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1. Phosphate homeostasis 

1.1 Nutritional role of phosphorus 

Phosphorus is an essential nutrient that serves a multitude of physiological roles in the body. The nutritional 

role of phosphorus is well described, both for the general population, and for infants that exhibit a period of 

rapid tissue growth and development. The nutritional role of phosphorus, and the dietary form of phosphates 

that is most prevalent in foods, is well described by scientific bodies such as the EFSA NDA Panel in 2005, 

2013, 2014, Food & Nutrition Board of the Institute of Medicine (1997), and others.  

The EFSA NDA panel in 2004 reviewed the safety of phosphorus, and phosphate as the dietary form, with the 

aim to establish an upper Intake level for phosphorus. In this opinion, the NDA panel describes phosphorus 

as an essential nutrient involved in many physiological processes, such as the cell’s energy cycle (high-energy 

pyrophosphate bonds in adenosine triphosphate [ATP]), regulation of the whole body acid-base balance, as 

a component of the cell structure (as phospholipids) and of nucleotides and nucleic acids in DNA and RNA, in 

cell regulation and signaling by phosphorylation of catalytic proteins and as second messenger (cAMP). 

Another important function is in the mineralization of bones and teeth (as part of the hydroxyapatite) (EFSA 

NDA Panel 2005). 

Infants and young children are specific populations, since this life stage is a period of rapid growth and tissue 

accumulation, with rapid phosphate accretion into bones and teeth, as well as soft tissues. Therefore, 

neonates require a positive balance in phosphorus absorption, and a serum phosphate concentration higher 

than in adults or older children, to allow phosphate accretion into bone tissues (EFSA NDA Panel 2005).  

 

1.1.1 Recommended levels of phosphorus in IF and FOF 

The dietary requirements for phosphorus for formula-fed infants are based on the content of bioavailable 

phosphorus in human milk, as well as the relative absorption from cow’s milk compared to human milk. 

 

THIS CHAPTER AIMS TO SUMMARIZE THE AVAILABLE INFORMATION ON PHOSPHATES AND PHOSPHATE 

SALTS AS ESSENTIAL NUTRIENTS, AS WELL AS THE MECHANISMS THAT REGULATE SERUM PHOSPHATE 

CONCENTRATION. IT FURTHER JUSTIFIES THAT THE SAFETY OF PHOSPHATES SHOULD BE ASSESSED AS A 

FUNCTION OF TOTAL PHOSPHORUS CONTENT RATHER THAN ADDED PHOSPHATES PER SE. 
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According to the report of the Scientific Committee on Food [Report of the Scientific Committee on Food on 

the Revision of Essential Requirements of Infant Formulae and Follow-on Formulae, 2003], “the minimum for 

bioavailable phosphorus should be 20 mg/100 kcal, and the maximum 70 mg/100 kcal. The proportion of 

bioavailable phosphorus content may either be based on measured data in the respective formula, or be 

based on a mean phosphorus absorption of about 80% from cow’s milk protein-based formula and about 70% 

from soy protein isolate based formula, which results in the following recommended minimum and maximum 

levels:  

Cow’s milk protein-based and protein hydrolysates only infant formula and follow-on formula: minimum 25 

mg/100 kcal, maximum 90 mg/100 kcal and in soy protein based infant formula minimum 30 mg/100 kcal, 

maximum 100 mg/100 kcal.” This recommendation has been maintained in the reports by EFSA in 2013 (EFSA 

NDA Panel 2013) and 2014 (EFSA NDA Panel 2014) . 

 

1.1.2 Importance of a balanced calcium to available phosphorus intake 

Phosphate homeostasis is closely linked to calcium absorption and homeostasis, and as such, it is important 

in infant nutrition to ensure that the molar ratio of calcium to available phosphorus is at least 1:1 up to 2:1. 

Infant formula and FSMP’s have a calcium to available phosphorus molar ratio of 1 – 2. 

As long as the calcium to available phosphorus ratio in an infant formula is maintained, with levels of calcium 

phosphorus in line with the recommendations, no negative health impact should be expected for phosphates.  

 

1.2 Phosphate homeostasis mechanism 

1.2.1 Dissociation of phosphates and absorption of dietary phosphates 

Most dietary sources of phosphate are bioavailable. For nutrient substances such as calcium phosphates, 

sodium phosphates, magnesium phosphates and potassium phosphates, bioavailability is one of principal 

requirements to be permitted as nutrient substance.  

Phosphate solubility depends on different factors, such as the form in which the phosphate is present, the pH 

of the solution, and potential presence of phytates that bind mineral ions. Since no phytates are present in 

milk based formula, pH, temperature and the phosphate form are most relevant for solubility. Below table 

lists solubility of phosphates in water. The way the phosphate is brought into solution in the infant formula 

manufacturing process may determine solubility of each of the phosphates as well (Lampila and Godber 

2002). 
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Table 1: solubility of phosphate sources (Lampila and Godber, Food Additives, Second Edition, edited by A. 
Larry Branen, P Michael Davidson, Seppo Salminen, John H. Thorngate III) 

Common name Solubility 

(Gram phosphate per 100 g water) 

Phosphoric acid High 

Monocalcium phosphate Disproportionates 

Dicalcium phosphate Insoluble 

Tricalcium phosphate Insoluble 

Monopotassium phosphate 20 

Dipotassium phosphate 120 (10⁰C),  

260 (50⁰C) 

Tripotassium phosphate  51 (20⁰C) 

Monosodium phosphate 85 (20⁰C) 

212 (80⁰C) 

Disodium phosphate 7.7 (20⁰C) 

93 (80⁰C) 

Trisodium phosphate 13 (20⁰C) 

It needs notion that the solubility may differ depending how the phosphate solution is prepared, the pH and 

the temperature of the water.  

More importantly, the low pH in the stomach upon ingestion will increase solubility of phosphates. The study 

by Axelson et al. (1991) showed that the acidic condition in the stomach plays an important role in solubilizing 

phosphates and subsequent absorption. Rats with different types of stomach surgery had impaired calcium 

homeostasis when the stomach could not produce acid to aid dissociation (Axelson et al. 1991). The acidic 

condition in the stomach facilitates solubility of dietary phosphate salts, as reported by Lopez-Huertas (2006) 

with labeled 44Ca in the form of tricalcium phosphate. Adults who consumed a milk with added 44Ca labeled 

tricalcium phosphate absorbed labeled calcium, indicating that tricalcium phosphate is well solubilized and 

available for absorption (Lopez-Huertas et al. 2006).  
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Food phosphorus is a mixture of inorganic phosphates and various organic phosphates. Most phosphorus 

absorption occurs as inorganic phosphate because intestinal phosphatases hydrolyze the organic forms in 

foods, and the predominant form of inorganic phosphate in all biological fluids and tissues is the hydrogen 

phosphate ion (HPO4
2-), a divalent anion [ref Advanced Dairy Chemistry Volume 3]. For infants, absorption is 

highest from human milk (about 90 %), followed by cow‘s milk and protein hydrolysates (about 70 %) and soy 

formula (about 60 %) (EFSA NDA Panel 2013).  

Absorption of phosphate is through two different methods: 1) a saturable, active transport facilitated by 1,25-

dihydroxyvitamin D, 2) a passive, concentration-dependent diffusion process. Net phosphorus absorption is 

a linear function of phosphorus intake. Even in the phase of dangerous hyperphosphatemia, phosphorus 

continues to be absorbed from the diet at an efficiency only slightly lower than normal (Institute of Medicine 

1997).  

1.2.2 Serum inorganic phosphate 

Potential adverse effects that have been related to excessive dietary phosphate intake are mediated through 

hyperphosphatemia, which in turn can increase serum parathyroid hormone concentration that further 

influences serum phosphate and serum calcium concentrations. Therefore we believe it is relevant to assess 

the effect of dietary phosphate on serum phosphate concentration, as a measure of safety of dietary 

phosphates.  

Neonates have a higher serum inorganic phosphate concentration than older children and adults. While 

adults have serum phosphate concentrations in the range of 3.4 to 4.5 mg/dl (1.12 – 1.45 mmol/liter), 

neonates have higher serum phosphate concentration.  Normal serum phosphate concentrations for 

neonates have been reported in the range from 1.3 – 2.6 mmol/liter, which corresponds to 4.0 – 8.0 mg/dL 

(Association of Clinical Biochemistry and Laboratory Medicine 2012).  

While the above range is based on laboratory values from mostly breastfed babies, studies with both breast 

fed and formula-fed babies show that, although serum phosphate concentration in formula-fed babies is 

higher than in breastfed babies, the mean serum phosphate concentration fell within the range observed for 

human milk-fed infants within the first six months of life (Hicks et al. 2012, Wu T. C. et al. 2011b). As the 

Institute of Medicine concludes in their 1997 handbook on dietary reference intakes for phosphorus (page 

163), the higher intakes from modified formula are not likely to be of physiological significance (Institute of 

Medicine 1997). With maturation of the renal phosphate excretion mechanism sometimes after 6 weeks of 

life, infants should be able to adapt to a wide range of phosphorus intake.  
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Indeed, it is of interest that the significantly higher content in infant formula and FSMP’s for infants translates 

only in a marginally higher serum phosphate concentration. Hicks et al. (2012) assessed the serum calcium 

and phosphorus values in healthy term infants (56-70 days of age at enrollment) who were fed a standard 

infant formula, and compared to a breastfed reference group. Where the phosphorus content in the infant 

formula was around 45 mg/100 kcal, the human milk phosphorus content is expected to be significantly lower 

(no data available). As such, the phosphorus intake from infant formula is thus double the amount of 

phosphorus in human milk, although absorption rate is expected to differ. After 14 days of feeding, the serum 

phosphorus content in the breastfed group was 5.9 ± 0.2 mg/dL, while this was 6.7 ± 0.1 or 6.9 ± 0.1 mg/dL 

in the formula groups (Hicks et al. 2012). A similar study in healthy term infants demonstrated that the serum 

phosphorus concentration in formula-fed infants was 7.27 ± 1.09 versus 6.53 ± 0.77 mg/dL in the breastfed 

reference group, and 6.67 ± 0.83 versus 6.13 ± 0.72 mg/dL in the breastfed reference group at 4 and 8 weeks 

of age, respectively (Wu T. C. et al. 2011b). Mean reported serum phosphorus concentration is within the 

normal laboratory range. Of note, these infant formula contain phosphates only naturally present, without 

any added phosphate salts. Information on clinical studies that compare serum inorganic phosphate 

concentration in infants fed formula and breastfed infants is summarized in section 3.2.6.  

Factors other than dietary intake that influence serum inorganic phosphate concentration 

Inorganic phosphate levels are only loosely regulated. Normal inorganic phosphate levels decline with age 

from infancy to maturity. The most likely reason for the higher inorganic phosphate in newborn infants than 

in older children and adults is the lower glomerular filtration rate (GFR) of infants. GFR is about 32 

ml/min/1.73 m2 at about 1 week of age, and rises to 87 at 4 to 6 months (Brodehl et al. 1982, Svenningsen 

and Lindquist 1974). In the first months of life, plasma inorganic phosphate concentration appears to be a 

reflection both of renal glomerular maturity and of the amount of dietary intake.  

Serum inorganic phosphate is under endocrine control by parathyroid hormone (PTH) and 1,25-

dihydroxyvitamin D, as well as by the accretion and release of phosphate from bone tissue. The lower 

glomerular filtration rate in young infants may explain the relatively high serum inorganic phosphate 

concentration, both when breastfed and when formula-fed. The higher serum phosphate concentration in 

infants may serve a purpose to allow accretion of phosphate into bone and soft tissue during this rapid period 

of growth (EFSA NDA Panel 2005).  
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1.3 Conclusion 

 

  

Phosphorus is an essential nutrient, which plays important roles in many physiological processes. 

According to SCF (SCF 2003), the recommended minimum bioavailable phosphorus is 20 mg/100kcal and 

a maximum bioavailable phosphorus of 70 mg/100kcal in all infant formula. 

The dietary form of nutrient phosphorus is phosphates. Most phosphates, after ingestion, are solubilized 

in the stomach, then dissociated and absorbed in the small intestine. Upon absorption, phosphates either 

accumulate in body tissues, specifically bone and cartilage, where excessive inorganic phosphate is 

excreted through the kidney. Due to lower glomerular filtration rate in young infants, neonates usually 

have higher serum phosphate than older infants and adults. The higher serum inorganic phosphate 

content may aid phosphorus accretion in body tissues. Although serum inorganic phosphate is slightly 

higher in formula-fed infants compared to breast-fed infants, as reported in some clinical studies, the 

difference is not likely to be of physiological significance (Institute of Medicine 1997).  
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2. Risk assessment by expert bodies 

 

The hazard identification for added phosphates for young infants focuses on the expected intake of total 

phosphorus that results from the addition of phosphate salts or phosphoric acid.  

Other potential hazards that have been identified through previous expert assessments, i.e. mild 

gastrointestinal symptoms with high phosphorus supplementation (EFSA NDA Panel 2005, Expert Group on 

Vitamins and Minerals (EGVM) 2003) or potential cardiovascular risk for the general population (European 

Food Safety Authority 2013) are considered not applicable to infants.  

The following section highlights the conclusions from previous risk assessments done by JECFA (1982), UK 

EGVM (2003), SCF (1997) and EFSA (2005). Information on actual studies that informs the hazard 

identification is available in section 3 where toxicological data from in vitro and animal studies are 

summarized. 

2.1 Scientific risk assessment JECFA 1982 

The Joint FAO/WHO Expert Committee on Food Additives (JECFA) has reviewed the safety and acceptable 

daily intake of phosphoric acid and phosphate salts initially in 1961 and eventually in 1982 (JECFA 1982). The 

JECFA evaluation deals with all phosphate-containing additives that are subject to the current re-evaluation: 

phosphoric acid, calcium phosphates (mono-, di-, tri), sodium phosphates (mono-, di-, tri), potassium 

phosphates (mono-, di-, tri), and magnesium phosphates (mono-, di-, tri), as well as others not used in infant 

formula and FSMP’s for infants in Europe.  

Of note as highlighted in the JECFA opinion, “most of the available toxicity data has been developed with 

sodium salts. However, it is unlikely that effects of the potassium and ammonium moieties of the salts, at the 

levels used in foods, would be of concern and the effect of these salts would not be significantly different 

from sodium salts. In the case of calcium and magnesium salts, these salts provide a source of calcium, 

magnesium and phosphate ions. Problems relating to calcium, magnesium and phosphate imbalances in the 

diet are of concern and are considered in this monograph. They are primarily due to excess phosphorus in 

 

THIS CHAPTER AIMS TO SUMMARIZE THE EXISTING RISK ASSESSMENTS AND THE CONCLUSIONS, IN LIGHT 

OF EFSA GUIDANCE ON THE RISK ASSESSMENT FOR YOUNG INFANTS. 
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the diet, and deficiencies in calcium and magnesium. Thus the present monograph is applicable to all the 

inorganic phosphates listed.” 

The final comments are as follows: 

Metabolically, the phosphate salts provide a source of the various cations and the phosphate ion. Of greatest 

concern is the toxicity arising from calcium, magnesium and phosphate imbalance in the diet. Phosphate salts 

were not mutagenic in a number of test systems. Teratogenic effects have not been observed in mammalian 

test systems. 

Numerous animal studies have shown that excessive dietary phosphorus causes an increase of plasma 

phosphorus and a decrease in serum calcium. The resulting hypocalcaemia stimulates secretion of PTH which 

in turn increases the rate of bone resorption and decreases calcium excretion. These homeostatic 

adjustments to high dietary phosphorus may result in bone loss and calcification of soft tissues in animals. 

The dose levels of phosphate producing nephrocalcinosis were not consistent among the various rat feeding 

studies. However, the rat is exquisitely susceptible to calcification and hydronephrosis upon exposure to acids 

forming calcium chelates or complexes. The lowest dose levels that produce nephrocalcinosis overlap the 

higher dose levels failing to do so. However, this may be related to other dietary imbalances, such as the level 

of magnesium in the diet. There is still uncertainty on the optimal Ca:P ratio and whether this ratio is of any 

dietary significance in man.  

