sciencedirect.com/topics/medicine-and-dentistry/renal-replacement-therapy
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A dietary phosphorus consumption of 1,300 mg/day with a net absorption of 900 mg/day, 

and a mild demineralization of bone contributing an additional 50 mg/day of phosphorus 

provides an approximate phosphorus burden of 950 mg/day (6,650 mg/week) (Fig-1.1). 

Standard maintenance hemodialysis (4 hours, three times per week) removes on average 

700-900 mg of phosphorus per session, amounting to a weekly phosphorus removal of 

only about 2,100-2,700 mg, leaving a large phosphorus excess. [85]  

To aid in the management of hyperphosphatemia, use of phosphate binders is 

common, with more than 95% of patients undergoing dialysis with hyperphosphatemia 

being prescribed phosphate binders. [81] These drugs work by forming insoluble 

complexes with dietary and intestinal phosphorus that cannot be absorbed. [82] Despite 

their efficacy in managing hyperphosphatemia, several issues like high pill burden, and 

frequent gastrointestinal side effects often lead to poor patient adherence. [83] Besides, use 

of phosphate binders may incur extra cost for patients, and the healthcare system. [86] 

Importantly, even when combined with dialysis, phosphate binders cannot remove 

enough phosphorus to prevent hyperphosphatemia in most patients. [87]  

Given the insufficiency of dialysis and drugs, restricting dietary phosphorus is a 

widely used strategy for managing hyperphosphatemia in CKD. [81] The Kidney Disease 

Outcomes Quality Initiative (KDOQI) Clinical Practice Guideline for Nutrition: 2020 

Update recommend adjusting dietary phosphorus intake to maintain serum phosphate 

levels in the normal range. [88] Although there is a general consensus that dietary 

phosphorus restriction is an appropriate strategy for managing hyperphosphatemia in 

CKD patients, there is much debate in how this should be accomplished.  The following 
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section will describe the dietary sources of phosphorus and dietary management of 

hyperphosphatemia in patients with CKD, and the associated problems.  

3. Dietary management of hyperphosphatemia in CKD  

3.1 Dietary sources of phosphorus 

Diet is the primary source of phosphorus intake. It then follows that, in patients 

with CKD, dietary phosphorus is the predominant reason of developing 

hyperphosphatemia with an important potential to prevent and treat this condition. [89] 

Since phosphorus exists essentially in all living organisms, it is commonly found in most 

foods. [90] There are mainly two types of phosphorus present in the diet: 1) Organic 

phosphorus and 2) Inorganic phosphorus.  

1. Organic phosphorus:  Organic phosphorus is bound to carbon-containing 

molecules.[91] This type of phosphorus is present both in animal and plant-based foods but 

differ considerably in the form. (Fig-1.2) [90] 

a. Animal-based foods: In a non-vegetarian Western diet, more than one-half of 

dietary phosphorus comes from animal-based protein foods (meat, poultry, fish, eggs), 

and dairy products. [91] In these foods, phosphorus is present mainly bound to 

macronutrients such as protein and lipids. In general, organic phosphorus from animal 

foods are about 60% bioavailable. [90]  
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Figure 1.2. Phosphorus content (mg/100 kcal) of animal and plant-based foods in 

different food groups. 

 
Note: Figure adapted from St-Jules et al (2017) [93] 

b. Plant-based foods: In plants, phosphorus is mainly present in nuts, seeds, 

beans, legumes and grains, and fruits and vegetables contain only small amounts of 

phosphorus. [90] Unlike animal-based phosphorus, phosphorus in plants foods is mostly 
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found in the form of phytic acid or phytate. [91], [92] Generally, plant-based phosphorus is 

thought to be less bioavailable than animal-based phosphorus (< 40% bioavailability). [94] 

2. Inorganic phosphorus: In contrast to organic phosphorus, inorganic 

phosphorus is found as free phosphate. Although inorganic phosphorus occurs naturally 

in food, the major source in the diet is from food additives that are used in a wide range 

of processed foods (Table 1.2). [95-97] Phosphorus additives serve a variety of useful 

functions in processed foods such as increasing shelf life, enhancing color and flavor, 

emulsifying, and acid-base buffering to name a few. [95], [97] Some common sources of 

phosphorus-containing food additives include dark colas, enhanced meats, frozen meals, 

cereals, snack bars, processed or spreadable cheeses, instant food products, and 

refrigerated bakery products. [89] Generally, inorganic phosphorus has higher 

bioavailability (70%-80% bioavailability) as compared to organic phosphorus present in 

natural foods, though the exact bioavailability is controversial. [89], [90] Because 

phosphorus from food additives has higher bioavailability, the contribution of phosphorus 

from food additives is disproportionately higher than phosphorus naturally present in 

foods. [89]  
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Table 1.2. Commonly used phosphorus additives used in the food industry, their 

purposes and food sources.  

Phosphorus 

additives 

Alternative/chemical 

names 

Purposes Food sources 

Disodium 

phosphate 

Disodium hydrogen 

phosphate, Sodium 

phosphate dibasic. 

Emulsifier, 

flavor enhancer 

and preservative. 

Breakfast cereals, 

condensed milk, 

cream, evaporated 

milk, gelatin and 

processed cheese. 

Monosodium 

phosphate 

Monobasic sodium 

phosphate, Sodium 

hydrogen phosphate. 

Buffering agent 

and emulsifier 

Cola beverages and 

dry powder 

beverages. 

Phosphoric acid 
Orthophosphoric acid 

or Phosphoric (V) 

acid. 

Buffering agent 

and flavoring 

agent. 

Cola beverages, 

carbonated 

and noncarbonated 

beverages. 

Sodium 

tripolyphosphate 

Sodium 

tripolyphosphate, 

Tripolyphosphate. 

Buffering agent, 

texturizer, 

preservative and 

flavoring agent. 

Meat products, 

seafood, poultry, 

vegetable proteins, 

processed cheese and 

table syrups. 

Tetrasodium 

pyrophosphate 

Sodium 

pyrophosphate, 

Tetrasodium 

phosphate. 

Buffering agent, 

dispersing agent, 

emulsifier, and 

color stabilizer. 

Processed meats, 

poultry, seafood, 

processed cheese and 

frozen desserts. 

Trisodium 

phosphate 

Sodium phosphate 

tribasic, Trisodium 

monophosphate. 

Emulsifier and 

preservative 

Processed cheese, 

cheese-based 

products and 

breakfast cereals. 

