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ABSTRACT 

The European Food Safety Authority (EFSA) was asked by the European Commission to undertake a scientific 

assessment of the concerns raised in a scientific article that suggested an association between high intake of 

phosphates as food additives and increased cardiovascular risk in the general population. The publication 

assessed is a narrative review summarising the latest evidence from observational studies on a possible 

association between elevated serum phosphate levels and an increased risk of cardiovascular disease and overall 

mortality in the general population. In their review, the authors also present some considerations on the 

metabolism of inorganic phosphate, the latest insights into the hormonal mechanisms that are involved in its 

homeostasis and possible explanations for its role in vascular calcification. The authors reported that intake of 

phosphate as a food additive, especially through consumption of processed and ready-to-eat food, is of particular 

concern. EFSA assessed this published review and concluded that, owing to the intrinsic limitations of the non-

interventional design of the studies included, it is not possible to make causal inferences for serum phosphate 

levels and the observed adverse effects. In addition, from the evidence reviewed it is not clear whether the 

increased cardiovascular risk observed in these observational studies is attributable to differences in the dietary 

intake of phosphorus in general or in the form of phosphate additives and serum phosphate levels. As set out by 

Regulation (EU) No 257/2010, phosphates for use as food additives will be re-evaluated by EFSA with high 

priority by 31 December 2018. In the context of this re-evaluation all relevant toxicological information will be 

collated and evaluated. A dedicated call for data aimed at gathering information on usage levels of phosphates in 

food will be launched in preparation for the re-evaluation. 
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SUMMARY 

The European Food Safety Authority was asked by the European Commission to undertake a scientific 

assessment of the concerns raised in the scientific article “Phosphate additives in food: a health risk”, 

by Ritz et al., published in 2012 which suggested an association between high intake of phosphates as 

food additives and increased cardiovascular risk in the general population.  

In their review article, Ritz et al. (2012) present the latest evidence from observational studies showing 

a possible association between elevated serum phosphate concentration and an increased risk of 

cardiovascular disease and overall mortality in the general population. The authors also discuss the 

metabolism of inorganic phosphate and the hormonal systems that regulate its homeostasis and present 

possible explanations for an involvement of phosphate in vascular calcification. The intake of 

phosphate through consumption of processed and ready-to-eat foods is hypothesised by the authors to 

be of particular concern for the whole population, as recent studies have shown that it may be much 

higher than previously estimated. In the light of the potential harmful effects associated with excessive 

phosphate consumption, in their conclusions, the authors call for a labelling requirement to be 

introduced for foods with added phosphates. 

An association between elevated serum phosphate levels and cardiovascular morbidity and mortality 

in patients with chronic kidney disease has long been known. 

Recent observational studies in individuals with normal renal function have also shown a correlation 

between serum phosphorus levels and increased risk of cardiovascular disease in the general 

population, and of all-cause mortality in subjects with a prior history of myocardial infarction. Owing 

to the intrinsic limitations of the non-interventional design of these cross sectional studies, it is not 

possible to make causal inferences for serum phosphate (and calcium) levels and the observed adverse 

effects. 

In addition, some studies have been published showing inconsistent or contrasting findings. In this 

statement, as well as in the published literature, these have been reported in a narrative format. Ideally 

a meta-analysis of a systematic review of the available literature could help in interpreting these 

findings.  

Phosphoric acid and phosphates (E 338–341; E 343) and polyphosphates (E 450–452) are food 

additives authorised, for several technological purposes, in a large number of foodstuffs. These 

additives were evaluated by the Scientific Committee for Food (SCF) in 1991, when the maximum 

tolerable daily intake (MTDI) of 70 mg/kg, previously proposed by the Joint FAO/WHO Expert 

Committee on Food Additives (JECFA) and expressed as phosphorus, was endorsed. 

As phosphoric acid and phosphates (E 338–341; E 343) and polyphosphates (E 450–452) as food 

additives were already permitted in the European Union before 20 January 2009, they are included in 

the programme for the re-evaluation of food additives set up under the Regulation (EU) No 257/2010 

and EFSA has to complete the assessment of this group of food additives with high priority by 31 

December 2018. In this context, all relevant and most up-to-date scientific evidence on their toxicity 

will be collated and evaluated. Given that some of the published studies have shown inconsistent or 

contrasting results regarding the possible health risks associated with serum phosphate levels, a meta-

analysis of a systematic review of the available literature should be performed. 

In order to allow completion of the re-evaluation of phosphoric acid, phosphates, di-, tri- and 

polyphosphates (E 338–341; E 343 and E 450–452) for use as food additives within the set deadline, 

data relevant for the estimation of the human exposure to the relevant food additives should be 

submitted by the interested parties to EFSA. To this end a dedicated call for data aimed at gathering 

information on usage levels will be launched, in addition to the previous call for scientific data on 

miscellaneous food additives published by EFSA in 2012. 



Phosphate additives in food   

 

EFSA Journal 2013;11(11):3444 3 

TABLE OF CONTENTS 

Abstract .................................................................................................................................................... 1 
Summary .................................................................................................................................................. 2 
Table of contents ...................................................................................................................................... 3 
Background as provided by the European Commission ........................................................................... 4 
Terms of reference as provided by the European Commission ................................................................ 4 
Context of the scientific output ................................................................................................................ 4 
Assessment ............................................................................................................................................... 5 
1. Introduction ..................................................................................................................................... 5 

1.1. Phosphorus homeostasis ......................................................................................................... 5 
1.2. Dietary sources of phosphorus ................................................................................................ 6 
1.3. Information on existing authorisations and evaluations.......................................................... 7 

2. Association between serum phosphate levels and increased risk of cardiovascular events, 

coronary artery calcification and overall mortality from studies in humans. ........................................... 8 
2.1. Evidence from studies included in the review by Ritz et al. (2012) ....................................... 8 
2.2. Evidence from other published studies ................................................................................. 12 

3. Association between serum phosphate levels and dietary intake of phosphorus ........................... 14 
4. The role of phosphates in vascular injury ...................................................................................... 15 
Conclusions and recommendations ........................................................................................................ 16 
References .............................................................................................................................................. 17 
Appendix ................................................................................................................................................ 20 
Abbreviations ......................................................................................................................................... 26 



Phosphate additives in food   

 

EFSA Journal 2013;11(11):3444 4 

BACKGROUND AS PROVIDED BY THE EUROPEAN COMMISSION 

Phosphoric acid and phosphates (E 338-452) are food additives authorised, for several technological 

purposes, in a large number of foodstuffs. These additives were latest evaluated by the Scientific 

Committee for Food in 1990, and a maximum tolerable daily intake (MTDI) of 70 mg/kg, expressed as 

phosphorus, was proposed. Exposure to phosphates is considered to be below this MTDI. 

In a scientific article published in the “Deutsches Ärzteblatt International” in January 2012 (Ritz et al. 

2012), attention is drawn to the possibility that the use of phosphates as food additive may lead to an 

elevated phosphate serum concentration, which would be a predictor of cardiovascular events and 

mortality in the general population. The authors conclude that therefore phosphate additives in food 

are a matter of concern, and their potential impact on health may well have been underappreciated. 

TERMS OF REFERENCE AS PROVIDED BY THE EUROPEAN COMMISSION 

The European Commission would like to request a technical assistance from EFSA (in line with 

Article 31 of Regulation (EC) No 178/2002
4
) to undertake a scientific evaluation of the concerns 

raised in this scientific article. 

CONTEXT OF THE SCIENTIFIC OUTPUT 

A number of phosphate-containing food additives are included in the Union list of food additives 

permitted in the European Union established by Regulation (EC) No 1333/2008
5
. As these additives 

were already permitted in the Union before 20 January 2009, they are included in the programme for 

the re-evaluation of food additives set up under the Regulation (EU) No 257/2010
6
 and lays down that 

the re-evaluation of phosphoric acid and phosphates (E 338-343) and di-, tri- and polyphosphates 

(E 450-452) is of higher priority within the group of food additives other than colours and sweeteners 

to be re-evaluated by 31 December 2018. 

