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ABSTRACT 

Chronic Kidney Disease (CKD) is a growing epidemic in the United States. There are hormonal changes 

that develop long before the mineral changes in patients with CKD occur. Increased Parathyroid Hormone 

(PTH) levels first become evident when the estimated Glomerular Filtration Rate (eGFR) is below 60 

mL/min/1.73m
2
. High serum phosphate stimulates the secretion of the Fibroblast Growth Factor 23 (FGF-

23) predominantly by bone osteocytes. Recent finding shows that chronically elevated FGF-23 levels in 

CKD patients are important for the high rates of LVH and the high rates of mortality. Managing phosphorus 

disorders with phosphate binders and secondary hyperparathyroidism with vitamin D analog and 

calcimimetics may theoretically reduce cardiovascular morbidity and mortality. We still need more 

studies on managing phosphorus disorders with phosphate binders, secondary hyperparathyroidism with 

vitamin D analog and calcimimetics and the outcome data on mortality and fractures in CKD patients. 
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1. INTRODUCTION 

 Chronic Kidney Disease (CKD) is a growing 

epidemic in the United States, driven by obesity, 

hypertension, smoking and lipid disorders. Kidney 

Disease: Improving Global Outcomes (KDIGO) has 

defined CKD-MBD as a complex interaction of both 

laboratory abnormalities, bone disease and vascular 

disease (KDIGO, 2009). 

 There are hormonal changes that develop long 

before the mineral changes in patients with CKD occur. 

Increased Parathyroid Hormone (PTH) levels first 

become evident when the estimated Glomerular 

Filtration Rate (eGFR) is below 60 mL/min/1.73m
2
 

(Levin et al., 2007). Recently, there are also data that 

fibroblast growth factor-23 (FGF-23) levels rise early 

in CKD. Plasma calcitriol (1,25-dihydroxyvitamin D 

levels) also fall early in mild to moderate CKD (GFR 

40 to 80 mL min
−1

) and is clearly below normal when 

the GFR is less than 30 mL min
−1

 (Levin et al., 2007; 

Llach, 1995; Koenig et al., 1992; Wilson et al., 1985; 

Gutierrez et al., 2008). Those things happen before the 

changes in calcium and phosphorus. At that time, serum 

calcium and phosphate levels remain within normal 

ranges until eGFR decrease to approximately 20 

mL/min/1.73m
2
 (Levin et al., 2007).  
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1.1. Fibroblast Growth Factor-23 (FGF 23) 

 Fibroblast Growth Factor 23 (FGF-23) is a 

circulating peptide that regulates phosphate 

(Cunningham et al., 2011; Liu et al., 2007; Liu and 

Quarles, 2007). High serum phosphate stimulates the 

secretion of the FGF-23 predominantly by bone 

osteocytes which then act on its target tissues by 

binding to and activating its receptor. Klotho, a 

transmembrane protein produced by the osteocyte, is 

required for FGF-23 receptor activation (Urakawa et al., 

2006). The klotho extracellular domain enhances FGF-

23 binding to its receptor complex with a much higher 

affinity than to Fibroblast Growth Factor Receptor 

(FGFR) alone (Kuro-o, 2006).  

 Klotho is primarily expressed in the distal 

convoluted tubules where it exerts some signaling effects 

(Farrow et al., 2009); however, its major action is on 

proximal tubule cells (John et al., 2011). PTH and 

Klotho increase FGF-23 production by osteocytes, while 

FGF-23 inhibits PTH secretion, thus forming an 

important activation pathway with negative feedback 

control (Krajisnik et al., 2010). Actions of Klotho 

include activation of transient receptor potential calcium 

channels (TRPVs), especially TRPV5 and TRPV6 (Cha 

et al., 2008). TRPV5 is expressed in distal nephrons and 

mediates calcium reabsorption at that site. TRPV6 is 

expressed in small intestinal epithelial cells where it 

mediates calcium absorption. 

 There are two main actions of FGF-23 on the 

kidney. Firstly, it allows the kidney to excrete more 

phosphate and brings the phosphate back down. It 

suppresses the Na/Pi co-transporter activity in the renal 

proximal tubular cells and subsequently reduces renal 

phosphate reabsorption and increases urinary 

phosphate excretion (Miyamoto et al., 2007). 

Secondly, FGF-23 regulates calcitriol production, 

which regulates phosphate absorption. It inhibits the 

1-alpha-hydroxylase enzyme and leads to decreased 

calcitriol synthesis by the kidney (Saito et al., 2003). 

Patients with CKD have significantly elevated FGF-23 

levels due to phosphate retention and decreased 

clearance (Gutierrez et al., 2005; Imanishi et al., 

2004; Larsson et al., 2003). 

 The parathyroid gland is another target organ for 

FGF-23, which acts on the parathyroid gland to 

suppress PTH secretion (Ben-Dov et al., 2007). 

However, the presence of high PTH levels in CKD 

despite high FGF-23 levels suggests that the 

parathyroid is relatively resistant to the elevated levels 

of FGF-23 in uremia. 

 In the past, cardiorenal syndromes were focused 

mainly on how cardiac pump function was altered by 

kidney changes. Now we are learning that, in patients 

with CKD, elevated FGF-23 is independently 

associated with left Ventricular Hypertrophy (LVH) 

(Faul et al., 2011; Stevens et al., 2011). This finding 

shows that chronically elevated FGF-23 levels in these 

patients are important for the high rates of LVH and 

the high rates of mortality that we see in individuals 

with CKD. Currently, maintaining normal levels of 

phosphate with phosphate binders is the main 

treatment for FGF-23 elevation.  

