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Abstract 

Chronic kidney disease (CKD) is one of the leading causes of death in the United States 

and impacts around 15% of the population. The development and progression of CKD introduces 

the risk of developing CKD-mineral and bone disorder (CKD-MBD), which has been attributed 

to excess dietary phosphorus intake. As a result, this has led to people with CKD being advised 

to restrict whole grains and consume refined grains, which are lower in phosphorus. However, 

whole grains are generally recognized as being healthier, and there is no direct evidence linking 

whole grains to kidney decline or CKD-MBD. This dissertation will address three research 

questions: 1) to what extent does restricting whole grains lower phosphorus exposure in people 

with CKD; 2) what are the effects of whole grain consumption on CKD-MBD and mortality; and 

3) what are the perspectives of people with CKD regarding whole grains in their diet. Study 1 

(Chapter 2). The contribution of whole grains to phosphorus exposure and CKD-MBD was 

explored and analyzed through a narrative review. After evaluating known determinants of 

phosphorus exposure from grain products, three model diets were created based on the reported 

grain intake of the general U.S. population, and adjusting for the likely contribution of phosphate 

additives, as well as differences in phosphorus bioavailability: standard grain diet, 100% refined 

grain diet, and mixed (50/50 whole and refined grain) diet. This analysis found that the additional 

phosphorus exposure from a mixed grain pattern (231 mg/day) compared to the 100% refined 

grain (127 mg/day) was unlikely to be enough to raise serum phosphorus levels in most people 

with CKD and could be meaningfully mitigated by avoiding phosphate additives in processed 

grain products. Study 2 (Chapter 3). The association of whole grains with CKD-MBD and 

mortality in people with CKD was analyzed in the Chronic Renal Insufficiency Cohort (CRIC) 

study. The cross-sectional analysis found no strong association between whole grains and CKD-
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MBD biomarkers. Although, the prospective analysis found that whole grains in relation to 

refined grains and overall energy intake were associated with a lower risk of cardiovascular 

disease (CVD) and mortality. Study 3 (Chapter 4). Reported intakes of whole grains and 

participants perspectives regarding grain consumption were assessed in a cross-sectional study of 

patients undergoing hemodialysis treatment in Northern Nevada. The majority of participants did 

not report dietitians as the most reliable source of information and although most participants 

stated they had some form of confidence about grain recommendations, their opinions differed, 

with most stating people with CKD should consume less grains than the general population. 

However, some participants stated that people with CKD should consume whole grains. 

Conclusions. The results of this dissertation do not support the current practice of restricting 

whole grains and support a link between how the lack of agreement about grain 

recommendations may lead to confusion among people with CKD. 
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Chapter 1: Overview of Research 
 
Introduction 

The kidneys are crucial for multiple functions throughout the body including excreting 

waste, producing hormones, and regulating acid-base and mineral homeostasis and balance. A 

far-reaching consequence of the improper management of diabetes and hypertension is the 

destruction of the kidneys and the development of chronic kidney disease (CKD).1 Without 

proper management or early diagnosis, a patient may develop kidney failure, which is the 

inability of the kidneys to filter blood, leading to a need for dialysis or kidney replacement.2 

Unsettling is the fact that, CKD is the 10th leading cause of death in the United States with more 

than one in seven Americans having CKD and 340 people per day beginning kidney failure 

treatment.3 In addition, the estimated cost of CKD is $84 billion with further decline to kidney 

failure leading to an additional $36 billion.4 These numbers are atrocious and projected to 

worsen. Based on current data, kidney disease is expected to increase from 13% to 17%, 

meaning 38 million people in the United States will have CKD by the year 20305, securing the 

need for a change in the status-quos.  

One of the many factors that need to be considered among people with CKD is the 

development of CKD-mineral and bone disorder (CKD-MBD), which has far reaching 

consequences in regard to cardiovascular disease (CVD), bone health, and mortality.6-7 To help 

mitigate this risk, people with CKD are advised to limit their amount of phosphorus8, which has 

led to the current recommendation to restrict whole grains. However, there is no evidence linking 

whole grains to CKD-MBD, leading to the objective of this dissertation, which is to investigate 

the role of whole grains in people with CKD.   
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Rationale for Studies 

The current Dietary Guidelines for Americans recommend at least half of grain 

consumption come in the form of whole grains to prevent and manage chronic disease.9 In 

addition, organizations like the American Diabetes Association and the American Heart 

Association recommend whole grains for the management of diabetes10 and hypertension11. 

However, people with CKD have been historically advised to restrict whole grains because of 

their potential phosphorus content. Further supporting this idea, is the fact that most online 

resources recommend the consumption of refined grains8 to limit their phosphorus exposure and 

development of CKD-MBD.12-13 Yes, generally refined grains contain less phosphorus than 

whole grains because they go through a process that removes the bran and germ component of 

the grain kernel, which contains phosphorus. However, these components also contain additional 

minerals, vitamins, and fiber, which are important for the prevention of disease and overall 

health. Without these, an individual is consuming a nutritionally inferior product. In addition, 

there is limited research on the actual contribution of whole grains to phosphorus in the diet due 

to factors influencing bioavability.14-15  

By eliminating whole grains from the diet, patients may be inadvertently increasing their 

risk of disease progression. Whole grains provide increased cardiovascular benefits over their 

counterpart including a decrease in blood pressure and a reduction in CVD mortality.16-17 

Additionally, a large portion of the CKD population is diabetic, and the consumption of a refined 

grain product may negatively impact their blood sugar, whereas the addition of whole grains into 

the diet has been found to reduce the risk of diabetes by 29-38%.18-21 Whole grains also help to 

reduce the risk of constipation compared to refined grains22, which is substantial since 

constipation has been associated with an increased incident of CKD, and kidney failure.23 The 
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consumption of whole grains over refined grains also leads to overall better renal function and 

less risk of CKD.24 Ultimately, there is strong evidence to suggest that whole grains may actually 

be more beneficial than refined grains, however research in CKD is needed to advance this 

recommendation. 

As of today, there is no research analyzing the effects of whole grains among patients 

with CKD and the current recommendations are based on a naïve nutrient-based approach that 

was never properly tested. It is inappropriate to restrict a food that may provide substantial health 

benefits against CKD because of their assumed phosphorus content. 

Research Questions    
 
This dissertation will address three research questions regarding whole grains and CKD.   
 
 1. To what extent can restricting whole grains lower phosphorus exposure in the diet?  

2. Are reported intakes of whole grains associated with CKD-MBD and mortality in 

people with CKD.  

 3. What are the perspectives of people with CKD regarding whole grains in their diets?  
   
The sections below will provide detail about how each research question will be addressed.  

 

Question 1. To what extend does restricting whole grains lower phosphorus exposure in people 

with CKD?  

 The effect of dietary phosphorus intake on CKD-MBD depends on how much 

phosphorus is consumed in the diet, and how much of this phosphorus is absorbed into the body.   

As mentioned, whole grains were restricted in CKD based on a naïve approach to nutrient 

analysis that only considered how much phosphorus is in whole grains relative to refined grains 

in their unprocessed form. However, this does not reflect the current dietary practices of free-
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living people today. In order to properly evaluate phosphorus exposure from restricting whole 

grains, it is necessary to consider: 1) how much whole grains are people eating, 2) how the grains 

are made, and 3) the level of processing. Generally speaking, phosphorus from grain products is 

thought to be less than 50% bioavailable13 and although, the processing of grains and its effects 

on phosphate status are still under investigation, the topic of phosphate additives is clear; they 

contribute an additional source of phosphorus not normally found in food and may be as high as 

80% bioavailable.15 Not to mention, that restricting additives is one of the only evidence-based 

strategies for managing hyperphosphatemia.15 Of further concern is the fact that to date there 

have been no studies analyzing the potential phosphorus exposure of a CKD patient consuming 

whole grain products.  

To understand how whole grains may influence phosphorus status among the CKD 

population, a back of the envelope calculation was performed based on the current knowledge 

available regarding whole grain consumption, phosphate additives, and phosphorus 

bioavailability (Chapter 2). This was done by taking commonly consumed foods and creating 

three diets including a 100% refined, a standard diet, and 50/50 diet (50% refined and 50% 

whole grains). To further understand the relationship, an analysis of the Chronic Renal 

Insufficiency Cohort (CRIC) study was used to compare the relationship of whole grains, dietary 

phosphorus, and urinary phosphorus (Chapter 3). Lastly, data was collected from hemodialysis 

(HD) patients in the Northern Nevada area to compare their whole grain consumption with their 

serum phosphorus levels (Chapter 4).  

 

Question 2. What are the effects of whole grain consumption on CKD-MBD and mortality?  
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 The motive behind the restriction of whole grains among the CKD population is because 

of the potential impact they may have on increasing phosphorus status, which could lead to 

CKD-MBD and/or death.25-26 As discussed above, there are no studies analyzing the effects of 

whole grains on CKD-MBD and with this restriction comes the potential to limit the 

cardiovascular benefits of whole grains16-17, especially since CVD is the number one killer 

among this population.27 Based on this and the additional studies discussed above, there is good 

reason to believe that the restriction of whole grains could actually increase the risk.   

To understand the potential effects of whole grains on CKD, an analysis of the CRIC 

study was completed (Chapter 3). This analysis allowed for a detailed comparison of whole grain 

consumption with biomarkers related to CKD-MBD progression, CVD status, and mortality.  

 

Question 3. What are the perspectives of people with CKD regarding whole grains in their diets?  

Whole grains are recommended for the prevention and management of chronic disease9 

as well as promoted by multiple health organizations10-11. However as stated above, these are 

restricted among the CKD population because of the potential contribution to phosphorus. This 

raises a puzzling question about what people with CKD think in regard to consuming grain 

products. To date, it has been shown that most of the leading kidney organizations suggest 

restricting whole grains,8 whereas the majority of kidney dietitians encourage consuming whole 

grains28, but there is no knowledge regarding people with CKD, who are expected to follow 

these guidelines. This conflicting evidence has the potential to lead to confusion among patients 

and is why it is crucial to recognize what the current understanding and thoughts are among 

people with CKD. 
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To answer this, a set of questions was developed asking participants about current 

recommendations, personal thoughts about grain products, and to what extent they follow the 

recommendations (Chapter 4).   
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Abstract 

Excessive dietary phosphorus is a concern among patients with kidney failure undergoing 

dialysis treatment because it may contribute to hyperparathyroidism and hyperphosphatemia. A 

long standing, but untested component of the low-phosphorus diet is the promotion of refined 

grains over whole grains. This paper reviews the scientific premise for restricting whole grains in 

the dialysis population and estimates phosphorus exposure from grain products based on three 

grain intake patterns modeled from reported intakes in the general U.S. population, adjusting for 

the presence of phosphorus additives, and phosphorus bioavailability: 1) standard grain intake, 2) 

100% refined grain intake, and 3) mixed (50/50 whole and refined grain) intake. Although 

estimated phosphorus exposure from grains was higher with the mixed grain pattern (231 

mg/day) compared to the 100% refined grain pattern (127 mg/day), the amount of additional 

phosphorus from grains was relatively low. Given the lack of strong evidence for restricting 

whole grains in people with CKD, as well as the potential health benefits of whole grains, 

clinical trials are warranted to address the efficacy and health impact of this practice. 
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Introduction 

Dietary phosphorus restriction is a major facet of dietary guidance for people with kidney 

failure undergoing dialysis treatment.1-2 This goal is primarily aimed at preventing and treating 

bone and cardiovascular conditions in this population, known as chronic kidney disease-mineral 

and bone disorders (CKD-MBD).1-2 The traditional low-phosphorus diet has been criticized3 as 

failing to account for non-equivalence of phosphorus in different foods, and the effects of food 

processing and preparation on phosphorus content and bioavailability. Adding to this, many of 

the individual components of the traditional low-phosphorus diet have not been evaluated in 

clinical trials for effects on health outcomes in free-living individuals. 

One of the main (untested) components of the traditional low-phosphorus diet is the 

promotion of refined grains over whole grains. This recommendation is based on the premise that 

the refining process removes the majority of phosphorus from the grain with the removal of the 

bran and germ. Although refined grains are lower in phosphorus than their whole grain 

counterparts, whole grains are generally recognized as providing more nutritional benefits for 

better health. In fact, advice to restrict whole grains in people undergoing dialysis treatment 

contrasts with dietary guidance for the general population4, as well as for preventing and 

managing other cardiometabolic diseases such as cardiovascular disease (CVD)5 and type 2 

diabetes mellitus (T2D).6 

The central question is whether the higher phosphorus contained in whole grains 

adversely affects CKD-MBD, and if this outweighs the possible health benefits of whole grains 

and a more liberalized diet. Here we address the first part of this questions: does choosing whole 

grains over refined grains result in meaningfully higher dietary phosphorus exposure that would 
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contribute to hyperphosphatemia, a primary indicator of CKD-MBD, in people with kidney 

failure undergoing dialysis treatment?  