 

                                                      
4  Regulation (EC) No 178/2002 of the European Parliament and of the Council of 28 January2002 laying down the general 

 principles and requirements of food law, establishing the European Food Safety Authority and laying down procedures in 

 matters of food safety. OJ L 31, 1.2.2002, p. 1-24. 
5
  Regulation (EC) No 1333/2008 of the European Parliament and of the Council of 16 December 2008 on food additives. OJ 

L 354, 31.12.2008, p. 16-33. 
6  Commission Regulation (EU) No 257/2010 of 25 March 2010 setting up a programme for the re-evaluation of approved 

 food additives in accordance with Regulation (EC) No 1333/2008 of the European Parliament and of the Council on food 

 additives. OJ L 80, 26.3.2010, p.19-27. 
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ASSESSMENT 

1. Introduction 

Following a request from the European Commission, the European Food Safety Authority (EFSA) 

undertook an evaluation of a review article by Ritz et al. (2012) that summarises recent findings that 

the authors interpret to suggest a possible association between intake of phosphates as food additives 

and elevated phosphate serum concentration in the general population.  

In their review article, Ritz et al. (2012) present the latest evidence from observational studies showing 

a possible association between elevated serum phosphate concentration and an increased risk of 

cardiovascular disease (CVD) and overall mortality. The authors also discuss the metabolism of 

inorganic phosphate and the hormonal systems that regulate its homeostasis and present possible 

explanations for an involvement of phosphate in vascular calcification. The intake of phosphate 

through consumption of processed and ready-to-eat foods is hypothesised by the authors to be of 

particular concern for the whole population, as recent studies have shown that phosphorus intake may 

be much higher than previously estimated. In the light of the potential harmful effects associated with 

excessive phosphate consumption, in their conclusions, the authors call for a labelling requirement to 

be introduced for foods with added phosphates. 

1.1. Phosphorus homeostasis 

Phosphorus (as phosphate) is a natural constituent of human, animals and plants and is present in all 

biological materials. Phosphorus is widely present in food, largely as the phosphate ion. Phosphorus is 

an essential mineral, with an important role in carbohydrate, fat and protein metabolism and in bone 

remodeling.  

Phosphorus homeostasis is determined by the dietary intake, intestinal absorption, exchanges with 

bone and intracellular compartments and renal excretion. A number of factors play a role in regulating 

these complex processes, and not all of them have been well defined. Approximately 80 % of the 

body’s phosphorus is present in the skeleton and teeth bound in solid form, with the remainder 

distributed in soft tissues and extracellular fluid. Normal concentrations of serum phosphate are 

considered to be typically in the range of 3.0–4.5 mg/dl (expressed as elemental phosphorus) and they 

vary during the day following a circadian rhythm, with minimum values in the morning and maximum 

values at night. The concentration of serum phosphorus is not directly related to the amount of dietary 

phosphorus intake, since it is determined by the complex interaction of regulatory hormones, cellular 

flux and renal excretion. The relationship between dietary intake of phosphorus and circulating 

concentrations in the serum has not been fully explored and information from the literature appears to 

be inconsistent.  

Phosphorus is primarily filtered in the glomerulus; approximately 75% of the filtered phosphorus is 

reabsorbed in the proximal tubule and 10 % in the distal tubule and 15 % is excreted in the urine 

(Uribarri, 2007).   

Tubular reabsorption of phosphorus is regulated by a number of factors; among these are compounds 

called phosphatonins, which have only recently been identified as playing a major role in phosphorus 

homeostasis. Fibroblast growth factor 23 (FGF-23) is one such phosphatonin; it is produced by 

osteoblasts and acts on the renal tubules by inhibiting phosphorus transport and the synthesis of 1,25-

dihydroxyvitamin D via its obligate co-receptor Klotho. In patients with chronic kidney disease 

(CKD), serum levels of FGF-23 are elevated (Uribarri, 2007).  

Extracellular phosphorus exchanges with bones and the intracellular space. In the case of bone, 

deposition and release of phosphorus in and from the bone is accompanied by a movement of calcium 

in a fixed molar ratio of 6 P:10 Ca because the deposited mineral phase is mostly hydroxyapatite in 

which the two elements are combined in that proportion (Uribarri, 2007). 
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The balance of phosphorus and calcium is regulated by parathyroid hormone (PTH), which increases 

urinary excretion of phosphate under conditions of high phosphate and low calcium intake (EVM, 

2003).  

1.2. Dietary sources of phosphorus  

Protein-rich foods are especially high in phosphorus; these  include dairy products (100–

900 mg/100 g), meats (200 mg/100 g), fish (200 mg/100 g) and grain products (100–300 mg/100 g). 

The average intake from foods in adults is estimated to be between 1 000 and 2 000 mg/day (EFSA, 

2005). 

Bioavailability of phosphorus depends on the food sources. In plants, phosphorus is largely present in 

the form of phytate, a form which is not bioavailable in humans because they lack the enzyme phytase, 

which is necessary to release phosphorus. Phosphorus in meat is typically found as intracellular 

organic compounds which can be easily hydrolysed to release inorganic phosphate (Uribarri, 2007). 

In addition to the naturally occurring phosphorus, a number of food additives containing phosphorus 

in the form of inorganic phosphate salts are approved for use. Table 1 shows the phosphates food 

additives (E 338–341; E 343; E 450–452) included in the list of food additives permitted in the 

European Union as established by Regulation (EC) No 1333/2008
7
.  

Maximum permitted levels (MPLs) of phosphates (E 338–341; E 343; E 450–452) have been defined 

in Commission Regulation (EU) No 1129/2011
8
 on food additives for use in food, with MPLs ranging 

from 1 000 to 50 000 mg/kg in foods. The maximum levels cover the additives individually or in 

combination and are expressed as P2O5 (P2O5 contains 43.64 % P). Phosphates are also authorised at 

quantum satis levels in some food categories. 

A list of foods that are permitted to contain phosphates (E 338–341; E 343; E 450–452) and the 

corresponding MPLs as set by Commission Regulation (EU) No 1129/2011 is presented in Appendix 

A. 

Phosphorus is also contained in other authorised food additives such as lecithins (E 322); ammonium 

phosphatides (E 442); ribonucleotides (E 626-635); riboflavin-5′-phosphate (E 101(ii)); modified 

starches such as monostarch phosphate (E 1410), distarch phosphate (E 1412), phosphated distarch 

phosphate (E 1413), acetylated distarch phosphate (E 1414), hydroxypropyl distarch phosphate 

(E 1415); and sodium aluminium phosphate, acidic (E 541). 

                                                      
7  Regulation (EC) No 1333/2008 of the European Parliament and of the Council of 16 December 2008 on food additives. OJ 

L 354, 31.12.2008, p. 16-33. 
8  Commission Regulation (EC) No 1129/2011 of the European Parliament and of the Council 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. 
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Table 1:  Phosphates additives (E 338–341; E 343; E 450–452) included in the list of food additives 

permitted in the European Union 

E Number Name
 

Chemical formula
(a) 

   

E 338 Phosphoric acid H3PO4 

E 339 (i) Monosodium phosphate NaH2PO4 

E 339 (ii)  Disodium phosphate Na2HPO4 

E 339 (iii)  Trisodium phosphate Na3PO4 

E 340 (i)  Monopotassium phosphate KH2PO4 

E 340 (ii)  Dipotassium phosphate K2HPO4 

E 340 (iii)  Tripotassium phosphate K3PO4 

E 341 (i)  Monocalcium phosphate Ca(H2PO4)2 

E 341 (ii)  Dicalcium phosphate CaHPO4 

E 341 (iii)  Tricalcium phosphate Ca3PO4 

E 343 (i)  Monomagnesium phosphate Mg(H2PO4)2 

E 343 (ii)  Dimagnesium phosphate MgHPO4 

E 450 (i) Disodium diphosphate Na2H2P2O7 

E 450 (ii) Trisodium diphosphate Na3HP2O7 

E 450 (iii) Tetrasodium diphosphate Na4P2O7 

E 450 (v) Tetrapotassium diphosphate K4P2O7 

E 450 (vi) Dicalcium diphosphate Ca2P2O7 

E 450 (vii) Calcium dihydrogen diphosphate CaH2P2O7 

E 451 (i) Pentasodium triphosphate Na5P3O10 

E 451 (ii) Pentapotassium diphosphate K5P3O10 

E 452 (i) Sodium polyphosphate 

Soluble form:  

(NaPO3)n, where n ≥ 2 

Insoluble form: 

H(n + 2)PnO(3n + 1), where n is < 2 

E 452 (ii) Potassium polyphosphate (KPO3)n , where n is ≥ 2 

E 452 (iii) Sodium calcium polyphosphate (NaPO3)n CaO, where n is typically 5 

E 452 (iv) Calcium polyphosphate (CaP2O6)n, where n is ≥ 2 

(a): Anhydrous form given 

1.3. Information on existing authorisations and evaluations 

In 1992, the Scientific Committee on Food (SCF) defined the population reference intake for 

phosphorus as 550 mg/day for adults (SCF, 1992).  