The lowest level of phosphate that produced nephrocalcinosis in the rat (1% P in the diet) is used as the basis 

for the evaluation and, by extrapolation based on the daily food intake of 2800 calories, this gives a dose level 

of 6600 mg P per day as the best estimate of the lowest level that might conceivably cause nephrocalcinosis 

in man. The usual calculation for provision of a margin of safety is probably not suitable for food additives 

that are also nutrients. Ingested phosphates from natural sources should be considered together with that 

from food additives sources. Since phosphorus (as phosphates) is an essential nutrient and an unavoidable 

constituent of food, it is not feasible or appropriate to give a range of values from zero to a maximum. 

EVALUATION: Estimate of maximum tolerable daily intake for man: 70 mg/kg body weight. This figure 

represents the maximum tolerable daily intake (MTDI) of phosphates. It is not an ADI. The MTDI is expressed 

as phosphorus and it applies to the sum of phosphates naturally present in food and additives. It also applies 

to diets that are nutritionally adequate in respect of calcium. However, if the calcium intake were high, the 

intake of phosphate could be proportionately higher, and the reverse relationship would also apply. 
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2.2 UK Expert Group Vitamins and Minerals, 2003 

The UK Expert Group on Vitamins and Minerals (EGVM) in 2003 assessed the safety and adequacy of vitamins 

and minerals in the diet, with the aim to derive safe upper levels (Expert Group on Vitamins and Minerals 

(EGVM) 2003).  

They concluded that there are insufficient data from human and animal studies to establish a Safe Upper 

Level for inorganic phosphates. A few studies have reported diarrhea and mild gastrointestinal symptoms at 

doses of 750 to 2250 mg supplemental phosphorus/day. The osmotic diarrhea reported in these 

supplementation studies was mild and reversible in nature. In addition, physiological changes in calcium and 

parathyroid hormone levels have been associated with intakes of 1500 mg/day and above of supplemental 

phosphorus. Because people with hypovitaminosis D are vulnerable to hyperparathyroidism, an uncertainty 

factor of 3 has been applied to the NOAEL of 750 mg/day to allow for inter-individual variation. Based on 

these limited studies, and for guidance purposes only, a supplemental intake of 250 mg/day would be 

expected not to produce adverse effects, including mild gastrointestinal upset. This is equivalent to 4.2 mg/kg 

bw in a 60 kg adult. Assuming a maximum intake of 2100 mg/day from food and water, an estimated total 

intake of 2400 mg/day (equivalent to 40 mg/kg bw/day in a 60 kg adult) would not be expected to result in 

any adverse effects. 

No concerns are raised that relate specifically to the safety of phosphates for infants, or related to the safe 

levels of phosphorus in the diet of an infant.  

 

2.3 Opinion of the Scientific Committee on Food on the safety of phosphates 

The Scientific Committee on Food in 1997 assessed the safety of different additives for use in foods for infants 

and young children, including safety of the use of sodium phosphate E339, potassium phosphate E340, and 

tricalcium phosphate E341 (SCF 1997).  

The Scientific Committee on Food concluded on sodium phosphate and potassium phosphate that: 

“The estimated 90th percentile intake of P, although above the RDA for infants, is unlikely to be 

harmful. While knowledge about toxicity from P intake in infants is limited, there are no indications 

that there would be adverse health effects at the intakes resulting from the use of E339 and E340 at 

the requested level, provided the Ca:P ratio is kept within the recommended limits set out in annex ` 

to Directive 91/321/EEC. The Committee considers the use of sodium phosphate and potassium 
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phosphate, either singly or com combination, up to 1 g/l (expressed as P2O5) is acceptable in infant 

formula, follow-on formula and FSMP.”  

 

The Scientific Committee on Food concluded for tricalcium phosphate that: 

“The Committee considers that the use of tricalcium phosphate up to a maximum level of 1 g/kg is 

acceptable as a firming agent in fruit desserts for infants and young children in good health.”  

The Scientific Committee of Food also highlighted that this substance, as well as other calcium salts of 

orthophosphoric acids are permitted as sources of nutrients.   

 

2.4 EFSA 2005 

EFSA’s NDA Panel assessed the intake and safety of phosphorus from food, with the aim to set a tolerable 

upper intake level for phosphorus (EFSA NDA Panel 2005). They reviewed levels in food and dietary intake, 

nutritional requirements and function, absorption and distribution of phosphorus, risk for deficiency, and 

hazard identification for high phosphorus intake. The hazard identification included studies on adverse effects 

in animals, studies on adverse effects in humans, including newborns, young infants and children.  

They concluded that it was not possible to derive a tolerable upper intake level for phosphorus for the general 

population, nor for any subgroups. The supplemental intake that lead to adverse gastrointestinal effects 

observed in some individual with high supplemental dose was not considered a suitable basis applicable to 

phosphorus from all sources. The Panel considered that the effect of a high phosphorus intake on activity of 

calcium regulating hormones is considered not an adverse effect in itself, and has no demonstrable adverse 

effect. 

Regarding newborns, the NDA Panel highlights the lower renal excretion capacity, and as a consequence 

higher serum Pi values than older infants and adults at comparable (relative) intakes. This favors skeletal 

mineralization, but too high levels might adversely affect bone accretion, and in severe cases lead to rickets 

and hypocalcaemic tetany. However, it needs to be mentioned that such potential effects in infants are based 

on animal data only; there are no clinical studies where the consumption of infant formula with added 

phosphates results in such negative effects. This is further supported by the clinical studies addressed in 

section 3.2. 
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2.5 Conclusion by SNE 

 

Overall, the body of preclinical studies on phosphates suggests as JECFA stated, that “Problems relating 

to calcium, magnesium and phosphate imbalances in the diet are of concern ... They are primarily due to 

excess phosphorus in the diet, and deficiencies in calcium and magnesium.” Metabolically, phosphates 

provide a source of the various cations and the phosphate ion. JECFA believed it is not suitable to apply 

the usual calculation of margin of safety for provision. Since phosphorus (as phosphates) is an essential 

nutrient and an unavoidable constituent of food, it is not feasible or appropriate to give a range of values 

from zero to a maximum. Therefore, JECFA assigned an Estimate of Maximum Tolerable Daily Intake for 

man (MTDI) as 70 mg/kg bw for phosphorus. It applies to the sum of phosphates naturally present in food 

and in additives. It also applies to diets that are nutritionally adequate with respect to calcium. JECFA 

specifically emphasized that, if the calcium intake were high, the intake of phosphate could be 

proportionately higher, and the reverse relationship would also apply. 

Neither EGVM nor EFSA could establish a safe Upper Level for inorganic phosphates due to insufficient 

data from human and animal studies. EGVM concluded that a total intake of 2400 mg phosphates per day 

(equivalent to 40 mg/kg bw/day) would not result in any adverse effects. No toxicological studies in infants 

were identified or discussed. EFSA NDA panel indicated that higher serum phosphate levels in young 

infants than older infants is the consequence of the lower renal excretion capacity in newborns. 

Although negative effects of phosphates, when consumed in large amounts, potentially impact calcium 

absorption and bone accretion, such effects have not been observed with a normal consumption of infant 

formula with added phosphates. We highlight that the safety of added phosphates is only related to the 

total phosphorus content in infant formula, and not to the addition of phosphate-containing additives per 

se. The addition of phosphate-containing additives or nutrient sources is of no concern, as long as the 

overall phosphorus, as well as the calcium to available phosphorus ratio is within the recommended range. 

Infant formula and infant FSMP’s are a unique case in which any risk of excessive daily intake of 

phosphorus is mitigated by the fact that the maximum amount of phosphorus in these products is 

mandated by Commission Delegated Regulation (EU) 2016/127 and Commission Delegated Regulation 

(EU) 2016/128. 



 

15 
 

3. Toxicological data 

The literature search consists of several parts. First, a literature search is done in PubMed to identify any 

relevant papers related to animal studies, or human studies.  

Next, a literature search was performed with a multitude of databases, with search terms related to the use 

of phosphate salts in formula-fed infants. Here we provide a summary of both literature searches. The full 

literature search report that identifies pertinent human studies is available in Appendix A.  

3.1 PubMed literature search 

3.1.1 Search strategy  

Key words of “phosphate” plus “toxicology” or “toxicological” plus “oral” or “ingestion” were used to identify 

toxicological studies in vitro or in animals from PubMed. In particular, only studies on phosphoric acid (PA) 

and orthophosphates, including monocalcium phosphate (MCP), dicalcium phosphate (DCP), tricalcium 

phosphate (TCP), monosodium phosphate (MSP), disodium phosphate (DSP), trisodium phosphate (TSP), 

monomagnesium phosphate (MMP), dimagnesium phosphate (DMP), trimagnesium phosphate (TMP), and 

monopotassium phosphate (MKP), dipotassium phosphate (DKP), tripotassium phosphate (TKP). Most of 

these studies were discussed by JECFA’s monograph (JECFA 1982) or a review by Weiner and others  (Weiner 

et al. 2001). Condensed phosphates are not included in this review due to the lack of application in infant 

formula or FSMP.  

3.1.2 Results  

Acute oral toxicity 

Inorganic orthophosphates exhibit low acute oral toxicities. The lowest reported oral LD50 was 1700 mg/kg 

for DKP in the mouse. The highest LD50 was 10,000 for DCP in the rat. Differences observed between 

compounds and between studies for the same compound are likely due to methodological differences (JECFA 

1982, Weiner et al. 2001). 

 

THIS CHAPTER INCLUDES THE LITERATURE SEARCHES CONDUCTED ON THE USE OF PHOSPHATES ADDED 

TO INFANT FORMULA AND FSMP FOR INFANTS YOUNGER THAN 16 WEEKS OF AGE, WITH THE AIM TO 

HIGHLIGHT THE SAFETY OF PHOSPHATES WHERE THE TOTAL PHOSPHORUS CONTENT IS WITHIN THE 

RECOMMENDED RANGE. 
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Short-term and sub-chronic toxicity  

Results of subchronic studies have indicated that the adverse effects of inorganic phosphates were not only 

impacted by absolute levels of phosphates, but also by ratios of calcium to phosphorus, or of magnesium and 

potassium to phosphorus. 

Sheep in pasture (5/group) were orally administered PA or MSP in water at levels providing an additional 0, 

500, 1500 or 3000 mg phosphorus/sheep/day for 70 days (McMeniman 1973). Assuming an average body 

weight of 45 kg, the sheep received 0, 35, 105 or 211 mg PA/kg bw/day or 0, 43, 129 or 258 mg MSP/kg 

bw/day, respectively. All sheep administered 211 mg PA/kg/day died. Sheep administered up to 105 mg 

PA/kg/day exhibited weight loss, although it was not significantly different from controls. No adverse effects 

were noted in any group administered MSP. The NOAEL for PA was 105 mg/kg bw/day and the NOEL for MSP 

was 258 mg/kg bw/day. 

Weanling rats (5/group) were administered 0 or 5.0% DSP in the diet for 1 month (Hodge 1964). The study 

reported that enough calcium was added to each diet to ensure a ‘‘reasonably balanced’’ ratio of calcium to 

phosphorus. Body weights and kidney weights were not affected. Treatment-related histopathological 

changes consisted of tubular necrosis in the kidneys. The LOEL for this study was 5% in the diet, which was 

equivalent to 4500 mg/kg bw/day, if applying a converting factor of 0.09 for subchronic studies in rats. 

Diets containing various levels of calcium, phosphorus and magnesium were reported to produce uroliths in 

female Wistar rats. The incidence and severity of calcium phosphate uroliths were reduced by increasing the 

magnesium concentration in the diet from 0.2% to 0.8% and by increasing the calcium-to-phosphorus ratio 

to greater than 1 (Chow et al. 1980). 

Diets containing 0.8% calcium and 0.9% phosphorus caused calcium phosphate deposits in the soft tissues of 

guinea-pigs (Hogan et al. 1950). When the phosphorus content of the diet was reduced to 0.5%, the number 

of animals with deposits was reduced from 90% to 10%. Further work (House and Hogan 1955) demonstrated 

that with sufficient magnesium and potassium in the diet, the calcium phosphate deposition could be 

significantly reduced.  

Reproductive and developmental toxicity 

MSP showed no maternal toxicity or teratogenic effects at dose levels up to 370 mg/kg bw in mice and 410 

mg/kg bw in rats (Food and Drug Research Laboratories Inc. 1975a). 

MKP showed no maternal toxicity or teratogenic effects at dose levels up to 320 mg/kg bw in mice and 282 

mg/kg bw in rats (Food and Drug Research Laboratories Inc. 1975b). 
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Verrett et al. (Verrett et al. 1980) reported that MCP and TCP were not teratogenic in the developing chicken 

embryo. Teratology studies in rodents on MCP showed no maternal toxicity or teratogenic effects at dose 

levels up to 465 mg/kg bw in mice and 410 mg/kg bw in rats. 

A recent study investigated the developmental effect of TCP in rats (Güngörmüş et al. 2010). Pregnant Wistar 

rats (n=5 per group) were fed one of the three diets, i.e. standard diet, standard diet supplemented with TCP 

(175 mg/kg bw per day) dissolved in corn oil, or corn oil control by oral gavage during pregnancy. Dams were 

euthanized on GD20. Uterus, placenta, and fetuses were examined. There was neither fetal mortality nor 

gross appearance changes in any group. Fetal weights among groups were not significantly different. Also, 

there were no gross skeletal anomalies and malformations. However, the study reported the administration 

of TCP reduced the development of some bones such as skull lengths and fore-hindlimb lengths. The author 

attributed the morphological alterations to potential heavy metals, which might be present in the 

administrated TCP, such as arsenic, lead, cadmium, copper and mercury. Although this study reported some 

teratogenic effects associated with TCP exposure to rats during gestation, cautions need to be applied when 

interpreting the results. The main concern comes from the lack of information on the composition of each 

diet. If the amount of other essential minerals, such as calcium and magnesium were not adjusted in 

proportion to administrated TCP, the malformation of some bones observed in this study was very likely a 

result of imbalanced minerals instead of the administration of TCP itself. 

Genotoxicity  

PA, MSP, DSP, TSP, MKP, DKP, TKP, MCP, and DCP have been tested for genotoxicity in a variety of in vitro 

assays, including Ames/Salmonella mutagenicity assay with and without metabolic activation, Saccharomyces 

cerevisiae mutagenicity assay with and without metabolic activation, and in vitro chromosome aberrations in 

Chinese hamster fibroblasts (Weiner et al. 2001). None of the tested inorganic phosphates produced positive 

responses, indicating these inorganic orthophosphates are not genotoxic or mutagenic in standard test 

systems. 

Long-term studies  

Three successive generations of rats were fed diets containing 0.4% and 0.75% of PA for 90 weeks (Ellinger 

1972). The study was reported to include examination of the blood, tissues, mineral balance, nitrogen 

retention, and the acidic conditions of the digestive tract. No harmful effects on growth or reproduction was 

observed. No significant differences were noted in the blood picture in comparison with control rats and 

there was no other pathological finding which could be attributed to the diets. There was no acidosis or any 
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changes in the calcium metabolism. The NOEL for this study was 0.75% PA in the diet, which was equivalent 

to 375 mg/kg/day, if applying a conversion factor of 0.05. 

Rats were administered 8% sodium orthophosphate in the diet for 7 months (FDA, 1975). The treatment 

caused bone decalcification with metastatic calcium deposits, hypertrophy and hyperplasia of the parathyroid 

glands, and renal calcium deposition. The LOEL for this study was 8%, which was equivalent to 4000 

mg/kg/day, if applying a conversion factor of 0.05. 

Male rats (12/group) were administered diets containing 0.87% (basal diet) or 5.1% DKP for 150 days (Dymsza 

et al. 1959). The basal diet contained 0.42% of phosphorus (due to the 0.87% of DKP) and 0.56% of calcium. 

Kidney weight was significantly increased in the 5.1% treatment group. However, no histopathological lesions 

were noted in the kidney. No other treatment-related effects were noted during the gross or 

histopathological examinations. The NOAEL for this study was the top dose of 5.1% in the diet, which was 

equivalent to 2550 mg/kg/day, if applying a conversion factor of 0.05. 

