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ABSTRACT

In the chronic kidney disease (CKD), adequate phosphate control is critical to reduce mortality rate
and cardiovascular risks, besides, it may improve renal prognosis. We surveyed the awareness of
the high phosphate content in the commercially processed food and drinks among renal transplant
recipients, since they usually have reduced kidney function. Thirty seven subjects were provided
with a questionnaire to evaluate their awareness of food and drinks containing phosphate. Most of
the subjects (91.9%) were aware of the presence of sugar in soda drinks, but only 13.5% were
aware of the presence of phosphate. Only 29.7% understood that phosphate is present in
processed food, such as hamburgers and pizza, and 64.9% were unaware of the harmful effects of
unrestricted consumption of phosphate-containing food and drinks. In this survey, 24.3%
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consumed “fast food” once a week and 16.2% took 1 to 5 cans of soda drinks each week. After
completing the questionnaire, 32.4% of the subjects considered reducing their phosphate intake
and 54.1% showed interest in obtaining more information on phosphate in food and drinks. This
survey emphasizes the need of further education in renal transplant recipients to minimize the
possible health risks posed by excessive consumption of phosphate additives.

Keywords: Phosphate; fast food; soda drinks; renal transplant; CKD.

1. INTRODUCTION

Phosphate is an essential component of human
body [1], however, recent studies have shown
the risk of excess phosphate intake in early
ageing, arteriosclerosis and renal diseases
[1,2,3,4]. In the patients with CKD,
hyperphosphatemia is associated with the higher
risk of mortality and cardiovascular disease
(CVD) which is the most common cause of death
in CKD [5,6,7,8,9]. In addition, it is suggested as

a risk for end stage renal disease (ESRD) as well.

Therefore, CKD patients are often advised to
take low phosphate diet, along with the
phosphate lowering drugs if necessary [10,11].

Phosphate is one of the basic components of our
daily food such as meat, fish, eggs, dairy
products and vegetables [1]. The amount of
phosphate in the food is generally associated
with the amount of protein. However, phosphate
compounds are widely used as food additives
and the consumption of phosphate additives are
markedly increased in the recent years, and
American diet may contain phosphate additives
as much as 1000 mg per day [12]. Restriction of
processed food can measurably reduce the level
of phosphate in the dialysis patients.

Therefore, this study is designed to assess the
level of awareness among renal transplant
recipients on artificially-added  phosphate
containing foods and drinks in Japan.

2. MATERIALS AND METHODS

We randomly selected 37 patients who
underwent renal transplantation from 2006 to
2013 and are outpatients for follow up at Hirosaki
University Hospital. The average age of the
recipients was 47.3+14 years old, 26 were male,
and 11 were female. All subjects participated
voluntarily on the assurance of anonymity and
none refused to answer the survey questions,
although some patients did not answer particular
questions when they were not certain of their
response. The questionnaire for assessing the
level of awareness of phosphate-containing food

and drinks included seven questions and was
administered in May 2013. In designing the
questionnaire, we chose not to examine each
patient's knowledge regarding food items with
natural phosphate ingredients; instead, we
focused on food items and drinks that have
artificially added phosphate as a preservative,
such as hamburgers, pizza and soda (Table 1).
The definition of "fast food" as hamburgers, pizza
and similar foods was explained to the subjects
beforehand. The study design was approved by
the Hirosaki University ethical committee and all
subjects provided informed consent and
participated in the survey voluntarily. The results
of the survey were analyzed using Microsoft
Excel 2007 and chi-square test using StatView
4.0. A p value <0.05 was considered statistical
significant.

Table 1. Questionnaire

Please answer the following questions

Age:

Sex: Male/Female

1) Do you know Soda drinks contain high
levels of sugar? Yes / No

2) Do you know Soda drinks contain high
levels of phosphate? Yes / No

3) Do you know processed foods (burger,
pizza, etc) contain high levels of
phosphate? Yes / No

4) Do you know taking too much phosphate
may be harmful for the body? Yes / No

5) How many cans of Soda do you take a
week? 1-None, 2-1-5, 2-6-10, 3->10

6) How often do you take fast food? 1-never,
2-once a week, 3-once a month, 4-almost
every day

7) After you answered above questions, what
do you think about phosphate? 1- | want
to get more information about phosphate.
2- | want to reduce consumption of
phosphate-containing food/drink. 3- | think
| have no further interest on phosphate.
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3. RESULTS aware that phosphate is included in soda (chi-
square test and Fisher's direct method,