Recommended dietary allowances have been set at 460–1 250 mg of phosphorus per day for different 

age groups by the United States Institute of Medicine (Institute of Medicine, 1997). 

In its 2005 opinion EFSA’s Panel on Dietetic Products, Nutrition and Allergies (NDA) was unable to 

establish a tolerable upper intake level (UL) of phosphorus, but at the time the Panel concluded that 

normal healthy individuals can tolerate phosphorus intakes up to at least 3 000 mg phosphorus per day 

without adverse systemic effects. The Panel noted, however, that mild gastrointestinal symptoms, such 

as osmotic diarrhoea, nausea and vomiting, have been reported in some individuals exposed to 

supplemental intakes > 750 mg per day, but considered that this effect was not suitable for establishing 
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a UL for phosphorus from all sources. Similarly, the Panel found the effect of a high phosphorus 

intake on the activity of calcium-regulating hormones not to be adverse in itself and thus not suitable 

for establishing a UL (EFSA, 2005). 

Phosphates, diphosphates and polyphosphates have been evaluated for use as food additives by the 

Joint FAO/WHO Expert Committee on Food Additives (JECFA) in a number of occasions (JECFA, 

1962, 1964, 1965, 1966, 1970, 1971, 1974, 1982, 2002). A maximum tolerable daily intake (MTDI) of 

70 mg/kg body weight (bw) was established at the 26
th
 JECFA meeting on the basis of the lowest 

dietary concentration of phosphorus (1% in the diet) that caused nephrocalcinosis in rats (JECFA, 

1982). In its evaluation JECFA considered it inappropriate to establish an acceptable daily intake 

(ADI), because phosphorus (primarily as phosphate) is an essential nutrient and an unavoidable 

constituent of food. The MTDI is expressed as phosphorus and applies to the sum of phosphates 

naturally present in food and the phosphates derived from use of these food additives. It is further 

specified that: “the MTDI 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.” (JECFA, 1982). 

Phosphoric acid and its salts have been evaluated by the SCF on a number of occasions (SCF, 1978, 

1983, 1991, 1994, 1997, 1998). In 1991, the SCF endorsed the conclusions from JECFA setting a 

MTDI of 70 mg/kg bw from all sources and expressed as P (equivalent to 160 mg P2O5) for 

orthophosphoric acid and its sodium, potassium, calcium, magnesium and ammonium phosphates as 

well as for di-, tri- and polyphosphates (SCF, 1991).  

It should be noted, however, that in the context of a recent evaluation of magnesium dihydrogen 

diphosphate (INS number 450, ix) for use as an alternative to sodium-based acidifiers and raising 

agents (JECFA, 2012), JECFA stated that the approach taken in deriving the currently applicable 

MTDI from the toxicological data is unclear and that the endpoint considered (nephrocalcinosis in 

rats) may not be relevant to humans, leading to an overly conservative value. While stressing that there 

is not indication from current toxicological data that the current MTDI is insufficiently health 

protective, JECFA acknowledged the need to review the toxicological basis of the MTDI for 

phosphate salts expressed as phosphorus. Moreover it is emphasised that, in evaluating individual 

phosphate-containing food additives, there is a need for assessment of total dietary exposure to 

phosphorus. 

2. Association between serum phosphate levels and increased risk of cardiovascular events, 

coronary artery calcification and overall mortality from studies in humans. 

2.1. Evidence from studies included in the review by Ritz et al. (2012) 

The article by Ritz et al. (2012) is a review of a selection of recently published papers on a possible 

association between elevated serum phosphate concentrations and an increased risk of cardiovascular 

events and overall mortality in patients with chronic kidney disease (CKD) and in the general 

population. 

The authors performed a literature search of PubMed and two other databases using the generic search 

terms “phosphate additives” and “hyperphosphatemia”. No information on the total number of hits 

retrieved by this search is provided in the paper, nor are the criteria applied for including/excluding 

studies reported in the review.  

In their review, the authors pay particular attention to the more recent studies showing a potential 

association between health risks and high serum phosphate concentration, not only in patients with 

CKD, but also in patients with cardiovascular disease and in the general population. 

The main articles mentioned in the publication by Ritz et al. (2012) supporting the association between 

elevated serum phosphorus levels and increased risk of mortality in patients with CVD and risk of 

cardiovascular events and coronary artery calcification in healthy individuals are summarised below. 



Phosphate additives in food   

 

EFSA Journal 2013;11(11):3444 9 

The study by Tonelli et al. (2005) was the first one to be conducted in patients without overt 

hyperphosphataemia and was the first one to examine the relation between serum phosphate levels and 

clinical outcomes in patients with generally normal kidney function. This study was a post hoc 

analysis of data from the previously conducted, randomised clinical trial Cholesterol And Recurrent 

Events (CARE), a study of pravastatin (a 3-hydroxy-3-methyl-glutaryl (HMG) CoA reductase 

inhibitor used for the treatment of hypercholesterolaemia). The study by Tonelli et al. (2005) aimed to 

test the hypothesis that higher serum phosphate levels were associated with an increase in all-cause 

mortality and adverse cardiovascular outcomes in a population of patients with coronary disease, the 

vast majority of whom did not have overt hyperphosphataemia.  

A total of 4 159 patients were included in the CARE study. Individuals eligible for inclusion were men 

and post-menopausal women who had experienced an acute myocardial infarction (MI) between 3 and 

20 months before randomisation, were aged between 21 and 75 years and with low-density lipoprotein 

(LDL) cholesterol levels from 115 to 174 mg/dl, fasting glucose levels  220 mg/dl, left ventricular 

ejection fractions of ≥ 25 % and no symptomatic congestive heart failure (CHF). After stratification 

according to clinical centre, the eligible patients were randomised in a double-blind fashion to receive 

either 40 mg/day pravastatin or placebo once daily and followed up for a median of 59.7 months. Only 

patients with serum phosphate measured at baseline were eligible for the post hoc analysis. Values of 

serum phosphate were considered as a continuous variable and in categories. Phosphate and other 

biochemical and haematological parameters were measured at baseline and annually during follow-up.  

The primary outcome for this analysis was all-cause mortality; a number of secondary outcomes were 

also considered, such as development of symptomatic CHF, fatal or non fatal MI, ischemic or non 

ischemic stroke and the composite of death from coronary heart disease (CHD) or non-fatal MI 

confirmed by serum creatine kinase. Deaths were assessed by an external committee, blinded to the 

treatment or laboratory values.  

Cox proportional-hazards models were used to examine the association between serum phosphate and 

adverse clinical outcomes after adjustment for potential confounders. 

A total of 4 127 participants were included in this post hoc analysis and divided into four categories on 

the basis of their baseline serum phosphate levels (< 2.5, 2.5 3.4, 3.5 3.9 and ≥ 4 mg/dl). In the 

majority (94.2 %) of patients, phosphate levels at baseline fell within the normal range of 2.5 4.5 

mg/dl. 

For the primary outcome, a significant association was observed between baseline serum phosphate 

level and the risk of all-cause death after adjustment for age, sex, race (hazard ratio (HR) 1.27 per 1 

mg/dl; 95 % confidence interval (CI) 1.02 1.58, P = 0.03) as well as a graded relation for trend. After 

full adjustment for additional factors independently associated with mortality (smoking habit, diabetes 

status, waist-to-hip circumference ratio, fasting glucose, glomerular filtration rate (GFR), 

haemoglobin, serum albumin, aspirin use and left ventricular ejection fraction, all at baseline) similar 

results were obtained, albeit the effect observed appeared to be attenuated so that the association was 

no longer statistically significant (HR 1.22 per 1 mg/dl; 95 % CI 0.95 1.58, P = 0.12).  