Rats (34–36/sex/group) were administered 0, 3 or 5% DSP in the diet for 6 months (Hahn 1961). The 

concentration of phosphate-based compounds in the basal diet was 0.49–0.63%. Groups receiving 3 or 5% of 

the phosphates exhibited decreased growth and renal calcification. In an additional experiment, male rats 

(36/group) were administered 0 or 1.8% DSP in the diet for 6 months (Hahn 1961). A slight, yet statistically 

significant, increase in kidney weight was noted at 1.8%, but no growth inhibition was seen. In a third 

experiment, male rats (group size not specified) were administered 1.1% DSP in the diet for 39 weeks (Hahn 

1961). A slight growth retardation during the first part of the experiment and slight renal calcification were 

observed after 39 weeks. The LOEL for these studies was 1.1% DSP in the diet, which was equivalent to 550 

mg/kg/day, if applying a conversion factor of 0.05. 

3.1.3 Conclusion on relevant studies identified through PubMed 

 

In conclusion, results of chronic animal studies demonstrated that the kidney is a target organ at high 

doses. At high phosphate loads, excess phosphate causes increased bone demineralization and release 

of calcium as part of a physiological regulatory mechanism. Excessive phosphate and calcium loads 

result in nephrocalcinosis and other renal effects. 
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3.2 Clinical studies in infants identified through a systematic literature search 

3.2.1 Databases included 

To retrieve relevant literature on the safety of the use of phosphate food additives in infant formula, 13 

literature databases were searched on May 2nd, 2018 using the electronic search tool ProQuest Dialog™.  The 

databases that were searched are listed in Table 2.1-1. 

Table 2.1-1 Electronic Databases Used to Retrieve Literature 

Electronic Database Data Range Update Frequency 

AdisInsight: Trials 1990 to present Weekly 

AGRICOLA 1970 to present Monthly 

AGRIS 1975 to present Monthly 

Allied & Complementary Medicine™ 1985 to present Monthly 

BIOSIS® Toxicology 1969 to present Weekly 

BIOSIS Previews® 1926 to present Weekly 

CAB ABSTRACTS 1910 to present Weekly 

Embase® 1947 to present Daily 

Foodline®: SCIENCE 1972 to present Stopped updating April 2016; previously 

twice weekly 

FSTA® 1969 to present Weekly 

MEDLINE® 1946 to present Daily with annual refresh 

NTIS: National Technical Information Service 1964 to present Weekly 

ToxFile® 1946 to present Daily with annual refresh 
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3.2.2 Search terms used  

To increase the relevance and specificity of the literature search, specific search terms were selected to reflect 

the exposure, the target population, the route of administration/type of intervention, and safety outcomes.  

The search terms used in the literature search are listed in Table 2.1-2.  As there were numerous hits, the 

exposure search terms were limited to the title and abstract.  

Table 2.1-2 Search Terms Applied During the Literature Searcha, b 

Type of Refinement Search Terms 

Exposurec "phosphoric acid" or "7664-38-2" or "orthophosphoric acid" or "O-phosphoric 

acid" or "sodium phosphate*" or "sodium orthophosphate*" or "monosodium 

phosphate" or "sodium dihydrogen phosphate" or "7558-80-7" or "disodium 

phosphate" or "disodium hydrogen phosphate" or "7558-79-4" or "trisodium 

phosphate" or "7601-54-9" or "potassium phosphate*" or "potassium 

orthophosphate*" or "monopotassium phosphate" or "potassium dihydrogen 

phosphate" or "7778-77-0" or "dipotassium phosphate" or "dipotassium 

hydrogen phosphate" or "potassium hydrogen phosphate" or "7758-11-4" or 

"tripotassium phosphate" or "7778-53-2" or "calcium phosphate*" or "calcium 

orthophosphate*" or "calcium dihydrogen phosphate" or "calcium 

bis(dihydrogenorthophosphate)" or "calcium tetrahydrogen phosphate" or 

"calcium monobasic phosphate" or "calcium biphosphate" or "7758-23-8" or 

"calcium hydrogen phosphate" or "calcium monohydrogen phosphate" or 

"calcium dibasic phosphate" or "7757-93-9" or "tricalcium phosphate" or 

"tricalcium diphosphate" or "7758-87-4" 

Study population infant or infants or toddler or toddlers or baby or babies or neonate* or neonatal 

or newborn or pediatric or paediatric or preterm or term 

Route of administration/type of intervention nasogastric or oral* or feeding or fed or diet or supplement* or dose* or drug* 

or eat or intake or consume or drink or suckles or formula or formulae or "human 

milk" or "breast milk" 

Safety outcomes safe* or risk* or adverse PRE/0 effect* or adverse PRE/0 event* or adverse PRE/0 

reaction* or "maximum tolerated dose" or tolerability or tolerate* 
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Table 2.1-2 Search Terms Applied During the Literature Searcha, b 

Type of Refinement Search Terms 

a The symbol “*” indicates a truncation so as to not place a limitation on the word ending (e.g., “sodium phosphate*” would have 

resulted in the identification of “sodium phosphates” and “sodium phosphate monobasic”).  Keywords separated by “PRE/0” will 

identify words separated by a hyphen (e.g., “adverse PRE/0 effect” would have resulted in the identification of “adverse effect” or 

“adverse-effect”).   

b Keywords used for the exposure were searched for in combination with keywords used for the study population, route of 

administration, and safety outcomes. 

c Limited to title and abstract. 

 

3.2.3 Review process of identified articles to determine inclusion 

Once the publication titles were retrieved, the relevance of the publications was determined at 3 stages using 

the titles, abstracts, and the full-text of publications.  At each stage, the inclusion/exclusion criteria listed in 

Table 2.1-3 were applied to determine literature relevance.  The 3 stages are outlined below in greater detail. 

Stage 1: Titles of articles were reviewed, and abstracts of titles determined to be potentially relevant were 

retrieved. 

Stage 2: Abstracts were reviewed, and full-length articles of abstracts determined to be potentially relevant 

were retrieved. 

Stage 3: Full-length articles were reviewed, and those determined to meet all of the inclusion criteria and 

none of the exclusion criteria (specified in Table 2.1-3) were determined as being potentially relevant for 

EFSA’s call for data. 

Table 2.1-3 Inclusion and Exclusion Criteria Used to Filter the Identified Literature 

Inclusion Criteria 

• A full-length article written in English published in a peer-reviewed journal. 

• A human observational or intervention study conducted in infants. 

• Infants were fed formula or human breast milk containing added phosphoric acid, monosodium phosphate, 

disodium phosphate, trisodium phosphate, monopotassium phosphate, dipotassium phosphate, tripotassium 

phosphate, monocalcium phosphate, dicalcium phosphate, or tricalcium phosphate. 
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Table 2.1-3 Inclusion and Exclusion Criteria Used to Filter the Identified Literature 

• The outcomes measured were related to safety. 

Exclusion Criteria 

• A full-length article published in a non-peer-reviewed source (e.g., website, magazine, etc.). 

• A full-length article written in a language other than English. 

• Published in abstract form only or as a short communication (e.g., conference abstract, letter to the editor, 

commentary). 

• A research synthesis study (e.g., narrative review, systematic review, meta-analysis, etc.). 

• An in vitro or animal study. 

• The study was not conducted in infants fed formula or human breast milk containing added phosphoric acid, 

monosodium phosphate, disodium phosphate, trisodium phosphate, monopotassium phosphate, dipotassium 

phosphate, tripotassium phosphate, monocalcium phosphate, dicalcium phosphate, or tricalcium phosphate.  

• The outcome(s) measured were not related to safety.  

• The study was a duplicate record in the literature search. 

• The study results were reported in a kin publication.a 

a Kin publications are those in which results for the same study population are reported.  Where kin publications were 

identified, preference was given to the most recent publication, unless a sound rationale existed for choosing the older or 

both publications (e.g., if different but complimentary and relevant outcomes were assessed across the kin publications, 

both were included). 

 

3.2.4 Literature Search Results 

As indicated in Figure 2.2-1, a total of 1,038 potentially relevant titles were identified from the literature 

search, though 1,004 titles were excluded as these were unrelated to the safety of phosphates in formula-fed 

infants.  Numerous scientific publications identified in the literature search were on the following topics, and 

were thus not relevant:  

• Calcium-phosphate homeostasis in patients with renal failure undergoing long-term hemodialysis; 

• The addition of phosphate and calcium to parenteral nutrition in pre-term infants; 

• The administration of sodium phosphate solutions for bowel preparation for colonoscopy; 

• The use of calcium phosphate for the prevention of dental caries in children; and, 

• Calcium phosphate bone cements. 
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Of the 34 potentially relevant abstracts, 26 were excluded (reasons for exclusion are presented in Figure 2.2-

1), and 8 were considered to be potentially relevant and full-texts were retrieved.  Half of the studies reviewed 

at the full-text stage did not meet all of the eligibility criteria, and the reasons for study exclusion are provided 

in Table 2.2-1.  Only 3 human studies met all of the eligibility criteria and were determined to be potentially 

relevant for EFSA’s call for data – copies of the full-length articles are available in Table 2.2-2.  A publication 

from the United States Food and Drug Administration Code of Federal Regulations Title 21 on the proposed 

affirmation of the GRAS1 status of phosphates as direct and human food ingredients was also identified as 

being potentially relevant. 

In the human studies that met all of the eligibility criteria, the safety of the use of phosphates in infant formula 

was not specifically evaluated.  Instead, the studies evaluated the safety of phosphate fortification (and the 

optimal calcium to phosphorus ratio for fortification) in formula or human breast milk.  

                                                           

1 Generally Recognized as Safe. 
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Figure 2.2-1 Flowchart of the Literature Search Process 

 

 

a While filtering through the titles, it was observed that numerous scientific publications on the following topics were pulled: calcium-

phosphate homeostasis in patients with renal failure undergoing long-term hemodialysis, the addition of phosphate and calcium to 

parenteral nutrition in pre-term infants, the administration of sodium phosphate solutions for bowel preparation for colonoscopy, 

the use of calcium phosphate for the prevention of dental caries in children, and calcium phosphate bone cements. 

b In numerous studies, pre-term infants were fed parenterally. 

 

26 abstracts excluded:  

• The study was published in abstract form only (n=10) 

• Research synthesis studies (n=2) 

• An in vitro or in vivo study (n=2) 

• The study was not conducted in infants fed formula or human 
breast milk containing added phosphoric acid, sodium 
phosphates, potassium phosphates, or calcium phosphates 
(n=10)b 

• The outcomes measured were not related to safety (n=1) 

• The study was a duplicate record in the literature search (n=1) 

1,038 potentially relevant 
titles retrieved through 
database searching 

1,004 titles excluded:  

• The study was not conducted in infants fed formula 
(n=1,004)a 

34 potentially relevant 
abstracts 

4 potentially relevant full-length 
articles identified (refer to Table 
2.2-2) 

4 full-length articles excluded (refer to Table 2.2-1 for reasons 
for exclusion) 

8 full-length articles assessed 
against eligibility criteria in 
Table 2.1-3 
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Table 2.2-1 Publications Excluded at the Full-Length Filtering Stage and Reasons for Their Exclusion 

(n=4) 

Reference Reason for Exclusion 

Brown JV, Embleton ND, Harding JE, McGuire W (2016). Multi-nutrient fortification of 

human milk for preterm infants. Cochrane Database Syst Rev (5):CD000343. 

DOI:10.1002/14651858.CD000343.pub3. 

This study was a meta-analysis of 

human studies conducted in children 

fed fortified versus unfortified human 

breast milk; however, the intervention 

was fortified with phosphate or 

phosphorus in only 7 out of 14 studies. 

Giapros VI, Schiza V, Challa AS, Cholevas VK, Theocharis PD, Kolios G, et al. (2012). 

Vitamin D and parathormone levels of late-preterm formula fed infants during the first 

year of life. Eur J Clin Nutr 66(2):224-230. DOI:10.1038/ejcn.2011.158. 

Only the vitamin D content of formula 

fed to infants from the study population 

was reported (phosphate content 

unknown). 

SCF (1997). Additives in nutrient preparations for use in infant formulae, follow-on 

formulae and weaning foods (Opinion expressed on 7 June 1996). In: Reports of the 

Scientific Committee for Food (Fortieth Series). (Food Science and Techniques). Brussels, 

Belgium: Commission of the European Communities (EEC), Scientific Committee for 

Food (SCF). Available at: https://ec.europa.eu/food/sites/food/files/safety/docs/sci-

com_scf_reports_40.pdf. 

SCF opinion on the use of tricalcium 

phosphate as a dietetic additive in 

infant formulae and follow-on 

formulaea to provide calcium or 

phosphorus. 

Nutrition Reviews (1984). Calcium absorption and the calcium/phosphate ratio in the 

preterm infant. Nutr Rev 42(7):243-244. DOI:10.1111/j.1753-4887.1984.tb02339.x. 

Review of the study conducted by Moya 

and Doménech (1982); see Table 2.2-2 

for the original study. 

a As indicated in the introduction, calcium phosphates are currently not permitted for use as food additives in infant formulae or 

follow-on formulae in the EU (EU No 1129/2011). 
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Table 2.2-2 Included Publications (n=4) 

Reference Outcome(s) Full-Text 

Schell-Feith et al. (2000) The mean intake of phosphorus during the first 

28 days (mmol/kg/day) was SS higher in 

preterm neonates with versus without 

nephrocalcinosis.  However, neonates were 

either given formula, fed parenterally, or 

breast-fed. 

Full-Text can be found in the 

literature search report attached to 

Appendix A. 

Tönz and Schubiger (1985) No adverse reactions in very-low-birth-weight 

infants fed human breast milk fortified with 

FM85, containing 120 mg monosodium 

phosphatea and 20 mg dipotassium phosphateb 

per 100 mL of human breast milk. 

Full-Text can be found in the 

literature search report attached to 

Appendix A. 

Moya and Doménech (1982) No significant difference in magnesium 

absorption in low birthweight infants fed 

formula containing a 1.6, 2.4, or 4.1 

calcium/phosphate ratio. 

There was a positive correlation (r=0.82) 

between the net retention of calcium and the 

calcium/phosphate ratio. 

Full-Text can be found in the 

literature search report attached to 

Appendix A. 
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Table 2.2-2 Included Publications (n=4) 

Reference Outcome(s) Full-Text 

U.S. FDA (1979) For infants aged 0 to 6 months, the allowance 

ratio for calcium and phosphorus is of 1:0.7 

(360 mg calcium and 240 mg phosphorus). 

Calcium phosphate dibasic is permitted at a use 

level of 1.4% for infant baked goods and infant 

formulas. 

Calcium phosphate monobasic is permitted at a 

use level of 0.04% for infant formulas. 

Calcium phosphate tribasic is permitted at a use 

level of 0.5% for infant formulas and 2.6% for 

cooked or uncooked ready-to-eat infant cereal. 

Sodium phosphate dibasic is permitted at a use 

level of 0.01% for infant formulas. 

There is no permitted use level of phosphoric 

acid, potassium phosphate (dibasic, 

monobasic, or tribasic), and sodium phosphate 

(monobasic and tribasic) specifically indicated 

for infant formula. 

Full-Text can be found in the 

literature search report attached to 

Appendix A.  

a  There is 2.4 g monosodium phosphate per 100 g of FM85 powder, and 100 mL of human breast milk is fortified with 5 g of FM85 

powder.  Therefore, there is 120 mg monosodium phosphate per 100 mL of human breast milk ([2.4 g/20] * [1,000 mg/g] = 120 

mg). 

b  There is 0.4 g dipotassium phosphate per 100 g of FM85 powder, and 100 mL of human breast milk is fortified with 5 g of FM85 

powder.  Therefore, there is 20 mg dipotassium phosphate per 100 mL of human breast milk ([0.4 g/20] * [1,000 mg/g] = 20 mg). 
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In addition to the literature search described above, publications were researched manually where an 

infant formula or FSMP for infants was studied, and where relevant outcomes were described. Studies 

were included when products were tested that included added phosphates, either when added for a 

technological reason (additive function) or when added for its nutritional role (nutrient substance).  

