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ABSTRACT

Background: Evidence based data identifies phosphate additives in food products as a public health concern,
especially in the progression of chronic kidney disease (CKD). However, there is limited public awareness of the risks
associated with phosphate additives. This study focuses on a systematic review of findings on health implications of
phosphate additives, with the aim of strengthening public health knowledge, insight, understanding and prevention of
exposure to phosphate toxicity and chronic diseases.

Methods: Studies with primary data on phosphate additives were identified using keyword electronic database search
in PubMed and BMC. To meet the review criteria, articles needed to (1) be published in English (2) focus on
phosphate additives (3) address the potential health risks associated with phosphate additives (4) identify existing
health problems caused by phosphate additives (5) published between 2005 to 2017 to provide a more dynamic
review and (6) hold a strong research evidence that confirms the associated risks of phosphate additives.

Results: Findings from reviewed literature suggest a link between high phosphate content in food products and
chronic renal failure, cardiovascular complications, accelerated aging process, allergic reactions and increased
morality rate. The need to regulate the use of phosphates additives in food products and strengthen public health
education is essential to minimise high exposure to phosphate additives.

Conclusions: Further research, proper food labelling, strict regulation of unhealthy food additives, nutrition education
and sensitisation of consumers are required to minimise exposure to phosphate additives and susceptibility to chronic
diseases.
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INTRODUCTION

There is a need to strengthen global awareness of the
rapidly growing use of inorganic phosphate additives in
food products to minimise their potential untoward
effects. Phosphate additives increase the total
phosphorous content of food products, but the extent is
unclear.® Thus, consumers of phosphate additives-based
food products may be unaware of the associated health
consequences of high phosphate consumption and require

evidence-based information to make informed decision
about their phosphate intake. Therefore, this systematic
review was necessitated by the urgent need to constantly
review and analyse findings from published studies on
the health effects of phosphate additives, enhance public
health awareness, sensitization, and chronic disease
prevention. This study aims to strengthen public health
knowledge, understanding, prevention of phosphate
toxicity, and advise the necessity to regulate the use of
phosphate additives. Public health may continue to be in
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jeopardy with less focus and underestimation of the
potential impact of phosphate additives on diet safety and
health.?

Empirical data reveals the potential risk of phosphate
additives in food products and the essence of a normal
phosphate balance.® Nevertheless, even a normal serum
phosphate concentration was found to aggravate chronic
kidney disease.* This supports the findings in which
phosphate additives were identified as potential health
risk and a strong predictor of mortality among advanced
chronic kidney disease patients due to
hyperphosphatemia.” Similar negative outcome was
recorded in a study conducted on patients undergoing
haemodialysis, with increased death rate consequently.®
Complications of phosphate additives have also been
identified in glucose and lipid metabolism by the liver, as
found in recent epidemiological and animal studies,
revealing accelerated phosphate concentrations in chronic
diseases.” Although an essential nutrient to the body,
serum phosphate concentration is influenced by inorganic
phosphate additives in food products, with the potential
to accelerate tissue damage, aging process and
stimulation of lung tumors.® Susceptibility to serious
health consequences may be heightened in the presence
of abnormal phosphate levels exceeding the body’s
nutrient needs, leading to potential disruption of
phosphate homeostasis.’

Socioeconomic impact

Adherence to a phosphate restricted diet may be difficult
for individuals, especially children who may be addicted
to phosphate additives-based processed foods provided
by caregivers or purchased at social gatherings. Hence, a
recent study identified elevated phosphate levels in
adolescents undergoing kidney dialysis.’® Moreover,
more than a quarter of food products were found to
contain phosphorous additives in a study to determine the
prevalence of phosphorous-containing food additives in
top selling foods in grocery stores, uncovering the risk of
high exposure to phosphate additives in low cost food
products, and a socioeconomic association with the
development of phosphate induced chronic diseases.** As
reported, abject poverty has also been linked to high
serum phosphate concentration and increased likelihood
of phosphate toxicity due to limited food choices.*

In examining the added phosphate contents of some food
products, enhanced meat and poultry products were found
to contain a high percentage of phosphate additives,
28.4% higher than the amount in other regular products,
thus increasing the risk of excessive consumption and
chronic diseases.”® Dairy products and cereals containing
phosphate additives have also been found to increase
serum phosphate concentration, even when consumed
less regularly than other foods with no phosphate
additives.* This evidence suggests the need to consider
viable alternatives to phosphate additives. Although some

foods such as milk and vegetables contain organic
phosphorus considered essential for cellular function and
homeostatic balance, regular consumption of inorganic
phosphate additives was found to affect serum
parathyroid hormone concentration in a cross-sectional
study on healthy premenopausal women, and further
predicted  possible  bone  defects.®  Therefore,
understanding the amount of phosphorous intake required
by the body is essential to help consumers to restrict their
consumption. As pointed out in a recent study, several
challenges (such as poor coding of food products,
absence of nutrient databases, and inaccurate report of
dietary consumption) affect accurate assessment of
dietary phosphorous intake and increase the risk of
toxicity and chronic diseases.”® Excessive dietary
phosphorous intake is a public health challenge that
requires adequate primary interventions and diet
modification.'” Strategies to minimise excessive intake of
dietary phosphate additives have been suggested,
including restriction of food products containing high
phosphate additives, preference for organic foods, proper
boiling, and nutritional education.®  Furthermore,
complete replacement of phosphate additives-containing
foods with natural foods was found to reduce serum
phosphate concentration with no negative effect on
nutritional status.’® Given the increasing incidence of
chronic diseases associated with phosphate additives, a
study concludes that lack of adequate intervention and
strict regulation may increase the burden of associated
chronic diseases. Evidence suggests that serum
phosphate levels may not represent accurate amount of
phosphate uptake by individuals, hence the difficulty in
assessing actual amount of phosphate intake and
increased susceptibility to hyperphosphatemia.?* This
report gives credence to the importance of advancing
strategies to minimise the use of phosphate additives.
Besides, its effects reportedly contributed to accelerated
aging process in mammals as found in mice studies,
revealing premature aging features such as body weight
loss, infertility, tissue degeneration and life span
reduction.?? In this report, the effects of elevated serum
phosphate concentrations on the lungs, intestine and skin
was conducted. The outcome showed the development of
emphysema at 6 weeks of age in mice (as recorded in
human populations) following exposure to high
phosphate levels. There were also negative pathological
changes in the intestine and skin. Conversely, these
effects were suppressed by lowering phosphate levels.
Moreover, phosphate composition of foods has been
found to be misleading and inaccurate when compared to
the levels recorded in chemical analysis, a situation that
requires scrutiny and health policy implementation to
regulate indiscriminate use of phosphate additives, and to
prevent phosphate-induced tissue damage.”** In the
assessment of its nutritional value, high inorganic
phosphorous has been described as a possible marker for
an unhealthy diet, associated with high mortality in
persons with chronic diseases.?
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METHODS