Dicalcium 

phosphate 

Dibasic calcium 

phosphate, Mono 

hydrogen phosphate.  

Calcium and 

phosphorus 

supplementation, 

dough 

conditioner. 

Bakery mixes, 

cereals, dry powder 

beverages, flour, 

food bars, milk-based 

beverages. 
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Tricalcium 

phosphate 

Tribasic calcium 

phosphate, Bone 

phosphate of lime. 

Flavoring agent 

and anti-caking 

agent. 

Soup mixes, salad 

dressings, juice 

powders, processed 

cheese and yogurt. 
Note: Table is adapted from Kalantar-Zadeh et al (2010) [89], De Fornasari et al (2017) [99] and National 

Center for Biotechnology Information. [100] 

 

As discussed, different dietary sources of phosphorus have different 

bioavailability, indicating all dietary sources of phosphorus are not equal in contributing 

hyperphosphatemia, an issue for dietary management of hyperphosphatemia. Together 

with a detailed discussion on how bioavailability is an issue, other issues associated with 

it are discussed in next sub-section. 

3.2 Complications associated with dietary management of hyperphosphatemia 

As mentioned earlier, the optimal dietary strategy for managing 

hyperphosphatemia is currently being debated and recent research has provided greater 

insight into the factors affecting dietary phosphorus exposure. These factors include 

bioavailability of phosphorus from different dietary sources, and the effects of food 

processing and preparation (e.g., use of phosphorus additives and demineralization or 

cooking loss techniques).  

               First, the bioavailability of phosphorus needs to be taken into consideration, not 

only the phosphorus contents of food alone. Bioavailability of a nutrient is the fraction of 

the total amount of nutrient consumed that is digested and absorbed into the body, and 

available for use. [101] As plant-based protein foods contain phosphorus in the form of 

phytate, and humans lack the enzyme phytase for digesting phytate, leading to low 

digestibility. Therefore, even if the total phosphorus content of some plant foods is high, 

the amount that is absorbed into the body may be relatively low. In contrast, as humans 
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have several enzymes for digesting phosphorus bound to macronutrients (e.g., 

phosphatases), animal-based foods have higher phosphorus bioavailability. Unlike 

organic phosphorus, inorganic phosphorus is usually in the form of mineral salt 

complexes that readily disassociate in water. As a result, inorganic phosphorus is more 

readily absorbed in the intestinal tract and has the highest bioavailability, limited only by 

absorption. [89]  

Second, food processing and preparation can add or remove phosphorus from 

foods, dramatically altering the amount of phosphorus in foods away from that which is 

naturally found. Of these, most attention in the field has been on the addition of 

phosphorus from food additives, which are widely used and highly bioavailable. 

Phosphorus additives create problem in two ways- 

1) Phosphorus additives are difficult to quantify because phosphorus is not 

considered a nutrient of public health importance like sodium or saturated fat, and 

therefore, the amount of phosphorus is not required to be reported on the nutrition facts 

panel of packaged food. As a result, phosphorus additives are also often unaccounted for 

in food composition databases. Although phosphorus additives can usually be identified 

on the ingredients list by the term “Phos-”(Table 1.2), the amount present in foods can 

vary considerably. In addition, some processed foods do not include ingredient lists (e.g., 

enhanced meats), and some phosphorus additives are presented with generic names (e.g., 

modified food starch). [102] Therefore, it is difficult for the patients with CKD to identify 

phosphorus additives and keep away from it accordingly. 
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2) The amount of added phosphorus can be substantial, causing low phosphorus 

foods to become high phosphorus foods. In one study, the phosphorus content of 

processed foods with phosphorus-containing food additives was three-fold higher than 

the unprocessed counterparts. [103] Similarly, another study comparing the phosphorus 

content of similar food items with and without additives showed that both total and 

soluble phosphorus content were 56% and 64% greater, respectively in the foods 

containing phosphate additives. [104] This problem seems to be more worrisome in 

patients with CKD living in low-income communities, as they tend to be more dependent 

on low-priced processed foods. [105] 

In addition to the effects of food processing, certain wet cooking methods such as 

boiling, and steaming can remove phosphorus from foods by leaching it into the cooking 

solution in a process called demineralization. [106-111] A number of studies were conducted 

to investigate the effectiveness of demineralization. Ando et al showed that up to 70% 

phosphorus reduction is possible by cooking beef for 30 minutes. [112] In another study, 

researchers comparing different cooking methods (boiling in water, steaming, stewing in 

oil or water, or roasting) found soluble (free) phosphorus reductions were 27% to 43% 

for fresh and frozen vegetables, 10% to 49% for meat, 7% for pasta, and 23% for rice on 

a dry weight basis. [113] Although demineralization can remove large amounts of 

phosphorus, it has several potential limitations and drawbacks as a phosphorus-lowering 

strategy. Demineralization can be time consuming, and may not be applicable for, or can 

reduce the palatability of many high-phosphorus foods (e.g., dairy products. and peanut 

butter). In addition, other water-soluble nutrients that may be beneficial for patients (e.g., 

iron) can also be eliminated by these processes. [94], [114] 
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The problems discussed above are important sources of inconsistencies observed 

in the dietary guidance for lowering phosphorus intake in patients with CKD. The 

traditional low phosphorus diet did not take into consideration these issues, which is the 

principal reason for the arising discrepancies in the dietary advice for CKD patients. An 

overview of low phosphorus dietary advice for patients with CKD and associated 

controversies are presented in Table 1.3. 

Table 1.3. Summary of low phosphorus dietary strategies for patients with CKD and 

associated controversies.[8], [79], [80] 

Strategy Rationale Considerations and Controversies 

Avoid processed 

foods with 

phosphorus 

additives 

1. Contains additional 

phosphorus. 

2. Bioavailability is 

approximately 70%-80%. 

1. Difficult to detect and avoid.  

2. Low phosphorus foods become 

high phosphorus foods.  

 

Avoid whole 

grains 

Refining grains removes 

most of the phosphorus. 

1. Whole grains contain plant-based 

phosphorus which is <40% 

bioavailable. 

2. Whole grains are important source 

of nutrients (e.g., fiber, magnesium). 

Avoid animal-

based protein 

foods 

Animal-based protein 

foods are rich sources of 

phosphorus. 

1. Animal proteins are an important 

source of nutrients (e.g., protein, 

omega-3 fatty acids, iron, zinc).  