3.1 Awareness of Sugar and Phosphate in 9;0-0?101) (Fig. 1|)'d af“)_’ 29.7% k”gwf th;t
Pr F n pnospnate IS Incluae In  processe 00as
ocessed Food and Soda (hamburger, pizza, etc.) (Fig. 2) and 64.9% did

not know that excessive intake of phosphate is

Most of the subjects (91.9%, 34 of 37 subjects) harmful to the human body (Fig. 3)

knew that soda contains a large amount of
sugar, but only 13.5% (5 of 37 subjects) were

B yes (91.9%)
no (8.1%)

® yes (13.5%)
no (86.5%)

Sugar

Phosphate

Fig. 1. The survey participants were asked whether they were aware of the sugar and
phosphate content in commercially available soda drink
The majority (91.9%) of the recipients were aware of the presence of sugar, while only 13.5% were aware of the
presence of phosphate (phosphoric acid)( chi-square test and Fisher’s direct method, p<0.0001), showing a huge
awareness gap to phosphate among the recipients

B yes (29.7%)
no (70.3%)

Phosphate in fast food

Fig. 2. The survey participants were asked whether they were aware of high phosphate content
in commercially available fast food. Only 29.7% of the recipients were aware of the presence of
high content of phosphate in fast food

B yes (35.1%)
no (64.9%)

Harmful effect of phosphate

Fig. 3. The survey participants were asked whether they were aware of the possible harmful
effects of unrestricted consumption of a high phosphate diet for a prolonged period. The
majority (64.9%) of the recipients were unaware of such detrimental effects

276



Shutto et al.; JSRR, 4(4): 274-280, 2015; Article no.JSRR.2015.031

3.2 Frequency of Intake of Fast Food and
Soda

Most of the subjects (75.7%) rarely drank soda,
but 16.2% drank 1 to 5 cans, 5.4% drink 6 to 10
cans, and 2.7% drank more than 10 cans of soda
each week. Similarly, most subjects (62.2%)
rarely ate fast food, but 13.5% consumed this
type of food once a month and 24.3% consumed
fast food once a week (Fig. 4).

3.3 Willingness to Modify Diet of
Phosphate-containing Food

After completing the survey, 54.1% of the
subjects wanted more information on phosphates
in food and 32.4% wanted to reduce their
phosphate intake by minimizing consumption of
processed foods and soda (Fig. 5).

¥ none (75.7%)
1-5 cans (16.2%)

¥ 6-10 cans (5.4%)

10 cans (2.7%)

Soda drinks

4. DISCUSSION

In the recent years, the graft survival in the renal
transplantation has been improving.
Consequently, significance of the management
of chronic allograft injury has been increasing.

Many of the post transplant recipients are
classified as CKD greater than stage 3 [13,14],
and according to the recommendations of
KDIGO, all kidney transplant recipients should be
considered as CKD [15].

At present, phosphate control is one of the
routine medical treatments in the patients with
CKD in the advanced stages. Nevertheless, the
post renal transplantation recipients had
insufficient awareness of phosphate, despite the
fact that all of them previously had ESRD.

¥ none (62.2%)
once a month {13.5%)
¥ once a week (24.3%)

® almost everyday
(0.0%)

Fast food

Fig. 4. The survey participants were asked to describe their soda drink and fast food
consumption habits. The majority (75.7%) of the recipients do not consume soda drink and
62.2% do not eat fast food

® more information
(54.1%)

reduce intake
(32.4%)

¥ not interested
(13.5%)

Thoughts of participants after this survey

Fig. 5. The survey participants were asked whether they were willing to modify their artificially
added phosphate-containing diet. 54.1% of the recipients wanted to have more phosphate-
related information and 32.4% were willing to reduce their artificial phosphate intake by
minimizing consumption of processed food and soda drinks, while the remaining (13.5%)
showed no further interest related to phosphate
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It is very important for the recipients to
understand that their kidney functions are still in
CKD stage, not fully recovered and they need the
self-care and education.

