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Post-transplant hypophosphatemia is a very common electrolyte 
disturbance following successful kidney transplantation. The 
incidence is up to 93% [1]. Similar to non-transplant patients, the 
pathogeneses of post-transplant hypophosphatemia includes shifts 
of intracellular phosphate, decreased phosphate intake, and excessive 
phosphate loss. Post-transplant factors may also contribute to 
hypophosphatemia. Shifts in intracellular phosphate are uncommon 
and post-transplant medications, including commonly used 
immunosuppressive medications, do not cause phosphate shifts. 
The majority of end-stage renal disease (ESRD) patients adhere to a 
dietary phosphate restriction and inadequate dietary phosphate intake 
may persistent and cause hypophosphatemia in the functioning renal 
allograft. Excessive phosphorus loss from urine plays a major role in 
causing post-transplant hypophosphatemia.

During the pretransplant period, the majority of chronic kidney 
disease (CKD) or ESRD patients have hyperphosphatemia secondary 
to decreased urinary phosphate excretion. To regulate this phosphate 
imbalance, expression of phosphaturic hormones such as parathyroid 
hormone (PTH) and fibroblast growth factor (FGF) 23 ensure an 
increase in renal phosphate excretion.

PTH and FGF 23 normalize with 3-6 months and 12 months 
respectively after successful kidney transplantation [2-4], and 
there is regression of renal phosphate wasting within 1 year post-
transplantation [4]. However, some kidney transplant recipients may 
have persistently elevated levels of PTH and FGF 23 which cause 
decreased proximal phosphate reabsorption and renal phosphate 
wasting [5, 6]. Post-transplant hypophosphatemia is often secondary 
to a PTH-independent mechanism [7] which suggests that FGF 
23 or other phosphaturic hormones play an important role in 
post-transplant renal phosphate wasting [4, 8-11]. Apart from the 
pretransplant factors causing urinary phosphate loss, post-transplant 
factors also worsen hypophosphatemia. Post-transplant renal tubular 
dysfunction, immunosuppressive medications such as calcineurin 
inhibitors [12], glucocorticoids [13, 14], vitamin D deficiency further 
enhance renal phosphate wasting. In addition, glucocorticoids [15, 
16], and vitamin D deficiency increase intestinal phosphate losses. 

Hypophosphatemia can cause mild to severe complications. In 
the early post-transplant period, hypophosphatemia can cause muscle 
weakness, rhabdomyolysis, hemolytic anemia, or even respiratory 
failure; however, these complications are rare. More prevalent are 
chronic kidney disease-mineral bone disorders (CMD-MBD), which 
are composed of the constellation of 1) Biochemical disturbances of 
calcium, phosphorus, PTH, and vitamin D 2) Soft tissue or vascular 
calcifications and 3) Renal bone diseases. 

In non-dialysis dependent CKD, hyperphosphatemia is 
associated with increased mortality [17]. Hyperphosphatemia is also 
associated with increased mortality in dialysis patients especially 
in African Americans [18]. Similar to non-transplant patients, 
hyperphosphatemia in post-transplant recipients has been associated 
with worsening patient survival as well as poorer renal allograft 
outcomes. On the other hand, post-transplant hypophosphatemia 
was associated with better graft function and survival. 

Huber et al [19] conducted an observational study demonstrating 
that of 776 kidney transplant recipients with more than 6-month 

follow-up, 279 (36.1%) had hypophosphatemia (< 0.8 mmol/l) at 
6 months. Hypophosphatemic patients had higher serum calcium 
levels, a lower Ca x phosphate product, and higher calcitriol levels. 
Overall patient survival, graft function and death-censored graft 
survival worsened in hyperphosphatemic patients. The authors 
concluded that hypophosphatemia is an indicator of excellent kidney 
function, but it does not have direct effects of on long-term outcomes.   

Although post-transplant hypophosphatemia resolves in the 
majority of the patients, long-term complications of untreated 
hypophosphatemia especially CKD-MBD can occur. Therefore, 
hypophosphatemia should be treated early in kidney transplant 
recipients.

In ESRD patients, hyperphosphatemia is controlled by dialysis, 
phosphate blinders, and/or dietary phosphate restriction. Apart from 
dialysis, treatment for post-transplant hypophosphatemia can range 
from nutritional intervention to pharmacological therapy.

