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Abstract
Background Patients on renal replacement therapy face many dietary limitations, and cheese is often limited because of its 
high phosphate content; we have developed cheese with added calcium carbonate  (CaCO3) to provide patients with a nutri-
tional opportunity while improving their phosphate control.
Methods The present double-blind crossover study was aimed to compare the new modified cheese with an equivalent 
standard product in 16 patients. The increase in inter-dialysis phosphorus (ΔP) and pre-dialysis calcium were used as the 
primary endpoints for efficacy and safety.
Results The median ΔP (and IQR) was significantly lower with the modified cheese compared with the standard product: 
2.5 (1.9–2.9) mg/dL vs. 2.7 (2.2–3.4) mg/dL, respectively (p < 0.02). No difference was observed in pre-dialysis serum 
calcium levels.
Conclusions The described modified cheese may represent an interesting means of overcoming some of the dietary limita-
tions in patients on dialysis to help them achieve better nutrition and quality of life.
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Introduction

Patients with advanced chronic kidney disease (CKD) have 
several dietary limitations that make their diet unappeal-
ing, leading to detrimental consequences, such as poor 
adherence to prescriptions, malnutrition and overall poor 
quality of life [1]. Cheese is an important component of 
the European diet but, due to its high phosphorus (as well 
as salt and animal fat) content, its consumption is often 
restricted in patients on kidney replacement therapy (KRT) 
[2]. To overcome some of the above-mentioned dietary 
limitations, we developed a special cheese with a fixed 
amount of calcium carbonate (CaCO3) added to the milk 
during the production process (FriP®). The present study 
aimed to test this new product in patients on hemodialysis.

Methods

In a pilot study, we tested the efficacy of the daily con-
sumption of a special cheese produced from cow’s milk 
supplemented with a fixed amount of  CaCO3 on serum 
phosphorus levels in a sample of patients undergoing 
chronic hemodialysis three times per week. The second-
ary end points were serum calcium levels, palatability and 
average consumption of FriP cheese in our population. 
FriP cheese was produced according to the best cheese-
making tradition so as to be indistinguishable from stand-
ard cheese. After a run-in period of 1 month on their usual 
diet, patients were randomly assigned to receive either the 
standard cheese followed by the modified cheese (FriP) 
for 1 month each, or the opposite sequence in a double-
blind fashion. A washout period of 1 week was introduced 
between treatment periods.

The composition per 100 gr of product of both cheeses 
was the same: calories 369 kcal; Fat 25.8 gr (of which 
17.6 gr is saturated fat); carbohydrates < 0.3 gr; protein 
20.0 gr; sodium 1 gr and phosphorus 591 mg. The only 
difference was the calcium content which was 966 mg in 
the standard cheese and 1238 mg in FriP cheese. During 
the study, the dialysis prescription and the use of both 
phosphorus-binders and vitamin D therapy were not mod-
ified. The end points were the increase in inter-dialysis 
(48 h) serum phosphorus (ΔP), predialysis phosphorus 
levels and predialysis calcium levels, which were regu-
larly and repeatedly measured during each of the study 
periods (at least 5 measurements per period). The addi-
tional parameters measured at the end of each study period 
(predialysis) were body weight, blood pressure, urea, cre-
atinine, total cholesterol, triglycerides, albumin, alkaline 
phosphatase, parathyroid hormone (PTH), ionized calcium 

and bicarbonate. Patients were instructed to eat the pro-
vided cheese during or after their main meals no more than 
once daily. Throughout the study period, patients were 
provided with 500 gr of cheese (as appropriate according 
to randomization) and the dietitian (RM) regularly asked 
how much of the previously provided product had been 
consumed (none/one-fourth/half/three-fourths/all) and 
how much they enjoyed it (not much/average/very much).

Statistical analysis: Categorical variables are given in 
absolute numbers and discrete variables as median and inter-
quartile range (IQR). Statistical analysis was tested with the 
Mann–Whitney test. Chi-square test was used to compare 
categorical variables. Statistical significance was set at a p 
value of < 0.05 (2-tailed). Data analysis was performed using 
StatView (Abacus Corp., California, USA).