We have previously documented the levels of
awareness of phosphate intake among future
medical professionals, such as medical and
nursing students, and the patients undergoing
hemodialysis using a similar questionnaire used
in the current survey, with the finding that the
majority of the students were not aware that fast
food and soda drinks contain phosphate
additives [16]. A similar lack of awareness was
apparent in the renal transplant recipients in this
study, but these patients are consuming less fast
food and soda drinks compared to the students.
The difference might be related to the higher
average age of the post-transplant recipients
compared with the students, since the younger
people are more familiar with the western diet
and the processed food and drinks from the
younger age. The hemodialysis patients were
also unaware of the phosphate additives in fast
food and drinks, although most of them were
aware that high phosphate diet is harmful [17].
Interestingly, the dialysis patients consume much
amount of soda drinks. Probably, dialysis
patients are trying to alleviate their thirst and
tiredness after dialysis session by taking soda
drinks.

There are possible reasons that post-transplant
patients are not well educated about the
phosphate restriction. First, hypophosphatemia is
common in the first months after renal
transplantation usually due to hyper
parathyroidism [18]. Persistent increase in the
fibroblast growth factor 23 level is suggested as
a cause of early post-renal transplantation
hypophosphatemia [19]. Recovery from the
hypophosphatemia is observed in one year after
renal transplantation. And Connolly et al. found
that higher serum phosphate is a predictor of
mortality in the patients after a renal transplant
[20] and Benavente et al. [21] showed that serum
phosphate at 6 and 12 months post-transplant is
an independent predictor of graft loss, with the
suggestion that the high phosphate content in a
Western diet may damage renal tubules. Thus,
avoiding excess phosphate intake seems like
reasonable in the post-transplant recipient as
well. Whereas, the proper amount of phosphate
intake in each post-operative period need to be
further elucidated.

Secondly, there is a concern that phosphate
restriction may lead to malnutrition [22]. We can
minimize these concerns by focusing on the
reduction of the added phosphate additives,
instead of reducing regular meal. The ingested
phosphate additives are most efficiently (90~
100% ) absorbed [23]. Whereas, phosphate
originated from animal protein are absorbed

40%~60%, phosphate from vegetables are
absorbed only 20~50%.
Lastly, post-transplant patients are already

following so many instructions. They are strictly
required to take immunosuppressants as
directed, and they need to pay attention to
infections and many other complications.
Therefore, we need to create concise and
feasible educational programs so that these
instructions are not being another burden for the
patients.

In this study, most of the renal transplant
recipients chose the answers “l want to get more
information about phosphate” and “l want to
reduce consumption of phosphate-containing
food and drinks” after they had completed the
questionnaire. Their interest and willingness to
change their dietary habit suggest that they can
reduce the amount of phosphate if the proper
education programs are provided. These
attempts may reduce the total phosphate intake
without any pill burden or compromise in the
nutritional status.

5. CONCLUSION

These results suggest that the awareness of
phosphate-containing food and drinks is
insufficient among renal transplant recipients,
although they have sufficient willingness to
change their dietary habits. Therefore, providing
further education may lead to the better
phosphate control, and consequently, better
prognosis of life and grafted kidney.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Razzaque MS. Osteo-renal regulation of
systemic phosphate metabolism. IUBMB

278



10.

11.

12.

Shutto et al.; JSRR, 4(4): 274-280, 2015; Article no.JSRR.2015.031

Life. 2011,63:240-247.

Razzaque MS. The FGF23-Klotho axis:
Endocrine  regulation of  phosphate
homeostasis. Nat Rev  Endocrinol.
2009;5:611-619.

Ohnishi M, Razzaque MS. Dietary and
genetic evidence for phosphate toxicity
accelerating mammalian aging. FASEB J.
2010;24:3562-3571.

Terai K, Nara H, Takakura K, Mizukami K,
Sanagi M, Fukushima S, Fujimori A, ltoh H,
Okada M. Vascular calcification and
secondary hyperparathyroidism of severe
chronic kidney disease and its relation to
serum phosphate and calcium levels. Br J
Pharmacol. 2009;156:1267-1278.

Eddington H, Hoefield R, Sinha S,
Chrysochou C, Lane B, Foley RN, Hegarty
J, New J, O’'Donoghue DJ, Middleton RJ,
Kalra PA. Serum phosphate and mortality
in patients with chronic kidney disease.
Clin J Am Soc Nephrol. 2010;5:2251-2257.

Kestenbaum B, Sampson JN, Rudser KD,
Patterson DJ, Seliger SL, Young B,
Sherrard DJ, Andress DL. Serum
phosphate levels and mortality risk among
people with chronic kidney disease. J Am
Soc Nephrol. 2005;16:520-528.