History of the Traditional Low-Phosphorus Diet and Whole Grain Restriction 

To appreciate the current debate on whole grains in managing CKD-MBD, it is useful to 

understand the initial scientific premise and rationale behind the traditional low-phosphorus diet 

that led to restricting whole grains. The importance of phosphorus metabolism in the 

pathogenesis of renal osteodystrophy emerged in the early-mid 1900s.7-11 Although, the 

experimental evidence for excess dietary phosphorus exposure as a driver of bone and 

cardiovascular complications of CKD-MBD did not emerged until the 1960s and 70s. This was 

prompted in part by a new unifying model of CKD pathophysiology from Bricker et al. (1960)12, 

known as the intact nephron hypothesis. It posited that various forms of CKD caused a reduction 

in the number of functional nephrons, and that the remnant nephrons would adapt to preserve 

normal kidney functions, at least until the advanced stages of disease. Phosphorus balance was 

one of the early models used to demonstrate this hypothesis.  

Slatopolsky and colleagues13-14 showed that loss of kidney function in dogs was 

associated with a corresponding decrease in the fractional reabsorption (increase in the fractional 

excretion) of filtered phosphorus from the remnant nephrons, and that this adaptation prevented 

phosphorus retention. They further found that this adaptation was mediated in part by an increase 

in parathyroid hormone,13-14 which was known to contribute to renal osteodystrophy, and this 

became known as the trade-off-hypothesis.15 Crucially, these canine experiments also 

demonstrated that the proportional reduction of dietary phosphorus intake to match the level of 

kidney dysfunction was sufficient to prevent a rise in parathyroid hormone levels.13-14 Although 

the clinical potential of a low-phosphorus diet to improve both bone disease and slow 
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progression of kidney disease was noted,14 it was also recognized that the level of phosphorus 

restriction needed to completely prevent hyperphosphatemia in kidney failure would be nearly 

impossible to achieve from diet alone without compromising nutrition in free-living people.  

In the 1980s, additional studies in animal models of CKD found that excess dietary 

phosphorus accelerated kidney function decline, which was linked to findings from cadaver 

studies showing abnormal calcium-phosphate deposits in the kidneys of people with kidney 

failure.16-17 Through the 1990s, the proposed mechanism of calcium-phosphate product 

supersaturation leading to soft tissue calcification expanded to include additional mechanisms 

that form the current model of CKD-MBD pathology and the premise for the traditional low-

phosphorus diet.18-24 

Flaws in the Traditional Low-Phosphorus Diet 

Early versions of the low-phosphorus diet consisted of lists of high-phosphorus foods to 

limit or avoid and low-phosphorus foods to consume.25-26 These lists were generated using 

nutrition composition tables according to a simplistic nutrient-based approach. Specifically, 

foods were classified based on the crude amount of phosphorus per serving in their natural form. 

However, phosphorus intake is strongly dictated by energy intake (kcal/day) and the phosphorus 

density of the diet (mg/kcal), not phosphorus richness (mg/serving).27 The distinction between 

phosphorus density and richness is a relatively minor issue, as most phosphorus-rich foods are 

also phosphorus-dense. However, differences in serving size (amount/serving) and energy 

density (kcal/serving) can be substantial, creating notable differences in food classification based 

on nutrient richness versus density (Figure 1).28 This simplistic nutrient-based approach was 

further called into question in 2003 when Uribarri and Calvo29 published a review article 

highlighting two key factors that affect the amount of phosphorus from our diets that actually 
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affects body processes (hereafter ‘phosphorus exposure’), including development of CKD-MBD: 

1) differences in phosphorus bioavailability by source, and 2) the effects of food processing and 

additives on phosphorus content and bioavailability. 

 Phosphorus Bioavailability  

The assumption that foods can be compared and classified based on their crude 

phosphorus content – that all sources of phosphorus are equivalent – is incorrect.30 The 

importance of nutrient bioavailability and bioequivalence is well established in the field of 

nutrition. For example, vitamin A and folate exposures and requirements have long been 

represented as retinol activity and dietary folate equivalents, respectively, which apply 

adjustment factors to correct for differences in bioavailability by source.31-32  

Phosphorus bioavailability level is generally categorized into three types of sources: 

plant, animal, and inorganic additives. Of these, plants sources are thought to have the lowest 

bioavailability because most of the phosphorus is in the form of phytate, which is relatively 

indigestible in humans. This aspect of phosphorus bioavailability is still largely unexplored, but 

results of a single day feeding study in sixteen healthy young women found that approximately 

40% of added phosphorus from grains was excreted in urine (biomarker of phosphorus exposure) 

compared to about 50% of phosphorus from meat and inorganic additives.33  

Although phosphorus bioavailability is known to be an important determinant of 

phosphorus exposure, a bioavailability-adjusted index has not been adopted in practice for 

phosphorus. One challenge is that estimates of phosphorus bioavailability are primarily derived 

from in vitro studies,35-37 which actually measure bioaccessibility,3 complemented by a limited 

number of small feeding studies using urine as a biomarker of phosphorus absorption to assess 

bioavailabiliy.34 Using bioaccessibility values as estimates of bioavailability likely contribute to 
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overestimations of actual bioavailability.3 Indeed, some evidence suggests that phosphorus 

bioavailability in humans is likely limited to about ~70-80% for even the most highly 

bioaccessible (~100%) inorganic phosphate forms.34,38 While 24-hour urine phosphorus is often 

considered a gold-standard for assessing absorbed phosphorus (i.e. exposure), balance data from 

adults with CKD showed no relationship between 24-hour urine phosphorus, dietary phosphorus 

intake, or phosphorus absorption while on a controlled diet in an inpatient research setting.39  

Thus, 24-hour urine phosphorus should be interpreted with caution as an indicator of phosphorus 

absorption or exposure, particularly for observational data, as discussed previously.39 

Food Processing and Preparation 

Food processing and preparation methods can modify phosphorus exposure by: 1) adding 

phosphorus (addition), 2) removing phosphorus (subtraction), 3) adding energy-containing 

macronutrients (dilution), removing energy-containing macronutrients (concentration), and/or 5) 

altering phosphorus bioaccessibility (Table 1). This is highly relevant, as the majority of food 

consumed in the Western diet comes from processed (~10%) and ultra-processed foods (~57%).40 

While the effects appear highly variable, common food processing methods such as mechanical 

processing, fermentation, soaking/sprouting/germination, and thermalization can breakdown 

phytate substantially, presumably releasing additional bioaccessible phosphorus and substantially 

affecting dietary phosphorus exposure (Table 1).41-44 

Reevaluating Dietary Advice for Grain Products in the Dialysis Diet 

The rationale behind restricting whole grains in the dialysis diet is based on the unproven 

transitive logic of the nutrient-based approach: if a) excess dietary phosphorus contributes to 

CKD-MBD, and b) refined grains are lower in total phosphorus than whole grains, then c) 

promoting refined grains is effective for managing CKD-MBD.  Similar logic is applied for 
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concern over high potassium content of whole grains.45 These flaws in the nutrient-based 

approach described above, combined with the lack of clinical trial evidence have led to 

controversy regarding the necessity (or benefit) of restricting whole grains in people with kidney 

failure undergoing dialysis treatment. This debate is not new. In fact, it was 10 years ago that 

Williams et al. (2013)46 posed the question, “Whole grains in the renal diet – is it time to 

reevaluate their role?”. Although there is greater understanding and awareness of the factors 

impacting phosphorus exposure today, the question of whether to restrict or encourage whole 

grains remains uncertain and is no less urgent.  

Determining the role of whole grains in the dialysis diet is a far-reaching problem that is 

reflected by the inconsistencies in the scientific literature, online materials, and clinical practice. 

In recent years, the literature has seized on flaws in the nutrient-based approach as arguments in 

favor of liberalizing the dialysis diet.47 However, this shift is not yet reflected in patient-facing 

materials online. Indeed, our team found that nearly two-thirds of online resources for a low-

phosphorus diet include advice on grain products (129/199, 65%)), and that the vast majority of 

these resources recommend restricting whole grains (123/129, 95%), and/or encouraged refined 

grains (60/69, 87%).48 Adding to the complexity, grains are typically consumed in mixed dishes 

or as part of a meal rather than in isolation.49-50 This aspect of diet can make it difficult to define 

whole grains, but also adds a layer of uncertainty when assessing the contribution of whole 

grains to phosphorus exposure. For instance, whereas refined grains are the default, and often 

only option for many fast-food meals (e.g., burger buns), the majority of ready-to-eat cereals 

contain whole grains, which are usually consumed with fluid milk or milk substitutes.51  

Actual clinical practice appears to vary widely. In a survey of kidney dietitians (n=183)52, 

advice to consume whole grains ranged from never/rarely (16%) to often/always (39%).  While 
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some differences in dietetic practice are expected, this magnitude of inconsistency surrounding 

one of the main food groups and key dietary staples may suggest a problem. Indeed, conflicting 

advice online and in practice could undermine the ability of renal dietitians to motivate patients 

toward healthful behavior change.  

It is difficult to accurately quantify the contribution of whole grains to CKD-MBD in 

people undergoing dialysis treatment. Numerous factors may potentially impact the phosphorus 

exposure of consuming whole grains including the growing conditions of the grain, forms of 

phosphorus in the grain, breakdown of phytate from processing, the presence and amount of 

phosphate additives, loss or release of phosphorus during food preparation, nutrient-nutrient 

interactions (e.g., phosphate-binding factors), and biological aspects of phosphorus metabolism 

(e.g., vitamin D status, bone turnover).3,41,43  

Despite these limitations and given the lack of clinical trials, it is useful to approximate 

the contribution of whole grains to phosphorus exposure in this population beyond the crude 

nutrient estimates that inform the traditional low-phosphorus diet. In terms of therapeutic dose, a 

controlled feeding study53 comparing low-phosphorus diets from meat and vegetarian sources 

(~800 mg/day) in people with stages 3-4 CKD (eGFR 25-40 mL/min/1.73m2) found a mean 

difference in 24-hour urinary phosphorus of 167 mg (29%; 583 + 216 vs 416 + 233 mg/day, 

respectively), which was accompanied by 0.5 mg/dL lower serum phosphorus. In the dialysis 

population, lower serum phosphorus of this magnitude is associated with lower cardiovascular 

and all-cause mortality.54 Therefore, we estimated a therapeutic threshold of phosphorus 

exposure reduction at 150 mg/day, which also roughly corresponds to the phosphorus-binding 

capacity of many phosphate-binding agents.55 

 



 20 
 
 
Estimating Phosphorus Exposure from Whole Grains 

 The distribution of whole and refined grains in the diet was approximated using reported 

intakes from a representative sample of the general U.S. adult population as reference (Table 

2).49 Grain product subgroups included bread, ready-to-eat cereal, and cooked grains (rice and 

pasta). Representative whole and refined grain food items were selected for each subgroup, and 

analyzed for energy, dietary fiber and phosphorus contents using the U.S. Department of 

Agriculture FoodData Central database (Table 3).28 Three models of grain intake patterns were 

developed to explore the potential effects of whole grains on phosphorus intake and exposure: 1) 

refined grain intake (100% refined grains), 2) standard grain intake (based on reference study 

population),49 and 3) mixed grain intake (50% refined, 50% whole grain) (Table 3). All models 

were based on a grain product intake of 8-oz per day and assumed that cooked grains included an 

equal mix of rice and pasta (Table 2).  

The model analyses also required several assumptions (Table 2). To account for the 

effects of phosphorus additives, estimates of crude phosphorus intake were adjusted based on the 

reported proportions of products containing phosphorus additives and the differences in total 

phosphorus content in grain products with and without phosphorus additives.43 For comparison, 

estimates of crude phosphorus intake were also modeled under an assumption that grain products 

contained no added phosphate, which aligns with guidelines that advise avoidance of inorganic 

phosphorus-containing additives.2 Bioavailability adjustments for grains (40%) and additives 

(75%) were used to convert estimates of crude phosphorus intake into estimates of phosphorus 

exposure from grains for each of the three grain intake models (Table 2).34  

As expected, estimated phosphorus intake and exposure from grains were higher on the 

mixed grain pattern (434 and 231 mg/day, respectively) compared to the refined grain pattern 
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(238 and 127 mg/day, respectively) (Figure 2). However, the estimated additional phosphorus 

exposure from the mixed grain pattern (104 mg/d) was only approximately two-thirds of the 

estimated therapeutic threshold set for this investigation (150 mg/day). These findings, albeit 

rough estimates, suggest that even if dialysis patients achieved the whole grain recommendations 

for the general population – half of grain intake from whole grains – the amount of additional 

phosphorus exposure would be relatively small. Furthermore, if patients also avoided 

phosphorus-containing additives, phosphorus exposure would be reduced by about 25% or 57 

mg/d (Figure 2).  