Relevant outcomes were described as: 

• Growth outcomes: Growth is an important outcome in the safety evaluation of infant formula for 

young infants. Although no clinical studies have evaluated the presence of added phosphates per 

se, 22 clinical studies assess the growth of young infants consuming an infant formula or FSMP 

with added phosphate, and assess growth outcomes according to standard growth curves. 

• Serum inorganic phosphate: relevant since adverse effects related to impaired calcium 

absorption, impaired bone growth, nephrocalcinosis, ectopic calcification will be through 

hyperphosphatemia. 

 

3.2.5 Phosphates in clinical studies of healthy, term infants  

22 infant clinical trials have been conducted in which formula containing these phosphates have 

supported healthy growth in term infants. Growth is an important outcome in the safety evaluation of 

infant formula for young infants. Although no clinical studies have evaluated the presence of added 

phosphates per se, 22 clinical studies assess the growth of young infants consuming an infant formula or 

FSMP with added phosphate, and assess growth outcomes according to standard growth curves (Ahrens 

et al. 2018, Baglatzi et al. 2016, Billeaud et al. 2014, Borschel et al. 2014a, Borschel et al. 2014b, Borschel 

et al. 2013, Cooper 2016, Corkins et al. 2016, Fields et al. 2016, Fleddermann et al. 2014, Harrison et al. 

1987, Lasekan et al. 2011, Lasekan et al. 1999, Lasekan et al. 2014, Lee le et al. 2015, Marriage et al. 2015, 

Meli et al. 2014, Mennella et al. 2011, Puccio et al. 2017, Radke et al. 2017, Scalabrin et al. 2009, Simeoni 

et al. 2016).  

Infants enrolled in these trials are under close, medical supervision throughout the duration of the studies, 

which ranged in length between 16 weeks and 1 year. In the studies listed, growth parameters (including 

body weight, length, head circumference) of infants fed formula containing phosphates were not 

statistically different than human milk-fed infants and/or were aligned with standards (such as WHO 

growth charts), indicating a normal growth pattern. In these clinical studies, over 2600 infants have 

consumed formula containing at least one of these phosphates. 
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3.2.6 Studies that assess serum phosphate in healthy term infants fed formula with added 

phosphates 

Here we present studies with infant formula on serum inorganic phosphate concentration. Studies that 

report serum inorganic phosphate concentration through infant formula with added phosphate is 

relevant, since adverse effects related to impaired calcium absorption, impaired bone growth, 

nephrocalcinosis, ectopic calcification will be through hyperphosphatemia. The number of clinical studies 

that assess the effect of a formula with added phosphates on serum inorganic phosphate concentration 

is limited. Here we want to highlight our earlier conclusion that the effect of a formula with phosphate 

depends on the concentration of total phosphorus, of which phosphate is the major form, is a more 

reliable predictor than only the presence of added phosphates.  

First, we present studies where a previous ‘generation’ infant formula were tested for the effects of 

phosphates on serum inorganic phosphate. The tested formula did not contain added phosphates, all 

phosphorus is from natural presence in the milk ingredients.  

Lealman et al. studied the plasma calcium, phosphorus and magnesium concentrations of infants during 

their first week of life in 1976 (Lealman et al. 1976). A total of 138 healthy, term, Caucasian infants were 

studied in three groups, i.e. breast-fed (n=45), receiving “Ostermilk No.1” (n=55) or “Cow and Gate V” 

(n=36) formula.  Three blood samples were obtained from each subject. Cord blood was taken at birth; 

on day 1 and day 6, blood were taken by heel prick. Both calcium and phosphorus concentrations in both 

formula were shown to be higher than those in transitional breast milk, although the phosphorus sources 

did not include added phosphates, all phosphorus was inherently present in the formula. Calcium content 

in Ostermilk No.1, V formula, and breast milk were 81, 68, and 28.0 mg/100ml, respectively. Phosphorus 

content in Ostermilk No.1, V formula, and breast milk were 64, 50, and 15.5, respectively. Ca to P ratio 

were 1.3, 1.4, and 2.0, respectively. The mean birthweights of the three groups were not different. Neither 

were the mean change in weight by day 6. In cord blood and blood sample collected from day 1, plasma 

calcium, phosphorus, and magnesium did not differ significantly among the three groups. By day 6 the 

mean plasma calcium concentration of the breast-fed infants was higher than that in either of the formula 

groups. Plasma phosphorus concentrations were the lowest in the breast-fed group (6.35 mg/100mL in 

breast-fed, 8.56 mg/100mL in Ostermilk No.1-fed, 7.86 mg/100mL in V formula-fed). The only infant 

developing clinical tetany belonged to the group fed Ostermilk. It was suggested that those infants with 

low calcium levels on day 1 who were fed Ostermilk tended to show a fall in calcium by day 6. This did not 
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apply to the two other groups. The authors concluded that the use of adapted cow's milk preparations for 

infant feeding should lead to a reduction in the incidence of neonatal tetany. 

David et al. compared the serum parathyroid hormone (iPTH) and plasma total calcium, ionized calcium, 

magnesium, and phosphorus levels during the first 9 days of life in three groups of infants, i.e. normal 

term infants, “sick” infants (infants without evidence of hypocalcemia who were hospitalized in the 

intensive care unit because of a variety of complications of pregnancy, delivery, and the neonatal period), 

and hypocalcemic infants (David and Anast 1974). The normal full-term infants were fed with a standard 

infant formula that did not contain any added phosphates, all phosphorus was inherently present. No 

adverse effect was reported. The study showed that in normal newborns during the first 48h of life there 

was a decrease in plasma Ca and ionized calcium, while the serum iPTH level in most samples remained 

undetectable or low; after 48 h there were parallel increases in plasma Ca and ionized calcium and serum 

iPTH levels. In sick infants, plasma Ca, ionized calcium and P levels were significantly lower than in the 

normal newborns. However, the general pattern of serum iPTH levels in the sick infants was similar to that 

in the normal group. Most of the hypocalcemic infants, including those older than 48 h, had 

inappropriately low serum iPTH levels. Although this study was not designed to demonstrate the potential 

impact of inorganic phosphates on the overall well-being of the normal newborn infants, the fact that the 

normal newborn infants fed with infant formula had increased Ca and ionized calcium with parallel to 

increased serum iPTH after 48 h as well as the absence of adverse effect suggest the safety of the total 

level of Ca and P from intake of infant formula. 

A study by Wu et al. investigated the differences in serum biochemistry levels between breast-fed and 

formula-fed infants (Wu Tzee-Chung et al. 2011a). Sixty healthy infants (30 breast-fed and 30 formula-

fed) were enrolled in the study. Their growth and serum biochemistry markers were measured during 

hospital visits at 4 and 8 week-old.  Formula-fed infants were given a standard cow’s milk-based formula 

where all phosphorus was inherently present with no added phosphates. There were no significant 

differences between the two groups in terms of mean changes in body weight, length, or head 

circumference measured between birth and 4 to 8 w/o. Serum IP levels was significantly lower in the 

breast-fed group compared with the formula-fed group at both 4 (6.53 ± 0.77 vs. 7.27 ± 1.09, respectively) 

and 8 w/o (6.13 ± 0.72 vs. 6.67 ± 0.83, respectively). Serum blood urea nitrogen (BUN) was also lower in 

breast-fed than formula-fed group. Serum cholesterol, triglyceride, alanine aminotransferase, 

aspartataminotransferase, gamma glutamyl transferase, total bilirubin, and direct bilirubin levels were 
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significantly higher in the breast-fed group compared with the formula-fed group, both at 4 and 8 w/o. 

Lower serum phosphate and BUN in 8 w/o than 4 w/o could have resulted from the maturation of kidney. 

Another clinical study assessed the serum inorganic phosphate concentration in infants fed either a 

standard infant formula or experimental infant formula, where all phosphorus was contributed through 

natural presence, and compared outcomes to a breastfed reference group. Healthy term infants were 

enrolled when they were 56-70 days of age, and received either standard infant formula or the same 

formula with prebiotics for 14 days, after which serum inorganic phosphate, serum calcium, as well as 

other markers were assessed. All phosphorus is coming from natural presence in the milk ingredients, 

with no phosphate-containing additives or nutrients present. The phosphorus content in the infant 

formula was around 45 mg/100 kcal, while the human milk phosphorus content is expected to be 

significantly lower (no data available). After 14 days of feeding, the serum phosphorus content in the 

breastfed group was 5.9 ± 0.2 mg/dL, while this was 6.7 ± 0.1 or 6.9 ± 0.1 mg/dL in the formula groups 

(Hicks et al. 2012). Although the serum inorganic phosphate concentration is lower in the breastfed 

reference group, the serum inorganic phosphate concentration in the infant formula groups is within the 

normal range for serum inorganic phosphate. 

The following clinical studies demonstrate the effect of infant formula with added phosphates on serum 

inorganic phosphate concentration. 

A clinical trial conducted by Sargent, Dalton, and others investigated the effects of calcium- and 

phosphorus-supplemented infant formula on preventing lead absorption (Sargent et al. 1999) and on iron 

status (Dalton et al. 1997) of healthy full-term infants. The study was conducted in Lawrence, MA, where 

forty-two percent of the population is Latino. Most of the residents are of low income. Infants between 

2.5 and 5 months of age, birth weight > 2.0 kg, and with no history of kidney stones in first-degree relatives 

were selected and enrolled in a 1-mo run-in phase, in which infants were given high-calcium formula for 

2 wk. Infants who successfully completed the run-in phase and satisfied all of the entry criteria were 

randomly assigned to Control group receiving standard, iron-fortified infant formula (Enfamil with iron) 

containing 465 mg Ca and 317 mg P per liter or the supplemented group receiving the same formula 

supplemented with calcium glycerophosphate to a concentration of 1800 mg Ca and 1390 mg P/L. 

Glycerophosphate has been indicated to have similar pharmacokinetics to inorganic phosphate in a 

randomized, double-blinded crossover study (Topp et al. 2011). Formula was dispensed monthly for 9 mo. 

All on-site study personnel and subjects’ parents were blind to treatment assignment. An off-site 

employee who was not blind to treatment assignment was responsible for distributing the formula. 
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Parents were asked to return with their infants every month for the next 9 months to assess their infant’s 

tolerance of the formula, identify side effects or complaints, and monitor the infant’s average daily 

formula intake and growth. Urine samples were obtained at baseline and months 1, 2, 4, 6, and 9 to 

monitor the excretion of calcium and creatinine. Blood samples were obtained at baseline and months 4 

and 9 to measure concentrations of blood lead, serum calcium, serum phosphorus, and serum ferritin; 

total iron binding capacity (TIBC); erythrocyte protoporphyrin; and hematocrit. One-third (n=103) of 

infants who participated in the run-in phase completed it successfully and were randomly assigned to the 

control or supplemented group. Complete laboratory data were obtained for 81 (78.6%) of the 103 

infants. There was no significant difference in the mean ratio of urinary calcium to creatinine, serum 

calcium and phosphorus, or change in iron status between groups. It was noted that many subjects (n = 

22) had serum phosphorus concentrations that were lower than age-related norms. In only one case was 

the concentration <1.3 mmol/L (4 mg/dL). The proportion of children who had abnormally low serum 

phosphorus concentrations at months 4 and 9 did not differ significantly by group. These children were 

monitored according to study protocol and no changes were made in their treatment. None of the infants 

in the study had an abnormally high serum phosphorus concentration, despite the high phosphorus 

content in the experimental formulation. 

In summary, clinical studies in healthy, term infants indicate infants fed formula have somewhat higher 

serum inorganic phosphate concentration than breastfed infants, although the average serum inorganic 

phosphate concentration in formula-fed infants is within the normal range reported for serum inorganic 

phosphate laboratory values for young infants. Studies where the addition of phosphate sources 

significantly increased the phosphorus content in the infant formula, did not result in higher serum 

inorganic phosphate concentrations.  

3.2.7 Phosphates in pre-term infant formula 

Ten clinical studies in preterm infants using preterm infant formula (or human milk modifiers) 

supplemented with phosphorus at levels higher than the minimum requirement (30 mg/100 kcal) 

document the lack of adverse effects at levels up to 2.5 g/L or 308 mg/100 kcal (Table 3).
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Table 3. Clinical studies with phosphorus in Preterm/Low Birth-weight infants. 

Reference 
Infant 

Population 
Treatment groups 

Duration of 

treatment  

Clinical Safety outcomes  

 

Senterre et 

al., 1983 

Preterm males 

 

< 1500 g  

 (3.3 lbs.) 

 

GA = 30 ± 1 

weeks 

 

Enteral feeding; pooled 

human breast milk: 

No supplementation 

(n = 10) 

Vitamin D – 30 µg/d 

(n = 10) 

Vitamin D (30 µg/d) + 

P (0.9 g/L) (n = 10) 

Metabolic study: 

 21 ± 5 days of life 

All infants completed the study. There were no adverse effects reported. 

Calcium intake was not different between the groups 

Absorption of calcium was higher in the groups receiving vitamin D 

Calcium retention was significantly higher (p < 0.001) in the group receiving phosphate and vitamin D, due to 

significantly lower (p < 0.001) calcium excretion in urine 

Sann et al., 

1985 

VLBW 

< 1400 g   

(3.1 lbs.) 

 

GA = 26-36 

weeks 

Enteral feeding; pooled 

human breast milk: 

1a) No supplementation 

(n = 9) 

1b) “low” P (0.015 

mg/kg/day)  

(n = 11) 

2a) No supplementation 

(n = 12) 

2b) “high” P (0.025 

mg/kg/day)  

(n = 11) 

30 days on diet All infants completed the study. 

There were no adverse effects reported. 

Compared to the control infants, P supplementation: 

Increased blood P levels; p < 0.05 for “low” P, p < 0.01 for “high” P 

Decreased urine excretion of Ca; p < 0.05 for “low” P, p < 0.01 for “high” P 

In the “high” P, increased urine excretion of P ( p < 0.01) 

In the “high” P, increased serum parathyroid hormone levels ( p < 0.01) 

“High” P supplementation did not alter vitamin D metabolism 
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Salle et al., 

1986 

VLBW infants 

≤ 1650 g (3.6 

lbs.) 

 

Enteral feeding; pooled 

human breast milk: 

 

No supplementation 

(n = 10) 

Ca (2.7 g/L) + P (2.5 g/L) 

(n = 8) 

 

Metabolic study: 

 33 ± 13 days of life 

All infants completed the study. 

There were no adverse effects reported. 

Infants supplemented with Ca and P, compared to breast milk only infants had: 

Higher P intake  

(p ≤ 0.01) 

Higher urine P  

(p ≤ 0.01) 

Higher net P absorption 

(p ≤ 0.01) 

Ca supplementation led to higher net Ca retention (as mg/kg/day; p ≤ 0.01), but a similar net absorption (as a 

percentage of total Ca consumed) 

No differences in fat intake or absorption between the two groups. 

Chan et al., 

1986 

Preterm infants 

< 1600 g (3.5 

lbs.) 

Enteral feeding 

Formula: 

Ca (117 mg/100 kcal) + P (58.5 

mg/100 kcal) 

 (n = 10) 

Ca (117 mg/100 kcal) + P (82 

mg/100 kcal) 

 (n = 10) 

4 – 6 weeks; infants 

discharged @ 1900 

g 

2 – 3 infants in each formula group did not complete the trial for unspecified reasons 

No difference in weight gain. 

There were no adverse effects reported. 

At 2 weeks, the infants fed breast milk had significantly lower serum P levels (p < 0.05) 

When compared to intrauterine bone mineralization, the breastfed and formula 2 (low Ca, high P) infants had 

less mineralization. 
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Ca (140 mg/100 kcal) + P (82 

mg/100 kcal) 

 (n = 10) 

Human milk (n = 6) 

Mize et al., 

1995 

 

VLBW infants 

(1.5 – 3.3 lbs) 

 

Enteral feeding; formula 

 Standard – 90mg/100 kcal 

(2:1 Ca:P)  

( n = 15) 

 Moderate – 106 mg/100 kcal 

(1.7:1 Ca:P)  

(n = 15) 

 High – 120 mg/ 100 kcal 

(1.5:1 Ca:P)  

(n = 15) 

21 days Dropouts: Sepsis – 3; Necrotizing enterocolitis – 2; Suspect sepsis/necrotizing enterocolitis – 3; Parenteral 

discontinuation – 1; Suspected metabolic syndrome – 1 

No significant differences between any groups in: BUN, creatinine, Albumin 

Ca intake and calculated retention, not different between groups. 