Avoid dairy 

products 

Dairy products are rich 

sources of phosphorus. 

1. Dairy products are important 

sources of nutrients (e.g., protein, 

calcium, vitamin D). 
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Avoid plant-

based protein 

foods 

Plant-based protein foods 

are rich sources of 

phosphorus. 

1. Plant phosphorus is <40% 

bioavailable. 

2. Plant-based protein foods are an 

important source of nutrients (e.g., 

fiber, magnesium).  

 

Follow 

Demineralization 

Demineralization or 

cooking loss may help 

reducing phosphorus. 

1. Demineralization may remove 

other important nutrients along with 

phosphorus.  

2. Not applicable for all foods (e.g., 

dairy products, peanut butter). 

3. May causes the foods to become 

less palatable and less attractive.  

4. Requires meals prepared from 

scratch, which takes time, skills and 

resources that may not be available.   

 

The presence of inconsistent and conflicting dietary advice for managing 

hyperphosphatemia in CKD patients has been identified in patient handouts from 

Canadian healthcare organizations. [115] However, online search engines and social media 

websites are a easily accessible source of healthcare information for many CKD patients. 

These online sources share information on phosphorus-specific diet therapy for CKD 

patients. The role of various search engines and social media websites in the field of 

CKD healthcare, specifically on disease management and their potential disadvantages 

are discussed in the next section. 
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4. Role of online resources in dietary management of 

hyperphosphatemia 

4.1 Utilization of the online resources 

The 21st century has been called the era of Internet, and aligned with that, the 

Internet has become one of the most important means of securing health and medical 

information for people all over the world. [116] Approximately 80% of Americans use 

Internet search engines to explore online resources that contain information about their 

disease, treatment strategies, and alternatives on their own. [117] Along with this, Internet-

based websites are an important source of information for the disease management of 

people with CKD. [118] Several research studies have shown that Internet use among 

people with CKD has increased significantly in the past decade, [118-120] and many people 

with CKD rely on the online websites for information related to care [118], including up to 

58% of people with kidney failure undergoing dialysis treatment. [121] In addition to 

patients, the Internet has become an important resource for health care professionals to 

inform treatment decisions. [116] 

Google, Yahoo!, Bing, Baidu and Ask.com are some of the popular and effective 

search engines worldwide in assisting health professionals, and lay users to get health and 

medical information. [116] According to comScore 2013, Google, Yahoo and Bing are the 

top-tier search engines because they have been the preeminent three search providers in 

the United States, possessing over 95% of search traffic. [122] Market shares of the 

Internet search engines is the primary indicator of popularity and use. (Fig-1.3)  
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Figure 1.3. Pie chart of search engine market share (2016). [122] 

 

 

Google accounts for about two-thirds of the Internet searches in the United States, 

and this amount appears to be growing. [116], [123] Google is highly rated on ease of use, 

coverage, speed, and reliability. Research studies indicated that over 80% of first visits 

come from web search and of these visits, more than 76% are for Google's Search 

Worldwide because of its advantages. [124], [125] Another important feature of Google is 

that it provides country-based versions of its website, which enables region-specific 

searching for healthcare purposes. [126] 

Consistent with these advantages and popularity, it is evident from several 

research studies that Google is the top priority search engine in collecting healthcare 

information by the patients with CKD. [118], [126] To identify the internet search trends data 
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as a unique resource for monitoring online health information-seeking behavior, one 

recent study investigated the global public interests on CKD information using Google. 

[126] In a cross-sectional study investigating the patterns of Internet use by parents of 

children with CKD, Google websites were the first choice for collecting information 

regarding their disease. [127] Besides, studies focusing on the evaluation of contents and 

quality of the CKD healthcare information in websites, researchers chose Google 

websites as the first priority search engine. [118]      

Undoubtedly, Google is the most popular search engine over others, but there are 

few others that are popular as well. Yahoo is a well-known search engine and was ranked 

2nd based on market share before Bing entered the search engine market. Yahoo is one of 

the pioneering search engines, and is still popular for its quick results and high coverage.  

However, since Yahoo was launched prior to Bing, many online users are more familiar 

and accustomed to use Yahoo search engine for information, despite it being ranked 

below Bing. [125] Like Google, Yahoo is another preferred search engine in the online-

based research on patients with CKD. [118], [128] 

Together with internet-based search engines, social media websites equally 

become a well-known stockpile of health information, including for people with CKD. 

[129] Since the advent of social media in 2004, a rising percentage of patients all over the 

world use this technology for health-related purposes. Social media offers a platform 

where people can easily access medical information from sources ranging from 

healthcare professionals to laypersons conveying personal experiences of health and 

illness. [130] As many people spend significant number of hours on social media, the 
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healthcare field has embraced it and includes it into several current health care strategies. 

[130] In fact, over 80% of State health departments in the United States contain social 

media accounts in the purpose of helping patients through social media. [131]  

The use of social media by patients with CKD for disease management 

information and peer support is increasing. [132] People with CKD are often motivated 

towards self-management and note the value of other patient’s personal opinions and 

experiences on their health. [132] In these cases, social media websites are often the first 

choice for CKD patients actively using social media websites. Indeed, research suggests 

that approximately 75% of health decisions made by patients were influenced from the 

information they collected through their own research from social media websites. [133] 

Of different social media websites, Facebook is the most popular, highly accepted 

and more reliably used social media networking site throughout the world. A revolution 

appeared in Facebook usage after 2010 when Facebook users exceeded one billion people 

worldwide, a number that reflects one-eighth of the world’s population. It is the most 

popular social media website in the United States where approximately seven-in-ten 

adults (⁓69%) reported their use of Facebook for healthcare purposes. [134], [135]  

Several studies have used Facebook in research involving CKD populations. [136], 

[137] In one study, Facebook was used to recruit kidney transplant recipients, and was 

found to be a cheaper option compared to traditional methods. [136] In other studies, 

people with CKD have reported that their information needs were better met through 

Facebook than through healthcare professionals own social media platforms. [137], [138] Of 

interest, diet was one of the major kinds of information that people with CKD reported 
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seeking through Facebook. [139] Facebook has also been found to be an effective medium 

for educating people with CKD. [134], [140] However, like many other technology-based 

tools, online resources available in the Internet search engines and social media websites 

have numerous disadvantages (Table 1.4).  