Conclusion 

The field of kidney nutrition is currently undergoing a paradigm shift, as numerous 

shortcomings in the nutrient-based approach to the traditional kidney diet have been identified, 

leading many to question the necessity and benefit of its many restrictions. However, progress 

has been slow and fragmented. Although there has been considerable focus on removing 

restrictions of plant-based protein foods and fruit and vegetables, less attention has been given to 

recommendations to restrict whole grains. Given the central role of grain products in the diet as 

one of the major food groups, it is vital that the field recognize the flawed premise and address 

the lack of consensus surrounding restriction of whole grain products. 

Because the foods we eat contain a variety of nutritive and bioactive compounds that can 

affect health, which are connected to one another through food and dietary patterns, it can be 

difficult to predict how dietary strategies will impact health outcomes in people with complex 

conditions such as kidney failure treated with dialysis. In the case of grain products, advice to 

restrict whole grains is primarily based on their higher potassium and phosphorus content. 

However, the added phosphorus exposure from consuming whole grains versus refined grains is 
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estimated to be small and perhaps clinically insignificant in regard to CKD-MBD, as suggested 

by the model calculations presented here. This may be particularly true compared with other 

dietary strategies that have been demonstrated to be efficacious for lowering serum phosphate in 

people with hyperphosphatemia undergoing hemodialysis treatment (e.g., avoiding phosphorus-

containing food additives),56,57 and may be outweighed by the benefits of other dietary factors 

associated with whole grains (e.g., dietary fiber). 

Although our calculations attempted to account for factors overlooked in the traditional 

nutrient based-approach (e.g., additives, bioavailability), the estimates cannot account for the 

diversity of dietary practices seen among free-living individuals. Given the limited amount of 

highly variable data, it was not possible to account for the effects of phytate degradation, which 

could meaningfully increase phosphorus from processed grain products.39 Moreover, grain 

product categories were limited to three of the six reported for the general diet (bread, ready-to-

eat cereals, and cooked grains), as it is difficult to select representative and matching grain 

products from the other categories (savory snacks, snacks/meal bars, and mixed dishes). Despite 

these limitations, the findings suggest that the contribution to phosphorus exposure of whole 

grains versus refined grains is likely to be minimal for most patients.    

In summary, there are significant limitations in the available evidence that has led to 

restriction of whole grains in the renal diet, and we echo the decade-old call from Williams et 

al.45 to reevaluate this topic. The limited progress, and continued uncertainty highlights the need 

for well-designed dietary intervention trials. Until more definitive evidence becomes available, 

greater attention is needed to generate consensus to support healthcare providers and patients 

navigate this period of uncertainty. 
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Figure 1. Phosphorus content of refined (open circles) and whole grains (solid circles) in relation 
to energy content and serving size 

 
Nutrient composition data derived from USDA Nutrient Database for Standard Reference28 
Phosphorus richness (mg/serving) indicated by y-axis, and phosphorus density (mg/kcal) 
indicated by slope (y-value/x-value). 
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Table 1. Effects of food processing and preparation methods on phosphorus exposure from grain 
products 
Method Description Effect Examples 

Addition43 P from food ingredients/ 
additives ↑ P 

• Cereals with P-additives 
contained ~75% more P 

• Breads with P-additives 
contained ~15% more P  

Subtraction44 Loss of P  
(demineralization) ↓ P • Grains boiled for 15-30-

mins had ~7-23% less P  

Dilution28 Energy from ingredients/ 
additives ↓ P 

• Raisin bread is 50% more 
phosphorus-dense than 
raisin cinnamon rolls  

Bioavailability41-42 
Alter form of P or 
presence of P-binding 
agents (calcium) 

↑/↓ P 

• The potential breakdown of 
phytate in bread is ~7-69%.  

• The use of calcium 
carbonate (phosphate 
binder) in bread making  

P, phosphorus  
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Table 2. Assumptions used for estimating phosphorus exposure from grain intake patterns 

Factors Assumptions Used in Models 

Grain Consumption 
• Total grain intake assumed as 8-oz equivalents per day. 
• Total grain intake in people with CKD assumed similar to the 

general population. 

Substitution Effects • Substitution between whole and refined grains assumed to not 
impact energy intake, portion size, or other aspects of diet.  

Categories of 
Grains49 

• 69% of grain intake assumed from Bread Products 
• 13% of grain intake assumed from Ready-to-Eat Cereal 
• 18% of grain intake assumed from Cooked Grains 

Presence of 
Additives43 

• Presence and amount of phosphorus-containing food additives 
assumed similar in whole and refined grains. 

• 57% of Bread products assumed to contain phosphate additives. 
• 33% of Ready-to-Eat Cereal products assumed to contain 

phosphate additives. 
• Cooked grains assumed to not contain phosphate additives. 

Bioavailability34 

• Bioavailability of whole grains and refined grains assumed 
similar. 

• 75% assumed bioavailability of inorganic phosphorus additives. 
• 40% assumed bioavailability of naturally present phosphorus. 

Type of Grain in 
Standard Intake 

Pattern49 

• Breads: assumed 77% as refined grains, 23% as whole grains  
• Ready-to-Eat Cereals: assumed 38% as refined grains, 62% as 

whole grains. 
• Cooked Grains: assumed 72% as refined grains, 28% as whole 

grains 

Bioactivity 
• Intake of refined versus whole grains assumed to not impact 

biological processes involved in phosphorus metabolism and 
balance (e.g. bone turnover, vitamin D status).  

Categories of grain percentages including bread (26%), cereal (5%), and cooked grains (7%)49 
were proportionally scaled up to equal 100% because of difficulty in determining mixed 
products.  Estimates of bioavailability assumed 24-hour urine phosphorus reflects absorbed 
phosphorus.34,39  
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Table 3. Composition of representative food items for the refined and whole grain categories 

Refined Grain Diet FDC 
ID Amount Energy 

(kcal) 
Fiber 

(g) 
Phosphorus  

(mg) 
Bread, white, commercially 

prepared (including soft 
breadcrumbs) 

174924 1oz 75 1 28 

Cereals ready-to-eat, Ralston 
corn flakes 174648 1 cup 108 1 9 

Rice, white, medium, 
enriched, cooked 168880 1/2 cup 121 0 35 

Pasta, cooked, enriched, 
without added salt 169737 1 cup 196 2 72 

Totals  500 4 144 

Whole Grain Diet FDC 
ID Amount Energy 

(kcal) 
Fiber 

(g) 
Phosphorus  

(mg) 
Bread, whole wheat, 

commercially prepared 172688 1oz 71 2 60 

Cereals ready-to-eat, General 
Mills cheerios 173884 1 cup 104 3 100 

Rice, brown, medium grain, 
cooked (USDA food 
distribution program) 

168875 1/2 cup 109 2 75 

Pasta, whole-wheat, cooked 
(Includes foods for USDA's 
Food Distribution Program) 

168910 1 cup 174 5 149 

Totals 458 12 384 
FDC ID, FoodData Central codes for food item nutrient analyses28  
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Figure 2. Estimated phosphorus exposure from grain products in models for intake patterns 
containing varying amounts of refined and whole grain products  

 
Phosphorus exposure values represent estimates of the bioavailable phosphorus from grain 
products for model grain intake patterns providing 8-oz equivalents of grains per day using 
reported intakes from a general U.S. population as reference (see Tables 1 and 2 for details, and 
Supplementary Tables 1-3 for calculations). Model intakes include 100% refined grain 
(Refined), typical patterns in the U.S. population (Standard), and a mixed grain pattern 
containing 50% refined and 50% whole grains (Mixed). Phosphorus exposure was estimated by 
adjusting crude phosphorus intake (unadjusted) for estimated phosphorus bioavailability 
(adjusted), and the effect of eliminating phosphorus-containing additives (adjusted (no 
additives)).  
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Supplementary Table 1. Estimated phosphorus intake and exposure from refined grain intake 
model  

 

Refined 
Grains 

Grain 
Category 

(%) 

Amount of 
Grain (oz) 

Energy 
(kcal) 

Fiber 
(g) 

P 
(mg) 

Estimated 
Bioavailable 

P 
(mg) 

Estimated 
Bioavailable 

P 
(mg/oz) 

Bread 69 5.5 413 6 154 92 11.5 
Ready-to-
Eat Cereal 13 1 108 1 9 5 0.6 

Rice 9 0.7 85 0 25 10 1.3 
Pasta 9 0.7 137 1 50 20 2.5 
Total 100 8 743 8 238 127 16 
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Supplementary Table 2. Estimated phosphorus intake and exposure from standard grain intake  
model  

  

Type of 
Grain 

Grain 
Products 

Grain 
Category 

(%) 

Grain 
Sub-

Category 
(%) 

Amount 
of 

Grains 
(oz) 

Energy 
(kcal) 

Fiber  
(g) 

P 
(mg) 

Estimated 
Bioavailable  

P 
(mg) 

Estimated 
Bioavailable  

P 
(mg/oz) 

Refined 
Grains 

Bread 69 77 4.3 323 4 120 72 9 
Ready-to-
Eat Cereal 13 38 0.4 43 0 4 2 0.3 

Rice 9 72 0.5 61 0 18 7 0.9 
Pasta 9 72 0.5 98 1 36 14 1.8 

Whole 
Grains 

Bread 69 33 1.3 92 3 78 47 5.9 
Ready-to-
Eat Cereal 13 62 0.6 63 2 60 31 3.9 

Rice 9 28 0.2 22 0 15 6 0.8 
Pasta 9 28 0.2 35 1 30 12 1.5 

Totals N/A N/A 8 737 11 361 191 24 
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Supplementary Table 3. Estimated phosphorus intake and exposure from 50/50 grain intake 
model  

 
 

 
 
 
 
  

Type of 
Grain 

Grain 
Products 

Grain 
Category 

(%) 

Amount 
of 

Grains 
(oz) 

Energy 
(kcal) 

Fiber  
(g) 

P 
(mg) 

Estimated 
Bioavailable   

P 
(mg) 

Estimated 
Bioavailable   

P  
(mg/oz) 

Refined 
Grains 

Bread 34.5 2.8 210 3 78 47 5.9 
Ready-
to-Eat 
Cereal 

6.5 0.5 54 1 5 3 0.4 

Rice 4.5 0.4 48 0 14 6 0.8 
Pasta 4.5 0.4 78 1 29 12 1.5 

Whole 
Grains 

Bread 34.5 2.8 199 6 168 101 12.6 
Ready-
to-Eat 
Cereal 

6.5 0.5 52 2 50 26 3.3 

Rice 4.5 0.4 44 1 30 12 1.5 
Pasta 4.5 0.4 70 2 60 24 3 

Total N/A 8 755 16 434 231 29 
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Abstract 

Background 

 People with chronic kidney disease are encouraged to choose refined grains 

instead of whole grains as part of the low-phosphorus diet for managing chronic kidney 

disease-mineral and bone disorders. However, there is no direct evidence indicating that 

limiting whole grains has a beneficial impact on chronic kidney disease outcomes.   

Methods 

This study analyzed data from the Chronic Renal Insufficiency Cohort study two 

ways, examining chronic kidney disease-mineral and bone disorder biomarkers cross 

sectionally and health outcomes prospectively. Participants included adults (21-74 years) 

with chronic kidney disease (stages G2-G4), excluding those without completed food 

frequency questionnaires, or who reported extreme energy intakes (<800 or >4,000 

kcal/day for men, <500 or >3,500 kcal/day for women). A total of 4,067 (cross-sectional) 

and 4,331 (prospective) participants were included. The primary exposure of interest was 

reported intakes of whole grains, which was analyzed as absolute intake (servings/day), 

dietary density (servings/1,000kcal), and in relation to refined grains (refined grain 

servings/ whole grain servings). Chronic kidney disease-mineral and bone disorder 

biomarkers included fibroblast growth factor-23, parathyroid hormone, calcitriol, and 

calcium, and health outcomes included cardiovascular events (congestive heart failure, 

myocardial infarction, and stroke), and all-cause mortality. 