Significant (p < 0.001) positive correlation between daily P intake and calculated soft tissue P retention (r = 0.74) 

No differences between the groups in: Serum Ca, Serum P, Midmolecule parathyroid hormone, Osteocalcin, 

Alkaline phosphatase, Calcidiol, Calcitriol 

Narbona et 

al., 1998 

Preterm infants 

Average GA = 

31 weeks 

Enteral feeding; 1 of 2 low 

birth weight infant formula 

”high” formula –  

Ca (120 mg/100 kcal); P ( 75 

mg/100 kcal) 

(n = 15) 

“low” formula –  

30 days All infants completed the study. 

No growth differences (weight and length) between formula. 

There were no adverse effects reported. 

Ca and P retention was higher in the “high” formula compared to the “low” (p < 0.01) 

BMC (p < 0.01) and BMD (p < 0.05) were lower in the “low” formula compared to the “high” 

Linear correlation between Ca and P intake and BMC and BMD 
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Ca (100 mg/100 kcal); P (64 

mg/100 kcal) 

(n = 15) 

Florendo et 

al. 2009. J of 

Perinatology; 

29:106-111 

Preterm infants 

<32 weeks, 

<1750g, age 

from 31 to 32 

weeks 

gestation at 

enrollment 

2 Groups: 

Control Formula (CF 

nonhydrolyzed whey - casein) 

n=34 

Experimental Formula (EF 

partially hydrolyzed whey 

with added phosphate 1.61 

g/L expressed as P2O5 and 

total phosphorus content 

0.752 g/L), n=38  

minimum of 21 

days 

Growth was identical in both groups and paralleled that "in-utero" 

Serum phosphorus was greater in the control than in the treatment group. Statistically significant but small 

differences were noted in BUN, total protein, albumin, calcium and phosphorus levels between the groups. 

However, serum levels for both groups were well within normal limits for preterm infants. Collectively, these 

data suggest that although statistically significant in a large group of infants, the differences are not clinically 

meaningful. 

Vanderhoof 

et al. 1999. 

JPGN;29:318-

326 

Preterm infants 

with birth 

weight 

between 750 

and 2000g, 0-28 

days of age 

3 Groups: 

Control Formula (CF) n=50,  

Experimental Formula (EF) 

n=48,  

Human Milk (HM) n=53 

Total added phosphates: 

0.2464 g/L.  

total phosphorus content: 

CF=0.443 g/L; EF=0.608 g/L 

from first day of full 

oral feeding to 40 

and 48 weeks 

postconceptional 

age 

The current study also demonstrates that infants receiving formulas with or without LCPs derived from single-

cell oils grow at similar rates and have similar levels of discontinuations and adverse events. 
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Stratiki et al. 

2007. Early 

Hum 

Dev;83:575-

579 

Preterm infants 

gestational age 

27-37 weeks 

2 Groups: 

Control Formula (CF) n=34,  

Experimental Formula (EF) 

n=41 

Added phosphates: 0.559 g/L 

Total phosphorus content:  

CF: 0.721 g/L, EF: 0.721 g/L 

30 days With regards to somatic growth, head growth was significantly higher in the EF group. This has not been 

reported by other investigators. 

In conclusion we have shown that a BL supplemented infant formula is well tolerated by preterm infants and 

leads to a decrease of IP and accelerated head growth. 

Rigo et al. 

2017. 

JPGN;65:e83-

e89 

Preterm infants 

below 32 weeks 

or below 1500g 

2 Groups: 

Control Human milk fortifier 

(cHMF) n=65,  

New Human milk fortifier 

(nHMF) n=60 

Total added phosphate from 

HMF in 1L of fortified human 

milk: cHMF: 1.648g/L,  nHMF: 

1.799g/L 

Total phosphorus content: 

cHMF: 925mg/100g , nHMF: 

1125mg/100g 

minimum 21 days These results indicate that the new HM fortifier, made with partially hydrolyzed whey protein and a higher 

protein:energy ratio is safe, well-tolerated, and improves weight gain of preterm infants compared to control 

fortifier. 

Serum phosphorus increased slightly in the 2 groups. At D1, relative hypophosphatemia (<1.55mmol/L) was 

observed in 13 infants in both groups; this was corrected in 11 infants by D10/11 and 12 infants by D21.  

98% of the infants having normal serum phosphorus concentration at D21. 

Ca = Calcium, P = Phosphorus, VLBW = Very Low Birth Weight, GA = Gestational Age, BUN = Blood Urea Nitrogen, BMC = Bone Mineral Content, BMD = Bone Mineral Density 
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Bone mineralization in fetuses occurs exponentially during the third trimester, with approximately 80% of 

mineralization occurring over this time. It is estimated that the fetus needs 60 – 75 mg/kg/day phosphorus 

to meet this demand, which is supplied by the mother. However, when infants are born preterm, they no 

longer have access to the intrauterine phosphorus supplied by the mother (Trindade 2005). Although 

about 90% of the phosphorus in human breast milk can be absorbed by the infant, human breast milk is 

adapted for term infants and may not provide adequate phosphorus (or calcium) for a preterm infant 

(Mayne and Kovar 1991, Stipanuk 2006, Watts et al. 2013). Metabolic bone disease, ranging from 

osteopenia (mild under mineralization) to rickets (severe under mineralization), occurs in 50-60% of 

infants < 28weeks of gestation and/or < 2.2 lbs (~1000g) birth weight (Bass and Chan 2006).   

Composition of formulations for preterm infants are designed according to expert recommendations for 

preterm infants, such as established by ESPGHAN in 2010, or by Koletzko et al. in 2014 (Agostoni et al. 

2010, Koletzko B 2014). ESPGHAN recommended a phosphate content of 60 – 90 mg per kg body weight 

per day in 2010. Koletzko et al. in 2014 provided recommendations both per kg body weight and per 100 

kcal formula: 60 – 140 mg per kg body weight per day, or 55 – 127 mg/100 kcal in a preterm formula. 

Although the higher protein content in most preterm formulations naturally brings in higher phosphate 

content than term infant formula, additional phosphate is provided to ensure that preterm formula meet 

the dietary recommendation. 

When phosphorus was supplemented to either breast milk or formula, there is an expected rise in the 

serum levels of phosphorus (Sann et al. 1985) (Narbona et al. 1998) and an increase in urinary excretion 

of phosphorus (Salle et al. 1986) (Sann et al. 1985) compared to breast milk and unsupplemented formula. 

Important for bone mineralization, the supplementation of phosphorus and vitamin D increased 

absorption of calcium above the level seen in infants receiving only vitamin D supplementation (Senterre 

et al. 1983). Increasing both calcium and phosphorus has a positive linear correlation with both bone 

mineral content and bone mineral density (Narbona et al. 1998). Additionally a positive correlation also 

exists between increased phosphorus intake and phosphorus retention in the soft tissue (Mize et al. 1995). 

Phosphorus supplementation had no reported adverse effects in the clinical studies reviewed (Table 3). 

Schell-Feith et al. report on the incidence of nephrocalcinosis in preterm infants born < 32 weeks 

gestational age, and the factors that are associated with nephrocalcinosis (Schell-Feith et al. 2000). 

Nephrocalcinosis (NC) occurs frequently in preterm neonates. The incidence varies between 17 and 64%, 

depending on different study populations, ultrasonographic (US) criteria, and US equipment. The current 

study diagnosed nephrocalcinosis in 33% of preterm infants at 4 weeks postnatally, and 41% at term 
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corrected age. Preterm infants received preterm formula, parenteral nutrition or breastfeeding. Birth 

weight, gestational age, as well as the use of medication and presence of chronic lung disease was 

associated with nephrocalcinosis incidence. During the first 28 days of life, intake of calcium, phosphorus, 

protein, vitamin D and ascorbic acid were calculated from known nutrient content in formulas, parenteral 

nutrition and breast milk. No intake data for day 28 to term corrected age was available though. The mean 

intake of calcium and phosphorus in the first 4 weeks of life was higher in the group with diagnosed 

nephrocalcinosis compared to the group without. Ascorbic acid was also higher in the nephrocalcinosis 

group. Notably, serum phosphate was not significantly different in the group with nephrocalcinosis or 

without, either at 4 weeks or at term corrected age. The authors conclude that although they found a 

difference in intakes of calcium, phosphate, and ascorbic acid between the NC group and the non-NC 

group, we cannot differentiate from our data why patients received different intakes. Also, intake of 

calcium and phosphorus is calculated from concentration in different foods, and does not take into 

account the different absorption rates. No information is available on the concentration in the preterm 

formula or other foods, however, daily intake of phosphorus ranges from 0.7 mmol/kg/day at week 1 to 

2.5 mmol/kg/day at week 4 (approximates 22 to 78 mg/kg/day) which is towards the lower end of what 

is recommended by the recent expert recommendation by Koletzko et al in their Scientific Basis and 

Practical Guidelines on Nutritional Care of Preterm Infants (Koletzko B 2014). No information is available 

on whether added phosphates are present in the diets. 

Another publication that has shown up in the systematic literature review is a descriptive study on the 

use of a human milk supplement for preterm infants that contains added phosphate. The added 

phosphate in the form of sodium and potassium phosphate helps to meet the dietary phosphorus 

requirements of preterm infants (Tonz and Schubiger 1985). The supplement, consisting of a milk protein 

hydrolysate and minerals, adds calcium and phosphorus to the preterm human milk, to increase 

phosphorus content after mixing to 64 mg per kg body weight per day. This brings the phosphorus content 

in line with the recent recommendation by Koletzko et al. on nutrient intake in preterm infants. The 

authors conclude on their first experiences with the product, in that they did not observe any adverse 

reactions. No cases of rib fractures or other signs of bone demineralization have been observed anymore. 

Weight gain in premature infants was very satisfactory. 

To assess whether calcium supplementation by itself during the first 3 days of life increases the net 

retention of calcium more effectively than would otherwise be obtained by an elevated Ca/Pi value of 

formula in preterm infants, 26 low birthweight infants with no clinical problems with average gestational 
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ages between 36 to 36.7 weeks were enrolled in a 3-day study (Moya and Doménech 1982). Group A 

(n=10) received a formula with Ca/Pi ratio of 2.4. Group B (n=8) received a formula with a 1.6 ratio, and 

Group C (n=8) received formula B, which was supplemented with 800 mg/kg/day of calcium lactate giving 

a final calcium/phosphate ratio of 4.1. The study showed that net retention of calcium correlates 

positively with Ca/Pi ratio (r = 0.82) and with absolute Ca intake (r = 0.84). Calcium lactate 

supplementation did not modify acid base equilibrium, lactatemia nor digestive tolerance. 

3.2.8 Conclusion on clinical studies 

 

 

  

Clinical studies in healthy term young infants who consume either standard infant formula or FSMP 

with added phosphates demonstrates normal growth, similar to standard growth (WHO and/or US 

CDC). Growth is considered a very important clinical outcome that demonstrates that the addition of 

phosphates to infant formula or FSMP for young infants is not of concern, both for healthy term young 

infants, as well as young infants who require an FSMP to manage a clinical condition, but otherwise 

have normal phosphorus requirements. It is important to highlight that any adverse effect contributed 

to added phosphates would be through increased serum inorganic phosphate concentration. A clinical 

study using a very high phosphorus content in infant formula resulted in an insignificant increase of 

serum inorganic phosphate, which still fell within the normal range. 

Preterm infants are considered a special clinical condition, where their dietary requirements are 

different. Often phosphates are added to preterm formula or supplemented to the human breast milk 

to help meet the dietary requirements. Clinical studies with preterm infants shows that the addition 

of phosphates into their diet is safe. 



 

   41 
 

References 

 

Agostoni C, et al. 2010. Enteral nutrient supply for preterm infants: commentary from the European 
Society of Paediatric Gastroenterology, Hepatology and Nutrition Committee on Nutrition. J Pediatr 
Gastroenterol Nutr 50: 85-91. 

Ahrens B, et al. 2018. Hydrolyzed Formula With Reduced Protein Content Supports Adequate Growth: A 
Randomized Controlled Noninferiority Trial. J Pediatr Gastroenterol Nutr 66: 822-830. 

Association of Clinical Biochemistry and Laboratory Medicine. 2012. Phosphate. Analyte Monographs 
alongside the National Laboratory Medicine Catalogue. 

Axelson J, Persson P, Gagnemo-Persson R, Hakanson R. 1991. Importance of the stomach in maintaining 
calcium homoeostasis in the rat. Gut 32: 1298-1302. 

Baglatzi L, Gavrili S, Stamouli K, Zachaki S, Favre L, Pecquet S, Benyacoub J, Costalos C. 2016. Effect of 
Infant Formula Containing a Low Dose of the Probiotic Bifidobacterium lactis CNCM I-3446 on Immune 
and Gut Functions in C-Section Delivered Babies: A Pilot Study. Clin Med Insights Pediatr 10: 11-19. 

Bass JK, Chan GM. 2006. Calcium nutrition and metabolism during infancy. Nutrition 22: 1057-1066. 

Billeaud C, Puccio G, Saliba E, Guillois B, Vaysse C, Pecquet S, Steenhout P. 2014. Safety and tolerance 
evaluation of milk fat globule membrane-enriched infant formulas: a randomized controlled multicenter 
non-inferiority trial in healthy term infants. Clin Med Insights Pediatr 8: 51-60. 

Borschel MW, Baggs GE, Barrett-Reis B. 2014a. Growth of healthy term infants fed ready-to-feed and 
powdered forms of an extensively hydrolyzed casein-based infant formula: a randomized, blinded, 
controlled trial. Clin Pediatr 53: 585-592. 

Borschel MW, Choe YS, Kajzer JA. 2014b. Growth of healthy term infants fed partially hydrolyzed whey-
based infant formula: a randomized, blinded, controlled trial. Clin Pediatr 53: 1375-1382. 

Borschel MW, Ziegler EE, Wedig RT, Oliver JS. 2013. Growth of healthy term infants fed an extensively 
hydrolyzed casein-based or free amino acid-based infant formula: a randomized, double-blind, controlled 
trial. Clin Pediatr 52: 910-917. 

Brodehl J, Gellissen K, Weber HP. 1982. Postnatal development of tubular phosphate reabsorption. Clin 
Nephrol 17: 163-171. 

Chow F, Taton G, Boulay J, Lewis L, Remmenga E, Hamar D. 1980. Effect of dietary calcium, magnesium, 
and phosphorus on phosphate urolithiasis in rats. Investigative urology 17: 273-276. 

Cooper. 2016. Clin Med Insights: Pediatrics 10: 1-12. 

Corkins M, Czerkies LA, Storm HM, Sun S, Saavedra JM. 2016. Assessment of Growth of Infants Fed an 
Amino Acid-Based Formula. Clin Med Insights Pediatr 10: 3-9. 

Dalton MA, Sargent JD, O’Connor G, Olmstead EM, Klein RZ. 1997. Calcium and phosphorus 
supplementation of iron-fortified infant formula: no effect on iron status of healthy full-term infants. Am 
J Clin Nutr 65: 921-926. 

David L, Anast CS. 1974. Calcium metabolism in newborn infants the interrelationship of parathyroid 
function and calcium, magnesium, and phosphorus metabolism in normal,“sick,” and hypocalcemic 
newborns. The Journal of clinical investigation 54: 287-296. 



 

   42 
 

Dymsza H, Reussner Jr G, Thiessen Jr R. 1959. Effect of normal and high intakes of orthophosphate and 
metaphosphate in rats. J Nutr 69: 419-428. 

EFSA NDA Panel. 2005. Opinion of the Scientific Panel on Dietetic Products, Nutrition and Allergies on a 
request from the Commission related to the Tolerable Upper Intake Level of Phosphorus. The EFSA Journal 
233: 1 - 19. 