Publishes Studies with primary data on phosphate
additives were identified with a keyword electronic
database search, including PubMed and BMC. Specific
keywords comprised: (1) phosphate additives in foods (2)
health effects of phosphate additives (3) implications of
phosphate additives in food products and (3) awareness
of health effects of phosphate additives in food products.
All retrieved articles were further scrutinised to identify
those that met the review inclusion criteria.

To meet the review inclusion criteria, articles needed to
(1) be published in English (2) focus on phosphate
additives (3) address the potential health risks associated
with phosphate additives and (4) identify existing health
problems caused by phosphate additives (5) published
between 2005 to 2017 and (6) hold strong research
evidence that confirms the associated risks of phosphate
additives. Thirty selected studies met the review criteria.
Studies published pre-2005 and those lacking the above
inclusion criteria were excluded.

Data extraction was facilitated by two independent
reviewers. The process comprised the following: (1)
identification of author’s name (2) year of publication/
citation (3) study location (4) population of the study (5)
sample size and (6) study design (example, qualitative;
in-depth  interviews, or quantitative; randomised
controlled trial, cross-sectional study), and results. The
results were considered relevant based on strong evidence
of an association between phosphate additives and
adverse health effects.

The quality of the reviewed studies was assessed based
on the following: (1) identification of the research
question, description, and focus (2) identification of the
research problem and adherence to literature and (3)
adoption of a systematic approach in the comprehensive
review.

The data was analysed by comparing the consistency and
dissimilarities in the study results. The impact of the
study quality on results was evaluated with the aim of
exploring potential bias. In this process, the summary of
data was recorded and compared with respect to the
authors, year of publication, and effects of phosphate
additives on health. Similar findings from each
publication were noted with respect to the complications
of exposure to phosphate additive.

RESULTS

Findings indicate high incidence and prevalence of
chronic diseases associated with high exposure to
phosphate  additives. ~ Chronic  renal  diseases,
cardiovascular and liver complications, accelerated aging,
and allergic reactions were among the various health
implications reported due to exposure to high phosphate
additives. Animal studies involving mice exposure to

high phosphate levels revealed similar risks and
complications in the lungs and liver as found in humans.
These finding were attributed to increased serum
phosphate concentration, caused by excessive intake of
inorganic  phosphate additives in food products.
Although, some studies held the opinion that organic
phosphate is essential for cellular function, they however
maintained that phosphate additives in food products
remained a matter of concern which may have been
underestimated. Recommendations from available data
suggest the need for intensified effort to regulate the use
of phosphate additives in food products and educate the
public about its potential health implications.

DISCUSSION

The reviewed studies suggest an association between
phosphate additives in foods products and negative health
outcomes. Hyperphosphatemia, an increase in serum
phosphate level was identified as a potential risk factor
and predictor of advanced chronic kidney and
cardiovascular diseases.® However, other findings
recognised the essential role of phosphate additives in
food preservation but argued that their public health
implications may have been underestimated because
consumers may be unable to determine the quantity of
added phosphate in food products. Furthermore, there is
limited evidence to assess the role of phosphate additives
in metabolic diseases like type 2 diabetes and obesity, but
a negative effect on the liver has been demonstrated.”
These negative health consequences may be explained by
the disruption of phosphate balance through excessive
consumption of inorganic phosphate additives in food
products. As reported, normal phosphorous balance may
be essential for bone health and mineralization, but
without proper education, and healthier food options,
consumers may be unable to regulate their phosphate
intake to normal.®® This situation brings to light a
possible socioeconomic perspective to high exposure to
phosphate additives, which may be linked to limited
choices for safe organic foods and increased availability
of low cost food items with added phosphate additives. In
addition to the affordability of phosphate additives-rich
foods, further examination of their impact on health
revealed their high concentration in bioavailability than
organic phosphates and their contribution to the
development of tumors.”® However, the safety of
phosphate additives for public consumption may not be
completely disregarded, but requires more evidence and
caution to prevent potential health hazards.®

Given the importance of nutrition in health, public
education and accurate food labelling may serve as first
step approach to inform consumers of the inherent risks
associated with phosphate additives.

CONCLUSION

Increase in the amount of phosphate additives in food
products has attracted limited public health attention in
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recent years, resulting in poor regulation and
susceptibility of consumers to phosphate toxicity due to
high exposure. Phosphate additives in food products may
continue to pose greater public health risks and therefore
require adequate interventions through education, proper
food labelling, and functional regulatory officers for food
content analysis before approval and distribution, and
sensitization of consumers through the mainstream media
and further research to provide best prevention strategies.
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