Results  

In adjusted models, reported intakes of whole grains was associated with higher 

phosphorus intake and serum phosphorus when assessed crudely (serving/day), but not 
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when analyzed in relation to energy. In addition, refined grain intakes were associated 

with lower phosphorus intake (models 1-2) and serum phosphorus (model 3). Higher 

intake of refined grain relative to whole grains were signficnatly associated (all models) 

with an elevated risk of cardiovascular disease (Model 3: 1.01, 95% CI 1.00 to 1.01; P= 

0.004) and all-cause mortality (Model 3: 1.01 95% CI 1.00 to 1.01; P<0.001). Higher 

dietary density was associated with lower risk of mortality in models 1-3. 

Conclusion  

The results of this study do not support the long-standing practice of restricting 

whole grains among people with chronic kidney disease.  
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Introduction 

 Grain products are a staple in the diet but are often deprioritized1 as a modifiable 

determinant of health. Whole grains contain the entire grain kernel whereas refined grains 

undergo processing to remove the germ and bran components of the grain, leaving only 

the endosperm (starchy) component.2-3 The refining process improves palatability and 

shelf-life of grains,4 but removes key dietary constituents associated with the germ and 

bran.2-3 The refining process not only diminishes the nutritive value of grains, but also 

reduces non-nutritive benefits such as the effects of dietary fiber on glycemic response 

and the gut microbiome.5-8 

 Despite advice to choose whole grains predating,9 and consistently through the 

history of the United States Dietary Guidelines for Americans (1980-2020), refined grains 

constitute the majority of grain product intake in the United States.2,3  As lower reported 

intake of whole grains has been linked to chronic kidney disease (CKD) risk,10-11 and 

people with CKD are often advised to limit or avoid whole grains due to their higher 

phosphorus content,12 whole grain intake may be even lower in the CKD population. The 

rationale for restricting whole grains in CKD is to prevent abnormalities in mineral 

metabolism, and corresponding bone and cardiovascular diseases (CVD),13 the latter of 

which is the leading cause of death in this population.14 However, it is not clear that the 

amount of additional phosphorus from whole grains is sufficient to contribute to CKD-

mineral and bone disorder (CKD-MBD) pathology.15 This issue is further complicated by 

emerging research demonstrating the profound effects of food processing and preparation 

on the amount and bioavailability of phosphorus in grains.16 
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Given that the recommendation to restrict whole grains in people with CKD is 

largely based on low-quality, indirect evidence from analysis of the crude phosphorus 

content of minimally processed foods, as well as the health benefits of whole grains in the 

general population, it is important to explore the role of whole grains specifically in the 

CKD population. This study will be the first to examine the associations of grain product 

intake with CKD-MBD, cardiovascular disease, and mortality in people with CKD.  

Methods 

Study Design and Participants  

 Data for the cross-sectional and prospective analyses were obtained from 

participants in the Chronic Renal Insufficiency Cohort (CRIC) study, which has been 

described previously.17 Briefly, CRIC is a prospective cohort study of adults (21 to 74 

years old) with CKD (stages G2-G4) recruited from seven centers across the United 

States. Participants are followed until death or withdrawal of consent. For the current 

study, participants who did not complete the food frequency questionnaires (FFQ) or 

reported extremely low or high energy intakes (<800 or >4,000 kcal/day for men, <500 or 

>3,500 kcal/day for women) were excluded.18  

 The primary exposure of interest for the cross-sectional and prospective analysis was 

intake of whole grains from a 124-item, semi-quantitative FFQ that included portion sizes. The 

number of FFQ’s completed by participants ranged from 1-5. For the cross-sectional analyses, 

only the visit 1 (baseline) dataset was used, whereas for the prospective analysis, dietary 

variables were updated as a rolling average of completed FFQs meeting the inclusion criteria that 

were obtained prior to the outcome, censoring, or end of follow-up in the prospective analyses.18 

Grains were analyzed using three different strategies: 1) absolute intake of whole grains 
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(servings/day), 2) whole grain density (servings per day/1,000 kcal), and 3) ratio of refined 

grains in servings/day to whole grains in servings/day.  

The primary dependent variable of interest for the cross-sectional analysis were 

biochemical indicators of CKD-MBD obtained from fasting blood samples and included 

elevated fibroblast growth factor-23 (FGF-23) and parathyroid hormone (PTH), as well 

as lower calcitriol and calcium concentrations. As changes in CKD-MBD biomarkers 

related to whole grains are presumed to be secondary to greater dietary phosphorus 

exposure, reported phosphorus intake from the FFQ, and urinary phosphorus output from 

a 24-hour collection were also analyzed. The prospective analysis analyzed the CVD and 

all-cause mortality risk. CVD was a composite definition of congestive heart failure 

(CHF), myocardial infarction (MI), and stroke. An adjudication process was completed 

for CVD events that were obtained from study subject or medical records,19-20 and all-

cause mortality was ascertained from next of kin, medical records, death certificates, or 

state death records.20   

Additional variables were used to describe the study population and adjust for 

potential confounding. Participant characteristics, including sex, age, race/ethnicity, 

income, and education, as well as use of calcium channel blockers, calcium containing 

phosphate binders, calcium and vitamin D supplements were obtained from self-reported 

questionnaires. Income and education level were dichotomized into low and high 

categories ($50,000 and >$50,000, and no college degree and at least a college degree, 

respectively). Around 15% of participants chose not to disclose their income, so income 

level was approximated using multiple imputation based on sex, age, education, ethnicity, 

and race. Body mass index (BMI) was calculated based on measurements of height and 
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weight. Estimated glomerular filtration rate (eGFR) was calculated using the CRIC 

equation.21 

Statistical Analysis  

 Data for the cross-sectional and prospective cohort study were analyzed 

separately. Mean (standard deviation) for normally distributed continuous variables and 

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

number (percent) for categorical variables were reported for participant characteristics. 

When comparing the cross-sectional and prospective study samples to the overall CRIC 

study population, two sample t-test was used to compare normally distributed continuous 

variables, Wilcoxon-Mann-Whitney was used for comparing non-normally distributed 

continuous variables, and chi-square test was used for comparing categorical variables. 

For both the cross-sectional and prospective analyses, we used an unadjusted model and 

three adjusted models that were established a priori and progressed from non-modifiable 

participant characteristics (Model 1: adjusted for age, sex, race/ethnicity) to modifiable 

factors (Model 2: model 1 parameters plus BMI, calcium channel blockers, supplemental 

calcium, supplemental vitamin D, and calcium-containing phosphate binders) to 

socioeconomic and kidney function (Model 3: models 1 and 2 parameters plus education, 

income, and eGFR).  

Specifically for the cross-sectional analysis of whole grain consumption with 

CKD-MBD biomarkers and phosphorus variables, Spearman’s rank correlation 

coefficients were used for the unadjusted models with results presented as rho values with 

95% confidence intervals (CI). For the adjusted models, multiple linear regression 

models were used and presented as standardized estimates with 95% CI. The prospective 
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analysis used Cox proportional hazard regression to determine if there was an association 

between whole grain consumption and risk of CVD and mortality. Results were presented 

as hazard ratios with 95% CIs. A p-value of <0.05 was considered statistically significant. 

Sensitivity analyses were conducted by eGFR stage and removal of prevalent CVD cases, 

but did not change results (data not shown). Microsoft Excel was used to create forest 

plots. All analyses were conducted in SAS statistical software (version 9.4, Cary, North 

Carolina).  

Results 

Participant Characteristics 

Of the 5,625 participants, 1,558 (27.7%) were excluded from the cross-sectional 

analysis and 1,294 (23.0%) were excluded from the prospective analysis because of 

missing or ineligible dietary intake (Figure 1). Both study samples had a roughly equal 

distribution of men and women with the majority of the sample having no college degree 

and earning less than $50,000 per year (Supplementary Table 1). Compared to the 

overall CRIC study sample, study participants included in the present study were more 

likely to report non-Hispanic ethnicity, higher income, education, total energy, and whole 

grains intake, and lower FGF-23 concentrations (Supplementary Table 1). Participants 

with higher reported whole grain density (servings/1,000 kcal) tended to be older, to have 

lower FGF-23 concentrations, and to be non-Hispanic (Table 1). 

 Most participants reported relatively low intakes of whole grains compared to the 

current recommendations of consuming at least half of grains from whole grains3 

(Supplementary Table 1). The median crude (absolute) intake of whole grains was 

approximately 0.9 servings/day with the majority of participants (>80%) reporting one 
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serving or less per day, which corresponded to a median whole grain density of roughly 

0.5 servings/1,000kcal. Reported intake of refined grains tended to be greater, with a 

median refined-to-whole grain ratio of about 3.5. Most participants (≥95%) consumed 

less than half of their grain products from whole grain sources. 

Cross-Sectional Analysis 

Results from the cross-sectional study are presented in Figure 2 and 

Supplementary Table 2. Higher reported crude whole grain intake (servings/day) was 

associated with higher dietary and urinary phosphorus in all models and serum 

phosphorus in models 1-3. In addition, higher crude intake was associated with lower 

concentrations of FGF-23 (-0.0173, 95% CI -0.1090 to -0.0399; P <0.0001) in the 

unadjusted analysis. Similar to crude intake, whole grains as a dietary density 

(servings/1,000kcal) showed an association with higher dietary phosphorus (0.0439, 95% 

CI 0.1031 to 0.0745; P=0.0051) and lower FGF-23 (-0.0436 95% CI -0.0782 to -0.0088; 

P=0.014) in the unadjusted analysis. Reported whole grain intake was not associated with 

PTH, calcitriol, or calcium.  

Greater reported proportions of refined grains were associated with higher FGF-

23 (0.0469, 95% CI 0.0121 to 0.0815; P= 0.0083) and PTH (0.0386, 95% CI 0.0037 to 

0.0733; P=0.03) concentrations, and lower serum calcium concentrations (-0.073, 95% CI 

-0.1031 to -0.0417; P <0.0001) in the unadjusted analyses, but not the adjusted models. In 

addition, higher refined grain consumption was associated with lower dietary phosphorus 

in model 1 and 2 as well as lower urinary phosphorus in model 1. The proportion of 

refined grain to whole grain was statistically significantly associated with lower serum 

phosphorus (-0.0431, 95% CI -0.0792 to -0.0117; P= 0.0083) in model 3.  
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Prospective Analysis 

Results of the prospective study analyses are presented in Figure 3 and 

Supplementary Table 3. Higher intake of refined grains relative to whole grains was 

significantly associated with elevated risk of CVD in all models. Higher intake of whole 

grain density was significantly associated with lower risk of CVD in the unadjusted 

model, but was no longer significant after accounting for covariates. Dietary intake of 

whole grains in servings per day was not associated with CVD. 

Higher intake of refined grains to whole grains ratio was associated with higher 

risk of all-cause mortality, and this association persisted after adjusting for covariates in 

models 1-3. Higher intake of whole grain density was associated with lower risk of 

mortality in models 1-3. Whole grains intake, in servings/day, was associated with lower 

risk of all-cause mortality, but this association was only statistically significant in model 

1.  

Discussion 

For the last three decades, people with CKD have been advised to choose refined 

grains to protect against CKD-MBD, however after analyzing whole grains multiple 

ways, this recommendation was unsubstantiated. In this secondary analysis of the CRIC 

study population, greater reported intake of whole grains was not associated with higher 

concentrations of FGF23 or PTH. Although absolute intake of whole grains was 

associated with higher serum phosphorus, energy-adjusted intake was not, and when 

analyzed in relation to refined grains, consuming a greater proportion of whole grains 

was actually associated with lower serum phosphorus in the fully adjusted model. 

Moreover, participants who reported higher whole grain densities had lower mortality 
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risk in adjusted models, and those reporting a greater proportion of refined grains 

compared to whole grains had higher mortality and CVD risk.  