Results

Twenty-two patients were enrolled, 16 of whom successfully 
completed the 2 treatment periods. There were 8 teenag-
ers (4 females) and 8 adults (6 females). All patients were 
Caucasian, had been on extracorporeal dialysis for at least 
6 months and were on a thrice weekly regimen. Drop-outs 
were due to transplantation (n: 3), reported non-adherence 
to the protocol (n: 2) or to SARS-CoV-2 infection (n: 1). 
Table 1 describes the general characteristics of the studied 
patients and the laboratory parameters at baseline and at the 
end of each study period.

The observed medians of the interdialysis ΔP (and the 
IQR) were as follows (Fig. 1): run-in: 2.7 (2.4–3.5) mg/
dL; standard cheese: 2.7 (2.2–3.4) mg/dL; and FriP cheese 
2.5 (1.9–2.9) mg/dL (p < 0.02 for FriP vs. both run-in and 
standard cheese). Individual responses regarding efficacy 
(inter-dialysis ΔP) are provided in Fig. 2 with all but 3 
patients experiencing a decrease in ΔP during the period 
in which they were consuming the FriP cheese compared 
to the period in which they were consuming the standard 
cheese. Predialysis phosphorus levels were also lower while 
consuming FriP cheese than while consuming standard 
cheese: 4.7 (4.0–5.3) vs. 5.0 (4.3–5.5) mg/dL; (p: 0.056), 
while the predialysis serum total calcium did not differ: 9.3 
(8.7–9.5) vs. 9.1 (8.7–9.5) mg/dL (p = 0.820) between the 2 
periods. Notably, there was no difference in the ΔP observed 
between the run-in period and the period in which the stand-
ard cheese was consumed. Moreover, the subgroup of teen-
age patients did not experience different efficacy and safety 
compared with the adult patients: the inter-dialysis ΔP val-
ues in teenagers consuming standard cheese and FriP cheese 
were 2.9 (2.2–3.4) mg/dL and 2.8 (1.8–2.9) mg/dL, respec-
tively, while the values in adults were 2.7 (2.2–3.3) and 2.4 
(1.9–2.7) mg/dL, respectively, and the pre-dialysis serum 
calcium levels in teenagers consuming standard cheese and 
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FriP cheese were 9.3 (9.1–10.1) and 9.4 (9.3–9.8), respec-
tively, while the values in adults were 8.8 (8.5–9.1) and 8.7 
(8.5–9.3) mg/dL, respectively.

Finally, no significant differences were observed between 
the standard cheese and FriP cheese periods in the inter-
dialysis increase in body weight: 1.25 (0.33–2.62) vs 1.29 
(0.25–2.87) kg or in any of the other investigated variables 
(Table 1). All patients enjoyed both products equally, and 
the mean amount per kg of BW consumed per week was not 
different: 5.93 (3.21–7.78) gr of standard cheese vs. 4.96 
(2.89–7.26) gr of FriP cheese (p: 0.56). No significant dif-
ference was observed between teenage and adult patients 
with regard to the amount of cheese consumed. All patients 
reported significant appreciation and gratification achieved 
by the reintroduction of cheese into their diet.

Discussion

Worldwide, the number of people on KRT is estimated to 
be more than 1.4 million, with the incidence growing by 
approximately 8% annually [3]. These patients must con-
trol their intake of sodium and fluids to avoid severe hyper-
tension and fluid overload. They must also reduce their 
intake of fruits and vegetables to prevent hyperkalemia. 
Finally, the amount of meat, fish, milk and cheese consumed 
has to be limited to avoid hyperphosphatemia, one of the 
main determinants of secondary hyperparathyroidism [4, 5].