Ambuhl et al [1] randomized 28 kidney transplant recipients 
with stable functioning renal allograft (≥ 30 mL/min) and mild 
hypophosphatemia (0.3-0.75 mmol/L) into 2 groups: neutral sodium 
phosphate (Na2HPO4) versus sodium chloride (NaCl) therapy. After 
12 weeks, both groups had normal and similar mean serum phosphate 
concentrations, but the number of patients with hypophosphatemia 
was higher in the NaCl group compared with the Na2HPO4 group 
(93% versus 67%). In addition, neutral phosphate did not affect 
serum calcium or PTH and significantly improved metabolic acidosis 
by increased urinary titratable acidity. The authors concluded that 
oral neutral phosphate corrects post-transplant hypophosphatemia, 
improves renal acid excretion, and had no effect on mineral 
metabolism.

Another prospective study by Caravaca et al [20] followed 32 
kidney transplant recipients with well-functioning allografts with a 
mean time post-transplant of 41± 18 months. After a 1-month washout 
period for an oral phosphate supplement, the subjects received 
neutral phosphate 1.5 g orally for 15 days with the usual diet. Serum 
phosphorus, PTH, and urinary phosphate excretion were significantly 
increased, while serum calcium, 1, 25-dihydroxycholecalciferol (1, 25-
(OH)2 vitamin D), and urinary calcium excretion were significantly 
decreased. The authors concluded that phosphate supplement could 
worsen hyperparathyroidism in the late post-transplantation period.

In addition to phosphorus supplementations, calcimimetic 
agents and vitamin D are also utilized in kidney transplant recipients.  
Cinacalcet, a calcimimetic agent, indirectly activates the calcium 
sensing receptor (CaSR) by increasing calcium sensitivity of the 
receptor. The different alterations and the therapeutic implications 
for biochemical parameters of mineral and bone metabolism are 
outlined in Table 1.

In chronic dialysis patients, cinacalcet decreases serum calcium, 
phosphorus, and PTH [21]. The effect on serum phosphorus is due to 
decreased phosphorus release from bone, increased phosphorus bone 
uptake, and decreased intestinal phosphate absorption [22]. Serum 
calcium levels are also decreased with cinacalcet. There is decrease 
bone turnover; serum alkaline phosphatase is lower [23]; intestinal 
calcium absorption is reduced, and urinary calcium excretion is 
enhanced [24, 25]. The biochemical effects of cinacalcet on serum 
phosphorus and calcium are opposite to those of vitamin D [26], but 
are similar to the consequences of a medical parathyroidectomy [27, 
28] and hungry bone syndrome [29]. As a calcimimetic, the action 
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of cinacalcet on parathyroid glands causes CaSR-dependent PTH 
secretion and lower serum PTH values [21, 30].      

Cinacalcet may decrease FGF 23 in non-dialysis CKD and 
kidney transplant patients [31, 32], and decreases urinary phosphate 
excretion. This leads to an increase in serum phosphorus level [25, 31, 
33-35]. As a result of its action on CaSR, cinacalcet decreases PTH 
secretion. In turn, there is decreased PTH action on proximal renal 
tubular epithelial cells which results in decreased formation of 1, 25-
(OH)2 vitamin D [36, 37].

Hypocalcemia in the pretransplant period generally 
normalizes after successful kidney transplantation as secondary 
hyperparathyroidism (SHPT) resolves. In the setting of post-
transplant hypophosphatemia, 1, 25-(OH)2 vitamin D activity 
should be high and even normal vitamin D levels are inappropriately 
low. Vitamin D therapy could be used to increase serum levels of 
calcium and phosphorus. Vitamin D directly stimulates intestinal 
calcium and phosphate absorption while suppressing PTH excretion. 
As a result, urinary phosphate excretion is decreased. However, 
some patients may develop persistent SHPT which results in post-
transplant hypercalcemia, This generally occurs in the first 10 days 
of transplantation but in some instances it may occur more than six 
months later [38, 39]. In addition, resolved uremia and improved 
nutritional status following successful kidney transplantation 
normalize hypoalbuminemia and can cause a  mild post-transplant 
hypercalcemia. This limits the use of vitamin D therapy.

Pharmacological intervention for hypophosphatemia can 
potentially cause unfavorable side effects (Table 2). As mentioned 
earlier, phosphate supplementation can worsen hyperparathyroidism 
in the late post-transplantation period. The administration of cinacalcet 
can lead to persistent post-transplant hypocalcemia. The PTH level 
is depressed with cinacalcet while vitamin D supplementation can 
further depress PTH. However, over suppression of PTH should 
be avoided in these patients as it can result in low bone turnover 
or adynamic bone disease. This can be diagnosed by bone biopsy 
and bone histomorphometry, but it is not commonly performed in 
clinical practice.