Similar findings were observed also for the secondary outcomes, with higher levels of serum 

phosphate being associated in a graded manner with an increased risk of new symptomatic CHF, fatal 

or non fatal MI, fatal coronary disease or non-fatal MI. All the observed effects were similar in their 

order of magnitude. No association could be observed for the risk of stroke. 

In their analysis the authors identified a number of factors significantly associated with higher serum 

phosphate levels, including: female gender, black ethnicity, diabetic status, higher levels of serum 

albumin, lower levels of haemoglobin and current smoking. The relation between kidney function and 

serum phosphate was not fully clarified in this study: as previously observed in other studies, patients 

with lower GFR had higher serum phosphate levels; however, in participants with normal kidney 
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function (defined as GFR ≥ 60 ml/min/1.73 cm
2
) serum phosphate increased slightly with increasing 

GFR.  

Whilst the study provides some indication of the association between elevated serum phosphate levels 

and overall mortality and some clinical outcomes of interest, the potential underlying mechanism of 

this association was not investigated. Two further limitations are noted below. 

This post hoc analysis was conducted on a selected population of patients with a history of prior MI 

who were included in a randomised trial, and hence may not be representative of the general 

population. Although the number of patients included in this analysis was relatively high (n = 4127), 

these were not equally divided among the four different categories of serum phosphate levels, with 

only the 3 % falling into the lowest group and 8% falling into the highest group. 

Lastly, the study investigated an association between an outcome and serum phosphate levels at 

baseline, but no information could be gathered on how dietary intake of phosphate may affect these 

results, if at all. 

The study by Dhingra et al. (2007) is an investigation of the correlation between serum phosphorus 

and calcium levels and the incidence of CVD conducted in a large community-based cohort from the 

Framingham Offspring Study in the USA. From the original group of participants whom serum 

phosphorus and calcium levels were measured at baseline (n = 3 676), participants with prevalent 

CVD and individuals with impaired kidney function (considered as estimated 

GFR < 60 ml/min/1.73 m
2
) were excluded, leaving a total of 3 368 individuals (51 % women) 

considered eligible for this study. Participants were followed-up for a period of up-to 20 years (mean 

16.1 years). At each examination visit, participants in the study underwent an assessment of risk 

factors for CVD, including serum phosphorus and calcium levels. Assessment of CVD outcomes was 

performed by independent reviewers, blinded to serum phosphorus and calcium levels. Adjudication 

of suspected cerebrovascular events was also performed by a separate review committee. In this study 

incident CVD was defined as any of the following: fatal or non fatal MI, angina pectoris (stable or 

unstable), cerebrovascular events (stroke or transient ischaemic attacks (TIA)), peripheral vascular 

disease, or CHF.  

The analysis was performed on first-onset CVD (and not on the individual outcome separately). The 

statistical analyses performed are extensively described in the original publication. Participants were 

divided into quartiles according to their serum phosphorus level at baseline (1.6 2.8, 2.9 3.1, 3.2 3.4 

and 3.5 6.2 mg/dl). The correlation between serum phosphorus level and established CVD risk factors 

was investigated using a multivariate regression model. It was found that serum phosphorus levels 

were positively related to age and total/high density lipoprotein (HDL) cholesterol ratio but inversely 

related to body mass index (BMI) and systolic blood pressure. Serum levels were also lower in men 

than in women. As regards the primary outcome of the study, an association between serum 

phosphorus levels at baseline and incidence of CVD was observed: in age- and sex-adjusted models, 

HR was 1.17 per 1 mg/dl (95 % CI 0.96 1.44, P = 0.12). After adjusting for the other covariates (age, 

sex, BMI diabetes status, systolic blood pressure, hypertension, smoking habit, alcohol consumption, 

total/HDL cholesterol ratio, haemoglobin, serum albumin, estimated GFR, proteinuria and high-

sensitivity C-reactive protein) the increased risk of CVD reached statistical significance (HR 1.31 per 

1 mg/dl, 95 % CI 1.05 1.63, P = 0.02). A statistically significant linear trend across the quartiles was 

also observed. After adjustment for several covariates, participants in the highest quartile (whose 

lower limit of 3.5 mg/dl falls within the normal range) had a HR of 1.55 (95 % CI 1.16 2.07) 

compared with individuals in the lowest quartile. No such correlation was observed between serum 

calcium levels and the incidence of CVD in age adjusted or multivariable models (HR 1.10 per 

1 mg/dl, 95 % CI 0.81 1.49, P = 0.56), whereas the analysis of the correlation between 

calcium phosphorus product and incident CVD gave similar results to those seen for serum 

phosphorus levels. The calcium phosphorus levels were also positively related to CVD risk (HR 1.12 

per 1 SD increase, 95 % CI 1.02-1.24, P = 0.02), a finding which the authors suggested to be driven by 
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the association of serum phosphorus levels with CVD. An additional analysis was conducted 

excluding nine individuals with serum phosphorus values exceeding 4.5 mg/dl; however, this did not 

yield different results. 

Despite the robustness of the findings observed, the study by Dhingra et al. (2007) has some 

limitations, in particular regarding the investigation of possible mechanisms that could explain the 

observed association. Among these, the authors highlight the fact that levels of 1,25-dihydroxyvitamin 

D were not measured in the study, despite the role this substance may play in the regulation of 

phosphorus metabolism and its potential effect on the calcification process, as demonstrated by some 

experimental findings in animals. It is also known that PTH levels are increased in healthy individuals 

with elevated serum phosphate levels and that PTH may have a pro-inflammatory role; however, PTH 

was not measured in the study.  

No adjustment for physical activity or other dietary determinants of CVD was performed.  

The study had limited power to evaluate the risk of CVD individual outcomes and the analysis was 

conducted on a composite outcome of first CVD event. Lastly, no assessment of dietary intake of 

phosphorus was carried out, therefore, it is not possible to ascertain the impact of dietary intake of 

phosphates on serum levels of phosphorus and if a higher dietary intake of phosphorus translates into a 

greater risk of CVD in the general population. 

The study by Foley et al. (2009) was a prospective, multicentre, observational study of CVD in 

healthy young adults in the USA. From the initial cohort of 5 115 subject enrolled in the Coronary 

Artery Risk Development in Young Adults (CARDIA) study, 3 015 participants whom phosphorus 

levels were measured at baseline and coronary artery calcium was assessed by computed tomography 

(CT) 15 years later, were included in this analysis.  

At baseline, the mean age of the population was 25.2 years; 54.4 % were women and 45.0 % black. 

The mean phosphorus level in this population at baseline was 3.6 mg/dl (SD 0.5), ranging from 1.3 to 

5.7 mg/dl, mean calcium level was 9.5 mg/dl (SD 0.5) ranging from 7.1 to 13.2 mg/dl, and the mean 

calcium phosphorus product was 26.3 mg
2
/dl

2
 (SD 14.5) ranging from 3.0 to 55.1 mg

2
/dl

2
. The mean 

phosphorus intake was reported to be 1 766.0 mg/day (SD 1007.0) ranging from 202.5 to 16 083 

mg/day. Other characteristics at baseline of the subjects included in this study are reported in the 

publication.  

At year 15, 90.5 % of the participants had no coronary calcification, 3.2 % had minimal calcification 

4.8 % had mild calcification, 1.1 % had moderate calcification and 0.5% had severe calcification.  

In unadjusted models, higher phosphorus levels, as a continuous variable, were associated with lower 

likelihood of coronary artery calcium (CAC) categories (odds ratio (OR) 0.87 per 0.5 mg/dl; P < 0.05; 

95 % CI 0.77 0.99).  

However, when the analysis was conducted with multivariate models, after adjustment for a number of 

variables, such as age, ethnicity, cigarette smoking status, BMI, estimated GFR, hypertension, 

diabetes, cholesterol and triglycerides levels, etc., higher serum phosphorus levels were associated 

with greater likelihood of higher scores of artery calcification (OR 1.17 per 0.5 mg/dl; P < 0.05; 

95 % CI 1.01 1.34). When phosphorus levels were considered as quartiles, only the values in the 

fourth quartile (> 3.9 mg/dl) reached statistical significance (OR 1.52; P < 0.03; 95 % CI 1.04 2.22) 

when compared with values in the first quartile (  3.3 mg/dl). 