EFSA NDA Panel. 2013. Scientific Opinion on nutrient requirements and dietary intakes of infants and 
young children in the European Union. The EFSA Journal 11. 

EFSA NDA Panel. 2014. Scientific Opinion on the essential composition of infant and follow-on formulae. 
The EFSA Journal 12. 

Ellinger R. 1972. Phosphates in food processing. Handbook of food additives 1: 617-780. 

European Food Safety Authority. 2013. Assessment of one published review on health risks associated 
with phosphate additives in food. EFSA Journal 2013 11: 3444. 

Expert Group on Vitamins and Minerals (EGVM). 2003. Safe Upper Levels for Vitamins and Minerals. 
Report no. 

Fields D, Czerkies L, Sun S, Storm H, Saavedra J, Sorensen R. 2016. A Randomized Controlled Trial Assessing 
Growth of Infants Fed a 100% Whey Extensively Hydrolyzed Formula Compared With a Casein-Based 
Extensively Hydrolyzed Formula. Glob Pediatr Health 7. 

Fleddermann M, Demmelmair H, Grote V, Nikolic T, Trisic B, Koletzko B. 2014. Infant formula composition 
affects energetic efficiency for growth: the BeMIM study, a randomized controlled trial. Clin Nutr 33: 588-
595. 

Food and Drug Research Laboratories Inc. 1975a. Teratologic evaluation of FDA 73-2 (monocalcium 
phosphate; anhydrous) in mice and rats. Unpublished report from Food and Drug Research Laboratories, 
Inc., Waverly, NY, USA. Submitted to the World Health Organization by the US Food and Drug 
Administration. 

Food and Drug Research Laoratories Inc. 1975b. Teratologic evaluation of FDA 73-65 (monopotassium 
phosphate) in mice and rats. Unpublished report from Food and Drug Research Laboratories, Inc., 
Waverly, NY, USA. Submitted to the World Health Organization by the US Food and Drug Administration. 

Güngörmüş C, Kılıç A, Akay MT, Kolankaya D. 2010. The effects of maternal exposure to food additive E341 
(tricalcium phosphate) on foetal development of rats. Environmental toxicology and pharmacology 29: 
111-116. 

Hahn F. 1961. Z. Ernahrungsw. Suppl. 1: 55. 

Harrison GG, Graver EJ, Vargas M, Churella HR, Paule CL. 1987. Growth and adiposity of term infants fed 
whey-predominant or casein-predominant formulas or human milk. J Pediatr Gastroenterol Nutr 6: 739-
747. 

Hicks PD, Hawthorne KM, Berseth CL, Marunycz JD, Heubi JE, Abrams SA. 2012. Total calcium absorption 
is similar from infant formulas with and without prebiotics and exceeds that in human milk-fed infants. 
BMC Pediatr 12: 118. 

Hodge HC. 1964. I. Short-term oral toxicity tests of condensed phosphates in rats and dogs. Food and 
Cosmetics Toxicology 2: 147-148. 

Hogan AG, Regan WO, House WB. 1950. Calcium Phosphate Deposits in Guinea Pigs and the Phosphorus 
Content of the Diet1: Four Figures. J Nutr 41: 203-213. 



 

   43 
 

House W, Hogan AG. 1955. Injury to Guinea Pigs That Follows a High Intake of Phosphates: The Modifying 
Effect of Magnesium and Potassium. J Nutr 55: 507-517. 

Institute of Medicine. 1997. Dietary Reference Intakes for Calcium, Phosphorus, Magnesium, Vitamin D, 
and Fluoride. Washington, DC: The National Academies Press. 

JECFA. 1982. Phosphoric acid and phsophates salts. In: Toxicological Evaluation of Certain Food Additives. 
26th Meeting of the Joint FAO/WHO Expert Committee on Food Additives (JECFA), Apr. 19-28, 1982, 
Rome, Italy. Report no. 

Koletzko B. 2014. Nutritional Care of Preterm Infants - Scientific Basis and Practical Guidelines. Basel, 
Switzerland: Karger. 

Lampila LE, Godber JP. 2002. Food Phosphates in Branen AL, Davidson PM, Salminen S, Thorngate  JHI, 
eds. Food Additives, vol. Second Edition. New York, USA: Marcel Dekker. 

Lasekan JB, Jacobs J, Reisinger KS, Montalto MB, Frantz MP, Blatter MM. 2011. Lactose-free milk protein-
based infant formula: impact on growth and gastrointestinal tolerance in infants. Clin Pediatr 50: 330-337. 

Lasekan JB, Ostrom KM, Jacobs JR, Blatter MM, Ndife LI, Gooch WM, 3rd, Cho S. 1999. Growth of newborn, 
term infants fed soy formulas for 1 year. Clin Pediatr 38: 563-571. 

Lasekan JB, Linke HK, Oliver JS, Carver JD, Blatter MM, Kuchan MJ, Cramer JM, Pollack PF. 2014. Milk 
protein-based infant formula containing rice starch and low lactose reduces common regurgitation in 
healthy term infants: a randomized, blinded, and prospective trial. J Am Coll Nutr 33: 136-146. 

Lealman G, Logan R, Hutchison J, Kerr M, Fulton A, Brown C. 1976. Calcium, phosphorus, and magnesium 
concentrations in plasma during first week of life and their relation to type of milk feed. Archives of disease 
in childhood 51: 377-384. 

Lee le Y, Bharani R, Biswas A, Lee J, Tran LA, Pecquet S, Steenhout P. 2015. Normal growth of infants 
receiving an infant formula containing Lactobacillus reuteri, galacto-oligosaccharides, and fructo-
oligosaccharide: a randomized controlled trial. Matern Health Neonatol Perinatol 1: 015-0008. 

Lopez-Huertas E, Teucher B, Boza JJ, Martinez-Ferez A, Majsak-Newman G, Baro L, Carrero JJ, Gonzalez-
Santiago M, Fonolla J, Fairweather-Tait S. 2006. Absorption of calcium from milks enriched with fructo-
oligosaccharides, caseinophosphopeptides, tricalcium phosphate, and milk solids. Am J Clin Nutr 83: 310-
316. 

Marriage BJ, Buck RH, Goehring KC, Oliver JS, Williams JA. 2015. Infants Fed a Lower Calorie Formula With 
2'FL Show Growth and 2'FL Uptake Like Breast-Fed Infants. J Pediatr Gastroenterol Nutr 61: 649-658. 

Mayne PD, Kovar IZ. 1991. Calcium and phosphorus metabolism in the premature infant. Ann Clin Biochem 
28 ( Pt 2): 131-142. 

McMeniman N. 1973. The toxic effect of some phosphate supplements fed to sheep. Australian veterinary 
journal 49: 150-152. 

Meli F, Puccio G, Cajozzo C, Ricottone GL, Pecquet S, Sprenger N, Steenhout P. 2014. Growth and safety 
evaluation of infant formulae containing oligosaccharides derived from bovine milk: a randomized, 
double-blind, noninferiority trial. BMC Pediatr 14: 014-0306. 

Mennella JA, Ventura AK, Beauchamp GK. 2011. Differential growth patterns among healthy infants fed 
protein hydrolysate or cow-milk formulas. Pediatrics 127: 110-118. 

Mize CE, Uauy R, Waidelich D, Neylan MJ, Jacobs J. 1995. Effect of phosphorus supply on mineral balance 
at high calcium intakes in very low birth weight infants. Am J Clin Nutr 62: 385-391. 



 

   44 
 

Moya M, Doménech E. 1982. Role of calcium-phosphate ratio of milk formulae on calcium balance in low 
birth weight infants during the first three days of life. Pediatric research 16: 675. 

Narbona E, Maldonado J, Ocete E, Gil A, Molina JA. 1998. Bone mineralization status measured by dual 
energy radiographic densitometry in preterm infants fed commercial formulas. Early Hum Dev 53 Suppl: 
S173-180. 

Puccio G, Alliet P, Cajozzo C, Janssens E, Corsello G, Sprenger N, Wernimont S, Egli D, Gosoniu L, Steenhout 
P. 2017. Effects of Infant Formula With Human Milk Oligosaccharides on Growth and Morbidity: A 
Randomized Multicenter Trial. J Pediatr Gastroenterol Nutr 64: 624-631. 

Radke M, Picaud JC, Loui A, Cambonie G, Faas D, Lafeber HN, de Groot N, Pecquet SS, Steenhout PG, 
Hascoet JM. 2017. Starter formula enriched in prebiotics and probiotics ensures normal growth of infants 
and promotes gut health: a randomized clinical trial. Pediatr Res 81: 622-631. 

Salle B, Senterre J, Putet G, Rigo J. 1986. Effects of calcium and phosphorus supplementation on calcium 
retention and fat absorption in preterm infants fed pooled human milk. J Pediatr Gastroenterol Nutr 5: 
638-642. 

Sann L, Loras B, David L, Durr F, Simonnet C, Baltassat P, Bethenod M. 1985. Effect of phosphate 
supplementation to breast fed very low birthweight infants on urinary calcium excretion, serum 
immunoreactive parathyroid hormone and plasma 1,25-dihydroxy-vitamin D concentration. Acta Paediatr 
Scand 74: 664-668. 

Sargent JD, Dalton MA, O'Connor GT, Olmstead EM, Klein RZ. 1999. Randomized trial of calcium 
glycerophosphate–supplemented infant formula to prevent lead absorption. Am J Clin Nutr 69: 1224-
1230. 

Scalabrin DM, Johnston WH, Hoffman DR, P'Pool VL, Harris CL, Mitmesser SH. 2009. Growth and tolerance 
of healthy term infants receiving hydrolyzed infant formulas supplemented with Lactobacillus rhamnosus 
GG: randomized, double-blind, controlled trial. Clin Pediatr 48: 734-744. 

SCF. 1997. Opinion on Certain Additives for USe in Foods for Infants and Young Children in Good Health 
and in Foods for Special Medical Purposes for Infants and Young Children. Brussesls, Belgium: Commission 
of the European Communities (EEC), Scientific Committee for Food (SCF). Report no. 

Schell-Feith EA, Kist-van Holthe JE, Conneman N, van Zwieten PH, Holscher HC, Zonderland HM, Brand R, 
van der Heijden BJ. 2000. Etiology of nephrocalcinosis in preterm neonates: association of nutritional 
intake and urinary parameters. Kidney Int 58: 2102-2110. 

Senterre J, Putet G, Salle B, Rigo J. 1983. Effects of vitamin D and phosphorus supplementation on calcium 
retention in preterm infants fed banked human milk. J Pediatr 103: 305-307. 

Simeoni U, et al. 2016. Gut microbiota analysis reveals a marked shift to bifidobacteria by a starter infant 
formula containing a synbiotic of bovine milk-derived oligosaccharides and Bifidobacterium animalis 
subsp. lactis CNCM I-3446. Environ Microbiol 18: 2185-2195. 

Stipanuk MH. 2006. Biochemical, physiological, & molecular aspects of human nutrition. St. Louis: 
Saunders Elsevier. 

Svenningsen NW, Lindquist B. 1974. Postnatal development of renal hydrogen ion excretion capacity in 
relation to age and protein intake. Acta Paediatr Scand 63: 721-731. 

Tonz O, Schubiger G. 1985. Feeding of very-low-birth-weight infants with breast-milk enriched by energy, 
nitrogen and minerals: FM85. Helv Paediatr Acta 40: 235-247. 



 

   45 
 

Topp H, Hochfeld O, Bark S, Grossmann M, Joukhadar C, Westphal M, Straatsma H, Rothenburger M. 2011. 
Glycerophosphate is interchangeable with inorganic phosphate in terms of safety and serum 
pharmacokinetics. Pharmacology 88: 193-200. 

Trindade CE. 2005. [Minerals in the nutrition of extremely low birth weight infants]. J Pediatr (Rio J) 81: 
S43-51. 

Verrett MJ, Scott WF, Reynaldo EF, Alterman EK, Thomas CA. 1980. Toxicity and teratogenicity of food 
additive chemicals in the developing chicken embryo. Toxicology and applied pharmacology 56: 265-273. 

Watts S, Mactier H, Grant J, Cameron Nicol E, Mullen AB. 2013. Is additional oral phosphate 
supplementation for preterm infants necessary: an assessment of clinical audit. Eur J Pediatr 172: 1313-
1319. 

Weiner M, Salminen W, Larson P, Barter R, Kranetz J, Simon G. 2001. Toxicological review of inorganic 
phosphates. Food and Chemical Toxicology 39: 759-786. 

Wu T-C, Huang I-F, Chen Y-C, Chen P-H, Yang L-Y. 2011a. Differences in serum biochemistry between 
breast-fed and formula-fed infants. Journal of the Chinese Medical Association 74: 511-515. 

Wu TC, Huang IF, Chen YC, Chen PH, Yang LY. 2011b. Differences in serum biochemistry between breast-
fed and formula-fed infants. J Chin Med Assoc 74: 511-515. 

 

 



 

   46 
 

Appendix A. Literature Search Report and search results 

Literature Search Report 

Attached the literature search report that identifies pertinent scientific literature on the safety of the use 

of phosphate food additives in infant formula. 

 

 

Search Strategy and search results 

Databases: AdisInsight: Trials,  AGRICOLA,  AGRIS,  Allied & Complementary Medicine™,  BIOSIS® Toxicology,  BIOSIS 

Previews®,  CAB ABSTRACTS,  Embase®,  Foodline®: SCIENCE,  FSTA®,  MEDLINE®,  NTIS: National Technical 

Information Service,  ToxFile® 

Set# Searched for Results 

S11 s8 or s10 1038° 

S10 s9 and ti("phosphoric acid" or "7664-38-2" or "orthophosphoric 

acid" or "O-Phosphoric acid" or "sodium phosphate*" or 

"sodium orthophosphate*" or "monosodium phosphate" or 

"sodium dihydrogen phosphate" or "7558-80-7" or "disodium 

phosphate" or "disodium hydrogen phosphate" or "7558-79-4" 

or "trisodium phosphate" or "7601-54-9" or "potassium 

phosphate*" or "potassium orthophosphate*" or 

"monopotassium phosphate" or "potassium dihydrogen 

phosphate" or "7778-77-0" or "dipotassium phosphate" or 

"dipotassium hydrogen phosphate" or "potassium hydrogen 

phosphate" or "7758-11-4" or "tripotassium phosphate" or 

"7778-53-2" or "calcium phosphate*" or "calcium 

orthophosphate*" or "calcium dihydrogen phosphate" or 

"calcium bis(dihydrogenorthophosphate)" or "calcium 

tetrahydrogen phosphate" or "calcium monobasic phosphate" 

or "calcium biphosphate" or "7758-23-8" or "calcium hydrogen 

122° 
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Identification of Pertinent Scientific Literature on the Safety 
of the Use of Phosphate Food Additives in Infant Formula  


1.0  INTRODUCTION  


The European Food Safety Authority (EFSA) has recently put out a call for technical and toxicological 


data on phosphates authorized for use as food additives in the European Union (EU) for re-evaluation 


(EFSA, 2017).   


The general safety of the use of phosphates as food additives was first evaluated in 1982 by the Joint 


FAO/WHO Expert Committee on Food Additives (JECFA, 1982).  Hypocalcemia and bone resorption 


resulting from the excess intake of phosphorus in the diet were of primary concern, but as phosphorus 


is an essential nutrient, the Committee derived a maximal tolerable daily intake (MTDI) of 70 mg 


phosphorus/kg body weight, from all sources.  The Scientific Committee on Food (SCF) was in 


agreement with the MTDI for phosphorus established by JECFA (SCF, 1991).  In formula-fed infants, the 


recommended daily allowance (RDA) for phosphorus was of 300 and 500 mg/day in infants 0 to 6 


months and 6 to 12 months of age, respectively (NRC, 1989; SCF, 1997).  Currently, the reference value 


for the nutrition labelling of phosphorus for foods intended for infants and young children is of 550 


mg/day (2006/141/EC12).  


