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Abstract Background and aims: Here we describe a dietary intervention for hyperphosphatemia
in dialysis patients based on the partial replacement of meat and fish, which are one of the main
sources of alimentary phosphorous, with egg white, a virtually phosphorous-free protein source.
This intervention aims to reduce phosphorous intake without causing protein wasting.
Patients and methods: As many as 23 hyperphosphatemic patients (15 male and 8 female, mean
age 53.0 � 10.0 years) on chronic standard 4 h, three times weekly, bicarbonate hemodialysis
were enrolled in this open-label, randomized controlled trial. Patients in the intervention group
were instructed to replace fish or meat with egg white in three meals a week for three months
whereas diet was unchanged in the control group.
Results: Serum phosphate concentrations were significantly lower in the intervention group than
in controls after three (4.9 � 1.0 vs 6.6 � 0.8; p < 0.001) but not after one month of treatment.
Phosphate concentrations decreased more from baseline in the intervention than in the control
group both after one (�1,2 � 1,1 vs 0,5 � 1,1; pZ 0.004) and after three (�1,7 � 1,1 vs �0,6 � 1,1;
p < 0.001) months of follow-up. No change either in body weight or in body composition as-
sessed with bioelectrical impedance analysis or in serum albumin concentration was observed
in either group.
Conclusion: The partial replacement of meat and fish with egg white induces a significant
decrease in serum phosphate without causing protein malnutrition and could represent a useful
instrument to control serum phosphate levels in hemodialysis patients.
Clinicaltrials.gov identifier: NCT03236701.
ª 2018 The Italian Society of Diabetology, the Italian Society for the Study of Atherosclerosis, the
Italian Society of Human Nutrition, and the Department of Clinical Medicine and Surgery, Feder-
ico II University. Published by Elsevier B.V. All rights reserved.
Introduction

Hyperphosphatemia develops in the majority of patients
with end-stage renal disease (ESRD). It has a role in
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worsening the cardiovascular mortality of dialysis patients
and is responsible for severe complications such as
mineral bone disease [1,2]. Therefore, a close control of
serum phosphate remains a cornerstone in the clinical
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management of dialysis patients to improve their long-
term prognosis. According to the 2003 KDOQI Clinical
Practice Guidelines for Bone Metabolism and Disease in
Chronic Kidney Disease [3], phosphate levels in plasma
should be kept in the 3.5e5.5 mg/dl range and the Ca*P
product should be less than 55 mg2/ml2. Hemodialysis
(HD) alone is not effective in matching these targets that
can be reached only if it is combined with the use of
phosphate binders, a class of drugs that decrease phos-
phate absorption in the gut, and with a specific nutritional
approach to lower phosphorous intake [4,5].

There aremultiple sources of phosphorus in the diet that
could be the target of such a dietary intervention but,
because of important differences in bioavailability, they are
not all equally relevant in influencing phosphatemia [6].
The bioavailability of organic phosphorus depends on its
origin and is low in plants (e.g., phytates) whereas it ranges
around 60% in animal proteins (e.g., casein). Therefore,
animal proteins are a way more important target for a
phosphate-lowering nutritional intervention than plants as
also suggested by the evidence that in HD patients there is a
positive correlation between animal protein intake and
phosphatemia [6].

While reducing animal protein intake seems a feasible
approach in the conservative treatment of non-dialysis
patients with chronic kidney disease (CKD), it is much
more problematic in dialysis patients because they have
high protein requirements. Indeed, the recommended di-
etary protein intake for clinically stable HD patients is 1.2 g/
kg body weight/day, 50% of which should come from
sources high in biological value [7]. Reducing protein intake
below these recommended values may be dangerous in HD
patients because it increases the risk of malnutrition
hence worsening their prognosis [8]. Therefore, alternative
nutritional approaches that could lower phosphorous
intake without inducing protein malnutrition could be
helpful in HD patients. In this perspective, here we report
the encouraging results that we obtained by substituting
egg white for other animal proteins in the diet of a group of
HD patients. Although egg white has high protein content
ranging around 3.7 g for one egg white, its phosphorus
content is close to zero. This establishes an important
difference from other animal protein sources also including
egg yolk, and represents the rationale of testing egg white
in HD patients as a tool to lower phosphorus intakewithout
impoverishing the protein content of the diet.

