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Abstract
Patients with impaired renal function have several dietary limitations, including cheese for both its high phos-
phorus and sodium content. However, cheese is an important component of the European diet, and its limita-
tion, together with the many other deprivations, negatively affects patients’ quality of life and nutrition. We 
have developed a cheese-making process characterized by the enrichment of milk with calcium carbonate to 
provide patients with a nutritional opportunity while improving their phosphorus control. The procedure can be 
applied to any type of milk and cheese. The derived products (identified by the designation of FriP) have optimal 
palatability, being indistinguishable from regular cheese. FriP cheese has a very low concentration of absorbable 
phosphorus and a low sodium content. FriP cheese has proven its efficacy in lowering phosphorus absorption in 
both healthy subjects and in chronic kidney disease (CKD) patients, as well as its safety as to calcium metabolism. 
Herein, we share the story of how FriP cheese has been developed to become an additional resource for over-
coming some of the dietary limitations of patients with CKD towards better nutrition, phosphorus control, and 
quality of life.
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The present is a story of neonatal medicine coming to the 
support of adult patients! In nephrology, knowledge typically 
stems from the adult setting prior to falling upon the pedia-
tric one. On the contrary, the development of FriP cheese has 
started at the neonatal bedside to find its best application in 
the adult nephrology setting.

We are all well aware that dietary interventions are the 
frontline treatment for chronic kidney disease (CKD) with 
impaired renal function. However, since dietary restrictions 
heavily impact the quality of life, patients’ compliance with 
our prescriptions is often inadequate or even poor.

Approximately 65% of pediatric nephropathies with 
impaired renal function are congenital (1). These babies 
obviously cannot refrain from milk intake. However, the high 
content in phosphorus of this essential food (human milk:  
18 mg/dL, formula: 25-35 mg/dL, cow milk: 95 mg/dL) likely 
causes severe hyperphosphatemia within days since birth. 
High serum phosphorus level, during pediatric age, even more 
than during adulthood, can have serious consequences for 
the future cardiovascular morbidity and mortality, ultimately 
undermining the long-term success of the entire treatment 
program; for example, at 40 years of age, cardiovascular 

mortality among patients who underwent dialysis during 
childhood, can be as high as 40% (2,3).

Nowadays, pediatric nephrologists can count on special 
formulas prepared by industry with very low phosphorus 
content (as well as protein and potassium) to feed infants 
with CKD. However, in the past and, to some extent, even 
today, the issue of the high phosphorus content in milk for 
newborns and infants with CKD was addressed by adding 
powdered calcium carbonate to milk to induce phosphorus 
chelation. The dose of calcium carbonate to be added to the 
baby bottle ranges from 0.5-1.5 mg/mL of milk. As calcium 
carbonate is tasteless and odorless (as well as colorless in 
milk), not only is the pre-treated formula readily accepted by 
infants, but it also improves the bioavailability of the chela-
ting agent because dispersed in the food. Moreover, the che-
lation process starts even before food is eaten, with positive 
drawbacks on efficacy.

This very same technique of milk manipulation has been 
successfully applied to milk intended for cheese production, 
with excellent results in terms of both organoleptic proper-
ties (4) and efficacy in reducing patients’ phosphatemia (5). 
This technique can be applied to the production of any of 
the more than 1000 different types of cheese available in the 
World, thereby it can potentially satisfy even the needs of the 
most demanding patients. In addition, the procedure, per se, 
is very inexpensive; thus, it does not significantly impact the 
price to the consumer.

The addition of calcium carbonate does not interfere with 
the cheese-making process; on the contrary, it even facilitates 
it; for this reason, calcium supplementation is already used by 
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many cheesemakers as an adjuvant whenever the milk is poor 
in mineral content. During the cheese-making process and in 
the subsequent maturation and seasoning phase, the carbo-
nate evaporates as carbon dioxide, providing the FriP cheese 
with characteristic “eyelets” (4). The excess of calcium binds 
to phosphorus, and both minerals precipitate in an insoluble 
salt (calcium phosphate) that cannot be absorbed by the inte-
stinal mucosa and will be eliminated with feces. Therefore, 
FriP products are not “free of phosphorus” as the name might 
suggest, rather are free of absorbable phosphorus.

FriP cheese (compared to regular products) was initially 
tested on healthy volunteers to document its efficacy and, 
more importantly, its safety. In greater detail, it was decided 
to make sure that its regular, long-term consumption does 
not expose subjects to metabolic alterations. The only dif-
ference observed among healthy subjects, regularly eating 
standard cheese and an equivalent FriP cheese for a 3-month 
period, was a 30% reduction in urinary phosphorus excretion. 