4.2 Disadvantages of the online resources 

Although Internet search engines have been widely promoted as potential sources 

of educational resources for patients with CKD, several studies have found that the 

quality of online information is often less than ideal. For instance, websites rarely provide 

the sources or strength of evidence. As an example, the National Kidney Disease 

Education Program (NKDEP) websites are well-recognized public websites that offer 

reliable information for people with CKD and healthcare providers. However, in one 

online resource-based study exploring the quality of online resources, websites of 

NKDEP were not included in the top-ranked websites based on DISCERN scores due to 

the lack of clear source of information presented, dates of the source of information, and 

discussions about areas of uncertainty. [128] Because websites are rarely updated, online 

information may not be based on the most current evidence and can become outdated in 

rapidly evolving fields. These issues can lead to severe inconsistencies and contradictions 

in the information provided for CKD patients, particularly as many websites obtain 

information from older websites. [141], [142] Misinformation can have serious consequences 

like worsening of disease condition or even death, especially in younger and newer 

patients who are less familiar with CKD. [140] [143] 



 27 
 

 

Another issue associated with Internet websites is that the information provided 

may not align with the information needs identified by people with CKD, resulting in 

knowledge gaps in self-management. It was estimated that less than 30% of the content 

that patients identified as important for CKD self-management, including dietary 

information, were available in online sources. [117] For example, it was found that many 

websites did not offer sufficient information or referred to other sources to instruct 

patients on how to cope with life on dialysis. These findings indicate that many of the 

current CKD websites offer insufficient utility or benefit to serve as effective educational 

resources for people with CKD. [117]  

Social media may actually be a greater source of misinformation online. [134], [138], 

[139] The authors sharing medical information on social media sites are often unknown, 

unreferenced, or identified by insufficient information. In addition, while evidence-based 

medicine discourages anecdotal reports, social media resources tend to encourage them 

based on individual patient experiences for overall medical knowledge in specific health 

concern. As anyone with access to social media can share healthcare advice or 

recommend treatments for dealing with health conditions, there is an obvious potential to 

spread wrong and self-believed ideas in social media resources. [144] For example, 

unverified health advice shared on Twitter misguided Nigerians to drink excessive 

amounts of salt water to fight against Ebola, which resulted in 12 hospitalizations and 

two deaths. [144], [145] Though similar consequences of dietary misinformation for people 

with CKD have not been linked traced to social media, the example of Ebola anecdote 

indicates that social media could be an important source of distributing misinformation 

on CKD as well. 
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The inconsistency of information shared via the resources in social media 

networks poses another significant challenge. People with CKD using social media 

websites reported facing inconsistent information despite an expectation for unambiguous 

information and guidance from the resources shared by healthcare professionals. [138] The 

consequences of inaccurate and inconsistent information on social media are exacerbated 

by the fact that information can be distributed rapidly and broadly compared to other 

online platforms. [145] 

Table 1.4. Disadvantages of online resources with examples and potential impact. [128-145] 

Disadvantages 

of online 

resources 

Example Potential impact 

Low quality 

information 

1. Unspecified source, author 

and date for published 

information. 

2. Healthcare information not 

based on most current evidence. 

3. Wrong and misleading 

healthcare information without 

any evidence. 

1. Misinformation, confusion and 

skepticism about health advice in 

general. 

2. Produce inconsistent and 

conflicting information. 

3. Leads to worsening of disease 

condition or death. 

Content gaps 

Webpages containing 

insufficient healthcare 

information. 

Fails to meet patient’s 

information needs. 

Limited 

accessibility 

Limited access for information 

for patients.  

Poor reliability and 

dissatisfaction.  

Spreading of 

information 

Spreading of inaccurate 

information. 

Confusion among mass people. 
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5. Prior research and the knowledge gap 

Since online resources are a major growing source of health information for 

patients with CKD and the healthcare professionals; it warrants study. Prior research has 

focused on the content and quality of online resources, and their potential use to promote 

kidney disease education (discussed in Section 4). However, research on dietary advice 

for phosphate-specific diet therapy is very limited.  

A recent study evaluated patient handouts from Canadian healthcare and renal 

program websites focusing low phosphorus diets in CKD patients. The preliminary 

findings from this study suggested that inconsistencies are a major problem. [115] These 

inconsistencies appear to be impacting clinical practice. A cross-sectional survey of 187 

renal dietitians found that dietary advice on phosphorus-based food restriction was 

inconsistent, and many dietitians reported low confidence in explaining what makes a 

low phosphorus diet. [146]  

Undeniably, the inconsistent and conflicting dietary information for managing 

hyperphosphatemia is detrimental for the patients with CKD. Simultaneously, it raises 

doubt on the expertise of the caregivers and the quality and reliability of the healthcare 

providers. All of these serious issues urge the necessity of conducting research on it.  

6. Purpose of this research 

The purpose of this research is to summarize and evaluate the available online 

resources on dietary management of hyperphosphatemia to generate novel data on the 

extent of inconsistencies present in the dietary advice for people with CKD.  
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Chapter 2: Research study

A systematic review of online resources on dietary management of 

hyperphosphatemia in people with chronic kidney disease (CKD)
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Introduction

People with chronic kidney disease (CKD) are at increased risk of cardiovascular 

disease (CVD), which is also the leading cause of death in this population. [1] One of the 

major CKD-specific factors driving the increased CVD risk in people with CKD is 

alterations in phosphorus metabolism, notably hyperphosphatemia [2], [3] In order to 

manage hyperphosphatemia, the Kidney Disease Outcomes Quality Initiative (KDOQI)

Clinical Practice Guideline for Nutrition in CKD: 2020 Update recommend lowering

dietary phosphorus intake (1B). [4] However, specific dietary advice is limited to 

suggesting that treatment be individualized and take into account the differences in 

bioavailability of phosphorus by source. [4] Unfortunately, the field of renal nutrition is 

undergoing a paradigm shift [5], and renal dietitians appear to disagree on what should 

and should not be included in a low-phosphorus diet. [6], [7]

The Internet has become a key source of health information, dramatically 

increasing in use by the kidney disease community over the last decade. [8] Although 

search engines dominate online activity, social media websites have become a major

platform where people can share and access health information. [9], [10] The benefits (and 

harms) of online resources to healthcare providers and patients depend on the accuracy of 

information, which is not safeguarded by peer review.  