Methods

Study design

The present study was a two-arm, open-label, randomized
controlled trial. Study protocol was approved by the Fed-
erico II ethics committee (#76/17) and informed consent
was obtained from all individual participants included in
the study. Study procedures were in accordance with the
ethical standards of our institutional research committee
and with the 1964 Helsinki declaration and its later
amendments or comparable ethical standards. The study
was performed in HD patients with hyperphosphatemia.
Inclusion criteria were: three times weekly 4 h standard
bicarbonate HD treatment with an at least 6-month
vintage and with stable dialysis dose and modality, hyper-
phosphatemia (serum phosphate �5.0 mg/dl), stable di-
etary intake, body weight and biochemical markers at least
by 3months. Exclusion criteriawere: diabetes, liver disease,
malignancy, previous parathyroidectomy or psychiatric
diseases. Non-collaborative patients were excluded as well.
Using a computer-generated list the patients enrolled in
the study were randomized in two groups, intervention and
control. During the study patients of the control group
continued to follow a Mediterranean style diet. In the
intervention arm patients were instructed to replace three
times weekly, only in one meal of the day, fish or meat with
an adequate amount of egg white to keep protein intake
unmodified. We gave the patients specific practical sug-
gestions on how this diet modification could be obtained.
For instance, we advised replacing one serving of meat (i.e.
120 g) with 5.5 egg whites or one serving of fish (i.e. 150 g)
with 6 egg whites suggesting alternative cooking methods
such as smoothies, veggie casseroles, egg salads, scrambles
or omelets. We did not specify the meal of the day inwhich
egg white had to substitute for fish or meat and the patient
were free to make this replacement either at lunch or at
dinner according to their preferences. The planned duration
of the nutritional intervention was three months. Adher-
ence to the diet was assessed monthly in all patients
through interviews conducted by dietitians using a food-
frequency questionnaire that includes 131 foods and bev-
erages [9]. More specifically, in this questionnaire, patients
are asked how many servings (as defined in the question-
naire) of each food they consumed during the period of
interest. The data obtained are then converted into daily
intakes considering the time span evaluated during the
interview. Food intakes are used to estimate nutrient in-
takes by the means of specific tables that report the
nutrient composition of each food. Specifically we used the
tables of the Italian National Institute of Nutrition, the
Souci’s Food Composition Tables and the Nutrition Tables of
the European Institute of Oncology [10e12]. During the
study the patients continued their drug therapy unmodi-
fied, including phosphate binders, recombinant erythro-
poietin and vitamin D3 analogues.

The primary endpoint was changes in serum phosphate
whereas the lack of major changes in body composition,
serum albumin and hemoglobin levels were secondary
endpoints.

Sample size calculationwas performedwith theG*Power
3.1.9.2 software (http://www.gpower.hhu.de/). Specifically,
assuming that the expected average of serum phosphate
before starting the trial was 6.0 � 0.8 mg/dL we estimated
that at least 10 patients per group were required to detect
a 15% change in serum phosphate down to 5.1 � 0.4 mg/dL.

At the time of the first visit, a through clinical
examination with the measurement of anthropometric
parameters and bioelectrical impedance analysis (BIA) was
performed. Patients underwent follow-up visits with a
similar protocol one and three months later. A blood
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sample for the determination of serum calcium and
phosphate and of other chemicals was collected approxi-
mately at the same time of the day, early in the morning
before the first weekly hemodialysis session. Conversely,
clinical and instrumental examinations including body
weight determination and BIA were performed 30 min
after the end of a hemodialysis session.

BIA was performed with the standard tetrapolar
technique measuring resistance (Rs) and reactance (Xc)
at 50 kHz with a BIA 101 RJL bioelectrical impedance
analyzer (Akern Bioresearch, Firenze, Italy) [13].