1.2. Phosphate Homeostasis and Alterations in 

CKD 

 In the steady state, the serum phosphate 

concentration is primarily determined by the ability of 

the kidneys to excrete dietary phosphate. Renal 

excretion is so efficient in normal subjects that balance 

can be maintained with only a minimal rise in serum 

phosphate concentration even if phosphate intake is 

increased to as much as 4000 mg day
−1

 (130 

mmol/day). This response is in part mediated by a 

direct effect of minimal hyperphosphatemia to diminish 

proximal tubular phosphate reabsorption, via inhibition 

of sodium-phosphate cotransporters in the luminal 

membrane that allow reabsorption of filtered phosphate 

(Murer, 1992; Murer et al., 1996). 

 Increased secretion of Parathyroid Hormone (PTH) 

also may contribute to the reduction in phosphate 

reabsorption, because some of the excess phosphate may 

complex with calcium in the serum. The ensuing fall in 

serum ionized calcium concentration provides the signal 

for increased PTH release. 

1.3. Options for Managing Phosphorus 

Disorders: Phosphate Binders 

 The 2 main categories of phosphate binders 

(Table 1) are calcium-based and non-calcium-based. 

The commonly used calcium-based ones are calcium 

acetate, which is 25% elemental calcium and calcium 

carbonate, which is 40% elemental calcium. With 

calcium-based binders, there is always the possibility 

of hypercalcemia or perhaps progressing calcium 

phosphate deposition if that is present. The non-

calcium-based binders are sevelamer, in the forms of 

sevelamer hydrochloride and sevelamer carbonate and 

lanthanum carbonate. These bind phosphate as anion 

exchangers and do not necessarily have the effect of 

hypercalcemia in patients. 
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Table 1. Phosphate binders 

Calcium based Calcium free 

-Calcium acetate (25% -Sevelamer hydrochloride 

elemental calcium) -Sevelamer carbonate 

-Calcium carbonate (40%  -Lanthanum carbonate 

elemental calcium) 

 

 However, there are limited outcome data to suggest 

use of one phosphate binder over another. Studies 

comparing calcium-based and non-calcium-based 

binders have investigated mortality, vascular 

calcification and bone outcomes. While some of these 

studies have shown a benefit of using the non-calcium-

based binders such as sevelamer over calcium carbonate, 

others have shown no difference. There is still 

uncertainty about what the data are showing us, so we 

need more studies with hard outcome data on 

mortality and fractures to be able to determine which 

phosphate binders are best to use. Also, patients with 

PTH or serum phosphate levels greater than target 

levels should be on dietary phosphate restriction to 

900 mg day
−1

.  

1.4. Management of Hyperparathyroidism 

 In the past, the management has been to do a 

surgical parathyroidectomy, or to do a partial procedure 

so that you leave some of the parathyroid tissue in and 

bring down the parathyroid blood level. Currently, there 

are 2 classes of drugs that allow us to attempt a medical 

parathyroidectomy. 

1.5. Drugs Based on 1,25-Dihydroxyvitamin D 

 In addition to increasing calcium absorption, these 

drugs act to decrease the secretion of PTH directly. A 

number of these analogues drugs (calcitriol, alfacalcidol, 

doxercalciferol, or paricalcitol) have been developed. 

The goal in using these is to bring down the serum PTH 

and not to increase calcium absorption from the gut or 

calcium resorption and phosphate resorption from bone. 

These agents are very effective. However, treatment with 

a vitamin D analog should not be given to predialysis 

patients with stage 3-5 CKD unless the serum phosphate 

is in the normal range and the corrected serum total 

calcium concentration is less than 9.5 mg dL
−1

.  

 If the serum level of corrected total calcium exceeds 

10.2 mg dL
−1

, ergocalciferol therapy and all forms of 

vitamin D therapy should be discontinued. Vitamin D 

therapy should also be discontinued if intact PTH levels 

become persistently low. 

1.6. Calcimimetics 

 Calcimimetics are agents act on the Calcium-

Sensing Receptor (CaSR), which is present in a number 

of tissues, including the parathyroid gland. The allosteric 

calcimimetics sensitize the gland to the presence of 

calcium (Nemeth and Bennett, 1998) and so they 

decrease PTH. There are 2 different mechanisms 

involved. One acts on PTH directly and also increases 

calcium and phosphate absorption from gut, whereas the 

other one decreases PTH but does so in a pulsatile 

fashion. Where there is kidney function present, this has 

an effect on increasing bone turnover markers. So, they 

have a slightly different action, as one might think.  

 Cinacalcet (Sensipar), the only current available 
calcimimetic, could be useful in predialysis patients 
with secondary hyperparathyroidism that is refractory 
to therapy with vitamin D analogues, calcium 
supplements and phosphate binders. Cinacalcet used 
with lower doses of active vitamin D reduces FGF23 
concentrations, unlike active vitamin D analogues 
alone, which can increase circulating FGF23 
concentrations (Wetmore et al., 2010). Cinacalcet is 
indicated in all dialysis patients with PTH levels >300 
pg/mL who have serum calcium levels >8.4 mg dL

−1
 

(>2.1 mmol L
−1

). Hyperphosphatemia is not a 
contraindication for starting cinacalcet, unlike vitamin 
D analogues. However, hypocalcemia and elevations 
of serum phosphate are observed in the use of 
cinacalcet and requiring for close monitoring.  

2. CONCLUSION 

 Deranged phosphate metabolism in CKD is 

associated with the increased cardiovascular morbidity and 

mortality as well as progression of renal insufficiency. 

Serum PTH and FGF-23 increase in response to rising 

serum phosphate as renal capacity for phosphate excretion 

is lost. Managing phosphorus disorders with phosphate 

binders and secondary hyperparathyroidism with vitamin 

D analog and calcimimetics may theoretically reduce 

cardiovascular morbidity and mortality. We still need 

more studies and outcome data of these agents on 

mortality in CKD patients. 
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