The results of this study inform rising concerns regarding the necessity and 

benefits of restricting phosphorus-rich plant foods to manage CKD-MBD. These 

concerns were underscored by important flaws in the traditional low-phosphorus diet that 

were bolstered by the lack of strong evidence for these restrictions in the first place. Chief 

among the issues identified was a recognition that: 1) most of the phosphorus in plant 

foods like whole grains is less bioavailable because the phosphorus is bound to the 

compound phytate, which humans digest poorly, and 2) food processing and preparation 

methods can dramatically alter the amount and bioavailability of phosphorus in foods.16  

Although the two most recent clinical practice guidelines stated that 

bioavailability of phosphorus should be considered, neither commented on continuing the 

practice of restricting phosphorus-rich plant foods like whole grains.22-23 Without 

conclusive evidence or clear guidance, the field has splintered. Our team recently found 

that the majority of online resources continue to support the practice of restricting whole 

grains (95%) and consuming refined grains (87%) in people with CKD.12 However, a 

survey of kidney dietitians suggests that practice is more mixed, with the majority (66%) 

indicating that they are likely or extremely likely to liberalize whole grain 

recommendations.24 

Despite prior calls to reconsider the “grain ban” in CKD,25 this is one of the first 

studies to examine the relationships between grain products and CKD-MBD and clinical 

outcomes in free-living people. Consistent with observations in the general population,1 

intakes of whole grains in people with CKD were low with more than 19 out of 20 
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participants consuming the majority of grain products from refined sources. However, 

despite the fact that estimates of whole grain intakes tended to be associated with higher 

dietary phosphorus intake and exposure (serum and urine), considered key determinants 

of CKD-MBD pathology,13 the associations with CKD-MBD biomarkers were non-

significant and gravitated towards being beneficial. 

The lack of association between dietary intake of whole grains with dietary and 

urinary phosphorus, and CKD-MBD biomarkers was surprising, as it does not conform 

with conventional understanding of CKD-MBD pathology.22-23 Although higher whole 

grain intake is thought to lead to higher dietary phosphorus intake, the impact on total 

body phosphorus balance is modest as indicted by weak correlations with urinary 

phosphorus intake and serum phosphorus concentrations, and no independent 

associations with FGF23, PTH, calcitriol, and calcium. 

Given the null findings for CKD-MBD biomarkers, the inverse associations 

between reported whole grain intakes with CVD and mortality risk most likely stem from 

traditional CVD risk factors and have several possible explanations. These observations 

could be due to the cardiovascular beneficial factors in whole grains such as fiber and 

magnesium.26-31 However, this seems unlikely given their relatively limited intake, and 

the fact that associations were only significant when whole grains were considered in 

relation to the overall diet, or refined grains. The finding that the refined grains-to-whole 

grains ratio produced the strongest, and most consistent associations with CVD and 

mortality suggests that one of the primary benefits of choosing whole grains may be 

avoiding refined grains, which tend to make up a greater proportion of dietary intake. 

Regardless of reason, the fact that whole grain intakes were not associated with worse 
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outcomes suggests that the longstanding practice of advising people with CKD to restrict 

them is unnecessary. 

This study provides valuable preliminary insight into the health and safety of 

consuming whole grains in people with CKD. However, the study has limitations that 

must be considered. The most important issue in this study was measurement error in the 

assessment of whole grain intakes. Whole grains are difficult to define in our current food 

system, wherein processed grain products often contain a mixture of whole and refined 

grain ingredients. Diet was assessed using a FFQ that was not specifically designed to 

distinguish refined from whole grain sources, and several of the food items for grain 

products on the FFQ were non-specific in this respect. This type of error is difficult to 

characterize and quantify but needs to be considered in interpreting the findings from this 

study. Another potential issue for the cross-sectional analyses of CKD-MBD biomarkers 

was reverse causality. Although dietary counseling is relatively uncommon in CKD 

patients before dialysis initiation32, it is possible that some participants, particularly those 

with more advanced CKD or with CKD-MBD abnormalities, were restricting whole 

grains to manage this condition. However, this was unlikely to be a major factor, as 

associations were largely unaffected by adjusting for eGFR values. Lastly, residual 

confounding from other dietary and lifestyle factors related to whole grains may have 

impacted the results. To mitigate this issue without over-adjusting and complicating 

interpretation of the results by adding dietary factors with high collinearity that may be 

downstream of grain choices (e.g., milk on breakfast cereal), whole grains were analyzed 

overall, and in relation to energy and refined grain intakes. Importantly, these findings do 
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not necessarily apply to people with kidney failure, but certainly indicate a need to 

explore this further.   

Grain products are an important dietary staple in many cultures. In the general 

population, consumption of whole grains has long been promoted for preventing chronic 

disease. However, since the 1990s33-34, people with CKD have been encouraged to 

consume refined grains based on the assumption that the additional phosphorus in whole 

grains would contribute to CKD-MBD. The findings from this study, amongst the first to 

examine these relationships, do not support this practice, and further suggest that the 

consumption of refined grains may increase the risk of CVD and mortality in this 

population. While additional studies are needed to confirm, and establish causality and 

clinical relevance of these results, given the strength of evidence from this study 

compared to the theoretical basis for restricting whole grains, clinicians should be wary 

of continuing to advise people with CKD to limit and avoid whole grains, particularly 

when there are more salient targets for phosphorus restrictions.35-38  
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Table 1. Baseline cohort study participants characteristics overall, and whole grain density 
quartiles 

Population 
Characteristics 

Quartile Included 
Population 

1 (n=1,083) 2 (n=1,083) 3 (n=1,084) 4 (n=1,082) (n=4,331) 
Whole Grains 
(per 1,000kcal)a 0-0.34 0.34-0.57 0.57-0.84 0.84-5.27 0.57 (0.34, 

0.84) 
Male, n(%)c 648 (60) 540 (50) 568 (52) 574 (53) 2230 (54) 

Age (yr)b 60  
(52, 67) 

61 
(54, 67) 

61 
(54, 67) 

63 
(56, 68) 

61 
(54, 67) 

Ethnicity (Non-Hispanic, 
n (%))c 941 (87) 980 (90) 1,008 (93) 1,020 (94) 3,949 (91) 

Race 

(White/Caucasian,  
n (%))c 512 (47) 584 (54) 559 (52) 542 (50) 2,197 (51) 

(Black/African 
American, n (%))c 460 (43) 430 (40) 461 (43) 489 (45) 1,840 (42) 

Education (No College 
Degree, n (%))c 780 (72) 698 (64) 652 (60) 687 (63) 2,817 (65) 

Income (≤$50,000, n 
(%))c 745 (69) 678 (63) 639 (59) 701 (65) 2,763 (63) 

Energy (kcal)b 
1,574 

(1,188, 
2,162) 

1,620 
(1,212, 2,148) 

1,552 
(1,205, 
2,081) 

1,380 
(1,055, 
1,833) 

1,530 
(1,152, 2,046) 

Whole Grains  
(per serving)b 

0.32 
(0.20, 0.49) 

0.74 
(0.53, 0.98) 

1.10 
(0.82, 1.43) 

1.60 
(1.21, 2.11) 

0.87 
(0.50, 1.36) 

Refined to Whole Grain 
Ratiob 

7.92 
(5.75, 12.23) 

4.18 
(3.32, 5.33) 

2.85 
(2.28, 3.46) 

1.74 
(1.30, 2.20) 

3.36 
(2.12, 5.53) 

Mortality, n (%)c 417 (39) 365 (34) 361 (33) 373 (34) 1,516 (35) 
CVD, n (%)c 328 (30) 314 (29) 306 (28) 333 (31) 1,281 (30) 

Dietary P (mg)b 932 
(617, 1284) 

1,004 
(729, 1,341) 

1,035 
(766, 1,363) 

963 
(737, 1,262) 

982 
(725, 1,314) 

Serum P (mg/dl)d 3.8±0.9 3.8±0.7 3.8±0.7 3.9±0.7 3.9±0.7 

Urinary P (mg/24hours)b 703 
(526, 943) 

722 
(498, 960) 

720  
(528, 978) 

709 
(505, 957) 

715 
(515, 959) 

FGF-23 (pg/ml)b 182 
(108, 377) 

160 
(99, 314) 

162 
(102, 330) 

159 
(98, 316) 

165 
(101, 331) 

Calcitriol (pg/ml)b 27  
(19, 37) 

25 
(18, 34) 

27 
(19, 35) 

26 
(19, 36) 

26 
(19, 35) 

Parathyroid Hormone 
(pg/ml)b 

62 
(40, 110) 

62 
(39, 99) 

61 
(40, 100) 

61 
(41, 102) 

62 
(40, 103) 

Serum Calcium (mg/dl)d 9.3±0.4 9.3±0.4 9.4±0.4 9.3±0.4 9.3±0.4 
eGFR (ml/min per 1.73 
m2)b 

41 
(29, 55) 

41 
(30, 55) 

42 
(29, 55) 

42 
(31, 55) 

42 
(30, 55) 

BMI (kg/m2)b 31 
(27, 36) 

31 
(27, 36) 

31 
(27, 36) 

30 
(26, 36) 

31 
(27, 36) 

Abbreviations include dietary phosphorus (dP), serum phosphorus (sP), urinary phosphorus (uP), 
fibroblast growth factor 23 (FGF-23), and parathyroid hormone (PTH), estimated glomerular 
filtration rate (eGFR), body mass index (BMI), and CVD (congestive heart failure, myocardial 
infarction, and stroke). 
aValues are represented as the range of values for each quartile. 
bValues are median and quartile range.  
cValues are the number of individuals in their respected group with percentages.  
dValues are means and standard deviation. 
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Figure 1. Participants eligibility flow diagram 

 
aParticipants who did not complete the FFQ.  
bParticipants who had extremely low or high energy intakes (Males <800 or >4,000 
kcal/day, and Females <500 or >3,500 (kcal/day).18 An additional 264 participants were 
able to be included in the prospective analyses using FFQ data during measurement visits 
after baseline.  
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Figure 2. Cross-Sectional comparison of reported whole grains per serving (A), ratio of 
refined grain to whole grain (B), and whole grains per 1,000kcal (C) to CKD-MBD 
biomarkersa 

 
Abberviations: dP (dietary phosphorus), sP (serum phosphorus), uP (urinary phosphorus), 
FGF-23 (fibroblast growth factor-23), and PTH (parathyroid hormone) 
aValues provided are rho value with 95% confidence interval (CI) for unadjusted and 
standardized estimates with 95% CI for models 1-3.   
Participants were missing BMI (n=17), and information on calcium blockers and calcium 
containing phosphorus binders (n=27). 
bModel 1: Adjusted for age, sex, and race/ethnicity.  
cModel 2: Model 1 + BMI, calcium blockers, supplemental calcium, supplemental 
vitamin D, and calcium containing phosphorous binders.  
dModel 3: Model 1 + Model 2 + education, income, and eGFR.  
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Figure 3. Prospective comparison of whole grains per serving (A), ratio of refined grain 
to whole grain (B), and whole grains per 1,000kcal (C) to mortality and CVD 
compositesa 

 

Abbreviations: CVD (congestive heart failure, myocardial infarction, and stroke) 
aValues provided are hazard ratios with 95% confidence interval. 
Hazard ratio (HR) per daily serving of whole grains (panel A), per refined grain to whole 
grains ratio (panel B), and per servings of whole grains per 1,000 kcal (panel C).  
Participants were missing BMI (n=7), and information on calcium blockers and calcium 
containing phosphorus binders (n=29). 
bModel 1: Adjusted for age, sex, and race/ethnicity.  
cModel 2: Model 1 + BMI, calcium blockers, supplemental calcium, supplemental 
vitamin D, and calcium containing phosphorous binders.  
dModel 3: Model 1 + Model 2 + education, income, and eGFR.  
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Supplementary Table 1. Study participants characteristics 

Population Characteristics 
Total Population 

(n=5,625) 
Cross Sectional 

Population (n=4,067) 
Prospective Population 

(n=4,331) 

N Distribution N Distribution N Distribution 

Male, n (%)b 5,625 3,168 (56) 4,067 2,167 (53)** 4,331 2,230 (54)* 

Age (yr)a 5,028 61  
(54, 68) 4,067 61  

(54, 67) 4,331 61  
(54, 67) 

Ethnicity 
(Non-Hispanic, n (%))b 5,625 4,896 (87) 4,067 3,706 (91)*** 4,331 3,949 (91)*** 

Race 

(White/Caucasian, n 
(%))b 5,625 2,698 (48) 4,067 2,117 (52)*** 4,331 2,197 (50)** 

(Black/African 
American, n (%))b 5,625 2,440 (43) 4,067 1,671 (41)* 4,331 1,840 (42) 

Education 
(No College Degree, n (%))b 5,625 3,811 (68) 4,067 2,613 (64)** 4,331 2,817 (65)** 

