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Abstract

Objective—Phosphorus containing additives are increasingly added to food products. We sought
to determine the potential impact of these additives. We focused on chicken products as an example.

Methods—We purchased a variety of chicken products, prepared them according to package
directions, and performed laboratory analyses to determine their actual phosphorus content. We used
ESHA Food Processor SQL Software to determine the expected phosphorus content of each product.

Results—Of 38 chicken products, 35 (92%) had phosphorus containing additives listed among their
ingredients. For every category of chicken products containing additives, the actual phosphorus
content was greater than the content expected from nutrient database. For example, actual phosphorus
content exceeded expected phosphorus content by an average of 84 mg/100g for breaded breast strips.
There was also a great deal of variation within each category. For example, the difference between
actual and expected phosphorus content ranged from 59 to 165 mg/100g for breast patties. Two 100
g servings of additive containing products contain an average of 440 mg of phosphorus, or about half
the total daily recommended intake for dialysis patients.

Conclusion—Phaosphorus containing additives significantly increase the amount of phosphorus in
chicken products. Available nutrient databases do not reflect this higher phosphorus content, and the
variation between similar products makes it impossible for patients and dietitians to accurately
estimate phosphorus content. We recommend that dialysis patients limit their intake of additive
containing products and that the phosphorus content of food products be included on nutrition facts
labels.
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INTRODUCTION

Hyperphosphatemia is a major contributor to poor outcomes among dialysis patients and results
in increases in both all-cause and cardiovascular mortality rates.[1,2] Excess phosphorus
combines with calcium and deposits in arteries and other soft tissues and leads to the
development of atherosclerotic heart disease.[3] Elevated serum phosphorus also stimulates
parathyroid hormone and contributes to secondary hyperparathyroidism and renal bone
disease.[1,4,5]

The amount of phosphorus in the American diet has increased considerably, primarily from
phosphorus containing additives in convenience and fast foods.[6] It is estimated that,
depending on individual food choices, such additives add as much 1000 mg/day of phosphorus
to the diet.[7] Moreover, phosphorus in additives is almost entirely absorbed while only 60%
of naturally occurring phosphorus is absorbed.[8] Education regarding high phosphorus foods
is a key component of hyperphosphatemia management,[9,10] but the use of phosphorus
containing additives may make it difficult for patients and dietitians to accurately estimate the
phosphorus content of foods.

We therefore sought to determine the actual phosphorus content of a number of chicken
products and to compare the actual content with that estimated from a reference source that
dietitians might consult in advising patients. We focused on chicken products because chicken
is a good source of high quality protein for dialysis patients.

METHODS

We surveyed grocery stores in greater Cleveland to determine the types of stores in the area
(e.g. grocery chains, discount stores, warehouse stores), the categories of chicken products
available (e.g. raw chicken, breaded patties, breaded nuggets), and the specific brands
available. We then purchased 38 chicken samples across a variety of store types, products, and
brands. We cooked raw chicken products at 350 degrees Fahrenheit until they reached an
internal temperature of 165 degrees Fahrenheit and prepared precooked chicken products
according to package directions. The samples were allowed to cool and then shipped in cool
pack boxes to Medallion Laboratories (Minneapolis, Minnesota). Medallion Laboratories
ashed the samples at high temperature, digested them in acid, and used inductively coupled
plasma to determine their actual phosphorus content. One sample was analyzed for each
product.

We used ESHA Food Processor SQL Software (version 9.8, ESHA Research. Salem OR), to
determine the expected phosphorus content of each chicken product. ESHA data is obtained
from the United States Department of Agriculture National Nutrient Database for Standard
Reference,[11] manufacturers’ analyses, and other reference sources.

The actual and expected phosphorus content were calculated per 100 grams of product. Serving
size was determined from nutrition facts labels on each product. The presence of phosphorus
containing additives was determined from the ingredient lists of products. In presenting the
results, we grouped chicken products based on amount of processing, size, and content (i.e.
breast vs. mixed chicken).
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Of the 38 chicken products, 35 (92%) had phosphorus containing additives listed among their
ingredients (Table 1). Among the 8 boneless breast products, 5 (63%) had phosphorus
containing additives. Among the 30 breaded breast strips, breast nuggets, mixed nuggets, breast
patties, and mixed patties, 100% had phosphorus containing additives. Additives present
included sodium phosphate (present in 71% of products), sodium aluminum phosphate (32%),
sodium acid pyrophosphate (26%), monocalcium phosphate (26%), and sodium
tripolyphosphate (16%). Ten products contained two additives and another ten products
contained three additives.