Statistical analysis

Statistical analysis was performed using IBM Statistical
Package for Social Science (SPSS) Advanced Statistics soft-
ware (release 20.0) (Armonk, New York, USA) for Windows.
Data were examined for normality using the ShapiroeWilk
test and expressed asmean� standard deviation if normally
distributed and as median and interquartile range if not.

Intra- and intergroup statistical comparisons of phos-
phate serum levels and of the other chemicals at the
different time points of the study were performed with
two-ways repeated measure ANOVA followed by the
Bonferroni post hoc test. The threshold for statistical sig-
nificance was set at P < 0.05 with Bonferroni correction.

Results

Study population consisted of 23 hyperphosphatemic pa-
tients (15 male and 8 female, mean age 53.0 � 10.0 years)
on chronic standard 4 h, three times weekly bicarbonate
hemodialysis that were randomized in two groups, control
and intervention. As shown in Table 1, there was no
significant difference between these two groups in any of
the demographic, anthropometric and laboratory charac-
teristics or in their drug therapy. No patient was on
anabolic steroids or protein supplements. All patients
completed the study and there was no dropout; no patient
from either group developed infections or was admitted to
the hospital.

No difference in the energy and protein intake estimated
from patient dietary interviews was observed between
intervention and control groups either at baseline or after
three months of treatment, with the only exception of
dietary phosphorous and phosphorous/protein ratio that
Table 1 Baseline characteristics of the study participants.

Intervention Control

Number 13 10
M/F 8/5 7/3
Age (years) 50.5 � 11.5 53.7 � 10.6
Body weight (kg) 86.1 � 19.5 90.1 � 21.5
Body mass index (kg/m2) 31.0 � 5.6 34.0 � 5.8
Serum phosphate (mg/dl) 6.6 � 1.0 5.9 � 0.7
Sevelamer use (n [%]) 4 (30) 4 (40)
Lanthanum use (n [%]) 4 (30) 3 (30)
Use of vitamin D derivatives (n [%]) 5 (38) 3 (30)
significantly decreased in intervention group (from
1066 � 122 to 971 � 103 and from baseline 13.8 � 1.7 to
12.4 � 0.8, respectively; p < 0.05) and remained unmodi-
fied in the control group (Table 2).

Although one month after the beginning of the study
serum phosphate concentrations were not significantly
different in the control and in the intervention group, we
observed a significant difference in the change of serum
phosphate concentration from baseline (�1,2 � 1,1 vs
0,5 � 1,1, respectively; p Z 0.004). At the second follow-
up, both serum phosphate concentration (4.9 � 1.0 vs
6.6 � 0.8; p < 0.001) and their change from baseline were
significantly different in the intervention and control
group (�1,7 � 1,1 vs �0,6 � 1,1, respectively; p < 0.001)
(Table 3 and Fig. 1).

To assess whether our nutritional intervention caused
malnutrition or negatively affected body composition we
compared the data of BIA obtained at the time of the first
visit and at the end of the study and we did not find
any significant difference in Rs, Xc, phase angle or fat free
mass, neither in the intervention or in the control group.
Moreover, both serum albumin and Hb concentrations
remained stable across the study further suggesting that a
good nutritional status was preserved in our patients
(Tables 2 and 3).

Discussion

The main finding of the present study was that in HD
patients serum phosphate levels decreased to normal
levels when fish and meat were replaced with egg white in
three meals a week.

The serum phosphate lowering effect of this dietary
modification can be explained by the decrease in phos-
phorous intake that it caused. Indeed, with this interven-
tion meat and fish proteins, which are one of the main
phosphorous sources in the diet [14,15], were replaced
with egg white that has the lowest phosphorous to protein
ratio among all natural foods [6]. It is remarkable that
serum phosphate normalization was obtained by
substituting egg white for other animal proteins just three
times a week. Indeed, assuming that the average content
of the phosphorus content in meat can vary from 170 to
290 mg/100 g, while in fish it varies from 190 to 290 mg/
100 g [10], the expected phosphorous content of a typical
meat or fish serving will be about 250 mg and, conse-
quently, with our dietary intervention the total phospho-
rous weekly intake should decrease by 0.75 g/week from
its mean value of 6e14 g/week. Therefore, the total weekly
phosphorus intake in patients on our egg white-based
dietary intervention should be still higher than the
maximum amount of phosphorous that can be removed
by HD (on average 2.4e3.6 g/week) [16] and hyper-
phosphatemia should not be corrected. However, only
about 60% of the ingested phosphorus is absorbed from
the gut and by removing meat and fish we actually
removed the phosphorous sources with the highest oral
bioavailability. It is also worth to mention that meat is
among the most important alimentary sources of



Table 2 Mean dietary intakes and bioelectrical impedance data in the Intervention and in the control groups at baseline and at the end of the
study.