Income (≤$50,000, n (%))b 5,625 3,747 (67) 4,067 2,565 (63)** 4,331 2,763 (63)** 

Energy (kcal)a 5,028 1,457 
(967, 2,057) 4,067 

1,564 
(1,141, 

2,163)*** 
4,331 

1,530 
(1,152, 

2,046)*** 

Whole Grains (per serving)a 5,028 0.81 
(0.41, 1.32) 4,067 0.85 

(0.45, 1.40)*** 4,331 0.87  
(0.50, 1.36)*** 

Refined to Whole Grain 
Ratioa 4,976 3.28 

(1.98, 5.47) 4,055 3.48 
(2.06, 6.08)*** 4,320 3.36  

(2.12, 5.53)** 
Whole Grains (per 
1,000kcal)a 5,028 0.55 

(0.32,0.84) 4,067 0.53  
(0.30,0.86) 4,331 0.57  

(0.34,0.84) 

Dietary P (mg)a 4,386 928 
(602, 1,318) 4,067 1,008 

(716, 1,374)*** 4,331 982 
(725, 1,314)*** 

Serum P (mg/dl)c 3,905 3.9±0.7 3,174 3.7±0.7*** 3,462 3.9±0.7 

Urinary P (mg/24hours)a 3,768 709 
(507, 948) 3,122 715 

(515, 958) 3,372 715 
(515, 959) 

FGF-23 (pg/ml)a 3,911 169 
(103, 347) 3,179 141 

(94, 231)*** 3,468 165 
(101, 331) 

Calcitriol (pg/ml)a 1,752 26  
(19, 35) 1,529 27  

(19, 37) 1,647 26  
(19, 35) 

Parathyroid Hormone 
(pg/ml)a 3,912 62  

(41, 106) 3,165 52  
(34, 85)*** 3,472 62  

(40, 103) 
Serum Calcium (mg/dl)c 5,507 9.3±0.4 4,040 9.2±0.5*** 4,330 9.3±0.4 

eGFR (ml/min per 1.73 m2)a 5,623 43  
(31, 57) 4,067 46  

(35, 58)*** 4,331 42  
(30, 55)** 

BMI (kg/m2)a 5,612 31 
(27, 36) 4,050 31 

(27, 36) 4,324 31 
(27, 36) 

CVD, n(%)b 5,625 1,586 (28) N/A 4,331 1366 (32) 
Mortality, n(%)b 5,625 1,890 (34) 4,331 1516 (35) 

Abbreviations: phosphorus (P), fibroblast growth factor 23 (FGF-23), estimated glomerular 
filtration rate (eGFR), body mass index (BMI), and CVD (congestive heart failure, myocardial 
infarction, and stroke). 
aValues are median and quartile range.  
bValues are number of individuals in their respected group with percentages.  
cValues are means and standard deviation.  
*P <0.05 **P <0.001 ***P <0.0001.  
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Supplementary Table 2. Cross-Sectional comparison of reported whole grains per serving (A), 
ratio of refined grain to whole grain (B), and whole grains per 1,000kcal (C) to CKD-MBD 
biomarkersa 

Groups Variables Unadjusted P  
Value Model 1b P Value Model 2c P Value Model 3d P Value 

Whole 
Grains 

dP 0.4809 
(0.4569,0.5042) <0.0001 0.4390 

(0.4123,0.4656) <0.0001 0.4357 
(0.4096,0.4628) <0.0001 0.4352 

(0.4091,0.4624) <0.0001 

sP -0.0041  
(-0.0389,0.0307) 0.8178 0.0344 

(0.0006,0.0689) 0.0463 0.0359 
(0.0020,0.0704) 0.0379 0.0367 

(0.0048,0.0691) 0.024 

uP 0.0912 
(0.0562,0.1258 <0.0001 0.0432 

(0.0116,0.0751) 0.0074 0.03780 
(0.0071,0.0691) 0.016 0.0371 

(0.0070,0.0574) 0.0159 

FGF-23 -0.0746 
(-0.1090,-0.0399) <0.0001 -0.0178 

(-0.0532,0.0174) 0.3194 -0.0171 
(-0.0530,0.0183) 0.3399 -0.0153 

(-0.0505,0.0196) 0.3876 

Calcitriol 0.0361 
(-0.0140,0.0861) 0.1579 0.0298 

(-0.0226,0.0882) 0.2451 0.0220 
(-0.0305,0.0790) 0.3851 0.0119 

(-0.0391,0.0655) 0.6212 

PTH -0.0173 
(-0.0521,0.0176) 0.3316 -0.0055 

(-0.0401,0.0290) 0.7517 -0.0006 
(-0.0347,0.0335) 0.9731 0.0010 

(-0.0301,0.0321) 0.9511 

Serum  
Calcium 

-0.0142 
(-0.0450,0.0166) 0.366 -0.00005 

(-0.0303,0.0302) 0.9974 0.0015 
(-0.0287,0.0318) 0.9207 -0.00006 

(-0.0302,0.0300) 0.9968 

Refined  
to  

Whole 
Grain 
Ratio 

dP 0.0047 
(-0.0260,0.0355) 0.7629 -0.0329 

(-0.0626,-0.0030) 0.0308 -0.0298 
(-0.0594,-0.00001) 0.0499 -0.0293 

(-0.059,0.0006) 0.0551 

sP -0.0284 
(-0.0631,0.0064) 0.1098 -0.0284 

(-0.0658,0.0057) 0.0998 -0.0306 
(-0.068,0.0035) 0.0769 -0.0431 

(-0.0792,-0.0117) 0.0083 

uP 0.0124 
(-0.0227,0.0474) 0.4897 -0.0334 

(-0.0683,-0.0019) 0.0385 -0.0290 
(-0.0628,0.0020) 0.0661 -0.0158 

(-0.0483,0.0153) 0.3088 

FGF-23 0.0469 
(0.0121,0.0815) 0.0083 0.0109 

(-0.0254,0.0485) 0.5406 0.0090 
(-0.0278,0.0468) 0.6168 -0.0039 

(-0.0373,0.0364) 0.9824 

Calcitriol -0.0161 
(-0.0662,0.0341) 0.529 0.0025 

(-0.0620,0.0562) 0.9232 -0.00002 
(-0.0583,0.0582) 0.9992 0.0135 

(-0.0400,0.0718) 0.577 

PTH 0.0386 
(0.0037,0.0733) 0.03 -0.0023 

(-0.0384,0.0337) 0.8969 -0.0116 
(-0.0476,0.0234) 0.5049 -0.0230 

(-0.0565,0.0087) 0.1511 

Serum  
Calcium 

-0.073 
(-0.1031, -0.0417) <0.0001 -0.0271 

(-0.0604,0.0033) 0.0787 -0.0270 
(-0.0602,0.0035) 0.0813 -0.0211 

(-0.0540,0.0097) 0.1722 

Whole 
Grains  

per  
1000  
kcal 

dP 0.0439 
(0.0131,0.0745) 0.0051 0.0161 

(-0.0137,0.0459) 0.2893 0.0187 
(-0.0111,0.0486) 0.2184 0.0175 

(-0.0123,0.0474) 0.2488 

sP 0.0272 
(-0.0076,0.0619) 0.261 0.0256 

(-0.0084,0.0610) 0.1375 0.0261 
(-0.0079,0.0616) 0.13 0.0272 

(-0.0050,0.0606) 0.0934 

uP 0.0054 
(-0.0297,0.0405) 0.763 0.0145 

(-0.0175,0.0471) 0.3688 0.0206 
(-0.0105,0.0526) 0.1913 0.0186 

(-0.0188,0.0498) 0.227 

FGF-23 -0.0436 
(-0.0782,-0.0088) 0.014 -0.0213 

(-0.0577,0.0139) 0.2304 -0.0202 
(-0.0570,0.0154) 0.26 -0.0172 

(-0.0533,0.0179) 0.3295 

Calcitriol 0.0164 
(-0.0338,0.0665) 0.5218 0.0366 

(-0.0146,0.0932) 0.1527 0.0232 
(-0.0284,0.0783) 0.3586 0.0170 

(-0.0326,0.0692) 0.4815 

PTH -0.0300 
(-0.0647,0.0049) 0.0919 0.0076 

(-0.0430,0.0273) 0.6623 -0.0006 
(-0.0353,0.0341) 0.9726 0.0018 

(-0.0299,0.0335) 0.9102 

Serum  
Calcium 

0.0227 
(-0.0081,0.0535) 0.1487 0.0130 

(-0.0171,0.0432) 0.3964 0.0124 
(-0.0178,0.0426) 0.421 0.0099 

(-0.0202,0.0399) 0.5212 

Abbreviations: dietary phosphorus (dP), serum phosphorus (sP), urinary phosphorus (uP), 
fibroblast growth factor 23 (FGF-23), and parathyroid hormone (PTH). 
aValues of unadjusted are provided as rho values with 95% confidence intervals (CI) and models 
1-3 are provided as standardized estimate with 95% CI.  
Participants were missing BMI (n=6), and information on calcium blockers and calcium 
containing phosphorus binders (n=27). 
bModel 1: Adjusted for age, sex, and race/ethnicity.  
cModel 2: Model 1 + BMI, calcium blockers, supplemental calcium, supplemental vitamin D, 
and calcium containing phosphorous binders.  
dModel 3: Model 1 + Model 2 + education, income, and eGFR. 
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Supplementary Table 3. Prospective comparison of whole grains per serving (A), ratio of 
refined grain to whole grain (B), and whole grains per 1,000kcal (C) to mortality and CVD 
composites 

Category Models CVD Mortality 
P-Values HR (95% CI) P-Values HR (95% CI) 

Whole Grains per 
Serving 

Unadjusted 0.391 0.966 
(0.891,1.046) 0.2846 0.959 

(0.889,1.035) 

Model 1b 0.2874 0.958 
(0.884,1.037) 0.0486 0.926 

(0.858,1.000) 

Model 2c 0.427 0.969 
(0.895,1.048) 0.0864 0.936 

(0.867,1.010) 

Model 3d 0.5751 0.978 
(0.906,1.057) 0.1657 0.949 

(0.881,1.022) 

Refined to Whole 
Grain Ratio 

Unadjusted <0.0001 1.013 
(1.008,1.018) <0.0001 1.014 

(1.010,1.018) 

Model 1b <0.0001 1.012 
(1.007,1.017) <0.0001 1.012 

(1.008,1.016) 

Model 2c <0.0001 1.011 
(1.006,1.016) <0.0001 1.011 

(1.007,1.016) 

Model 3d 0.0038 1.008 
(1.003,1.014) 0.0003 1.008 

(1.004,1.012) 

Whole Gains per 1,000 
kcal 

Unadjusted 0.03388 0.936 
(0.817,1.072) 0.1615 0.911 

(0.801,1.038) 

Model 1b 0.0701 0.883 
(0.772,1.010) 0.0014 0.809 

(0.711,0.921) 

Model 2c 0.1321 0.902 
(0.790,1.031) 0.0022 0.818 

(0.719,0.930) 

Model 3d 0.1797 0.914 
(0.801,1.042) 0.0054 0.835 

(0.736,0.948) 
Abbreviations: hazard ratio (HR), confidence interval (CI), and CVD (congestive heart failure, 
myocardial infarction, and stroke). 
a Hazard ratio (HR) per daily serving of whole grains (panel A), per refined grain to 
whole grains ratio (panel B), and per servings of whole grains per 1,000 kcal (panel C).  
Participants were missing BMI (n=16) data, and information on calcium blockers and calcium 
containing phosphorus binders (n=21). 
bModel 1: Adjusted for age, sex, and race/ethnicity.  
cModel 2: Model 1 + BMI, calcium blockers, supplemental calcium, supplemental vitamin D, 25-
hydroxy vitamin D, and calcium containing phosphorous binders.  
dModel 3: Model 1 + Model 2 + education, income, and eGFR.  
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Abstract 

Background  

 Conflicts have arisen about the current recommendation to consume refined 

grains over whole grains for the management of hyperphosphatemia in people with CKD. 

Given the inconsistencies in dietary guidance among the literature, online resources, and 

dietitians, it is critical to understand the perspectives of people with CKD.   

Methods 

 For this observation study, a convenience sample of adults (18-89 years old) were 

recruited from two Northern Nevada dialysis centers. Participants were ineligible if they 

had gastrointestinal disorders or were not clinically stable. The primary outcomes of 

interest in this study were reported grain intakes, and the perspectives and knowledge of 

grain recommendations among patients. Reported intake of whole grains was assessed 

using a three-day food record, which included two non-dialysis days (weekday and 

weekend day) and one dialysis day (weekday). Participants perspectives and knowledge 

were collected using an investigator developed questionnaire. Additional variables 

included serum phosphorus obtained from electronic medical records, and 

sociodemographic and clinical characteristics, and gastrointestinal (GI) symptoms 

obtained from questionnaires.  

