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A significant body of evidence supports the notion that higher
levels of serum phosphate are associated with poor survival [1-3].
Similar outcome data have been reported in end stage renal disease
(ESRD) as well as individuals with various degree of renal function
impairment [1-3]. However, the lack of randomized clinical trial
(RCT) and a certain degree of heterogeneity among different stud-
ies in this domain preclude the definition of what is the optimal
range of serum phosphate to target in different chronic kidney dis-
ease (CKD) stages [1-3]. Phosphorus is an essential element for life.
It is a key factor in energy metabolism being a fundamental con-
stituent of adenosine triphosphate (ATP) [2]. Similarly, phosphate
is a core element of deoxyribonucleic acid (DNA) as well as a cell
membranes. Numerous kinases and enzymes utilize phosphate for
signal transduction and regulation of various metabolic pathways
[3]. Although fundamental, several lines of evidence suggest that in
some conditions phosphate may trigger unwanted effects.

Although mechanisms are far from being elucidated, in vitro
and in vivo evidence suggest that phosphate homeostasis pertur-
bations are associated with endothelial dysfunction [4], arterial
stiffness [5], left ventricular hypertrophy [6], carotid artery intima
media thickness [7], vascular calcification [8], infection that in turn

may explain the astonishing risk of all-cause as well as CV mortal-
ity or CKD progression associated with increased serum levels of
phosphate. Of interest, the observed relationship between phos-
phatemia and outcome is almost linear in CKD [9] and ]-shaped in
ESRD [10], suggesting that the relative risk associated with similar
serum levels may change in different stages of renal function im-
pairment or according to confounding factors such as malnutrition.
In light of these uncertainties, ad hoc RCT to determine the optimal
range of serum phosphate to aim for in clinical practice would be
needed. Preliminary studies that investigated the impact of phos-
phate modulation on surrogate outcomes, however, have been dis-
appointing [11,12]. Indeed, administration of full doses of different
phosphate binders had only trivial effects on serum levels of phos-
phate and no or detrimental impact on some surrogate outcome
[11,12].

Chue and coworkers [11], tested the impact of sevelamer Vs
placebo on left ventricular cardiac mass in a cohort of 109 subjects
with normophosphatemia and CKD stage 3. At study completion,
no effect on serum levels of phosphate or cardiac mass was report-
ed [11]. In another small RCT, Block and coworkers [12], assigned
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148 CKD stage 3-4 subjects with normal serum levels of phosphate
to either placebo, lanthanum carbonate, sevelamer carbonate or
calcium acetate [12]. At the end of the 9-months follow-up sig-
nificant reduction in phosphaturia coupled by minimal effects on
phosphatemia were observed [12]. Remarkably, treated subjects
showed a worrisome trend toward coronary artery calcification
progression among subjected treated with calcium acetate [12].
While the first observation suggest that serum levels may be poorly
associated with phosphate balance, the second observation ques-
tions the use of phosphate binders in normophosphatemic CKD
patients.

Whether is serum phosphate levels or balance what modulate
the risk associated with phosphorous metabolism is an ongoing
debate [1]. However, compelling evidence suggest that chronic ex-
posure to high phosphate intake and positive balance triggers the
release of phosphaturic factors such as fibroblast growth factor 23
(FGF23) and parathyroid hormone (PTH) [2]. In the Heart and Soul
study cohort, Dominguez and collaborators [13] found that FGF23
and fraction excretion of phosphate (FeP) modulated the risk of
all-cause mortality as well as CV events in a cohort of 872 subjects
with only minimal renal function impairment. Of interest, higher
FeP mitigated the risk burden associated with elevated FGF23 sug-
gesting that an efficient renal excretion of phosphate decreases the

risk burden associated with positive phosphate balance [13]. Other
pieces of evidence support the notion that phosphate burden in-
duces renal fibrosis and mitigate the renoprotective effect of Rami-
pril [14] as well as low protein diet [15].

The relatively poor correlation between phosphate levels and
balance maybe explained by the intracellular or interstitial dis-
tribution (99% of the total body pool) of this anion and the com-
plicated interplay between the intracellular and the intravascular
compartments that determine the amount of phosphate is easily
accessible for both renal or hemodialysis clearance [1,2]. Balance
study performed in chronic hemodialysis patients suggest that
phosphate clearance is a linear function of time while serum levels
exhibit a 2 phases profile during dialysis (Figure 1) [16] and it has
been postulated that phosphate mobilization from extravascular
compartments may prevent excessive reduction of phosphate con-
centration in plasma and intracellularly [17,18]. Hence, serum lev-
els maybe function of several other factors than phosphate balance
(Figure 2) [17,18]. If studies on normophosphathemic patients have
failed to demonstrate any meaningful impact of phosphate binders
on surrogate endpoints, [11,12] few studies in hyperphosphatemic
patients yield promise in term of the potential impact phosphate
balance metabolism [4,19].
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Figure 1: Schematic representation of the 2-phases kinetic profile of serum phosphate during dialysis (x axis represents time
on dialysis; y axis represents the relative reduction of phosphate). The first phase occurs during the first hour of dialysis and
it is characterized by a rapid reduction in serum levels while the second phase occurs thereafter, and it is characterized by a
plateau in serum concertation. It has been postulated that phosphate mobilization prevents further reductions in serum levels
of phosphate while it maintains phosphate removal. Adapted from Kuhlmann Hemodial Int (2006) 10: 338-345 [17].
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Figure 2: Schematic representation of phosphate 4-pool kinetics. This model summarizes the complicated interplay among
intravascular, interstitial and intercellular compartments that influence both phosphate mobilization to and phosphate removal
from the intravascular compartment in normal renal function (A) as well as dialysis (B) subjects. Although it is uncleare the
exact location, it has been postulated the existence of 2 other pools of phosphate in equilibrium with the extracellular one
to compensate for phosphate removal and prevent excessive phosphate concentration in the extracellular and intracellular
compartment. Adapted from Kuhlmann Hemodial Int 2006 10: 338-345 [7].
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