According to (EU) No 1129/20113, phosphoric acid (E338), sodium phosphates (E339i, E339ii, and 


E339iii), and potassium phosphates (E340i, E340ii, and E340iii) are permitted for use in infant 


formulae4, dietary foods for infants for special medical purposes and special formulae for infants5, and 


follow-on formulae6, while calcium phosphates (E341i, E341ii, and 341iii) are permitted for use in 


dietary foods for infants for special medical purposes and special formulae for infants only.  The SCF 


(1997) estimated that the use of sodium phosphate and potassium phosphate as additives in infant 


                                                           
1 Commission Directive 2006/141/EC of 22 December 2006 on infant formulae and follow-on formulae and amending 


Directive  
2 /21/EC. OJ L 401, 30.12.2006, p. 1–33. Available at: https://eur-
lex.europa.eu/legalcontent/EN/ALL/?uri=CELEX:32006L0141&qid=1526582167649.  
3 Commission Regulation (EU) No 1129/2011 of 11 November 2011 amending Annex II to Regulation (EC) No 1333/2008 of 


the European Parliament and of the Council by establishing a Union list of food additives. OJ L 295, 12.11.2011, p. 1–177. 


Available at: https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX:32011R1129&qid=1526582379153.  
4 According to (EC) No 141/2006, infant formulae is defined as “foodstuffs intended for particular nutritional use by infants 


during the first months of life and satisfying by themselves the nutritional requirements of such infants until the introduction 


of appropriate complementary feeding.”  
5 According to (EC) No 21/1999, dietary foods for special medical purposes are defined as “a category of foods for particular 
nutritional uses specially processed or formulated and intended for the dietary management of patients and to be used under 
medical supervision. They are intended for the exclusive or partial feeding of patients with a limited, impaired or disturbed 
capacity to take, digest, absorb, metabolise or excrete ordinary foodstuffs or certain nutrients contained therein or 
metabolites, or with other medically-determined nutrient requirements, whose dietary management cannot be achieved only 
by modification of the normal diet, by other foods for particular nutritional uses, or by a combination of the two.” Available at: 
https://eur-lex.europa.eu/legalcontent/EN/TXT/PDF/?uri=CELEX:31999L0021&from=EN.  
6 According to (EC) No 141/2006, follow-on formulae is defined as “foodstuffs intended for particular nutritional use by infants 


when appropriate complementary feeding is introduced and constituting the principal liquid element in a progressively 


diversified diet of such infants.”  



https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX:32006L0141&qid=1526582167649

https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX:32006L0141&qid=1526582167649

https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX:32006L0141&qid=1526582167649

https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX:32006L0141&qid=1526582167649

https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX:32006L0141&qid=1526582167649

https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX:32011R1129&qid=1526582379153

https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX:32011R1129&qid=1526582379153

https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:31999L0021&from=EN

https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:31999L0021&from=EN

https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:31999L0021&from=EN

https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:31999L0021&from=EN

https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:31999L0021&from=EN
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formula at the maximum permitted levels of use (i.e., 1,000 mg/L, individually or combined) would 


results in the intake of 440 mg phosphorus/day in formula-fed infants 1 to 3 months of age.  Although 


the estimated daily intake of phosphorus exceeded the RDA for this age group by ~50%, the 


Committee concluded that there was no indication that the intake of phosphorus at these levels would 


cause adverse health effects in infants so long as an appropriate calcium/phosphorus ratio is 


maintained (SCF, 1997).  Currently, the calcium to phosphorus ratio must range between 1.0 and 2.0 in 


infant formulae and follow-on formulae manufactured from cows’ milk proteins or protein 


hydrolysates (2006/141/EC).  Nonetheless, as mentioned above, the nutrient reference value (NRV) for 


phosphorus for foods intended for infants and young children is of 550 mg/day, meaning that the 90th 


percentile intake of phosphorus estimated by the SCF of 440 mg/day from its use as an additive as 


sodium phosphate and potassium phosphate in infant formula is below the NRV.  


In response to EFSA’s call for data, a comprehensive literature search was conducted to identify any 


published scientific studies that evaluated the safety of the use of phosphoric acid, sodium 


phosphates, potassium phosphates, and calcium phosphates as additives in infant formula, dietary 


foods for infants for special medical purposes and special formulae for infants, or follow-on formula.  


2.0  IDENTIFICATION OF PERTINENT STUDIES  


2.1  Literature Search Strategy  


To retrieve relevant literature on the safety of the use of phosphate food additives in infant formula, 


13 literature databases were searched on May 2nd, 2018 using the electronic search tool ProQuest 


Dialog™.  The databases that were searched are listed in Table 2.1-1.  


 Table 2.1-1  Electronic Databases Used to Retrieve Literature  


Electronic Database  Data Range  Update Frequency  


AdisInsight: Trials  1990 to present  Weekly  


AGRICOLA  1970 to present  Monthly  


AGRIS  1975 to present  Monthly  


Allied & Complementary Medicine™  1985 to present  Monthly  


BIOSIS® Toxicology  1969 to present  Weekly  


BIOSIS Previews®  1926 to present  Weekly  


CAB ABSTRACTS  1910 to present  Weekly  


Embase®  1947 to present  Daily  


Foodline®: SCIENCE  1972 to present  Stopped updating April 2016; previously 


twice weekly  


FSTA®  1969 to present  Weekly  


MEDLINE®  1946 to present  Daily with annual refresh  







 CONFIDENTIAL  


   


  


  


 5  


NTIS: National Technical Information Service  1964 to present  Weekly  


 ToxFile®  1946 to present  Daily with annual refresh  


To increase the relevance and specificity of the literature search, specific search terms were selected 


to reflect the exposure, the target population, the route of administration/type of intervention, and 


safety outcomes.  The search terms used in the literature search are listed in Table 2.1-2.  As there 


were numerous hits, the exposure search terms were limited to the title and abstract.   


 Table 2.1-2  Search Terms Applied During the Literature Searcha, b  


Type of Refinement  Search Terms  


Exposurec  "phosphoric acid" or "7664-38-2" or "orthophosphoric acid" or "O-phosphoric 


acid" or "sodium phosphate*" or "sodium orthophosphate*" or "monosodium 


phosphate" or "sodium dihydrogen phosphate" or "7558-80-7" or "disodium 


phosphate" or "disodium hydrogen phosphate" or "7558-79-4" or "trisodium  


 Table 2.1-2  Search Terms Applied During the Literature Searcha, b  


Type of Refinement  Search Terms  


 phosphate" or "7601-54-9" or "potassium phosphate*" or "potassium 
orthophosphate*" or "monopotassium phosphate" or "potassium dihydrogen 
phosphate" or "7778-77-0" or "dipotassium phosphate" or "dipotassium 
hydrogen phosphate" or "potassium hydrogen phosphate" or "7758-11-4" or 
"tripotassium phosphate" or "7778-53-2" or "calcium phosphate*" or "calcium 
orthophosphate*" or "calcium dihydrogen phosphate" or "calcium 
bis(dihydrogenorthophosphate)" or "calcium tetrahydrogen phosphate" or 
"calcium monobasic phosphate" or "calcium biphosphate" or "7758-23-8" or  
"calcium hydrogen phosphate" or "calcium monohydrogen phosphate" or  
"calcium dibasic phosphate" or "7757-93-9" or "tricalcium phosphate" or 


"tricalcium diphosphate" or "7758-87-4"  


Study population  infant or infants or toddler or toddlers or baby or babies or neonate* or 


neonatal or newborn or pediatric or paediatric or preterm or term  


Route of administration/type of intervention  nasogastric or oral* or feeding or fed or diet or supplement* or dose* or drug* 


or eat or intake or consume or drink or suckles or formula or formulae or 


"human milk" or "breast milk"  


Safety outcomes  safe* or risk* or adverse PRE/0 effect* or adverse PRE/0 event* or adverse 


PRE/0 reaction* or "maximum tolerated dose" or tolerability or tolerate*  
a The symbol “*” indicates a truncation so as to not place a limitation on the word ending (e.g., “sodium 


phosphate*” would have resulted in the identification of “sodium phosphates” and “sodium phosphate 


monobasic”).  Keywords separated by “PRE/0” will identify words separated by a hyphen (e.g., “adverse PRE/0 


effect” would have resulted in the identification of “adverse effect” or “adverse-effect”).    
b Keywords used for the exposure were searched for in combination with keywords used for the study 


population, route of administration, and safety outcomes. c Limited to title and abstract.  


Once the publication titles were retrieved, the relevance of the publications was determined at 3 


stages using the titles, abstracts, and the full-text of publications.  At each stage, the 


inclusion/exclusion criteria listed in Table 2.1-3 were applied to determine literature relevance.  The 3 


stages are outlined below in greater detail.  
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• Stage 1:  Titles of articles were reviewed, and abstracts of titles determined to be 


potentially  relevant were retrieved.  


• Stage 2:  Abstracts were reviewed, and full-length articles of abstracts determined to be  
potentially relevant were retrieved.  


• Stage 3:  Full-length articles were reviewed, and those determined to meet all of the  


inclusion criteria and none of the exclusion criteria (specified in Table 2.1-3) were determined 


as being potentially relevant for EFSA’s call for data.  


  


 Table 2.1-3  Inclusion and Exclusion Criteria Used to Filter the Identified Literature  


Inclusion Criteria  


• A full-length article written in English published in a peer-reviewed journal.  
• A human observational or intervention study conducted in infants.  
• Infants were fed formula or human breast milk containing added phosphoric acid, monosodium phosphate, disodium 


phosphate, trisodium phosphate, monopotassium phosphate, dipotassium phosphate, tripotassium phosphate, 


monocalcium phosphate, dicalcium phosphate, or tricalcium phosphate.  
• The outcomes measured were related to safety.  


 
 Table 2.1-3  Inclusion and Exclusion Criteria Used to Filter the Identified Literature  


Exclusion Criteria  


• A full-length article published in a non-peer-reviewed source (e.g., website, magazine, etc.).  
• A full-length article written in a language other than English.  
• Published in abstract form only or as a short communication (e.g., conference abstract, letter to the editor, 


commentary).  
• A research synthesis study (e.g., narrative review, systematic review, meta-analysis, etc.).  
• An in vitro or animal study.  
• The study was not conducted in infants fed formula or human breast milk containing added phosphoric acid, 


monosodium phosphate, disodium phosphate, trisodium phosphate, monopotassium phosphate, dipotassium 


phosphate, tripotassium phosphate, monocalcium phosphate, dicalcium phosphate, or tricalcium phosphate.   
• The outcome(s) measured were not related to safety.   
• The study was a duplicate record in the literature search.  
• The study results were reported in a kin publication.a  


 
a Kin publications are those in which results for the same study population are reported.  Where kin publications were 


identified, preference was given to the most recent publication, unless a sound rationale existed for choosing the older or 


both publications (e.g., if different but complimentary and relevant outcomes were assessed across the kin publications, 


both were included).  


2.2  Literature Search Results  


As indicated in Figure 2.2-1, a total of 1,038 potentially relevant titles were identified from the 


literature search, though 1,004 titles were excluded as these were unrelated to the safety of 


phosphates in formula-fed infants.  Numerous scientific publications identified in the literature search 


were on the following topics, and were thus not relevant:   
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• Calcium-phosphate homeostasis in patients with renal failure undergoing long-term 


hemodialysis;  


• The addition of phosphate and calcium to parenteral nutrition in pre-term infants;  


• The administration of sodium phosphate solutions for bowel preparation for colonoscopy;  


• The use of calcium phosphate for the prevention of dental caries in children; and,  


• Calcium phosphate bone cements.  


Of the 34 potentially relevant abstracts, 26 were excluded (reasons for exclusion are presented in 


Figure 2.2-1), and 8 were considered to be potentially relevant and full-texts were retrieved.  Half of 


the studies reviewed at the full-text stage did not meet all of the eligibility criteria, and the reasons for 


study exclusion are provided in Table 2.2-1.  Only 3 human studies met all of the eligibility criteria and 


were determined to be potentially relevant for EFSA’s call for data – copies of the full-length articles 


are available in Table 2.2-2.  A publication from the United States Food and Drug Administration Code 


of Federal Regulations Title 21 on the proposed affirmation of the GRAS7 status of phosphates as 


direct and human food ingredients was also identified as being potentially relevant.  


In the human studies that met all of the eligibility criteria, the safety of the use of phosphates in infant 


formula was not specifically evaluated.  Instead, the studies evaluated the safety of phosphate 


fortification (and the optimal calcium to phosphorus ratio for fortification) in formula or human breast 


milk.   


 


 


 


 


 


 


 


 


 


 


                                                           
7 Generally Recognized as Safe.  
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Figure 2.2-1  Flowchart of the Literature Search Process  


  


 


  


a While filtering through the titles, it was observed that numerous scientific publications on the following topics were pulled: 


calcium-phosphate homeostasis in patients with renal failure undergoing long-term hemodialysis, the addition of 


phosphate and calcium to parenteral nutrition in pre-term infants, the administration of sodium phosphate solutions for 


bowel preparation for colonoscopy, the use of calcium phosphate for the prevention of dental caries in children, and 


calcium phosphate bone cements.  
b In numerous studies, pre-term infants were fed parenterally.  


  


26   abstracts excluded:     
• The study was published in abstract form only (n=10)  
• Research synthesis studies (n=2)  
• An  in vitro  or  in vivo  study (n=2)  
• The study was not conducted in infants fed formula or human  


breast milk containing added phosphoric acid, sodium  
phosphates, potassium phosphates, or calcium phosphates  
(n=10) b   


• The outcomes measured were not related to safety (n=1)  
• The study was a duplicate record in the literature search (n=1)  


1,038   potentially   relevant  
titles retrieved through  
database searching   


1,004   titles   excluded:     
• The study was not conducted in infants fed formula  


(n=1,004) a   


3 4   potentially relevant  
abstracts   


4   potentially relevant  full - length  
articles identified (refer to Table  
2.2-2)   


4   full - length articles excluded (refer to Table  2 .2 -  for reasons  1 
for exclusion)  


8   full - length articles assessed  
against eligibility criteria in  
Table  2 .1 - 3   
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Table 2.2-1  Publications Excluded at the Full-Length Filtering Stage and Reasons for Their 


Exclusion (n=4)  


Reference   Reason for Exclusion  


Brown JV, Embleton ND, Harding JE, McGuire W (2016). Multi-nutrient fortification of  This study was a meta-


analysis of human milk for preterm infants. Cochrane Database Syst Rev (5):CD000343.  human studies conducted 


in children  
 DOI:10.1002/14651858.CD000343.pub3.  fed fortified versus unfortified human  


breast milk; however, the 


intervention was fortified with 


phosphate or phosphorus in 


only 7 out of 14 studies.  
Giapros VI, Schiza V, Challa AS, Cholevas VK, Theocharis PD, Kolios G, et al. (2012). 


Vitamin D and parathormone levels of late-preterm formula fed infants during the first 


year of life. Eur J Clin Nutr 66(2):224-230. DOI:10.1038/ejcn.2011.158.  


Only the vitamin D content of formula 


fed to infants from the study 


population was reported (phosphate 


content unknown).  
SCF (1997). Additives in nutrient preparations for use in infant formulae, follow-on 
formulae and weaning foods (Opinion expressed on 7 June 1996). In: Reports of the 
Scientific Committee for Food (Fortieth Series). (Food Science and Techniques). 
Brussels, Belgium: Commission of the European Communities (EEC), Scientific 
Committee for Food (SCF). Available at:  
https://ec.europa.eu/food/sites/food/files/safety/docs/sci-com_scf_reports_40.pdf.  


SCF opinion on the use of tricalcium 


phosphate as a dietetic additive in 


infant formulae and follow-on 


formulaea to provide calcium or 


phosphorus.  


Nutrition Reviews (1984). Calcium absorption and the calcium/phosphate ratio in the 


preterm infant. Nutr Rev 42(7):243-244. DOI:10.1111/j.1753-4887.1984.tb02339.x.  
Review of the study conducted by 


Moya and Doménech (1982); see Table 


2.2-2 for the original study.  
a As indicated in the introduction, calcium phosphates are currently not permitted for use 


follow-on formulae in the EU (EU No 1129/2011).  


  


Table 2.2-2  Included Publications (n=4)  


as food additives in infant formulae or  


Reference  Outcome(s)  Full-Text  
Schell-Feith et al. (2000)  • The mean intake of phosphorus during the first 


28 days (mmol/kg/day) was SS higher in 


preterm neonates with versus without 


nephrocalcinosis.  However, neonates were 


either given formula, fed parenterally, or 


breast-fed.  