Intervention (n Z 13) Control (n Z 10)

Baseline 3 months Baseline 3 months

Energy (kcal/kga$day) 28.1 � 2.3 28.0 � 2.4 28.0 � 2.3 27.6 � 2.4
Protein (g/kga$day) 1.1 � 0.1 1.1 � 0.1 1.1 � 0.1 1.1 � 0.1
Phosphorous (mg/day) 1066.2 � 122.1 971.4 � 103.4 1065.2 � 90.6 1086.1 � 110.0
Phosphorus/protein ratio (mg/g) 13.8 � 1.7 12.4 � 0.8* 14.7 � 1.2 15.1 � 1.1
Potassium (mg/day) 2099.6 � 196.3 2093.8 � 206.7 1922.8 � 434.4 1831.5 � 348.2
Resistance (Ohm) 490.6 � 62.6 484.0 � 62.7 512.4 � 74.3 507.0 � 62.4
Reactance (Ohm) 55.2 � 13.2 52.4 � 12.8 57.2 � 9.5 56.7 � 8.9
Phase angle (degrees) 6.3 � 1.7 6.2 � 1.7 6.5 � 0.8 6.5 � 1.1
Fat free mass (Kg) 56.9 � 10.7 57.0 � 10.9 53.6 � 11.5 53.6 � 10.3

*p < 0.001 vs the respective time point of the control group.
a Ideal weight.
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phosphorous additives and, therefore, by reducing its
amount in the diet a decrease is expected not only in
organic but also in inorganic phosphorous intake [17].

Unlike the conventional phosphate-lowering low-pro-
tein diets the egg white-based diet that we propose here is
expected not to cause protein malnutrition because egg
white has a high protein content and a high nutritional
value as also demonstrated by the fact that it has been
used to increase serum albumin concentration in perito-
neal dialysis patients [18]. Our data confirmed these
expectations because we did not observe any change in
body composition as assessed with BIA in the intervention
group. Indeed, no significant change in body weight or in
fat free mass was documented and both phase angle and
vector length, which are respectively representative of
body cell mass and of the hydration status, remained un-
changed after 3 months of treatment. Furthermore, in
the intervention group serum albumin, which significantly
decreases in protein malnutrition and whose decrease
predicts higher mortality in HD patients [19], remained
unchanged. The ability of an egg white-based diet to
normalize serum phosphate without inducing protein
malnutrition could have relevant practical implications in
the treatment of hyperphosphatemia in HD patients
considering that despite treatment in the majority of these
patients (60% of HD patients in the United States) serum
phosphorus levels are above the KDOQI upper target level
Table 3 Body weight and biochemical markers at baseline and after 1 an

Intervention (n Z 13)

Baseline 1 month 3

BW (kg) 86.1 � 19.2 84.3 � 19.5 8
Serum phosphate (mg/dl) 6.6 � 1.0 5.4 � 1.4 4
Serum phosphate (mg/dl)

(change from baseline)
e �1,2 � 1,1* �

Creatinine (mg/dl) 10.9 � 2.2 10.7 � 3.0 1
BUN (mg/dl) 84.8 � 17.7 79.3 � 20.9 7
Albumin (g/dl) 4.0 � 0.2 4.1 � 0.4 3
Total Protein (g/dl) 6.9 � 0.4 6.7 � 0.6 6
Hemoglobin (g/dl) 11.6 � 0.9 11.4 � 1.1 1