For boneless breasts without phosphorus containing additives, the actual phosphorus content
was somewhat less than the content expected from the nutrient database (Figure 1). For every
other category of chicken products, the actual phosphorus content was greater than the content
expected from the nutrient database. For example, actual phosphorus content exceeded
expected phosphorus content by an average of 84 mg/100g for breaded breast strips. There was
also a great deal of variation within each category. For example, the difference between actual
and expected phosphorus content ranged from 59 to 165 mg/100g for breast patties.

The difference between actual and expected phosphorus content was significantly higher for
products containing phosphorus additives compared to products without additives (—38 vs.
+68, p=<.0001). Two 100 g servings of additive containing products would provide an average
of 440 mg of phosphorus (range 256 — 634 mg), or about half the total daily recommended
intake for dialysis patients.

DISCUSSION

We found that phosphorus containing additives are present in the vast majority of chicken
products and significantly increase the phosphorus content of such products. Available
reference sources do not reflect this higher phosphorus content, and the variation between
similar products makes it impossible for patients and dietitians to accurately estimate
phosphorus content.

Our findings have important implications for patients, providers, policy makers, and food
manufacturers. Dialysis patients and their providers struggle not only with dietary restrictions
but also with nutritional barriers such as poor appetite and needing help with cooking.[12]
Convenience and fast foods tend to be palatable and require little or no preparation but often
contain phosphorus additives. Instructing dialysis patients to limit their intake of additive
containing products would seem to be a reasonable recommendation. However, following such
a recommendation will be challenging for several reasons. First, as our analysis of chicken
products demonstrates, the availability of additive-free products in grocery stores may be
limited. Second, ingredient lists are generally not present on fast food items, making it difficult
to identify the presence of phosphorus containing additives. Third, simply knowing that a
product contains a phosphorus additive doesn’t allow an accurate estimate of its phosphorus
content. Fourth, additive-free products, such as raw chicken breast, may require more effort to
prepare. This may not be possible for dialysis patients with physical or social limitations.[12]

Phosphorus containing additives may also have an impact on patients with earlier stages of
chronic kidney disease and on the general population. Hyperphosphatemia may contribute to
cardiovascular and bone disease among the 10 million Americans with moderate kidney
disease.[13-15] In the general population, dietary intakes of phosphorus have been increasing
while intakes of calcium have been decreasing.[6] There is evidence to suggest that these intake
patterns interfere with the normal process of calcium regulation and affect peak bone mass and
rate of bone loss even among individuals with normal renal function. [6,16—20]
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We recommend that manufacturers analyze their products for phosphorus content and make

these data available for incorporation into nutrient databases. Food manufacturers should also
create lower phosphorus versions of popular products. We also recommend that policymakers
mandate that phosphorus content of foods be included on the nutrition facts label. These actions
by manufacturers and policymakers will help patients limit their phosphorus intake, will help
providers to better instruct patients, and will help researchers to accurately assess dietary intake.

Several limitations must be considered in interpreting our results. We focused only on chicken
products obtained in a single geographic region and analyzed one sample per product.
However, many of the products we analyzed are national brands and phosphorus containing
additives are known to be present in numerous other products. Nonetheless, we recommend
that other investigators perform similar analyses with a variety of products in other geographic
regions.

In conclusion, phosphorus containing additives significantly increase the amount of
phosphorus in chicken products. Available nutrient databases do not reflect this higher
phosphorus content, and the variation between similar products makes it impossible for patients
and providers to accurately estimate phosphorus content. Despite the development and
widespread use of new vitamin D analogues and phosphorus binders, one-third to one-half of
dialysis patients continue to have elevated phosphorus levels[14,21-24]. We speculate that the
use of phosphorus containing additives limits the effectiveness of these new therapies. We
recommend that dialysis patients limit their intake of additive containing products, that
manufacturers develop lower phosphorus versions of their products, and that policymakers
require phosphorus content of food products to be included on nutrition facts labels.
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Figure 1.

Actual minus expected content of 38 chicken products. For each category of chicken products,
the black line represents the mean value while the top and bottom of the gray bar represent the

maximum and minimum values.

J Ren Nutr. Author manuscript; available in PMC 2007 October 15.



Page 7

Sullivan et al.