Results 

Of the reported grains consumed, 74% came from refined grains.  Further analysis by 

food group found that the majority of grains in the diet were from bread and cooked grains with 

bread being the largest contributor to whole grains. According to participants, the most reliable 

source of dietary information was dietitians (43%) followed by nephrologists (29%). In response 
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to how confident they are about grain recommendations, 56% of participants stated they were 

somewhat confident and when asked about general grain consumption, 61% of participants 

responded that patients with CKD should consume less grains than the general population.  

When asked about grain type, only 33% stated an individual with CKD should consume whole 

grains.  

Conclusion 

 The results of this study indicate that whole grains intakes are low among people 

with kidney failure undergoing hemodialysis treatment, but not necessarily because of 

concerns related to phosphorus exposure.  
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Introduction  

Whole grains are considered the superior option over refined and are recommended for 

the prevention of chronic disease.1 However, people with chronic kidney disease (CKD), are 

recommended to restrict the consumption of whole grains due to their potential phosphorus 

content, which may contribute to CKD- mineral and bone disorder (CKD-MBD).2-3 Perhaps in 

part based on this concern, only 5% of people with CKD report consuming half of their grains 

from whole grains.4  

The recommendation to restrict whole grains is based on assumptions that has 

come into question over the last decade,5-10 which has led to conflicting advice regarding 

whole grains in people with CKD. A recent survey of kidney dietitians found that the 

majority (66%) indicate that they are likely or extremely likely to liberalize whole grain 

recommendations.11 However, the majority of online resources including advice on grain 

products support the restriction of whole grains in people with CKD (95%).12 Despite 

discouraging whole grains for decades, this practice had not been formally studied until 

very recently. The analysis of participants in the Chronic Renal Insufficiency Cohort 

(CRIC) study in Chapter 3 failed to support an association of reported whole grain 

intakes with CKD-MBD biomarkers, and actually found that participants reporting higher 

intakes of whole grains had lower risk of cardiovascular disease and mortality compared 

to refined grains.4  

The thoughts of health professionals and professional health organizations are 

known, but information related to patients understanding is lacking. Given the potential 

benefits of whole grains and the current confusion about recommendations it is crucial to 
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further explore patients understanding and beliefs about whole grain consumption. This 

study will examine patients grain knowledge, grain intake, and serum phosphorus levels. 

Methods 

Study Design and Participants 

Using convenience sampling, participants for this observational study were 

recruited from two dialysis centers located in Carson City and Gardnerville, Nevada. 

Recruitment occurred from June 1, 2023 to June 30, 2023. Participants were ineligible if 

they were <18 or >89 years of age, had gastrointestinal disorders (inflammatory bowel 

disease, short bowel syndrome), or were not clinically stable. In addition, they were not 

enrolled in the study if they were unable to complete the study questionnaires (English 

illiterate) or unable to provide informed consent (cognitively impaired). Enrolled 

participants were given study questionnaires to be completed at home and returned to the 

dialysis centers, which were reviewed by study staff upon return. This study was 

reviewed and approved by the University of Nevada, Reno Institutional Review Board.   

The primary outcomes of interest in this study were grain product intake, 

perspectives, and knowledge. Reported intake of whole grains was assessed using three-

day food records. When completing the record, participants were asked to include two 

non-dialysis days (weekday and weekend day) and one dialysis day (weekday). 

Instructions on how to complete the food record with examples were provided within the 

food record and reviewed with participants beforehand. Reported intakes of whole grains 

were categorized according to the framework outlined in What We Eat in America 

(WWEIA).13 Snack bars and crackers were condensed to form the category of snacks. An 

investigator developed questionnaire was used to determine participants’ perspectives and 
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knowledge regarding grain consumption, including their opinions about reliable sources 

of dietary information, and prior dietitian counseling. 

Additional variables included serum phosphorus, sociodemographic information, 

and gastrointestinal symptoms. Serum phosphorus was obtained from electronic medical 

records over a 12-month period prior to enrollment. To evaluate determinants of whole 

grain intake, participants completed a self-reported investigator-developed questionnaire 

of sociodemographic characteristics. Sociodemographic characteristics included sex, age, 

race/ethnicity, education, and income. Diarrhea and constipation were assessed using the 

Gastrointestinal System Rating Scale, which is comprised of a Likert scale of 1 (no 

discomfort) to 7 (very severe discomfort).14   

Statistical Analysis 

Participants characteristics were reported as mean (standard deviation) for 

normally distributed continuous variables, median (interquartile range) for non-normally 

distributed continuous variables, and number (percent) for categorical variables. All 

figures were created using Microsoft Excel.  

Results 

Participant Characteristics 

Of potentially eligible patients who were invited to participate in the study, 25 agreed, 

with only one patient unable to participate because they had recently undergone gastrointestinal 

surgery. Of the remaining 24 participants, only 18 completed the study materials with only 14 

having complete dietary data, and one participant reporting two non-dialysis days who was still 

included in the analysis. The majority of participants included in the study were male (78%), 
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white (83%), and non-Hispanic (89%) with a median age of 74 years, and 13 years of education 

(Table 1). All participants except one had hypertension and 60% had diabetes (Table 1). 

Analysis 

Of the reported grains consumed, 74% came from refined grains (Figure 1). 

Further analysis by food grouping found that the majority of reported grains came from 

bread and cooked grains with bread being the largest contributor to whole grains (Figure 

2).  

When participants were asked who the most reliable source of dietary information 

was, the most favored response was dietitians (43%) followed by nephrologists (29%) 

(Figure 3).  Of the seven participants who stated dietitians as their most reliable source of 

information, two (29%) said they were confident or very confident about grain 

recommendations and among this group, one participant stated that people with CKD 

should consume more grain products (Figure 4). Participants identifying nephrologist as 

their source of reliable dietary information (n=6) were generally at least somewhat 

confident about their grain knowledge (83%), and three of these participants stated that 

CKD patients should consume less grains (Figure 5). Other sources of reliable dietary 

information included nurse (n=2), online resources (n=1), girlfriend (n=1), and primary 

care physician (n=1) (Figure 6).  

Participant responses related to grain consumption showed 56% to be somewhat 

confident about grain recommendations and an equal split between not confident-

unconfident and confident-very confident (Figure 7). When asked about consumption, 

participants stated that people with CKD should consume less grains than the general 

population (61%) and when asked about what type of grain to consume only 33% stated 
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that an individual with CKD should consume whole grains over refined grains (Figure 

7).  

Of the participants who were very unconfident-somewhat confident, about three 

quarters stated patients with CKD should consume refined or limit grains entirely 

(Supplementary Table 1). Half of participants who were confident-very confident 

reported that people with CKD should consume whole grains (Supplementary Table 3). 

Discussion 

The concern of phosphorus status led to the recommendation to restrict whole grains and 

consume refined grains in people with CKD. However, there are still conflicting responses about 

what the actual grain recommendations are. The current study found that the majority of reported 

grains consumed came from refined grains (74%) compared to whole grains (26%), with the two 

largest contributors for both being bread and cooked grains. The analysis of grain knowledge 

found the predominant thought among participants was to consume less grains and limit both 

whole and refined grains. At the same time, a third of participants stated that people with CKD 

should consume the same amount of grains as the general population and that they should 

consume whole grains. Additional to this was the fact that dietitians were not the primary source 

of reliable dietary information. These findings shed new light on how conflicting evidence may 

affect dietary choices and perspectives of people with CKD.  

When analyzing the reported intake of grains, the proportion of refined to whole grains 

was similar to the general population.15 However, when analyzing by food group it varied 

slightly for whole grains with bread still being the number one contributor, but then followed by 

cooked grains instead of ready-to-eat cereals. Analysis of refined grains found cooked grains to 

be the highest followed by bread, which was the opposite for the general population.15 Although 
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overall intake was similar, differences by food category could be related to dietary 

recommendations and restriction among people with CKD, which told to manage protein, 

phosphorus, potassium, and sodium intake.3  

The concept of restricting grains is concerning since they are a key dietary staple, and 

whole grains are generally recommended for the prevention of chronic disease.1 In addition, the 

complete restriction of grain products is not consistent with the old or newer thoughts on grains 

for people with CKD, which do not suggest limiting total grain intake.2-3 The idea of chronic 

disease prevention creates an additional avenue for confusion in the form of hypertension and 

diabetes. Both of these are the leading causes of CKD in the United States16, and both leading 

organizations who preside over these conditions17-18 recommend the consumption of whole 

grains for their prevention and management. However, as stated, patients with CKD are 

recommended to restrict. This possibly meaning that if an individual was under care for one of 

these conditions before developing CKD, they could have been advised to consume whole 

grains, but now with a diagnosis of CKD are advised to restrict. This further mudding the water 

as people with CKD already find difficulty in understanding and following the dietary 

guidelines.19-20  

This can be further seen in the current study by how most participants reported being 

only somewhat-very unconfident in grain recommendations. This lack of confidence among 

groups may explain the multitude of responses regarding how much grains and what type of 

grains to consume. Additionally, cultural aspects could be another reason behind the choices of 

patients by the number of diets that recommend low carbohydrate intake, which include the keto, 

paleo, Atkins, south beach, and whole30 diets. 
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In addition, the conflicting results may be a consequence of the lack of clear guidance for 

practice.3 If one authority is saying something different than another, it may undercut a patient’s 

confidence in dietitians, and their willingness to follow their advice. It is surprising that more 

patients do not consider dietitian as the most reliable source of dietary information when it is 

their main role on the healthcare team, and patients have such frequent interactions during 

dialysis. This conflict leading to people with CKD limiting or completing restricting grain 

consumption, which was a statement made among participants.  

Although this study provides insight into the perspectives of people with CKD, there are 

limitations that need to be addressed. The use of convivence sampling and the small sample size 

may affect the generalizability of the results and cause sampling bias. In addition, the dietary 

intakes are self-reported, which may lead to measurement error in relation to dietary exposures 

and lastly, these findings do not automatically apply to individuals who are not on hemodialysis.  

Conclusion 

The results of this study convey the confusion and differing opinions among participants 

when it comes to grain consumption, furthering the need for cohesive recommendations and 

improved dietary strategies. Without a change in the status-quo, people with CKD with continue 

to be influenced by multiple sources, which may potentially introduce further distrust among 

healthcare providers and put the burden of choice on the individual. As the field progresses, 

future research will need to further clarify why dietitians are not the key sources of dietary 

information and see why individuals are focused on restricting total grain intake.    
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Table 1. Study participant characteristics 

Participant Characteristic 
Study 

Population 
(n=18) 

Sex (male, n(%)) 14 (78) 
Age (yr)a 74 (60,76) 
Race (white/caucasian, n(%)) 15 (83) 
Ethnicity (non-hispanic, n(%)) 16 (89) 
Education (yr)a,c 13 (12,14) 
Income (≤49,000, n(%)) 10 (56) 
Weight (kg)a 81 (73,88) 
Constipation (no-slight, n(%)) 11 (61) 
Diarrhea (no-slight, n(%)) 12 (67) 
Hypertension (n,%) 17 (94) 
Diabetes (n,%) 11 (61) 
Serum Phosphorus (mg/dl)b 5.2±0.9 

aValues are median and interquartile range.  
bValues are mean and standard deviation.  
cHigh school education is equal to 12 years. 
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Figure 1. Reported grain consumption by grain typea  

 
aParticipants missing dietary data (n=4)   
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Figure 2. Reported grain consumption by food categorya  

 
aReported intakes of grains were categorized according to What We Eat in America 
(WWEIA).13  
Snack bars and crackers were condensed to form the category of snacks.  
Participants missing dietary data (n=4)  
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Figure 3. Reliable sources of dietary information 

 
aIncludes girlfriend, online resources, and primary care physician. 
Question: In your opinion what is the most reliable source of dietary information for managing 
kidney disease? (Supplementary Table 1).  
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Figure 4. Flow chart of grain responses in relation to dietitian as the reliable source of dietary 
informationa 

 
aQuestions and potential responses provided in Supplementary Table 1.   
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Figure 5. Flow chart of grain responses in relation to nephrologist as reliable source of dietary 
informationa 

 
aQuestions and potential responses provided in Supplementary Table 1.   
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Figure 6. Flow chart of grain responses in relation to other reliable sources of dietary 
informationa 

 
aQuestions and potential responses provided in Supplementary Table 1. 
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Figure 7. Participants confidence level of grain recommendationsa 

 
aQuestions and potential responses provided in Supplementary Table 1. 
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Figure 8. Participants response to grain consumptiona 

 
aQuestions and potential responses provided in Supplementary Table 1. 
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Figure 9. Participant response to type of grain to consumea  

 
aQuestions and potential responses provided in Supplementary Table 1.  