Kanbay M, Goldsmith D, Akcay A, Covic A.
Phosphate - the silent stealthy cardiorenal
culprit in all stages of chronic kidney
disease: A systematic review. Blood Purif.
2009;27:220-230.

Hruska K, Mathew S, Lund R, Fang Y,
Sugatani T. Cardiovascular risk factors in
chronic kidney disease: does phosphate
qualify? Kidney Int Suppl. 2011;9-13.

Block G, Port FK. Calcium phosphate
metabolism and cardiovascular disease in
patients with chronic kidney disease.
Semin Dial. 2003;16:140-147.

Noori N, Kalantar-Zadeh K, Kovesdey CP,
Bross R, Benner D, Kopple JD.
Association of dietary phosphorus intake
and phosphorus to protein ratio with
mortality in hemodialysis patients. Clin J
Am Soc Nephrol. 2010;5:683-692.

Guitierrez OM, Nannstadt M, Isakova T,
Rauh-Hain JA, Tamez H, Shah A, Smith K,
Lee H, Thadhani R, Juppner H, Wolf M.
Fibroblast growth factor 23 and mortality
among patient undergoing hemodialysis. N
Eng J Med. 2008;359:584-592.

Uribarri J, Calvo MS. Hidden sources of

279

13.

14.

15.

16.

17.

18.

19.

20.

21.

phosphorus in the typical American diet:
does it matter in nephrology? Semin Dial.
2003;16:186-188.

Karthikeyan V, Karpinski J, Nair RC, Knoll
G. The burden of chronic kidney disease in
renal transplant recipients. Am J
Transplant. 2003;4:262-269.

Samaan F, Requiao-Moura LR, Pinheiro
HS, Ozaki KS, Saraiva NO, Pacheco-Silva
A. Prevalence and progression of chronic
kidney disease after renal transplantation.
Transplant Proceed. 2011;43:2587-2591.

Levey AS, Eckardt K, Tsukamoto Y, Levin
A, Coresh J, Rossert J, De Zeeuw D,
Hostetter TH, Lameire N, Eknoyan G.
Definition and classification of chronic
kidney disease: A position statement from
Kidney Disease: Improving Global
Qutcomes (KDIGO). Kidney Int.
2005;67:2089-2100.

Shutto Y, Shimada M, Kitajima M, Yamabe
H, Razzague MS. Lack of awareness
among future medical professionals about
the risk of consuming hidden phosphate-
containing processed food and drinks.
PLoS ONE. 2011;6:29105.

Shutto Y, Shimada M, Kitajima M, Yamabe
H, Saitoh Y, Saitoh H. Inadequate
awareness among chronic kidney disease
patients regarding food and drinks
containing artificially added phosphate.
PLoS ONE. 2013;8:78660.

Pham PT, Danovittch M, Pham SV.
Medical management of the kidney
transplant recipient: Cardiovascular
disease and other issues. Comprehensive
Clinical Nephrology 4™ edition edited by
Floege J, Johnson RJ, Freehally J.
Elsevier, St. Louis. 2010;1189-1199.

Han SY, Hwang EA, Park SB, Kim HC, Kim
HT. Elevated fibroblast growth factor 23
levels as a cause of early post-renal
transplantation hypophosphatemia.
Transplant Proc. 2012;44:657-660.

Connolly GM, Cunningham R, McNamee
PT, Young IS, Maxwell AP. Elevated serum
phosphate predicts mortality in renal
transplant  recipients.  Transplantation.
2009;87:1040-1044.

Benavente D, Chue CD, Moor J, Addison
C, Borrows R, Ferro CJ. Serum phosphate
measured at 6 and 12 months after
successful kidney transplant is
independently associated with subsequent



22.

Shutto et al.; JSRR, 4(4): 274-280, 2015; Article no.JSRR.2015.031

graft loss. Exp
2012;10:119-124.

Lynch KE, Lynch R, Curhan GC, Brunelli
SM:  Prescribed dietary phosphate
restriction and survival among
hemodialysis patients. Clin J Am Soc

Clin  Transplant.

23.

Nephrol. 2011;6:620-629

Ritz E, Hahn K, Ketteler M, Kuhlmann M K,
Mann J. Phosphate additives in food—a
Health risk. Dtsch Arztebl Int. 2012;109:49-
55.

© 2015 Shutto et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sciencedomain.org/review-history.php ?iid=743&id=22&aid=6541

280