Table 1  General characteristics of enrolled patients and the laboratory parameters at baseline and at the end of each study period

s serum; BMI body mass index, ALP alkaline phosphatase, BP blood pressure

Clinical and laboratory data
N. of patients 16
Gender, M/F 8/8
Age, years 26.9 (14.9–69.0)
Weight, kg 58 (51–69)
BMI (kg/m2) 22.3 (18.7–25.3)

Baseline Standard cheese FriP cheese

Systolic BP 124 (112–135) 124 (112–135) 129 (123–140)
Diastolic BP 70 (63–74) 65 (58–78) 69 (65–73)
sPhosphorus, mg/dl 4.9 (4.1–5.7) 5.0 (4.3–5.5) 4.7 (4.0–5.3)
sCalcium, mg/dl 9.1 (8.8–9.8) 9.1 (8.7–9.5) 9.3 (8.7–9.5)
Ionized Calcium mmol/l 1.23 (1.15—1.25) 1.21 (1.19–1.26) 1.23 (1.21–1.23)
PTH, ng/l 96 (61–144) 92 (54–214) 81 (45–185)
ALP U/l 115 (64–203) 107 (66–179) 105 (75–193)
Cholesterol, mg/dl 135 (111–148) 129 (122–146) 132 (115–184)
Triglycerides, mg/dl 128 (89–156) 111 (89–153) 120 (72–154)
sBicarbonates, mEq/l 22.3 (20.6–24.3) 22.9 (22.0–23.5) 23.9 (20.9–24.8)
sCreatinine, mg/dl 6.6 (5.7–8.0) 7.3 (6–8.9) 7.3 (5.9–10.3)
urea, mg/dl 128 (120–165) 153 (103–184) 139 (111–181)
Albumine, g/dl 4.1 (3.9–4.3) 4.2 (4.0–4.5) 4.2 (3.9–4.5)

Fig. 1  Inter-dialysis increase in phosphorus levels in 16 patients on 
kidney replacement therapy during the run-in period (usual diet) and 
when exposed to standard cheese and FriP cheese
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Such extensive food restrictions ultimately lead to a 
reduction in food intake, malnutrition, depression and 
reduced compliance with both dietary and therapeutic pre-
scriptions. This is especially true for people who are on 
maintenance dialysis for a long time [6, 7].

The idea of producing a special kind of cheese, enriched 
with calcium carbonate, derived from our experience in 
the care of newborns with renal insufficiency and hyper-
phosphatemia. These patients cannot consume anything but 
milk, either breast milk or formula, both of which are char-
acterized by a high content of phosphate. In the past, when 
phosphorus-free formulas were not available (as is currently 
the case with breast milk), the addition of calcium carbonate 
to the milk was the standard of care [8, 9]. With FriP cheese, 
we simply applied the same concept to cheese-making, given 
the knowledge that calcium-enriched milk, in addition to 
trapping phosphorus, also favors the chemical process of 
caseification.

Moreover, since calcium carbonate is tasteless, the pro-
cess of producing FriP cheese does not affect the taste of 
the final product and can be applied to any of the more than 
2,000 different types of cheese available in Europe. We 
highlight that, according to the enrolled patients, the modi-
fied cheese was indistinguishable from the standard cheese 
and it was acknowledged to be an excellent product. The 
described process of producing FriP cheese offers the pos-
sibility to combine the best cheese-making tradition with the 
production of a product suitable for CKD patients (including 
a reduced content of sodium from average 1.2–1.5 gr/100 gr 
of product to < 1 gr), providing patients with the opportunity 
to vary their diet, with positive effects on their phosphorus 
levels, diet and ultimately on their quality of life. The aim of 
the present study was exploratory, therefore, there are still 
several open issues, such as the long-term impact of added 
calcium on vascular calcifications and the impact of cheese-
derived caloric intake on body composition. However, we 
believe that the positive results of this preliminary evalua-
tion support the feasibility of testing FriP cheese consump-
tion in larger and longer studies that could address these 
unresolved issues.

A major limitation of the present pilot study, besides the 
small study sample, is that the patients’ usual diet was not 
investigated or standardized. We expect that the cross-over 
design with random sequencing may have limited the poten-
tial bias. Moreover, we do not think that the patients’ diets 
could be standardized for 3 months, and we do not feel very 
confident with regard to the reliability of dietary recall.

In conclusion, our study shows that  CaCO3-enriched 
dairy products are efficacious, well-accepted and safe in 
patients on dialysis. Thus, we suggest their use in patients 
on dialysis to overcome some of their nutritional limitations 
and to increase their compliance to phosphate-binders, in 
order to achieve better phosphorous control and improved 
nutrition and quality of life.
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