In the case of phosphate-specific diet therapy, the lack of specific advice in 

clinical practice guidelines, and consensus among renal dietitians presents an obvious 

potential for major inconsistencies and inaccuracies in information online. While 
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inaccurate information can lead to direct harm, the harm from inconsistencies can be

more insidious and far reaching, as inconsistent advice from reputable sources has the 

potential overwhelm, frustrate and demotivate patients, and cause them to question the 

merits and value of nutrition therapy. [5] Preliminary research based on Canadian 

healthcare websites suggests that advice for managing hyperphosphatemia is primarily 

focused on restrictions and is not entirely consistent across sources. [7] Given the 

homogeneity of the online sources in this study, it is likely that overall Internet sources 

are even more inconsistent. However, no previous study systematically evaluated online 

advice for phosphate-specific diet therapy. Therefore, the aim of this study is to 

summarize and evaluate the available online resources focused on dietary management of 

hyperphosphatemia in CKD patients.

Methods

Search strategy

Online resources were collected from the Google and Yahoo search engines and 

from the Facebook social media website. The first 100 hits were reviewed from nine

independent searches. Search terms included combinations of “DIET” and 

“PHSOPHORUS” with: 1) “HYPERPHOSPHATEMIA”, 2) “HIGH BLOOD 

PHOSPHORUS”, “KIDNEY DISEASE”, “RENAL DISEASE”, “DIALYSIS”, 

“KIDNEY FAILURE”, “CHRONIC KIDNEY DISEASE”, “LOW” and 

“RESTRICTION”. Webpages were obtained over a two-week period from June to July

2021. In order to avoid the built-in algorithmic effects of Google, Yahoo and Facebook
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searches, the browsing history was erased by clearing browsing data and history, deleting 

cookies and cached files, and signing out of the platforms.

Inclusion and exclusion criteria 

Online resources containing advice on phosphate-specific diet therapy were 

included for review. Resources that were unrelated (e.g., targeting animal), not patient-

facing (e.g., research studies), or in languages other than English were excluded. 

Resources were examined independently and reviewed by two investigators for inclusion

(MB, DES), and discrepancies were resolved by consensus. 

Data extraction

Dietary advice was categorized according to food types, food groups, food sub-

groups, and individual food items, as available and appropriate based on the level of 

detail provided in each resource. For each category, advice was classified as either 

recommended, restricted, or not mentioned. When conflicting advice were found within 

food categories from the same resource, the advice was considered mixed, and noted as 

both recommended and restricted. Findings for higher-level categories were incorporated 

from lower-level categories findings. For example, if meat was recommended in a 

resource, it was also categorized as a recommendation for animal-based protein foods. 

Any advice related food preparation methods (i. e., demineralization), phosphorus intake 

and bioavailability were also collected.

In addition to dietary guidance, publication information, including author 

credentials, website source, and date of publication or latest review were obtained. 
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Resources found in first 10 hits for each search term were considered as the most popular 

resources in Google and Yahoo, and number of “views” and “Likes” were considered as 

the indicator of popularity for the Facebook resources. 

Statistical analysis 

All statistical analysis were performed using SAS software, version 9.4

(SAS Institute Inc. 2013, Cary, NC) for Windows. Normality of continuous variables was 

assessed using the Shapiro-Wilk test and frequency distribution graphs, and the results 

were expressed as mean ± standard deviation for normally distributed continuous 

variables, and as median and interquartile range for non-normally distributed continuous 

variables. For categorical variables, values were presented as frequency (n/N) and 

percentages. Univariate associations between variables were assessed using Wilcoxon 

rank sum test, and Chi-square tests, as appropriate. Because of significant overlap in 

webpages, searches from Google and Yahoo were collapsed into one search engine 

group.

Results 

Collected resources

Of the initial 1,800 resources obtained from search engine searches, 566 (31%)

independent resources were available for analyses after removing duplicates (n=1,077

(60%)). Of 566 independent resources, after further excluding resources that were 

inaccessible (n=3 (0.5%)), not patient-facing (n=248 (44%)), and unrelated (n=116

(20%)), 199 (35%) unique resources were available for final review. (Fig-2.1a) In the 

initial search, 184 resources were obtained from Facebook. After removing duplicates 
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(n=31 (17%)), 153 (83%) independent resources were identified, of which 120 (78%)

were excluded for being irrelevant, leaving 33 (22%) resources for review. (Fig-2.1b)

From search engines

Dietary Advice

Dietary advice was primarily focused on restricting high-phosphorus foods rather 

than recommending low-phosphorus foods.  Overall, roughly two-thirds (66%) of 

resources included lists of high-phosphorus foods to restrict compared to only 42% 

having lists of low-phosphorus foods to consume (Table 2.1). Of different food types, 

processed foods were highly restricted (53%) (Fig-2.2). For the major food groups and 

subgroups, the majority of resources suggested restricting dairy products (91%), animal-

based and plant-based protein foods (81% and 71% respectively) and grain products 

(60%) (Fig-2.3). Though they were rarely mentioned, fruits and vegetables were more 

likely to be recommended than restricted. Only 16 resources (8%) in search engines 

mentioned the demineralization as a strategy for reducing phosphorus intake (Table 2.1).

Among dairy products, low-fat foods were the most common target for restriction 

(82%) with milk being the most highly restricted food item in this food group (70%)

(Fig-2.4). Unlike fluid milk, plant-based alternatives such as soymilk were rarely 

mentioned (35%) and were more likely to be recommended than restricted. Noticeable 

mixed dietary advice was found for the cheeses (6%) with soft cheese being more likely 

to be restricted than hard cheese (50% vs 9%, respectively). 

Animal- and plant-based protein foods were both targets for restriction. Of 

animal-based protein foods, meat and poultry products (52%), seafood (60%), and 
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processed meat products (53%) were often restricted. Recommendations for eggs were 

rarely mentioned, and advice was notably mixed, as many resources promoted egg whites

(13/199 (7%)). Plant-based protein foods were commonly restricted as a group, with 

similar proportions for legumes (68%), and nuts and seeds (68%).

Advice for grain products tended to encourage restricting whole grains (60%), and 

consuming refined grains (30%). However, many of the resources did not distinguish 

between whole and refined grains (30%). Of whole grain products, bran cereal (48%) was 

the food item most commonly restricted.