*p < 0.004 vs the respective time point of the control group; � p < 0.001
of 5.5 mg/dl [20]. This can be due to the reluctance of
nephrologists to recommend an aggressive reduction in
animal protein intake because they are afraid of inducing or
worsening protein energy wasting (PEW) in their patients
[21e23]. PEW is a multifactorial condition believed to be
the consequence of multiple factors such as the release
of proinflammatory cytokines, the activation of hyper-
catabolic states or the decline in appetite [24]. This condi-
tion characterized by the insidious loss of body fat and
somatic protein and associated with hypoalbuminemia,
chronic inflammation, sarcopenia and weight loss, may
cause a substantial worsening of prognosis in HD patients
[25e27]. PEW is highly prevalent in HD patients and
associated with adverse clinical outcomes, hospitalization,
higher morbidity and mortality rates [25e28]. Therefore,
when HD patients are required to reduce their protein
intake to lower serum phosphate, the benefits obtained
with phosphorous intake reduction could be reverted
by accompanying protein malnutrition [28e30]. In this
perspective, the nutritional strategy that we tested in the
present work could represent an effective way to reduce
phosphorous but not protein intake in HD patients. By this
approach, the nutritional profile that seems to be associ-
ated with the lowest mortality in HD-CKD patients, i.e. a
high protein intake with and a concurrent low phosphorus
intake and with normal serum phosphate seems, could be
reproduced in dialysis patients [2,30].
d 3 months in the Intervention and in the control groups.

Control (n Z 10)

months Baseline 1 month 3 months

3.8 � 19.1 90.2 � 21.5 89.9 � 20.8 89.9 � 20.3
.9 � 1.0� 5.9 � 0.7 6.4 � 1.3 6.6 � 0.8
1,7 � 1,1� e 0,5 � 1,1 0,6 � 1,1

0.9 � 2.7 10.6 � 1.9 10.1 � 2.2 10.1 � 2.0
4.5 � 19.9 70.3 � 12.9 85.1 � 22.2 79.3 � 21.4
.9 � 0.3 3.9 � 0.5 3.7 � 0.3 3.7 � 0.4
.6 � 0.5 6.8 � 0.6 6.9 � 0.7 6.5 � 0.4
1.6 � 1.3 11.0 � 1.3 10.9 � 0.8 11.6 � 1.1

vs the respective time point of the control group.



Figure 1 Serum phosphate concentration at baseline and after 1 and 3
months, in the intervention (black) and control (white) groups. Bars
represent mean values and error bars SD of mean. *p < 0.05 vs control
group.
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An additional argument to suggest the use of egg white
in HD patients is that this nutritional interventionwas well
accepted by our patients who were highly adherent to the
dietary intervention as assessed with alimentary ques-
tionnaires and there was no drop-out from the study. This
was a remarkable result because adherence is a problem
commonly encountered when implementing nutritional
interventions in HD patients. This can be explained by
patient frustration due to the limited amount and number
of aliments that they are allowed to eat in order to lower
the intake of fluids, sodium and potassium. Therefore,
different from Taylor et al. [31] who tested egg white in HD
patients in a small non-randomized study, we did not give
the egg white as a pasteurised liquid, but we instructed to
prepare it in several tasty ways such as smoothies, veggie
casseroles and egg salads. We believe, indeed, that the in
the way food is prepared and served variety is a key factor
for long term compliance in dietary treatments.

It is also important to emphasize that the cost for the
patients of the egg white-based diet that we described in
this paper is negligible. This is an important difference
from other dietary interventions for hyperphosphatemia
that have been proposed in the past such as the use of a
low-phosphorus and low-potassium protein concentrate
that we suggested a few years ago [32].