9. 9zt 20z vL €1 saned Jseaiq 8)6e3 Juelo
saied
99T 9T 16¢ 9L S'v'e Isealq uaxdIyd janbueg
€01 9zT 622 vl T seied 1sesiq Janea\
saned
65 9T S8T €L €1 solped 1seaiq uosAL 1sealg
v. LyT 1144 6 €T s19b6nu uaxdIYd UosA L
syefbnu
0§ YT 16T 16 €1 uaxo1yd a16e3 wero
€9 yA4) 00¢ A T $I3]qQIU UBXI1YI 8AISS Ipay
L2 yA4) Y.T 72 T s19b6NnuU UaXI1YD Janea N
s1966nu
61— LT 8¢t V1T € uaxdIyd %981) wosso|g
s186bnu
ZL YA 61¢ G8 S'v'e s1866nu uaxaIyd 18nbueg PaxIN
6. T 922 G8 v'2'T s1866nu 1sealq uixi4 1se4
99 yA4" €Te 06 e'T s1966nu 1se81q UOSA |
1966nu
L€ 19T 8T G8 S'v'C 1sealq uaxaIYd 1anbueg
16 YT 8ee S8 €T SJ1apua) 1seaiq UosA |
19 YT 80¢ 98 €1 S19pUa) 1seaiq Janes
slapua)
z8 19T 622 a8 €T 15310 UBOIYI POOMNIIY
slapua) s1966nu
6¢ YT 981 58 S'v'c 1sealq usxaIyo Hm:c%mm 1seaug
sdis
9e YT €81 98 S'v'e Isealq uaxd1yd janbueg
sulo[Japua)
g6 19T e 89 YT 15310 UBMOIYI POOMNIIY
stanuy duis
68 yA4) 9¢C 26 T 1Se8.1Q USX21Yd POOMMIIY
sulo[Japusa}
90T YT £5¢ 89 €1 Isealq uaMoIYd uosA L
s1a|1y sebuy
88 LyT §ee 493 €T 1SB31Q USYIIYD Jagueg
sdias
15e3.Qq
88 LyT §ee 26 T sd1Is uaxdIyd Ads1io uosA L papeaig
15831q USYIIYD
8T 8¢¢ [£] 24 96T T uazol} oInb anpeA 1ealo
158310 USYIIYD
4 8¢¢ ove 96T T uazoJy 3oinb a)be3 ueio
15831q
68 8¢¢ LTE cTT T U891y uazouy 3aInb uosA |
15B31q USYIIYD
[44 8¢¢ 0S¢ €T T uazoJ} 3aInb puasumo |
158310 USYIIYD
L2 8¢¢ 114 28T T uaz01} 42Inb poom;Iy
15B31q USYIIYD
9r— 8¢¢ Z81 499 SUON Uaz044 XoInb puBpI
4% 82¢ ¥8T pay1oads 10N auoN 1SBa1q UdX01Y9 Ysaly s,aneq
158314 15e3UQ
€2— 8¢ 502 21T auoN Us21yd ysaly ajbe3 wero ssajauog
(oot (6oot (Boot
/Bw) souataylq /6w snaoydsoyd paroadx3 /Bw) snaoydsoyd [emoy (6) az1s Buinias Sennippe Bujureiuod snaoydsoyd 10Nnpoid Ai1obaren

NIH-PA Author Manuscript

'(ge=u) s1onpoud usx1yd J0 A181IeA e Jo Juslu0d snioydsoyd psroadxs pue |enjoy

T alqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

J Ren Nutr. Author manuscript; available in PMC 2007 October 15.



Page 8

Sullivan et al.

areydsoydAjodiy winipos = g ‘areydsoyd wniofesouow = ¢ ‘ajeydsoyd wnuiwnje wnipos = ¢ ‘aleydsoydoiAd pi1oe wnipos = z ‘areydsoyd wnipos = T

¥

29 9T 88T 1L T sanzed UMIIYD BAIIS 1PRY
56 9T |44 €L v'e'T solned 81A1s usayINOs UOSA |
144 9T 0ST 6. € saied usxdIYyd wosso|g
€9 9T 68T 9. S'v'e saned uaoIyd Jenbueg q
sane
12T 9T €5¢ IZA T saired UsxoIYd JaAeaAN PaxIN
(49" 9CT 8€¢ 62T T S19]14 1S€8.1Q UBYIIYD UOSA |
S1I911}
01T 9T 9ee 90T v'eT 158310 UBXO14d POOMMIIM
(oot (Boot (Boot

/Bw) souataylq

/6w snaoydsoyd payoadx3

/Bw) snaoydsoyd [en1oy

(6) azis buinaas

sanniippe Hulureuos snaoydsoyd
*

19npoJid A106a1eD

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

J Ren Nutr. Author manuscript; available in PMC 2007 October 15.