Recommendations and Bioavailability

Dietary phosphorus intake (mg/day) was suggested in 39 (20%) resources (Table 

2.1). Bioavailability of phosphorus was also an important consideration in providing 

dietary advice in many of the resources. 32 (16%) of resources mentioned bioavailability 

of phosphorus for different food sources (plant = 45%, animal = 63%) and phosphorus 

additives (99%). However, bioavailability was specified for specific plant and animal-

based proteins, dairy and phosphorus additives in many resources (Fig-2.5)

Source Information

Most of the resources came from websites (39%) and healthcare providers (29%), 

followed by non-government healthcare organizations (22%) and government healthcare 

organizations (4%). The vast majority of content were in the form of webpages and 

handouts (85%). Of all the resources collected from search engines, most popular were 

from healthcare providers, government and non-government healthcare organizations 
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based on which resources from different publication sources were included in first ten 

finally reviewed resources for each search terms (Table 2.2).

Registered dietitians were the leading authors (65%) of the resources in search 

engines though medical doctors authored a significant proportion of resources as well 

(31%). Authors were not specified in many of the resources (Table 2.1). 

In comparative analysis, statistically significant results were obtained for authors 

providing dietary advice on processed foods and additives and advice on 

demineralization in search engines resources. 84% of registered dietitians suggested 

avoiding processed and additive-based foods and 56% by medical doctors, (P-value =

0.003). 12% of resources authored by registered dietitians suggested demineralization vs 

none of the handouts by medical doctors (P-value = 0.04).

From social media

The findings from the search of Facebook resources were broadly similar to the 

results from the search engines. A significant proportion of resources suggested 

restricting dairy products (70%), animal-based and plant-based protein foods (48% and 

55%, respectively) and grain products (45%). (Supplementary Fig-1) In Facebook, non-

government organizations (30%) and other sources like vlogs (42%) were the 

predominant sources. (Table 2.1) whereas all of the resources in Facebook were short 

videos (100%). (Table-2.1) However, in Facebook, medical doctors (57%) were the 

leading authors or the presenters in the short videos and registered dietitians covered a 

significant proportion (36%).
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Discussion 

This study provides a useful reference for defining phosphate-specific diet 

therapy, an issue of considerable debate in kidney nutrition. Overall, the findings suggest 

that people searching online would primarily encounter advice to restrict high-

phosphorus foods, as well as processed foods containing phosphorus additives. Although 

restrictions for food groups and sub-groups overlapped considerably, there were notable

inconsistencies, even though most resources reported being developed by registered 

dietitians and medical doctors, and often on behalf of reputable government and non-

government healthcare organizations and providers. Considered together, the low-

phosphorus diet appears to be highly restrictive, which could have important practical 

and nutritional consequences. In general, search engine resources tended to have more 

information than Facebook resources, which may be explained by the fact that most of 

the search engine resources were handouts /webpages that have more room to explain the 

dietary advice compared to short video formats in the Facebook. 

Recently, a study evaluating low-phosphorus dietary advice from Canadian 

healthcare websites was published. [7] Similar to our findings, dietary advice focused on

restricting phosphorus additive-based processed foods, whole grains, dairy products and 

processed meats, and included notable inconsistencies. [7] These issues appear to be 

mirrored in clinical practice. A cross-sectional study of 187 renal dietitians found that 

over half of the renal dietitians were more likely frequent in restricting inorganic 

phosphate-based foods than foods with organic phosphorus while many of them were not 

confident enough explaining what makes a low phosphorus diet. [6]
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Most, but not all resources, recommended restricting plant-based protein foods 

and whole grains. The extent to which high-phosphorus plant foods were targeted was 

somewhat unexpected, as this conforms with more traditional concepts of the low-

phosphorus diet and does not reflect the growing push for dietary liberalization, and the 

promotion of a whole food, plant-rich dietary pattern in this population. One of the main 

factors influencing this shift was the recognition that the majority of phosphorus in plant-

based protein foods and whole grains is part of the storage compound phytate, which 

cannot be broken down by human digestive enzymes (i.e., lack phytase). [11] Although 

this issue was first introduced nearly two decades ago, it gained considerable traction

after a landmark controlled feeding study by Moe et al. (2011) [12] provided the proof-of-

concept. More recently, in free-living adults undergoing hemodialysis treatment, a pre-

post clinical trial showed that daily consumption of almonds for four weeks was safe, 

effective, and well tolerated with no significant changes in the serum phosphorus level. 

[13] Plant-based foods are rich in dietary fibers along with other important nutrients and 

significant restriction can negatively impact CKD patients.

Generally, risk of hyperphosphatemia is higher in kidney failure patients. Because 

most of these patients are on dialysis, and there is a concern about protein-energy 

wasting (PEW) in this population, attempts to restrict animal sources of phosphorus have 

often been met with resistance, as they are major sources of high biologic value protein. 

Historically, the major focus had been on limiting dairy products but offsetting this 

restriction with additional servings of animal-based protein foods. [14] Consistent with

historical dietary advice, dairy products were the highly restricted food group found in 

this study. However, animal-based protein foods were also common targets for restriction
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for managing hyperphosphatemia in people with CKD. When combined with restriction 

of plant-based protein foods, indicates a potential to reduce dietary balance, and therefore 

the nutritional adequacy of the diet. [6]

Processed foods containing phosphorus additives have become increasingly 

recognized as salient targets for reducing phosphorus intake without compromising diet 

quality based on their ubiquitous use, and relatively high bioavailability. Findings of this 

study showed that 53% resources targeted phosphorus additive-based processed foods for 

restriction. In contrast to restrictions on high-phosphorus animal and plant foods, which 

have not been studied in isolation for managing hyperphosphatemia, avoiding 

phosphorus additives have been demonstrated to lower serum phosphate levels in 

hemodialysis patients with persistent hyperphosphatemia, and without apparent negative 

effects on nutrition status.[15] [16] Although avoidance of phosphorus additives is arguably 

the most evidence-based for managing hyperphosphatemia, it is noteworthy that all 

resources reinforce the common myth that the inorganic phosphorus from food additives 

is almost completely absorbed into the body (90%-100% bioavailable). This inaccuracy 

stems from conflating digestibility with bioavailability. Although phosphorus additives 

are almost completely digested, the absorption of phosphorus is estimated to be about 

70%-80% and may be even lower in the CKD population due to lower calcitriols levels.

[17]

Demineralization or cooking loss has been shown to reduce the phosphorus 

content of foods substantially but was not often advised as a strategy in online resources. 