 
Schell-Feith et al.,  


2000.pdf 
  


Tönz and Schubiger (1985)  • No adverse reactions in very-low-birth-weight 


infants fed human breast milk fortified with 


FM85, containing 120 mg monosodium 


phosphatea and 20 mg dipotassium 


phosphateb per 100 mL of human breast milk.  


 
Tonz and Schubiger, 


1985.pdf 
  


Moya and Doménech (1982)  • No significant difference in magnesium 
absorption in low birthweight infants fed 
formula containing a 1.6, 2.4, or 4.1 
calcium/phosphate ratio.  


• There was a positive correlation (r=0.82) 


between the net retention of calcium and the 


calcium/phosphate ratio.  


 


Moya and Domenech, 


1982.pd 
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Table 2.2-2  Included Publications (n=4)   


Reference   Outcome(s)  Full-Text  


U.S. FDA (1979)  • For infants aged 0 to 6 months, the allowance 


ratio for calcium and phosphorus is of 1:0.7 


(360 mg calcium and 240 mg phosphorus).  
• Calcium phosphate dibasic is permitted at a use 


level of 1.4% for infant baked goods and infant 
formulas.  


• Calcium phosphate monobasic is permitted at a 


use level of 0.04% for infant formulas.  


• Calcium phosphate tribasic is permitted at a 
use level of 0.5% for infant formulas and 2.6% 
for cooked or uncooked ready-to-eat infant 
cereal.  


• Sodium phosphate dibasic is permitted at a use 


level of 0.01% for infant formulas.  
• There is no permitted use level of phosphoric 


acid, potassium phosphate (dibasic, monobasic, 


or tribasic), and sodium phosphate (monobasic 


and tribasic) specifically indicated for infant 


formula.  


 
U.S. FDA, 1979.pdf 


  


a  There is 2.4 g monosodium phosphate per 100 g of FM85 powder, and 100 mL of human breast milk is fortified with 5 g 


of FM85 powder.  Therefore, there is 120 mg monosodium phosphate per 100 mL of human breast milk ([2.4 g/20] * 


[1,000 mg/g] = 120 mg). b  There is 0.4 g dipotassium phosphate per 100 g of FM85 powder, and 100 mL of human breast 


milk is fortified with 5 g of FM85 powder.  Therefore, there is 20 mg dipotassium phosphate per 100 mL of human breast 


milk ([0.4 g/20] * [1,000 mg/g] = 20 mg).   
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4 ; Sukhu, Troy 5 ; Chiang, George 6 1 UCSD Department of Urology, San Diego, CA, USA, USA 
ginacambareri@gmail.com 2 Children's Hospital of Michigan, Department of Urology, Detroit, MI, USA, USA 
lkovacev@dmc.org 3 Oregon Health Sciences University, Department of Urology, Portland, OR, USA, USA 
aaronbayne@gmail.com 4 University of Tennessee Health Science Center/Le Bonheur Children's Hospital, Division 
of Pediatric Urology, Memphis, TN, USA, USA danagiel@uthsc.edu ; eschurtz@gmail.com 5 University of Virginia, 
Department of Urology, Charlottesville, VA, USA, USA STC2U@hscmail.mcc.virginia.edu ; tas4gd@virginia.edu 6 
UCSD Department of Urology, Rady Children's Specialists of San Diego, San Diego, CA, USA, USA gchiang@ucsd.edu 

Publication info: Journal of pediatric urology 11.4 (Aug 2015): 218-23. 
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Author: Cakir, Erkan 1 ; Gedik, Ahmet Hakan 1 ; Özdemir, Ali 2 ; Buyukpńarbasili, Nur 3 ; Bilgin, Mehmet 4 ; Ozgen, 
Ilker Tolga 5 1 Departments of Pediatric Pulmonology, Faculty of Medicine Bezmialem, Vakif University Vatan Cad., 
Istanbul, TR-34093, Turkey erkancakir1@yahoo.com 2 Mersin Children's Hospital, Mersin, Turkey 3 Departments of 
Pathology, Turkey 4 Departments of Radiology, Turkey 5 Departments of Pediatric Endocrinology, Faculty of 
Medicine, Bezmialem Vakif University, Istanbul, Turkey 
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MONITORED SUPPLEMENTATION OF VITAMIN D IN PRETERM NEONATES--A PRIMARY REPORT  
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Publication info: Developmental period medicine 19.3 Pt 1 (Jul 2015 - Sep 2015): 313-8. 
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Author: Martel, Myriam 1 ; Barkun, Alan N. 2 ; Menard, Charles 3 ; Restellini, Sophie 4 ; Kherad, Omar 5 ; Vanasse, 
Alain 6 1 Division of Gastroenterology, McGill University Health Center, McGill University, Montreal, Canada, 
Département de Médecine de Famille et de Médecine d'Urgence, University of Sherbrooke, Sherbrooke, Canada 2 
Division of Gastroenterology, McGill University Health Center, McGill University, Montreal, Canada, Epidemiology 
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Effects of Denosumab and Calcitriol on Severe Secondary Hyperparathyroidism in Dialysis Patients With Low Bone 
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Author: Chen, Chien-Liang 1 ; Chen, Nai-Ching 1 ; Liang, Huei-Lung 1 ; Hsu, Chih-Yang 1 ; Chou, Kang-Ju 1 ; Fang, Hua-
Chang 1 ; Lee, Po-Tsang 1 1 Division of Nephrology (C.-L.C., C.-Y.H., K.-J.C., H.-C.F., P.-T.L.), Kaohsiung Veterans 
General Hospital, 81362 Kaohsiung, Taiwan; Department of Neurology (N.-C.C.), Kaohsiung Chang Gung Memorial 
Hospital, Chang Gung University College of Medicine, 83301 Kaohsiung, Taiwan; Department of Radiology (H.-L.L.), 
Kaohsiung Veterans General Hospital, 81362 Kaohsiung, Taiwan; and Department of Medicine (C.-L.C., H.-L.L., C.-
Y.H., K.-J.C., H.-C.F., P.-T.L.), National Yang-Ming University School of Medicine, 11221 Taipei, Taiwan, Taiwan 
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Credendino, Olga; Daidone, Giuseppe; Gregorini, Gina; Moroni, Gabriella; Attini, Rossella; Minelli, Fosca; Manisco, 
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The association of the klotho polymorphism rs95612 with parameters of calcium-phosphate metabolismin 
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Author: Marchelek-Mys'liwiec, Małgorzata 1 ; Rózan'ski, Jacek 2 ; Dutkiewicz, Grazyna 2 ; Dołe¸gowska, Barbara 3 ; 
Sałata, Daria 3 ; Budkowska, Marta 3 ; Wis'niewska, Magda 2 ; Ciechanowski, Kazimierz 2 1 Pomeranian Medical 
University, Clinic of Nephrology, Transplantology and Internal Medicine, Szczecin, Poland 2 Pomeranian Medical 
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Uniwersity, Department od Medical Analytics, Szczecin, Poland 
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Growth, body composition &bone density post paediatric liver transplant 
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Auckland, Auckland, New Zealand 

Publication info: Pediatric Transplantation, suppl. 1 19 (May 2015): 116. 
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Practical use of sevelamer in chronic kidney disease patients on dialysis in People's Republic of China  

Author: Meng, Lin 1 ; Fu, Bin 2 1 Department of Nephrology, Second Affiliated Hospital to Tianjin University of 
Traditional Chinese Medicine, Tianjin, People's Republic of China ; Tianjin University of Traditional Chinese Medicine, 
Tianjin, People's Republic of China 2 Department of Nephrology, Second Affiliated Hospital to Tianjin University of 
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Author: Liu, Jinkun 1 ; Shirosaki, Yuki 2 ; Miyazaki, Toshiki 1 1 Graduate School of Life Science and Systems 
Engineering, Kyushu Institute of Technology, 2-4, Hibikino, Wakamatsu-ku, Kitakyushu, 808-0196, Japan 
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Nutritional vitamin D supplementation in dialysis: a randomized trial  

Author: Bhan, Ishir 1 ; Dobens, Dorothy 1 ; Tamez, Hector 1 ; Deferio, Joseph J 1 ; Li, Yan Chun 2 ; Warren, H Shaw 3 
; Ankers, Elizabeth 1 ; Wenger, Julia 1 ; Tucker, J Kevin 1 ; Trottier, Caitlin 1 ; Pathan, Fridosh 4 ; Kalim, Sahir 1 ; 
Nigwekar, Sagar U 1 ; Thadhani, Ravi 1 1 Division of Nephrology, Department of Medicine, Department of Medicine 
ibhan@mgh.harvard.edu 2 Department of Medicine, Division of Biological Sciences, The University of Chicago, 
Chicago, Illinois, Illinois 3 Infectious Disease Unit, Departments of Pediatrics and Medicine, and, and 4 Pharmacy 
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Effectiveness of varnish with CPP-ACP in prevention of caries lesions around orthodontic brackets: an OCT 
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Author: Pithon, Matheus M 1 ; Dos Santos, Mariana J 1 ; Andrade, Camilla S S 1 ; Leão Filho, Jorge César B 2 ; Braz, 
Ana Karla S 3 ; de Araujo, Renato E 3 ; Tanaka, Orlando M 2 ; Fidalgo, Tatiana K S 4 ; Dos Santos, Adrielle M 4 ; Maia, 
Lucianne C 4 1 *Departments of Health, Southwest Bahia State University, Jequié, Bahia, Brazil, Brazil 
matheuspithon@gmail.com 2 **Program in Orthodontics, School of Health and Biosciences, Pontifıcia Universidade 
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Federal de Pernambuco, Recife, Brazil, and, and 4 ****Department of Pediatric Dentistry and Orthodontics, School 
of Dentistry, Federal University of Rio de Janeiro, Brazil, Brazil 
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Determination of fourteen sunscreen agents in cosmetics using high-performance liquid chromatography 

Author: Chang, N.I. 1 ; Yoo, M.Y. 1 ; Lee, S.H. 1 1 Korea Food Research Institute, Baekhyun-dong, Bundang-gu, 
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Publication info: International Journal of Cosmetic Science 37.2 (Apr 1, 2015): 175-180. 
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Survey evaluation of healthcare professionals regarding supersaturated calcium phosphate mouthrinses in 
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Author: Howlett, Christina 1 ; Pereiras, Maribel 1 ; Shah, Pooja 1 ; Patino, Maika 2 1 Hackensack University Medical 
Center, Hackensack, NJ, United States, Rutgers, State University of New Jersey, New Brunswick, NJ, United States 2 
Hackensack University Medical Center, Hackensack, NJ, United States 
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Determination of the in Vivo Recovery and Survival of EryDex (Dexamethasone Sodium Phosphate Encapsulated 
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Publication info: Adis Clinical Trials Insight (Mar 12, 2015). 
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Corticosteroid-loaded biodegradable nanoparticles for prevention of corneal allograft rejection in rats  

Author: Pan, Qing 1 ; Xu, Qingguo 2 ; Boylan, Nicholas J 3 ; Lamb, Nicholas W 2 ; Emmert, David G 4 ; Yang, Jeh-Chang 
3 ; Tang, Li 5 ; Heflin, Tom 4 ; Alwadani, Saeed 6 ; Eberhart, Charles G 2 ; Stark, Walter J 2 ; Hanes, Justin 7 1 
Department of Ophthalmology, The Wilmer Eye Institute, The Johns Hopkins University School of Medicine, 400 
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Baltimore, MD 21231, USA; Department of Chemical and Biomolecular Engineering, The Johns Hopkins University, 
3400 North Charles Street, Baltimore, MD 21218, USA, USA 4 Department of Ophthalmology, The Wilmer Eye 
Institute, The Johns Hopkins University School of Medicine, 400 North Broadway, Baltimore, MD 21231, USA, USA 5 
Department of Ophthalmology, The Wilmer Eye Institute, The Johns Hopkins University School of Medicine, 400 
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Ophthalmology, The Wilmer Eye Institute, The Johns Hopkins University School of Medicine, 400 North Broadway, 
Baltimore, MD 21231, USA; Department of Ophthalmology, King Saud University School of Medicine, Riyadh, Saudi 
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Colestilan for the treatment of hyperphosphatemia in chronic kidney disease patients on dialysis 

Author: Locatelli, Francesco 1 ; Dimkovic, Nada 2 ; Spasovski, Goce 3 1 Department of Nephrology Dialysis and Renal 
Transplantation, Alessandro Manzoni Hospital, Lecco, Italy f.locatelli@ospedale.lecco.it 2 Medical Faculty University 
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Calcified amorphous tumor in the left atrium in a patient on long-term peritoneal dialysis 
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Medicine, Japan 2 Division of Nephrology, Nagoya University Graduate School of Medicine, Japan, Renal 
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Intralesional injection of diprospan is effective for infantile hemangioma  

Author: Yuan, Si-Ming 1 ; Zhang, Min; Guo, Yao; Cui, Lei; Hong, Zhi-Jian; Jiang, Hui-Qing 1 From the *Departments of 
Plastic Surgery and †Dermatology, Jinling Hospital, School of Medicine, Nanjing University, Nanjing, China, China 

Publication info: The Journal of craniofacial surgery 26.2 (Mar 2015): 422-4. 
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Injectable dexamethasone sodium phosphate administered orally? A pharmacokinetic analysis of a common 
emergency department practice  

Author: Toledo, Alexander 1 ; Amato, Christopher S 2 ; Clarke, Nigel 3 ; Reitz, Richard E 3 ; Salo, David 2 1 Section of 
Pediatric Emergency Medicine, Texas Children's Hospital, Baylor College of Medicine, Houston, Texas, Texas 2 
Department of Emergency Medicine, Morristown Memorial Medical Center, Morristown, New Jersey, New Jersey 3 
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Enteral tube feeding in adults  
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Effect of phosphoric acid pretreatment of corncobs on the fermentability of Clostridium beijerinckii TISTR 1461 
for biobutanol production  

Author: Boonsombuti, Akarin 1 ; Luengnaruemitchai, Apanee; Wongkasemjit, Sujitra 1 a The Petroleum and 
Petrochemical College , Chulalongkorn University , Bangkok , Thailand, Thailand 
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Optimizing ethanol and methane production from steam-pretreated, phosphoric acid-impregnated corn stover  

Author: Bondesson, Pia-Maria 1 ; Dupuy, Aurélie; Galbe, Mats; Zacchi, Guido 1 Department of Chemical Engineering, 
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Author: Bouxsein, Mary 1 ; Misra, Madhusmita 1 1 Massachusetts General Hospital, United States 
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Prevention and treatment of oral mucositis in patients treated with chemoradiotherapy with head and neck 
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Author: Mota, A. 1 ; Netto, E. 1 ; Santos, A. 1 ; Ferreira, M. 2 ; Sargento, I. 2 ; Costa, D. 2 ; Gouveia, E. 2 ; Martins, L. 
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Portugal 3 Instituto Português De Oncologia De Lisboa Francisco Gentil EPE, Research Department, Lisbon, Portugal 

Publication info: Radiotherapy and Oncology, suppl. 1 114 (Feb 2015): 61-62. 

ProQuest document link 

Databases: Embase® (1947 - current) 

_______________________________________________________________ 

Document 204 of 1038 

 

Intraoperative fluid management in children-A comparison of three fluid regimens 
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Threshold levels of 25-hydroxyvitamin D and parathyroid hormone for impaired bone health in children with 
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Inhibition of aldehyde oxidase activity by natural product constituents: Assessing clinical relevance and identifying 
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and Systems Pharmacology, Washington State University, Spokane, WA, United States 2 Department of Chemistry, 
Washington State University, Pullman, WA, United States 3 Department of Chemistry and Biochemistry, University 
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Bilateral atypical fractures of the femur: Ten years after ten years of bisphosphonate therapy 
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Abnormalities in bone density, fibroblast growth factor 23, and bone turnover markers occur in patients with 
hepatitis b on antiviral therapy 
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Corticosteroids opportunist higher Toxoplasma gondii brain cysts in latent infected mice. 
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