An additional multivariate penalised smoothing spline (P-spline) plot analysis showed that serum 

phosphorus levels > 3.9 mg/dl were associated with a greater likelihood of CAC scores > 100 

(moderate and severe calcifications according to the classification of the authors). 
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The findings from this study should be considered alongside its limitations, as highlighted by the 

authors. Although the initial cohort of the CARDIA study was large and representative of the overall 

population of young adults, participation in this study was limited to those subjects who attended the 

year 15 examination (selection bias). Moreover, as the clinical outcome of interest, i.e. coronary 

calcification was observed in less than 10 % of the study population, the sample size used may not 

have been adequately powered to detect differences. Moreover, the authors noted that no 

measurements of PTH and vitamin D were available, thus making it impossible to ascertain whether 

the findings observed reflect abnormalities of these metabolic axes. It should also be noted that no 

information is provided in this study on the impact of dietary intake of phosphorus on the serum level.  

Ritz et al. (2012) concluded that serum phosphorus levels within what is considered to be a normal 

range, are associated with an increase risk of mortality and cardiovascular morbidity among persons 

without overt renal impairment. These conclusions are however limited by the fact that the evidence 

presented is not the result of a systematic literature review and it should be acknowledged that other 

publications report findings that are inconsistent or conflict with these conclusions. 

2.2. Evidence from other published studies 

The hypothesis that serum calcium phosphate levels may be independent risk factors for CVD in the 

healthy population was tested by Foley et al. (2008) in the Atherosclerosis Risk in Communities 

(ARIC) study, a large community-based epidemiological study conducted in the USA. A total of 

15 732 participants were included in the study, and followed up for up to 14 years (mean 12.6 years). 

A number of factors were measured at baseline examination, including serum phosphorus and calcium 

levels and information on kidney function and, cardiovascular morbidity status was recorded alongside 

the usual dietary intake over the preceding year.  

Linear regression analysis was used to establish an association between baseline serum calcium, 

phosphate and calcium-phosphate product levels and cardiovascular events. At baseline, the mean 

(± SD) age of the population was 54.2 ± 5.7 years, 55.2 % were women and 27.1 % were of African 

American ethnicity. Mean (± SD) serum phosphate and calcium levels were 9.8 ± 0.4 mg/dl (range 

7.2 13.4 mg/dl) and 3.4 ± 0.5 mg/dl (range 1.0 9.1), respectively. Raised serum phosphate and 

calcium levels were associated with older age, female gender, African American ethnicity, number of 

cigarette-years, current cigarette smoking, low BMI, favourable HDL/LDL cholesterol ratio, high 

triglycerides, low serum albumin, low GFR, low caloric intake and higher phosphorus intake. After 

follow-up and adjustment for covariates only a small proportion of 13 822 individuals had experienced 

cardiovascular events or death (proportion with CHD = 0.12, 10.24 events per 1 000 subject years; 

proportion with stroke = 0.39, 3.21 events per 1 000 subject years; proportion with death = 0.13, 10.13 

events per 1 000 subject years). After adjustment for a number of covariates, an increment in serum 

calcium of 0.4 mg/dl was associated with an increased risk of stroke (HR 1.16; 95 % CI 1.07 1.26, 

P = 0.005) but not with CHD or death. For serum phosphate levels, an increment of 0.5 mg/dl was 

associated with increased risk of stroke (HR 1.11; 95 % CI 1.02 1.21, P = 0.0219) and death (HR 

1.14; 95 % CI 1.09 1.20, P < 0.0001). The association between phosphate levels and increased risk of 

stroke was no longer observed when the analysis was performed in the subgroup of participants with 

pre-existing cardiovascular disease. 

The same population from the ARIC study was later analysed in order to examine gender 

heterogeneity in the association of serum phosphate levels and all-cause mortality and incident 

coronary artery disease (CAD) (Onufrak et al., 2009). After exclusion of subjects with missing 

phosphorus levels, self-reported history of stroke or CAD or overt CKD, a population of 13 998 

subjects were used for the analysis (56.6 % women, 24.7 % black origin). The outcomes used for this 

analysis were incident CAD (defined as definite or probable fatal or non-fatal MI or death due to 

CAD) and all-cause mortality. Less than 3 % of the study population had phosphate levels falling 

outside the normal range of 2.5 4.5 mg/dl, with women showing higher mean levels than men (3.56 

mg/dl (SD 0.46) vs 3.25 mg/dl (SD 0.45)). An examination of the baseline characteristics according to 

gender revealed several variables that associated differently between men and women: for example, 
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serum phosphorus levels increased with age in women, whereas they were higher in younger men than 

in older men. Women with higher serum phosphate levels were more likely to be post-monopausal and 

less likely to be receiving oestrogen therapy. 

The median duration of follow-up period was 13.1 years and 13.2 years for CAD and mortality, 

respectively. During this period, 922 subjects had incident CAD (63.3 % men) and 1 546 died (55 % 

men). In a multivariate-adjusted model, mortality was higher among men in the highest quintile of 

serum phosphorus levels (> 3.8 mg/dl) than in those in the reference quintile (3.1 3.3 mg/dl), with an 

adjusted HR of 1.45 (95 % CI 1.12 1.88) but this was not the case for women (HR 1.18; 95 % CI 

0.89 1.57). The multivariable likelihood ratio test of effect modification by gender was 0.085 for 

mortality as an outcome. Also the association between phosphorus levels and incidence of CAD also 

appeared to differ by gender (in men: HR 1.45, 95 % CI 1.04 2.01; in women: HR 0.95, 95 %CI 

0.63 1.41); however, when tested this was consistent with random variation (P = 0.195). 

The same cohort from the ARIC study was subsequently used to perform an analysis of the association 

between serum phosphate levels and incidence of atrial fibrillation (AF) (Lopez et al., 2013). A total 

of 14 675 participants were divided into quintiles according to their serum phosphate levels (< 3.0 

mg/dl, 3.1 3.3 mg/dl, 3.4 3.5 mg/dl, 3.6-3.8 mg/dl, ≥ 3.9 mg/dl). As previously observed in other 

studies, women, blacks, current smokers and participants with prevalent heart failure had higher serum 

phosphate levels at baseline. Of particular note, the proportion of women in each quintile increased 

progressively from 33.2 % in the lowest quintile to 79.0 % in the highest. 

Data from the Multiple Outcome of Raloxifene Evaluation (MORE) trial of treatment with raloxifene 

(a selective oestrogen receptor modulator capable of inducing oestrogen agonist effects in bone) for 

the treatment of osteoporosis in postmenopausal women were used to perform a post hoc analysis to 

test the hypothesis that higher baseline calcium and phosphorus levels are associated with higher risk 

of incident CV events during the follow-up period of 4 years (Slinin et al., 2011). All women enrolled 

in this trial received daily supplements of calcium (500 mg) and cholecalciferol (400 600 IU). Of the 

total 7 705 women enrolled in the trial, a population of 7 259 (94 %) women were included in this 

analysis on the grounds that both calcium and phosphorus measurements were available at baseline. At 

baseline  the mean serum phosphorus level was 1.2 (SD 0.2) mmol/l for serum phosphorus (calculated 

to be equivalent to 3.72 mg/dl). Cardiovascular events were defined by the protocol and were first 

adjudicated by the study investigators and subsequently confirmed by an external cardiologist blinded 

to the treatment.  

The primary outcome of interest for this analysis was a composite endpoint of time to the first of the 

following events: cerebrovascular accident (CVA), TIA, fatal stroke, non-fatal MI, unstable angina or 

coronary ischaemia, or death due to a coronary event. Secondary endpoints included time to fatal or 

non-fatal cerebrovascular event (CVA or TIA), time to CHD event (MI, unstable angina, coronary 

ischaemia or coronary death), fatal or non-fatal MI, cardiovascular death (fatal stroke, MI or other 

coronary death) and all cause mortality. During the 3.4 years (mean, SD 1.2) of follow-up, a total of 

246 women (3 %) experienced a combined cardiovascular outcome, 110 (2 %) had a fatal or non-fatal 

cerebrovascular outcome, 137 (2 %) had a fatal or non-fatal coronary event and 45 (< 1 %) 

experienced a MI. Out of the total 93 (1 %) deaths reported during the follow-up period, 41 were 

related to cardiovascular causes.  