Since there are numerous potential adverse effects of 
pharmacological intervention, nutritional intervention for post-

transplant hypophosphatemia should always be an integral part of 
bone management.  

There are 3 sources of dietary phosphorus: organic phosphorus 
in plant foods, organic phosphorus in animal protein, and inorganic 
phosphorus. Organic phosphorus in plant foods e.g. phytates, 
seeds, nuts, legumes, etc. have the lowest phosphorus bioavailability 
(20-40%) due to a lack of the enzyme phytase. The phosphorus 
bioavailability in animal-derived foods is up to 40-60% because this 
source of phosphorus is easily hydrolyzed and absorbed. Inorganic 
phosphorus has 100% bioavailability [40, 41] and is commonly found 
in food additives and preservatives.

The major source of dietary phosphorus is derived from protein 
and there is a strong association between dietary protein and 
phosphorus intake [40]. However, given the varied bioavailability 
of phosphorus from different sources and inorganic additives in 
processed foods [42], the estimated phosphorus content may not 
be accurate [43]. For CKD patients, it is recommended that they 
consume food that are low inorganic phosphorus or have foods with 
a low phosphorus-to-protein ratio. Adequate protein content foods 
[40] can be derived from nondairy products and animal-derived 
foods e.g. egg white [41]. In addition, food preparation such as boiling 
can decrease the overall phosphorus content of food but still preserve 
the overall protein content [44]. Even soaking meat  in cold water for 
1 hour before thermal processing can further lower the  phosphorus 
content of the food [45]. 

For kidney transplant recipients with hypophosphatemia, there 
is no strong evidence supporting any particular high phosphorus-
containing diet. High quality animal-derived protein, dairy 
products, or dark-color beverages are commonly prescribed for 
hypophosphatemic patients. However, in our opinion, food selection 
should be individualized in order to avoid the unintentional side 
effects previously listed for these high phosphorus-containing diets. 
For instance, a soft drink rich in phosphorus is frequently prescribed 
in newly transplanted kidney patients with hypophosphatemia 
because they need not only high phosphorus intake, but they also 
require adequate hydration in order to avoid dehydration. However, 
these beverages also have a high sugar content, which should be 
avoided in kidney patients especially those with concomitant diabetes 
mellitus. 

Table 1: The effects of cinacalcet on biochemical parameters of mineral and bone metabolism.
1, 25-(OH)2 vitamin D, 1, 25-dihydroxy vitamin D FGF 23, fibroblast growth factor 23 NA, not applicable.



Scientific Journal of Food Science & Nutrition

SCIRES Literature - Volume 2 Issue 1 - www.scireslit.com Page - 004

Table 2: Pharmacological interventions for post-transplant hyperphosphatemia and their adverse effects PTH, parathyroid hormone.

Table 3: Three different sources of dietary phosphorus and methods for food preparation reducing its phosphorus content for CKD and ESRD patients and kidney 
transplant recipients.
✓ = Recommended
✗ = Not recommended
? = Unclear

Sources of dietary phosphorus and methods of food preparations 
recommended for CKD and ESRD patients as well as those suggested 
for kidney transplant recipients are summarized in Table 3.

Successful therapy for hyperphosphatemia in advanced CKD 
and ESRD requires understanding and adhering with a renal specific 
diet, phosphate binders, and dialysis [46]. Unlike patients with 
advanced CKD or on dialysis, kidney transplant recipients with well-
functioning allografts do not need to be restricted by a “renal diet” or 
a fluid restriction. They are advised to eat a “normal diet” and drink 
plenty of fluids. If these patients are unfamiliar with high phosphorus 

containing food, they are prone to develop hypophosphatemia. 
This may worsen or prolong their hypophosphatemia. Therefore, 
education which provides the rational for these changes, will increase 
understanding and enhance adherence to an appropriate diet in post-
transplant patients [47]. 

Although a phosphate restriction is not applicable to a patient 
with good renal allograft function, a diet with a high phosphorus-
to-protein ration and rich in inorganic phosphorus-containing 
preservatives should be avoided in kidney transplant recipients with 
failing allografts. 
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CONCLUSION
Post-transplant hypophosphatemia is a very common electrolyte 

disturbance especially in the early post-transplant period. Although 
it rarely leads to serious complications, the potential for long-term 
consequences such as metabolic bone disorders is of concern. 
Pharmacological therapy may worsen these disorders with serious 
alterations in other electrolytes and hormones. Nutritional 
intervention should always be an initial strategy to correct 
hypophosphatemia and avoid adverse effects of pharmacological 
intervention. However, with limited evidence, further studies are 
required to help guide us as to what constitutes optimal therapy.
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