Our study has some important limitations. First, this was
a pilot study with a small number of enrolled patients and a
short duration of follow-up. Second, because baseline
serumphosphate levels weremuch closer to the lower limit
of inclusion in the control than in the intervention group,
we cannot exclude that our results could have been biased
by the phenomenon of regression to the mean. Third,
because changes in protein status were not our primary
endpoint, our study could have been underpowered to
detect changes in this parameter. Finally, a relevant limi-
tation of our study is actually intrinsic to all the studies that
use FFQs to estimate phosphorous intake. Indeed, the
currently available food composition tables in books or
software programs do not accurately reflect the additional
phosphorus from additives content in food that mainly
come from milk and dairy products and to a lesser extent
from meat and poultry, showing large variations when
similar products are compared [33,34]. The relevance of the
problem of the current lack of detailed information on
phosphate additives has also been acknowledged by the
European Food Safety Authority (EFSA) that in 2017
published a call on this specific issue [35]. As far as the
present study is concerned, we cannot exclude that our
findings were biased by changes in the intake of phospho-
rous from additives in the two study groups during
the investigation even though this seems quite unlikely
because patient diet remained unmodified with the only
exception of egg replacement in the intervention group. In
clinical practice the inability to track and correct all unin-
tended sources of phosphate in the diet may significantly
decrease the effectiveness of therapeutic interventions
aiming to prevent hyperphosphatemia in CKD patients
[33,34]. Therefore, it is expected that, as for any other
phosphate-lowering treatment, also the effectiveness of
our egg replacement strategy could be maximized only
with a specific nutritional education of both patients and
health-care professionals aiming to reduce phosphorous
intake from unwanted and not accurately measurable
sources [36].

In conclusion, we showed that a nutritional intervention
based on the replacement of meat and fish proteinwith egg
white induces a significant decrease in serum phosphate
without causing protein malnutrition or changes in
body composition. This approach could represent a useful
instrument to improve the control of serum phosphate in
HD patients.
Conflicts of interest

The authors declare that they have no conflict of interest to
disclose.
References

[1] Fukagawa M, Inaba M, Yokoyama K, Shigematsu T, Ando R,
Miyamoto KI. For Japan CKD-MBD Forum. An introduction to
CKD-MBD research: restart for the future. Clin Exp Nephrol 2017;
21:1e3.

[2] Noori N, Kalantar-Zadeh K, Kovesdy CP, Bross R, Benner D,
Kopple JD. Association of dietary phosphorus intake and phos-
phorus to protein ratio with mortality in hemodialysis patients.
Clin J Am Soc Nephrol 2010;5:683e92.

[3] National Kidney Foundation K/DOQI clinical practice guidelines for
bone metabolism and disease in chronic kidney disease. Am J
Kidney Dis 2003;42(4 Suppl. 3):S1e201.

[4] Coladonato JA. Control of hyperphosphatemia among patients
with ESRD. J Am Soc Nephrol 2005;16(Suppl. 2):S107e14.

[5] Taketani Y, Koiwa F, Yokoyama K. Management of phosphorus load
in CKD patients. Clin Exp Nephrol 2017;21(Suppl. 1):27e36.

[6] Kalantar-Zadeh K, Gutekunst L, Mehrotra R, Kovesdy CP, Bross R,
Shinaberger CS, et al. Understanding sources of dietary phos-
phorus in the treatment of patients with chronic kidney disease.
Clin J Am Soc Nephrol 2010;5:519e30.

[7] National Kidney Foundation. Clinical practice guidelines for
nutrition in chronic renal failure. K/DOQI, National Kidney
Foundation. Am J Kidney Dis 2000;35(6 Suppl. 2):S1e140.

http://refhub.elsevier.com/S0939-4753(18)30293-X/sref1
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref1
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref1
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref1
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref1
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref2
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref2
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref2
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref2
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref2
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref3
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref3
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref3
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref3
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref4
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref4
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref4
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref5
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref5
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref5
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref6
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref6
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref6
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref6
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref6
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref7
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref7
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref7
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref7


50 B. Guida et al.
[8] Shinaberger CS1, Greenland S, Kopple JD, Van Wyck D, Mehrotra R,
Kovesdy CP, et al. Is controlling phosphorus by decreasing dietary
protein intake beneficial or harmful in persons with chronic kid-
ney disease? Am J Clin Nutr 2008;88:1511e8.

[9] Willett WC, Sampson L, Stampfer MJ, Rosner B, Bain C, Witschi J,
et al. Reproducibility and validity of semiquantitative food
frequency questionnaire. Am J Epidemiol 1985;122:51e65.