After adjustment for age and treatment assignment, no statistically significant association was found 

between serum phosphorus level and incidence of cardiovascular or cerebrovascular events, CHD or 

death. On the contrary, a trend for higher phosphate levels to be associated in a graded fashion with a 

lower risk of cerebrovascular events was observed, although after adjustment for multiple potential 

confounders the association observed no longer reached statistical significance. In contrast to the 

results reported by Dhingra et al. (2007), this secondary analysis found instead a positive association 

between higher serum calcium levels and the rate of combined cardiovascular outcomes.  
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It should, however, be noted that the subjects included in this secondary analysis are all post 

menopausal women with osteoporosis, therefore the results may not be easily generalisable to other 

populations and it cannot be excluded that there is a gender effect and an effect of the impaired 

metabolic balance in bone in menopausal women with osteoporosis. Furthermore the possible 

influence of raloxifene on the rate of cardiovascular events and cardiovascular mortality has to be 

considered.  

The lack of an association between increased serum phosphorus levels and higher mortality in women 

is consistent with the findings from the study by Onufrak et al. (2009). Moreover, the rate of 

cardiovascular events and cardiovascular mortality in this trial was low, thus reducing the power of the 

study to detect differences between the different groups.  

A nested case-control study in men was conducted to examine the independent association between 

plasma levels of FGF-23, PTH and phosphorus and the risk of non-fatal MI and fatal CHD (Taylor et 

al., 2011). Based on the cohort of participants in the Health Professionals Follow-up Study (HPFS) 

who had provided blood samples and with the exclusion of individuals with a history of CVD prior to 

1994, 432 participants (cases) were identified and matched for age, date of blood collection and 

smoking status in a ratio of 1:2 with controls from the same cohort, selected by risk set sampling. All 

the individuals were male and they were predominantly white. After exclusion of participants whose 

blood samples were grossly haemolysed, individuals with FGF-23 and serum phosphorus in the 

highest percentile of each distribution and those with primary parathyroidism, a total of 422 cases (333 

non-fatal MI and 89 fatal CHD) and 837 controls were included in the statistical analysis. At baseline, 

cases were statistically significant different from controls on a number of putative risk factors for 

CVD: cases were more likely to have higher BMI, a family history of MI before the age of 60, a 

history of diabetes and hypertension and higher levels of total and LDL cholesterol and of 

triglycerides, but lower HDL cholesterol and lower alcohol consumption. Levels of plasma 25-

hydroxyvitamin D were lower in cases than in controls, whereas no differences in levels of 

phosphorus, PTH and FGF-23 were observed. Multivariate ORs across quartiles of plasma FGF-23, 

PTH and phosphorus during the follow-up period (10 years) were estimated by comparison with the 

lowest quartile. For phosphorus the OR was 0.72 (95 % CI 0.51 1.02, P for trend 0.13).  

3. Association between serum phosphate levels and dietary intake of phosphorus 

Below some evidence from studies aiming at assessing the impact of dietary intake of phosphorus on 

serum phosphate levels is summarised. 

In an experiment conducted in eight healthy volunteers (five men and three women, aged 24-36 years), 

the effects of a 4-week diet rich in phosphate additives were assessed (Bell et al., 1977). Participants in 

the study were fed a balanced diet (control) free of food additives for 4 weeks; this was followed by a 

4-week period in which some food items were replaced by analogous commodities containing 

phosphate additives (average increase of phosphorus intake 1 154 mg/day, intake of protein and 

calcium unchanged). A number of physiological parameters were measured, including serum and 

urinary phosphate and calcium levels. Urinary phosphorus excretion increased in all individuals after 

introduction of the high-phosphorus diet (average increment +137 %, P < 0.001) as did serum 

phosphorus levels (from 3.76 ± 0.38 mg/dl during control period to 4.43 ± 0.30 mg/dl during the high-

phosphorus test). In contrast, urinary calcium excretion and serum calcium levels were decreased by 

the high-phosphorus diet.  

Antoniucci et al. (2006) reported a study conducted in 13 healthy male individuals aimed at measuring 

the effects of three different regimens of dietary phosphorus intake. During the first study period 

(control) participants received a total phosphorus intake of 1 500 mg/day; in the second period 

phosphorus was supplemented to reach an intake of 2 300 mg/day, whilst in the third study period 

dietary phosphorus intake was restricted to 625 mg/day. Calcium and potassium intakes were 

maintained constant throughout the study. As previously observed, phosphorus supplementation led to 

an increase of urinary excretion (+78 %, P < 0.001); this effect was reversed during the restriction 
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period (-71 %, P < 0.001 compared with the values on the high phosphorus intake). However in this 

study, serum phosphorus concentrations did not change with alterations in dietary phosphorus intake. 

Phosphorus loading increased serum levels of FGF-23 and PTH, while decreasing 1, 25-

dihydroxyvitamin D. 

In the previously mentioned ARIC study (Foley et al. 2008), higher dietary phosphorus intake over the 

year preceding blood examination, as assessed by means of an interviewer-administered food 

frequency questionnaire, was shown to be associated with higher serum phosphorus levels at baseline. 

Phosphorus intake was estimated to be, on average 14.2 mg/kg bw, ranging from 1.6 to 59.8 mg/kg 

bw, with a SD of 6.2 mg/kg. In a linear regression modelling, an increment equal to 1 SD was 

positively associated with serum phosphate levels (β = 0.11; P < .0001).  

From a large population-based survey, the Third National Health and Nutrition Examination Survey 

(NHANES III), conducted in the USA from 1988 to 1994, nutritional variables and cardiovascular risk 

factors were analysed to examine whether an association could be found with circulating levels of 

serum phosphates (de Boer et al., 2009). Serum phosphorus measurements were obtained from 15 513 

participants aged 20 years or older and dietary variables were collected by means of a 24-hour dietary 

recall (assessing daily intakes of total energy, macronutrients, phosphorus and alcohol) and a 1-month 

food frequency questionnaire to capture information on the intake of dietary factors related to 

phosphorus in the month preceding the blood examination. To verify the correlation with the initial 

values, measurements of dietary variables and serum phosphorus were repeated in 1 878 and 1 179 

participants, respectively. Other variables such as demographic data and established cardiovascular 

risk factors were also collected from the participants. 

Serum phosphorus levels were normally distributed in the study population with a mean (+ SD) value 

of 3.4 ± 0.5 mg/dl and 25th and 75th percentiles of 3.1 and 3.8 mg/dl. Levels were higher in 

participants aged 20 29 years but did not differ by age in the older participants aged 30 90 years. As 

previously observed, levels were higher in women than in men (+0.16 mg/dl). Higher levels were also 

reported in participants classified as non-Hispanic black or Hispanic, even after adjustment for 

household income.  

From the data collected through the 24-hour dietary recall, a weak association was found between 

phosphorus intake and serum phosphorus concentrations. On average, each 500-mg increase in dietary 

phosphorus intake was associated with an increase in serum phosphorus concentration of 0.03 mg/dl 

(P < 0.001), even after adjustment for age, sex, race/ethnicity, time of day and fasting status. Data 

from the 1-month food frequency questionnaire showed a statistical association between greater 

consumption of meat (beef) and dairy products and higher levels of serum phosphorus in individuals 

with no CKD: the observed differences were however small (+0.02 mg/dl or +0.01 mg/dl per serving 

per day respectively). Associations of serum phosphorus levels with individual cardiovascular risk 

factors were inconsistent and generally inconclusive. This study could not find a clear association 

between dietary intake of phosphorus and the observed serum concentration. 

The lack of data on the actual content of phosphate additives in food commodities has been 

highlighted as a critical limitation of the studies investigating the contributions of serum phosphate to 

the development of chronic diseases, and it is thought to lead to underestimation of the total 

phosphorus intake. Several discrepancies have been found between food composition analysis and 

chemical analysis (Calvo and Uribarri, 2013).  

4. The role of phosphates in vascular injury 

The review by Ritz et al. (2012) provides an overview of the recent experimental findings suggesting 

an important role for phosphates in the formation of vascular calcification. Others recently published 

reviews (Calvo and Uribarri, 2013; Shroff, 2013) have also included latest insights from in vitro and 

animal models on the vascular toxicity of phosphates. 
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In the context of the re-evaluation of the phosphates food additives which has been undertaken by 

EFSA as foreseen in the Regulation (EU) No 257/2010, the relevant and most up-to-date scientific 

evidence on their toxicity will be reviewed.  