Several prior studies have reported phosphorus losses of up to 50%-70% from animal 
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foods while largely maintaining protein contents.[1] [18] However, one of the key concerns 

with demineralization is that other water-soluble nutrients could be removed along with 

phosphorus. [19] Moreover, this method may not be appropriate for all phosphorus-based 

foods such as peanut butter, milk and cheese, limiting its utility. [20]

This study provides an overall picture of phosphate-specific diet therapy online 

from two popular search engines, and the social media website, Facebook. Unfortunately, 

too few resources were available from Facebook to allow meaningful comparative 

analyses between these two sources of information. One of the main problems in 

attempting to summarize and interpret the findings was the fact that resources differed in 

the level of dietary advice provided (food types, food groups, food subgroups vs 

individual food items), and often provided mixed advice, precluding generalizations.  A 

major limitation of results was the fact that all resources was weighed equally, as it was 

not possible determine the relative popularity of websites.

Conclusion

This study summarized and explored the discrepancies in online resources 

providing dietary advice for managing hyperphosphatemia. Dietary guidance was 

primarily focused on restricting high-phosphorus foods than recommending low-

phosphorus foods. In addition, substantial inconsistencies were found between resources. 

The findings of this study indicate an urgent need to establish a consistent consensus 

regarding phosphate-specific diet therapy for people with CKD. This study will help raise 

awareness about the quality of online dietary information for CKD patients and their 

caregivers.
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Figure 2.1a. Flow chart of collecting resources from search engines (Google and Yahoo).
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Figure 2.1b. Flow chart of collecting resources from social media (Facebook).
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Figure 2.2. Dietary restrictions of food types in search engines and social media website.
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Figure 2.3. Dietary advice on key food groups and food sub-groups from search engines 

(Google and Yahoo).

Note: Low-fat dairy includes- fluid milk, yogurt and Greek yogurt. High-fat dairy 

includes- cream soups, sour cream, whipping cream, and milkshakes. Milk alternatives 

includes- almond, rice and soy beverages. Cheese-based dairy includes-Soft Cheese 

(Brie, Ricotta, Cottage, Cream cheese) and Hard cheese (edam, mozzarella, Parmesan, 

cheddar, Colby). 

Meat includes- beef, poultry, turkey and pork. Fish/Seafood includes- seafood, fish, 

canned fish and shellfish. Processed meat includes- processed meats, enhanced meats, 

chicken nuggets, hot dogs, sausages and bacon.

Whole grains include- whole grain bread, pasta and crackers, brown and wild rice, oats, 

granola, bulgur, cornbread, whole grain and bran cereal, rice cakes and popcorn. 

Refined grains include- white, French and Italian bread, white and unfortified rice, corn, 

rice and refined grain cereal, pancakes, waffles and pretzels. Unspecified grains include-

unspecified bread, quick bread, pasta, tortillas, biscuits, muffins and crackers.
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Figure 2.4. Dietary advice (highly restricted vs lower recommended) on individual food 

items from search engine resources.
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Figure 2.5. Bioavailability of phosphorus for different food sources in search engines 
resources.
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Table 2.1. Statistical analysis of variables of resources from search engines and social 

media on phosphate-specific diet therapy.

Variable Google and Yahoo Facebook

Value n Value n

Publication Date (days) 706 (IQR = 187-
1617) (7-4226)

133 572 (IQR = 397-
973) (113-4270)

33

Proposed cutoff for 
hyperphosphatemia (mg/dL) 

4.8 ± 0.5 40 5.5 1

Recommended Phosphorus 
(mg/d) 

1018 ± 187 39 963 ± 151 8

Phosphorus specific (n (%)) 107 (54) 199 18 (55) 33
Food List, Low-Phosphorus (n 
(%))

84 (42) 199 7 (21) 33

Food List, High-Phosphorus (n 
(%))

131 (66) 199 18 (55) 33

Publication Source (n (%)) 199 33
Government 8 (4) 0
Non-Government 

Organization
44 (22) 10 (30)

Healthcare Provider 57 (29) 2 (6)
Websites 77 (39)
Other 11 (6) 21 (64)

Publication Format (n (%)) 199 33
Webpage/Handouts 170 (85) -
PowerPoint 4 (2) -
Video 7 (4) 33 (100)
Other 18 (9) -

Author (n (%)) 103 - 14
Registered Dietitian 67 (65) 5 (36)
Medical Doctor 32 (31) 8 (57)
Other 4 (4) 1 (7)

Bioavailability (n (%)) 199 33
Bioavailability of phosphorus 32 (16)

Additives > Plant 24 (12) 1 (3)
Additives > Animal 22 (11) 1 (3)
Animal > Plant 12 (11) 2 (6)

Demineralization (n (%)) 16 (8) 199 5 (15) 33

Note: Values are presented as percentage (%) and mean ± SD for categorical and 
continuous variables, respectively.
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Table 2.2. Sources of resources found in the first 10 hits from search engines (Google 

and Yahoo).

Resource providers Organizations vs websites Frequency in first ten 
finally reviewed resources

DaVita Healthcare providers 4
NIDDK Government 3

American Kidney Fund (AKF) Non-government 3
NKF Non-government 2

My Health.Alberta.ca Government 1
Kidney Foundation Non-government 1

Mayo Clinic Healthcare providers 1
UNC Kidney Center Healthcare providers 1

Cleaveland Clinic Healthcare providers 1
Fresenius Kidney Care Healthcare providers 1

Medical News Today Website 1
Healthline Website 1

Nutrients Review.com Website 1
The Renal Tracker Website 1

Doctor’s Health Press.com Website 1
Healthy Kidney Inc.com Website 1
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Supplementary Table 1. Dietary advice on key food groups, sub-groups and food items 

from both search engine (Google and Yahoo) resources.