[10] CREA-Consiglio per la Ricerca in agricoltura e l’analisi dell’eco-
nomia agraria. Tabelle di composizione degli alimenti. http://nut.
entecra.it/646/tabelle_di_composizione_degli_alimenti.html.

[11] Souci SW, Fachmann W, Kraut H. Food Composition and Nutrition
Tables. 8th ed. Stuttgart, Germany: MedPharm; 2016.

[12] Salvini S, Parpinel M, Gnagnarella P. Italian food composition
database for epidemiologic studies. Milan, Italy: European Insti-
tute of Oncology; 1998.

[13] Guida B, Cataldi M, Maresca ID, Germanò R, Trio R, Nastasi AM,
et al. Dietary intake as a link between obesity, systemic inflam-
mation, and the assumption of multiple cardiovascular and
antidiabetic drugs in renal transplant recipients. BioMed Res Int
2013;2013:363728.

[14] Sherman RA, Mehta O. Dietary phosphorus restriction in dialysis
patients: potential impact of processed meat, poultry, and fish
products as protein sources. Am J Kidney Dis 2009;54:18e23.

[15] Uribarri J. Phosphorus homeostasis in normal health and in
chronic kidney disease patients with special emphasis on dietary
phosphorus intake. Semin Dial 2007;20:295e301.

[16] Daugirdas JT. Removal of phosphorus by hemodialysis. Semin Dial
2015;28:620e3.

[17] Ritz E, Hahn K, Ketteler M, Kuhlmann MK, Mann J. Phosphate
additives in food–a health risk. Dtsch Arztebl Int 2012;109:
49e55.

[18] González-Espinoza L, Gutiérrez-Chávez J, del Campo FM, Martínez-
Ramírez HR, Cortés-Sanabria L, Rojas-Campos E, et al. Randomized,
open label, controlled clinical trial of oral administration of an egg
albumin-based protein supplement to patients on continuous
ambulatory peritoneal dialysis. Perit Dial Int 2005;25:173e80.

[19] Kalantar-Zadeh K, Kilpatrick RD, Kuwae N, McAllister CJ,
Alcorn Jr H, Kopple JD, et al. Revisiting mortality predictability of
serum albumin in the dialysis population: time dependency, lon-
gitudinal changes and population-attributable fraction. Nephrol
Dial Transplant 2005;20:1880e8.

[20] Block GA, Hulbert-Shearon TE, Levin NW, Port FK. Association of
serum phosphorus and calcium x phosphate product with mor-
tality risk in chronic hemodialysis patients: a national study. Am J
Kidney Dis 1998;31:607e717.

[21] Ikizler TA. Dietary protein restriction in CKD: the debate
continues. Am J Kidney Dis 2009;53:189e91.

[22] Mehrotra R, Nolph KD. Low protein diets are not needed in chronic
renal failure. Miner Electrolyte Metab 1999;25:311e6.
[23] Rufino M, de Bonis E, Martin M, Rebollo S, Martin B, Miquel R,
et al. Is it possible to control hyperphosphataemia with diet,
without inducing protein malnutrition? Nephrol Dial Transplant
1998;13(Suppl. 3):65e7.

[24] Kalantar-Zadeh K, Mehrotra R, Fouque D, Kopple JD. Metabolic
acidosis and malnutrition-inflammation complex syndrome in
chronic renal failure. Semin Dial 2004;17:455e65.

[25] Kalantar-Zadeh K, Kopple JD, Block G, Humphreys MH. A
malnutrition-inflammation score is correlated with morbidity and
mortality in maintenance hemodialysis patients. Am J Kidney Dis
2001;38:1251e63.

[26] Pupim LB, Caglar K, Hakim RM, Shyr Y, Ikizler TA. Uremic
malnutrition is a predictor of death independent of inflammatory
status. Kidney Int 2004;66:2054e60.

[27] Lacson Jr E, Ikizler TA, Lazarus JM, Teng M, Hakim RM. Potential
impact of nutritional intervention on end-stage renal disease
hospitalization, death, and treatment costs. J Ren Nutr 2007;17:
363e71.