CONCLUSIONS AND RECOMMENDATIONS 

CONCLUSIONS 

An association between elevated serum phosphate levels and cardiovascular morbidity and mortality 

in patients with chronic kidney disease has long been known. 

Recent observational studies in individuals with normal renal function have also shown a correlation 

between serum phosphorus levels and increased risk of cardiovascular disease in the general 

population, and all-cause mortality in subjects with a prior history of myocardial infarction. Owing to 

the intrinsic limitations of the non-interventional design of these cross sectional studies, it is not 

possible to make causal inferences for serum phosphate (and calcium) levels and the observed adverse 

effects. 

In addition, other studies have been published showing inconsistent or contrasting findings.  

Studies investigating an association between dietary intake of phosphorus and serum concentration are 

inconclusive; hence it is not possible to ascertain whether the increased cardiovascular risk is 

attributable to differences in the dietary intake of phosphorus in general or in the form of phosphate 

additives. 

Finally, it should be noted that all the large epidemiological studies presented in this assessment were 

exclusively carried out in populations based in the USA; hence the relevance of these findings to other 

populations should be considered.  

RECOMMENDATIONS 

Phosphoric acid and phosphates (E 338 341; E 343) and polyphosphates (E 450 452) for use as food 

additives should be re-evaluated by EFSA with high priority by 31 December 2018, as set out in 

Regulation (EC) No 257/2010. In the context of this re-evaluation, the relevant and most up-to-date 

literature will be reviewed. Given that some of the published studies have shown inconsistent or 

contrasting results regarding the possible health risks associated with serum phosphate levels, a meta-

analysis of a systematic review of the available literature should be performed. 

In order to allow completion of the re-evaluation of phosphoric acid, phosphates, di-, tri- and 

polyphosphates (E 338-341; E 343 and E 450-452) for use as food additives within the set deadline, 

data relevant for the estimation of the human exposure to the relevant food additives should be 

submitted by interested parties to EFSA. To this end a dedicated call for data aimed at gathering 

information on usage levels will be launched in addition to the previous call for scientific data on 

miscellaneous food additives published by EFSA in 2012
9
. 

 

                                                      
9  Call for scientific data on miscellaneous food additives permitted in the EU and belonging to several functional classes. 

Published on 15 February 2012. Available online: http://www.efsa.europa.eu/en/dataclosed/call/120215.htm  

http://www.efsa.europa.eu/en/dataclosed/call/120215.htm
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APPENDIX 

Appendix A.  Maximum permitted levels of phosphoric acid (E 338), phosphates (E 339-341, E 343), di-, tri- and polyphosphates (E 450-452) for use 

as food additives 

Food 

Category 

number 

Foods
 

Restrictions/exception
 

Maximum level
(a),(b)

 

(mg/l or mg/kg  

as appropriate) 

0 All categories of foods 

only foods in dried powdered form (i.e. foods dried during the production 

process, and mixtures thereof), excluding foods listed in table 1 of Part A of the 

Annex to Commission Regulation (EU) No 1129/2011 of 11 November 2011. 

10 000
(c)

 

1 Dairy products and analogues   

1.1 
Unflavoured pasteurised and sterilised (including 

UHT) milk 

only sterilised and UHT milk 1 000 

1.4 
Flavoured fermented milk products including heat-

treated products 

 3 000 

1.5 

Dehydrated milk as defined by Directive 

2001/114/EC
10

 

only partly dehydrated milk with less than 28 % solids 1 000 

only partly dehydrated milk with more than 28 % solids 1 500 

only dried milk and dried skimmed milk 2 500 

1.6.3 Other creams only sterilised, pasteurised, UHT cream and whipped cream 5 000 

1.7.1 
Unripened cheese excluding products falling in 

category 16
(d)

  
except mozzarella 

2 000 

1.7.5 Processed cheese  20 000 

1.7.6 
Cheese products (excluding products falling in 

category 16)
(d)

 
only unripened products 

2 000 

1.8 Dairy analogues, including beverage whiteners 

only whipped cream analogues 5 000 

only processed cheese analogues 20 000 

only beverage whiteners 30 000 

only beverage whiteners for vending machines 50 000 

2 Fats and oils and fat and oil emulsions   

                                                      
10 Council Directive 2001/114/EC of 20 December 2001 relating to certain partly or wholly dehydrated preserved milk for human consumption. .OJ L 15, 17.1.2002, p. 19-23.  
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Food 

Category 

number 

Foods
 

Restrictions/exception
 

Maximum level
(a),(b)

 

(mg/l or mg/kg  

as appropriate) 

2.2.1 
Butter and concentrated butter and butter oil and 

anhydrous milkfat 
only soured cream butter 2 000 

2.2.2 

Other fat and oil emulsions including spreads as 

defined by Council Regulation (EC) No 

1234/2007
11

 and liquid emulsions 

only spreadable fats 5 000 

2.3 Vegetable oil pan spray only water-based emulsion sprays for coating baking tins 30 000 

3 Edible ices  1 000 

4 Fruit and vegetables   

4.2.4.1 Fruit and vegetable preparations excluding compote 
only fruit preparations 800 

only glazings for vegetable products 4 000 

4.2.5.4 Nut butters and nut spreads only spreadable fats excluding butter 5 000 

4.2.6 Processed potato products including pre-fried frozen en deep-frozen potatoes 5 000 

5 Confectionery  

5.2 
Other confectionery including breath freshening 

microsweets 

only sugar confectionery, except candied fruit 5 000 

only candied fruit 800 

5.3 Chewing gum  quantum satis 

5.4 
Decorations, coatings and fillings, except fruit-

based fillings covered by category 4.2.4 

 5 000 

only toppings (syrups for pancakes, flavoured syrups for milkshakes and ice 

cream; similar products) 
3 000 

6 Cereals and cereal products  

6.2.1 Flours and other milled products and starches 
 2 500 

only self-raising flour 20 000 

6.3 Breakfast cereals  5 000 

6.5 Noodles  2 000 

6.6 Batters  12 000 

                                                      
11  Council Regulation (EC) No 1234/2007 of 22 October 2007 establishing a common organisation of agricultural markets and on specific provisions for certain agricultural products. OJ L 299, 

16.11.2007, p. 1-149. 
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Food 

Category 

number 

Foods
 

Restrictions/exception
 

Maximum level
(a),(b)

 

(mg/l or mg/kg  

as appropriate) 

7 Bakery wares  

7.1 Bread and rolls only soda bread 20 000 

7.2 Fine bakery wares  20 000 

8 Meat  

8.1.2 
Meat preparations as defined by Regulation (EC) 

No 853/2004
12

 

only breakfast sausages; in this product, the meat is minced in such a way so 

that the muscle and fat tissue are completely dispersed, so that fibre makes an 

emulsion with the fat, giving the product its typical appearance 

5 000 

8.2.1 Non-heat-treated processed meat  5 000 

8.2.2 Heat-treated processed meat 
except foie gras, foie gras entier, blocs de foie gras, Libamáj, libamáj egészben, 

libamáj tömbben 
5 000 

8.2.3 Casings and coatings and decorations for meat only glazings for meat 4 000 

9 Fish and fisheries products  

9.1.1 Unprocessed fish only frozen and deep-frozen fish fillets 5 000 

9.1.2 Unprocessed molluscs and crustaceans only frozen and deep-frozen molluscs and crustaceans 5 000 

9.2 
Processed fish and fishery products including 

molluscs and crustaceans 

only canned crustaceans products; surimi and similar products 1 000 

only fish and crustacean paste and in processed frozen and deep-frozen 

molluscs and crustaceans 
5 000 

10 Eggs and egg products  

10.2 Processed eggs and egg products only liquid egg (white, yolk or whole egg) 10 000 

11 Sugars, syrups, honey and table-top sweeteners  

11.1 
Sugars and syrups as defined by Directive 

2001/111/EC
13

 
only dried powdered foods 10 000 

11.4.2 Table-top sweeteners in powder form Calcium phosphates (E 341) alone quantum satis 

12 Salts, spices, soups, sauces, salads and protein products  

12.1.1 Salt  10 000 

                                                      
12 Regulation (EC) No 853/2004 of the European Parliament and of the Council of 29 April 2004 laying down specific hygiene rules for on the hygiene of foodstuffs. OJ L 139, 30.04.2004, p. 