6%

33%61%

Consume Refined Consume Whole Limit Both



 90 
 
 
Supplementary Table 1. Dietary information questions  

Questions Responses 

In your opinion, what is the most reliable 
source of dietary information for 
managing kidney disease? Select on 
answer.  

• Kidney Doctor (Nephrologist) 
• Primary Care Physician 
• Registered Dietitian 
• Nurse 
• Other Healthcare Professional 
• Online Resources  
• Other Sources 

On a scale of 1 to 5 ranging from 1 (very 
unconfident) to 5 (very confident), how 
would you rate your knowledge of grain 
product intake recommendations for 
people with kidney disease?  

1. Very unconfident 
2. Not confident 
3. Somewhat confident 
4. Confident 
5. Very confident 

People with kidney disease should 
consume:  

a. Less grain products than people without 
kidney disease.  

b. The same amount of grain products as 
people without kidney disease. 

c. More grain products than people without 
kidney disease.  

People with kidney disease should:  

a. Consume refined grain products and limit 
whole grain products.  

b. Consume whole grain products and limit 
refined grain products. 

c. Consume refined grain products and whole 
grain products.  

d. Limit refined grain products and limit 
whole grain products.  
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Supplementary Table 2. Grain Responses of Participants 

Category Response Participants 
(n) 

Confidence 
Level 

Very-not 4 
Somewhat 10 
Confident-

very 4 

Grain 
Consumption 

Less 11 
Same 5 
More 2 

Type of 
Grain 

Consumption 

Consume 
Refined 1 

Consume 
Whole 6 

Limit Both 11 
aQuestions and potential responses provided in Supplementary Table 1. 
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Supplementary Table 3. Comparison of confidence and recommended grain consumptiona 
Confident-Very Confident Less Grains More Grains Total 
Limit Both 2 (50%) 0 (0%) 2 (50%) 
Consume Whole  0 (0%) 2 (50%) 2 (50%) 
Total 2 (50%) 2 (50%) 4 (100%) 
Somewhat Confident Less Grains The Same Total 
Limit Both 6 (60%) 1 (10%) 7 (70%) 
Consume Whole 2 (20%) 1 (10%) 3 (30%) 
Total 8 (80%) 2 (20%) 10 (100%) 
Very Unconfident-Not Confident Less Grains The Same Total 
Limit Both 0 (0%) 2 (50%) 2 (50%) 
Consume Whole 0 (0%) 1 (25%) 1 (25%) 
Consume Refined 1 (25%) 0 (0%) 1 (25%) 
Total 1 (25%) 3 (75%) 4 (100%) 

aQuestions and potential responses provided in Supplementary Table 2.   
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Chapter 5: Conclusion 
 
Research Summary  

 Kidney disease is one of the leading causes of preventable death in the United States.1 

Tragically, as the disease advances, slowing or reversing its course becomes increasingly 

unlikely as loss of kidney function contributes to further kidney function decline.2 The outcome 

being kidney failure, which is the complete loss of kidney function leading to a need for dialysis 

treatment or kidney replacement. Diet is one of the key modifiable determinates of kidney 

function decline and has an important role in preventing and managing kidney disease 

complications.  

 Part of the dietary guidance for kidney disease involves the restriction of phosphorus, 

which if not followed may lead to the development of chronic kidney disease-mineral and bone 

disorder (CKD-MBD) (3-4).3-4 This disorder is characterized by an imbalance of phosphorus, 

fibroblast growth factor-23 (FGF-23), calcitriol, parathyroid hormone (PTH) and calcium3-4, 

which increase the risk of cardiovascular disease and renal osteodystrophy.3-4 A major 

component of the low-phosphorus diet has been avoiding whole grains, and instead consuming 

refined grains.5 Despite the fact that this advice has been implemented in practice for decades, it 

still has not been tested. This is concerning as whole grains are richer in other key nutrients such 

as dietary fiber and magnesium, and consumption of whole grains is almost universally 

recommended for the prevention of other chronic disease, particularly those that contribute to 

kidney function decline.6-8  

 

This dissertation explored three outstanding research gaps related to dietary guidance regarding 

grain products in people with chronic kidney disease (CKD):  
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1. To what extent can restricting whole grains lower phosphorus exposure in the diet?  

2. Are reported intakes of whole grains associated with CKD-MBD and mortality in people 

with CKD? 

3. What are the perspectives of people with CKD regarding whole grains in their diets?  

 

Three research studies were competed to address these questions. The first study “Seeing 

the whole picture: Evaluating the contribution of whole grains to phosphorus exposure in people 

with kidney failure undergoing dialysis treatment” (Chapter 2), reviewed the historical rationale 

behind the restricting of whole grains among people with CKD, and analyzed the potential 

contribution of grain products to phosphorus exposure in the diet. This was completed by 

creating three model diets of varying grain intake patterns based on the general United States 

population, adjusting for the presence of phosphorus additives and phosphorus bioavailability. 

The second study “The association of whole grain intake with chronic kidney disease-mineral 

and bone disorder, and mortality in the Chronic Renal Insufficiency Cohort (CRIC) study” 

(Chapter 3), analyzed the associations of reported whole grain intake with CKD-MBD 

biomarkers, and risk of cardiovascular disease (CVD) and all-cause mortality among participants 

in the CRIC study. The third study “The association of grain consumption perspective, whole 

grain intake, and phosphorus status among hemodialysis patients: A pilot study” (Chapter 4), 

included 18 patients from two Northern Nevada hemodialysis (HD) clinics, and assessed 

participant thoughts and feelings behind sources of dietary information and grain 

recommendations. A summary of the results to answering the questions of this dissertation and 

potential future research is provided in the following sections. 

To what extent can restricting whole grains lower phosphorus exposure in the diet? 
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Starting in the mid 1990’s people with CKD were advised to restrict whole grains9-10, 

even though it was unclear on the actual amount of additional phosphorus whole grains may 

provide. In the time since, numerous potential factors influencing the amount of available 

phosphorus have come to light including differences in bioavailability, and the impacts of food 

processing (e.g., phosphate additives, phytate breakdown), and preparation (e.g., 

demineralization).11-13 Despite increased awareness of factors decoupling phosphorus intake 

from exposure, there are no studies that have attempted to adjust for differences in 

bioavailability, or the presence of phosphate additives in evaluating phosphorus exposure from 

grain products.  

These factors led to the testing of three different grain intake patterns, which included a 

100% refined grain intake, a standard grain intake, and a mixed (50/50 whole and refined grain) 

intake. As expected, this comparison found a 100% refined grain pattern to be lower in 

phosphorus than the standard and 50/50 dietary pattern, but after accounting for the presence of 

additives, and phosphorus bioavailability, the additional phosphorus (104 mg/day) from the 

highest containing whole grain dietary pattern (50/50) was not likely sufficient to have clinically 

relevant effects (threshold 150mg/day) on serum phosphorus. In addition, if an individual were to 

instead avoid grain products with phosphate additives, they could potentially remove around half 

of the additional phosphorus exposure in the 50/50 dietary pattern. The second study (Chapter 4) 

further explored whether reported intake of whole grains was associated with higher phosphorus 

intake or urinary phosphorus. Although reported whole grains per serving were associated with 

dietary and urinary phosphorus, adjusting by energy did not find a strong association between 

either variable. 
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Based on the current knowledge of phosphorus exposure, the findings of these studies do 

not support the recommendation to restrict whole grains because of potential phosphorus content. 

The analysis of increasing whole grain intake from 0 (100% refined dietary pattern) up to 50% of 

dietary intake (50/50 dietary pattern) did not likely provide enough phosphorus to cause concern. 

In addition, due to the fact that whole grain intake is low in populations recommended to 

consume whole grains, the probability of reaching the highest level of phosphorus exposure is 

unlikely. 

What are the effects of whole grain consumption on CKD-MBD and mortality?  

Whole grains are restricted to lower potential phosphorus exposure among people with 

CKD, which if not managed may increase their risk of CKD-MBD. Although phosphorus does 

contribute to the development of CKD-MBD, the results from our first question suggest that the 

beneficial effects of whole grains observed in other populations may outweigh the additional 

phosphorus from whole grains. The analysis of CKD-MBD biomarkers including FGF-23, 

calcitriol, PTH, and calcium with reported whole grain intake did not find any consistent 

associations. Of increased interest, is the analysis of CVD and mortality, which showed that a 

higher intake of refined grains was associated with increased risk of all-cause mortality and 

increased risk of CVD. Furthermore, whole grains were shown to decrease the risk of mortality 

in people with CKD.  

Without an association with CKD-MBD biomarkers and having a reduced risk of 

mortality, the findings from this study suggest that, similar to other populations, the results 

actually appeared to suggest that the promotion of refined grains may be harmful, increasing the 

risk of CVD that the advice was meant to prevent. These findings reinforce that of the first 
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section in failing to support the long-standing practice of restricting whole grains in people with 

CKD. 

What are the perspectives of people with CKD regarding whole grains in their diets?  

Currently there are multiple potential conflicting grain recommendations people with 

CKD may be exposed to with no understanding of what their thoughts are in regard to one the 

main food categories. The results of this analysis found only 43% of participants chose dietitians 

as their most reliable source of dietary information. In addition, when asked about grains 

consumption, participants stated people with CKD should consume less grains than the general 

population and further analysis by grain type found 33% responding that people with CKD 

should consume whole grains.  

These findings give insight into the problems of the current grain landscape among 

people with CKD. Participants lacked agreement on who are reliable sources of dietary 

knowledge and what the current grain recommendations are. This further demonstrates the 

potential confusion people with CKD may face as well as the necessity for more harmonious 

recommendations among healthcare professionals.  

Conclusions and Future Research 

The findings of this dissertation addressed a major gap in the kidney nutrition literature, 

and in the process, produced results that contradict the long-standing practices of restricting 

whole grains and promoting refined grains in people with kidney disease. These findings are a 

critical first step in moving the field towards evidence-based dietetic practice for people with 

kidney disease. 

The analysis of reported whole grain intake among people with CKD did not find them to 

have a substantial influence on phosphorus status or hard outcomes. Based on this, there are 
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many potential avenues to take research to the next step. The first being the analysis of how 

grains are processed since this has the potential to degrade phytate and release more free 

phosphorus. In addition, when thinking about processed foods, phosphate additives are of 

concern because they provide additional phosphorus not found normally in food. Given that 

additives were projected to contribute meaningfully to phosphors intake from grain products, 

further analysis will need to determine the distribution of additives among whole grains versus 

refined and the potential additional phosphorus for each product. The impact of reported whole 

grain intake is likely protective, however this was completed among people with CKD, so an 

analysis of people on dialysis will be needed to see if the relationship holds. In addition, to help 

solidify the efficacy behind the benefits of whole grains among people with CKD, a randomized 

trail comparing CKD-MBD biomarkers with a refined grain diet and whole grain diet should be 

conducted. Since there is confusion among HD patients about grain recommendations, it would 

be beneficial to understand the thoughts behind why participants responded as they did 

especially in regard to who are reliable sources of dietary information and the response of 

limiting overall grain intake.  

Whole grains are recommended for the prevention of chronic disease, however people 

with CKD have been advised to reduce or restrict their consumption due to phosphorus content. 

It is problematic to be telling people to limit their whole grain consumption when there is no 

research analyzing the contribution of whole grains to phosphorus exposure. In addition, limiting 

their access to this food group, may place people with CKD at a disadvantage due to the many 

health benefits whole grains have to offer. This can be seen by the results of this study that show 

whole grains may actually be protective against CVD and mortality in comparison to refined 

grains. If people with CKD are dying of CVD and refined grains are potentially increasing their 
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risk, the field should not be endorsing their consumption. Furthermore, conflicting 

recommendations have the potential to confuse patients, which could be one reason behind the 

differing of response among participants about grain recommendations. It is important to have 

matching recommendations, so all healthcare professionals are on the same side and not 

confusing patients. Furthermore, it may be of more importance to reduce the amount of 

phosphate additives in the diet due to the fact they provide additional sources of phosphorus and 

have higher bioavailability. Meaning that patients should not be told to reduce whole grains, but 

to reduce their consumption of processed foods. Overall, the results of this dissertation do not 

support the advice to restrict whole grains and provides evidence for the need to loosen the 

current grain recommendations.  
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