Food 
categories/Sub-
categories/Foo

d items

Dietary advice from search engines (Google + Yahoo)
resources (Total=199)

Recom
mended

Restrict
ed

Mixed 
advice

No 
advice

Recomme
nded %

Restric
ted %

Mixed 
%

Food types 2 84 0 113

1% 42% 0%

Processed food 0 105 0 94

Fast food 0 65 0 134
Canned food 0 19 0 180
Frozen meals 2 56 0 141
Restaurant foods 2 36 0 163

Dairy products 3 181 2 13 2% 91% 1%

Low Fat Dairy 
products

2 163 2 32

1% 82% 1%Milk (whole) 2 139 2 56
Yogurt 1 79 1 118
Greek yogurt 2 2 0 195

High Fat Dairy 
Products

11 126 4 58

6% 63% 2%

Cream cheese 31 1 1 166
Cream soup 1 28 2 168
Sour cream 14 2 0 183
Ice-cream 3 75 0 121
Custard/pudding 2 62 0 135
Butter/margarine 22 0 0 177
Whipping cream 5 0 0 194
Milk shake 1 13 0 185

Milk alternatives 37 22 11 129

19% 11% 6%
Soy milk 19 18 0 162
Almond milk 20 2 0 177
Rice milk 41 4 0 154

Cheese-based 
dairy

10 104 12 73
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Soft Cheese (Brie, 
Ricotta, Cottage, 
Cream cheese) 

21 100 0 78

5% 52% 6%

Hard cheese (edam, 
mozzarella, 
Parmesan, cheddar, 
Colby)

6 17 0 176

Animal protein 
food

29 103 3 64 15% 52% 2%

Meat-based 
protein

20 99 1 79

10% 50% 0%Beef 20 99 1 79
Poultry/chicken 27 62 1 109
Turkey 23 21 0 155
Pork 19 19 0 161

Egg-based 
protein

25 30 9 135

13% 15% 5%
Egg 24 30 0 145
No egg but egg 
white

12 0 0 187

Egg white only 1 0 0 198

Fish-based 
protein

12 119 5 63

6% 60% 3%Fish 15 104 0 80
Canned fish 1 51 0 147
Seafood 3 28 0 168
Shellfish 5 53 0 141

Organ meats 0 85 114 0% 43% 0%
Processed meat 
foods

2 106 7 83

1% 53% 4%
Processed Meats 1 104 0 94

Enhanced Meats 9 32 0 158

Chicken nugget 0 13 0 186

Hot dog/sausage 3 31 0 165

Bacon 0 16 0 183

PBPF (Plant 
based protein 
food)

6 141 10 42

3% 71% 5%
Beans/legumes 8 135 1 55
Nuts/seeds 6 136 4 55
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Tofu 5 13 0 181

P. additives 0 122 77 0% 61% 0%

Beverages
Beverages (With 
additives)

0 150 4 45

0% 75% 2%

Dark cola 0 141 0 58
Energy/sport drinks 0 22 0 177
Beer/ale 0 62 0 137
Wine 5 17 0 177
Cocoa/chocolate 
drinks

0 63 0 136

Chocolate milk 0 29 0 170
Canned iced tea 0 61 0 138
Fruit punch 0 20 0 179
Bottled water 0 16 0 183

Flavored drinks 1 40 0 158

Beverages 
(without 
additives)

75 5 1 118

38% 3% 0%

Light cola 51 1 0 147

Root beer 37 2 0 160

Ginger ale 23 4 0 172

Water 15 0 0 184

Coffee 25 0 0 174

Homemade tea 31 0 0 168

Hot apple cider 8 0 0 191

Lemonade 36 0 0 163
Fruit juice 19 0 0 180

Grains 6 119 4 70 3% 60% 2%

Whole grains 6 119 4 70

3% 60% 2%

Whole G 
Bread/Whole wheat 
bread

1 54 0 144

Oats 0 51 0 148
Whole grain pasta 1 22 0 176
Whole grain/bran 
cereal

1 96 0 102

Whole grain 
crackers

0 16 0 183
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Bulgar 6 6 0 187
Wild rice 0 22 0 177
Brown rice 2 37 0 160

Refined grains 59 9 1 130

30% 5% 0%

Corn/rice/refined 
wheat cereal

43 2 0 154

White/French/Italian 
bread

33 2 0 164

White pasta 23 1 0 175
Rice/white rice 34 0 0 165
Tortillas (Flour) 2 5 0 192
Refined grain 
crackers

17 2 0 180

Refined grain goods 8 0 0 191

Unspecified grain 
products
Macaroni 1 12 0 186
Pancake/waffles 1 41 0 157
Muffin 7 34 0 158
Pizza 2 21 0 176
Baked goods 0 39 0 160
Biscuits 4 32 0 163
Quick bread 3 20 0 176
Crackers 17 4 0 178
Cake 16 13 0 170
Cookies 11 8 0 180
Cornbread 0 16 0 183
Rice cake 8 1 0 190
Donut 3 5 0 191
Pasta 13 9 0 177

Fresh Fruits 48 3 146 2

24% 2% 1%

Apples 14 1 0 184
Berries 16 0 0 183
Grapes 12 0 0 187
Peaches 6 1 0 192
Apricots 4 1 0 194
Pineapple 8 0 0 191
Coconut 3 0 0 196
Lychee 1 1 0 197
Raisin 0 4 0 195
Dates 0 2 0 197
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Tamarind 0 1 0 198

Dried fruits 10 4 0 185

Fresh vegetables 47 14 130 8

24% 7% 4%

Salad dressings 2 3 0 194
Carrot 10 0 0 189
Brussels sprout 2 3 0 194
Green beans/wax 
beans

18 1 0 180

Avocado 0 7 0 192
Spinach 1 4 0 194
Green leafy 
vegetables

12 1 0 186

Cabbage 6 0 0 193
Cucumber 8 0 0 191
Eggplant 2 0 0 197
Okra 2 0 0 197
Sweet potato 2 4 0 193
Cauliflower 8 0 0 191
Radish 3 0 0 196
Turnip 2 1 0 196
Broccoli 4 7 0 188
Bell pepper 4 1 0 194
Arugula 2 0 0 197
Mushroom 1 13 0 185
Corn 6 7 0 186
Artichoke 1 3 0 195
Heart of palm 0 1 0 198
Lotus root 0 1 0 198
Asparagus 8 3 0 188
Pumpkin 3 4 0 192
Squash 5 1 0 193

Others
Jam 22 0 0 177
Jelly/gelatin dessert 16 2 0 181
Honey 17 0 0 182
Jell-o 13 6 0 180
Artificial sweeteners 1 1 0 197
Vinegar 2 0 0 197
Tahini 0 3 0 196
Mayonnaise 1 1 0 197
Soup/pea soups 1 6 0 192
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Broth soup 7 0 0 192
Snack products 0 4 0 195

Chocolate 0 62 0 137 0% 31% 0%
Preservatives 0 5 0 194
Caramel 1 22 0 176
Syrup 1 1 0 197
Yeast 2 11 0 186
Candy/treats/Jellybe
an

21 4 0 174

Fruit Snacks/fruit 
candy

0 13 0 186

Rice crisps 10 2 0 187
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Supplementary Figure 1. Dietary advice on key food groups, sub-groups from

Facebook resources. 
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