55-205. 
13 Council Directive 2001/111/EC of 20 December 2001 relating to certain sugars intended for human consumption. OJ L 10, 12.1.2002, p.53-57. 
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Food 

Category 

number 

Foods
 

Restrictions/exception
 

Maximum level
(a),(b)

 

(mg/l or mg/kg  

as appropriate) 

12.1.2 Salt substitutes  10 000 

12.5 Soups and broths  3 000 

12.6 Sauces  5 000 

12.9 
Protein products, excluding products covered in 

category 1.8 (dairy analogues) 
only vegetable protein drinks 20 000 

13 Foods intended for particular nutritional uses as defined by Directive 2009/39/EC  

13.1.1 
Infant formulae as defined by Directive 

2006/141/EC
14

 

Phosphoric acid (E 338) alone. In conformity with the limits set in Directives 

2006/141/EC, 2006/125/EC
15

, 1999/21/EC
16

 
1 000 

Sodium phosphates and potassium phosphates (E 339 and E 340). E 339 and 

E 340 are authorised individually or in combination and in conformity with the 

limits set in Directives 2006/141/EC, 2006/125/EC, 1999/21/EC 

1 000 

13.1.2 
Follow-on formulae as defined by Directive 

2006/141/EC 

Phosphoric acid (E 338) alone. In conformity with the limits set in Directives 

2006/141/EC, 2006/125/EC, 1999/21/EC 
1 000 

Sodium phosphates and potassium phosphates (E 339 and E 340). E 339 and 

E 340 are authorised individually or in combination and in conformity with the 

limits set in Directives 2006/141/EC, 2006/125/EC, 1999/21/EC 

1 000 

13.1.3 

Processed cereal-based foods and baby foods for 

infants and young children as defined by Directive 

2006/125/EC 

Phosphoric acid (E 338) alone; only processed cereal-based foods and baby 

foods, only for pH adjustment 
1 000 

Sodium phosphates, potassium phosphates and calcium phosphates (E 339, 

E 340 and E 341) are authorised individually or in combination, only in cereals. 
1 000 

Calcium phosphate (E 341) alone; only in fruit-based desserts 1 000 

Diphosphates (E 450) as a residue. Only biscuits and rusks. 5 000 

13.1.4 Other foods for young children 

Phosphoric acid (E 338) alone or in combination and in conformity with the 

limits set in Directives 2006/141/EC, 2006/125/EC, 1999/21/EC. 
 

Sodium phosphates and potassium phosphate only (in combination) 1 000 

13.1.5.1 
Dietary foods for infants for special medical 

purposes and special formulae for infants 

Phosphoric acid (E 338) alone. Only for pH adjustment 1 000 

Sodium phosphates (E 339), potassium phosphates (E 340) and calcium 

phosphates (E 341) may be added individually or in combination. 
1 000 

                                                      
14 Commission Directive 2006/141/EC of 22 December 2006 on infant formulae and follow-on formulae and amending Directive 1999/21/EC. OJ L 401, 30.12.2006, p. 1-33. 
15 Commission Directive 2006/125/EC of 5 December 2006 on processed cereal-based foods and baby foods for infants and young children. OJ L 339, 6.12.2006, p.16-35. 
16 Commission Directive 1999/21/EC of 25 March 1999 on dietary foods for special medical purposes. OJ L 91, 7.4.1999, p. 29-36. 
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Food 

Category 

number 

Foods
 

Restrictions/exception
 

Maximum level
(a),(b)

 

(mg/l or mg/kg  

as appropriate) 

13.2 

Dietary foods for special medical purposes defined 

in Directive 1999/21/EC (excluding products from 

food category 13.1.5) 

 5 000 

13.3 

Dietary foods for weight control diets intended to 

replace total daily food intake or an individual meal 

(the whole or part of the total daily diet) 

 5 000 

13.4 
Foods suitable for people intolerant to gluten as 

defined by Regulation (EC) No 41/2009
17

 
 5 000 

14 Beverages  

14.1.1 

Water, including natural mineral water as defined 

in Directive 2009/54/EC
18

 and spring water and all 

other bottled or packed waters 

only prepared table waters 500 

14.1.4 Flavoured drinks  700 

14.1.4 Flavoured drinks 

only sport drinks 500 

only whey protein containing sport drinks 4 000 

only vegetable protein drinks 20 000 

only chocolate and malt dairy-based drinks 2 000 

14.1.5.2 
Other [beverages based on Coffee, tea, herbal and 

fruit infusions] 

only coffee-based drinks for vending machines; Instant tea and instant herbal 

infusions 
2 000 

14.2.3 Cider and perry  1 000 

14.2.4 Fruit wine and made wine  1 000 

14.2.5 Mead  1 000 

14.2.6 
Spirit drinks as defined in Regulation (EC) No 

110/2008
19

 
except whisky, whiskey 1 000 

14.2.7.1 Aromatised wines  1 000 

14.2.7.2 Aromatised wine-based drinks  1 000 

                                                      
17 Commission Regulation (EC) No 41/2009 of 20 January 2009 concerning the composition and labelling of foodstuffs suitable for people intolerant to gluten. OJ L 16, 21.1.2009, p.3-5. 
18 Directive 2009/54/EC of the European Parliament and of the Council of 18 June 2009 on the exploitation and marketing of natural mineral waters. OJ L 164, 26.6.2009, p. 45-58. 
19 Regulation (EC) No 110/2008 of the European Parliament and of the Council of 15 January 2008 on the definition, description, presentation, labelling and the protection of geographical 

indications of spirit drinks and repealing Council Regulation (EEC) No 1576/89. OJ L 39, 13.2.2008, p. 16-54. 
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Food 

Category 

number 

Foods
 

Restrictions/exception
 

Maximum level
(a),(b)

 

(mg/l or mg/kg  

as appropriate) 

14.2.7.3 Aromatised wine-product cocktails  1 000 

14.2.8 

Other alcoholic drinks including mixtures of 

alcoholic drinks with non-alcoholic drinks and 

spirits with less than 15 % of alcohol 

 1 000 

15 Ready-to-eat savouries and snacks  

15.1 Potato-, cereal-, flour- or starch-based snacks  5 000 

15.2 Processed nuts  5 000 

16 Desserts excluding products covered in categories 1, 3 and 4 3 000 

16 
Desserts excluding products covered in categories 

1, 3 and 4 
only dry powdered dessert mixes 7 000 

17 Food supplements as defined in Directive 2002/46/EC excluding food supplements for infants and young children  

17.1 

Food supplements supplied in a solid form 

including capsules and tablets and similar forms, 

excluding chewable forms 

 quantum satis 

17.2 Food supplements supplied in a liquid form  quantum satis 

17.3 
Food supplements supplied in a syrup-type or 

chewable form 
 quantum satis 

(a): The additives may be added individually or in combination unless otherwise specified 

(b): The maximum level is expressed as P2O5 (P2O5 contains 43.64 % P).  

(c): The maximum level shall apply unless a different maximum level is specified in points 01 to 18 of the Annex to Commission Regulation (EU) No 1129/2011 of 11 November 2011 in 

relation to individual foods or categories of foods 

(d): Desserts 
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ABBREVIATIONS 

ADI acceptable daily intake 

AF atrial fibrillation  

BMI body mass index 

Ca calcium 

CAC coronary artery calcium 

CAD coronary artery disease 

CHD coronary heart disease 

CHF congestive heart failure 

CI confidence interval 

CKD chronic kidney disease 

CT computed tomography 

CVA cerebrovascular accident 

CVD cardiovascular disease 

EFSA European Food Safety Authority 

FGF-23 fibroblast growth factor 23 

GFR: glomerular filtration rate 

HDL high-density lipoprotein 

HR hazard ratio 

JECFA: Joint FAO/WHO Expert Committee on Food Additives 

LDL low-density lipoprotein 

MI myocardial infarction 

MPLs maximum permitted level 

MTDI maximum tolerable daily intake 

NDA: EFSA’s Panel on Dietetic Products, Nutrition and Allergies 

OR odds ratio 

P phosphorus 

PTH parathyroid hormone 
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SCF: European Scientific Committee for Food 

SD standard deviation 

TIA transient ischaemic attack 

UL tolerable upper intake level 
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