[28] Block GA, Klassen PS, Lazarus JM, Ofsthun N, Lowrie EG,
Chertow GM. Mineral metabolism, mortality, and morbidity
in maintenance hemodialysis. J Am Soc Nephrol 2004;15:
2208e18.

[29] Kalantar-Zadeh K, Kuwae N, Regidor DL, Kovesdy CP, Kilpatrick RD,
Shinaberger CS, et al. Survival predictability of time-varying in-
dicators of bone disease in maintenance hemodialysis patients.
Kidney Int 2006;70:771e8.

[30] Shinaberger CS, Kilpatrick RD, Regidor DL, McAllister CJ,
Greenland S, Kopple JD, et al. Longitudinal associations between
dietary protein intake and survival in hemodialysis patients. Am J
Kidney Dis 2006;48:37e49.

[31] Taylor LM, Kalantar-Zadeh K, Markewich T, Colman S, Benner D,
Sim JJ, et al. Dietary egg whites for phosphorus control in main-
tenance haemodialysis patients: a pilot study. J Ren Care 2011;37:
16e24.

[32] Guida B, Piccoli A, Trio R, Laccetti R, Nastasi A, Paglione A, et al.
Dietary phosphate restriction in dialysis patients: a new approach
for the treatment of hyperphosphataemia. Nutr Metabol Car-
diovasc Dis 2011;21:879e84.

[33] Calvo MS, Moshfegh AJ, Tucker KL. Assessing the health impact of
phosphorus in the food supply: issues and considerations. Adv
Nutr 2014;5:104e13.

[34] Uribarri J. Phosphorus additives in food and their effect in dialysis
patients. Clin J Am Soc Nephrol 2009;4:1290e2.

[35] European Food Safety Agency (EFSA) Call for technical and
toxicological data on phosphates authorised as food additives in
the EU. https://www.efsa.europa.eu/en/data/call/170615.

[36] D’Alessandro C, Piccoli GB, Cupisti A. The "phosphorus pyramid": a
visual tool for dietary phosphorus management in dialysis and
CKD patients. BMC Nephrol 2015;16:9.

http://refhub.elsevier.com/S0939-4753(18)30293-X/sref8
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref8
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref8
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref8
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref8
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref9
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref9
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref9
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref9
http://nut.entecra.it/646/tabelle_di_composizione_degli_alimenti.html
http://nut.entecra.it/646/tabelle_di_composizione_degli_alimenti.html
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref11
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref11
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref12
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref12
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref12
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref13
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref13
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref13
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref13
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref13
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref14
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref14
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref14
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref14
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref15
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref15
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref15
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref15
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref16
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref16
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref16
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref17
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref17
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref17
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref17
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref18
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref18
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref18
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref18
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref18
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref18
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref19
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref19
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref19
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref19
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref19
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref19
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref20
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref20
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref20
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref20
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref20
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref21
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref21
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref21
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref22
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref22
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref22
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref23
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref23
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref23
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref23
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref23
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref24
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref24
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref24
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref24
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref25
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref25
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref25
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref25
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref25
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref26
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref26
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref26
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref26
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref27
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref27
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref27
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref27
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref27
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref28
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref28
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref28
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref28
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref28
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref29
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref29
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref29
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref29
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref29
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref30
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref30
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref30
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref30
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref30
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref31
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref31
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref31
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref31
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref31
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref32
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref32
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref32
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref32
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref32
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref33
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref33
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref33
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref33
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref34
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref34
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref34
https://www.efsa.europa.eu/en/data/call/170615
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref36
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref36
http://refhub.elsevier.com/S0939-4753(18)30293-X/sref36

	The impact of a nutritional intervention based on egg white for phosphorus control in hemodialyis patients
	Introduction
	Methods
	Study design
	Statistical analysis

	Results
	Discussion
	Conflicts of interest
	References