Notably, phosphatemia, calcemia, ionized calcium, and cal-
ciuria remained unchanged. In particular, calciuria, as deter-
mined in multiple (n: 10) samples over the study period, was 
not different both as mean excretion and as number of events 
of hypercalciuria defined as urinary Ca excretion>4 mg/kg/
day or uCa/uCr ratio >0.25 mg/mg (Table 1). The observation 
that FriP does not alter the calcium-phosphorus metabolism 
in healthy individuals was important to confirm that it can be 
safely consumed by whoever, thus avoiding the need for diffe-
rentiating foods consumed by patients and household mem-
bers. This is an additional contribution of the FriP project to 
the normalization of patients’ life.

The organoleptic properties were further investigated by 
blind, professional testers: FriP cheese actually was indistin-
guishable from an equivalent standard product (4). Finally, 
FriP cheese was tested in a cohort of patients on dialysis. 
Sixteen patients on hemodialysis (thrice weekly) were stu-
died in a crossover study design, and the results showed that 

TABLE 1 - Comparison of clinical and laboratory findings in a cohort of healthy subjects exposed to the consumption of a regular cheese and 
of FriP cheese for 3 months. (Urinary data are based on multiple determinations over the entire study period)

Regular Product
Median (IQR)

FriP Cheese
Median (IQR)

p

Female/Male* 10/4 8/6 ns

Age (yrs) 47.9 (16.6) 43.0 (13.1) 0.400

Weight (kg) 67.4 ( 13.6) 76.6 (29.7) 0.302

Product consumption (gr/kg/wk) 2.8 (0.88) 2.4 (1.48) 0.707

SBP (mmHg) 121 (9.9) 118 (11.4) 0.367

DBP (mmHg) 76 (9.9) 73 (10.8) 0.450

Total Ca(mg/dL) 9.31 (0.29) 9.27 (0.19) 0.631

iCa (mmol/L) 1.23 (0.029) 1.23 (0.026) 0.935

sCr (mg/dL) 0.85 (0.15) 0.89 (0.16) 0.660

Urea (mg/dL) 33 (8.5) 35 (7.3) 0.467

Alkaline Phospphatase (UI/mL) 69 (13.8) 67 (16.5) 0.668

PTH (pg/mL) 21.8 (6.5) 19.8 (8.5) 0.507

Albumin (gr/dL) 4.5 (0.26) 4.5 (0.23) 0.872

sP(mg/dL) 3.52 (0.65) 3.39 (0.6) 0.573

Triglycerids (mg/dL) 83 (25.0) 83 (32.5) 0.981

Total Cholesterol (mg/dL) 208 (37.3) 180 (35.9) 0.054

HDL Cholesterol (mg/dL) 78 (21.3) 75 (29.4) 0.760

LDL Cholesterol (mg/dL) 125 (28.8) 108 (31.7) 0.154

uNa/uCr Ratio (mEq/mg) 1.16 (0.19) 1.28 (0.27) 0.193

uCa (mg/kg/day) 3.21 (1.34) 3.32 (1.43) 0.679

uP(mg/kg/day) 13.4 (2.4) 10.5 (3.4) 0.014

Episodes with uCa>4(mg/kg/day)*
(Events/total number of determinations) 16/50 18/51 ns

Table legends: IQR: inter-quartile range; *: results are given in absolute numbers; ns: statistically non significant; yrs: years; wk: week; S: Sys-
tolic; D: diastolic; iCa: ionized calcium; sCr: serum creatinine; sP: serum phosphorus; sCa: serum calcium; uP: urinary phosphorus; uCa: urinary 
calcium.
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the increase in phosphatemia between subsequent dialysis 
sessions was significantly lower when patients had consumed 
FriP cheese compared with a standard product, without any 
difference in calcium metabolism. The change in inter-dialytic 
phosphatemia with FriP cheese was also lower than that 
without any cheese consumption at all, as it was per study 
design during the run-in period (Figure 1). FriP products that 
are now available in different types from several producers in 
Italy and Switzerland are being tested in predialysis patients 
(CKD stage III-IV).

Commercially available cheeses can have NaCl concentra-
tions ranging from 500 to 5000 mg/100 g. Since in FriP cheese 
the added calcium carbonate already provides an enhanced 
salty taste, its salt content is 30% lower than that of regu-
lar cheese. Indeed, in the study on dialysis patients, we did 
not observe any significant difference in the increase in inter-
dialytic weight gain or in blood pressure.

In conclusion, calcium carbonate-enriched cheese is safe 
in healthy subjects and efficacious in CKD patients. This novel, 
functional food may help to overcome some of the nutritional 
limitations of the many patients with impaired renal function: 
it is estimated that 6.4% of the general population has CKD 
(6). We expect that FriP products may also improve patients’ 
compliance with phosphorus binders, reduce the need for 
drugs while improving phosphorus control, nutrition, and 
patients’ quality of life.
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Another important characteristic of FriP cheese, which 
enhances its suitability for kidney patients, is its reduced 
NaCl content compared to an equivalent standard product. 

FIGURE 1 - Inter-dialysis increase in serum phosphorus (Delta P) in 
16 patients on chronic kidney replacement therapy during the run-
in period (usual diet), and when exposed to regular cheese and FriP 
cheese (modified from reference 5).
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