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Dear Sirs,

High frequencies (40–90%) of hypophosphatemia in the

first month after successful kidney transplantation have

been reported [1–6]. The consequence of hypophosphat-

emia and even its frequency beyond the first year are less

known; in particular, data on long-term outcomes of this

frequent laboratory abnormality are sparse, inconsistent,

and based on studies mainly focussing on hyperphosphat-

emia [2–6]. Today, it is still debatable whether or not a low
phosphate level is an independent risk factor for any

adverse outcome, or just a marker of other causes. We

therefore investigated the prevalence and natural course of

post-transplant hypophosphatemia in our centre. Its rela-

tionship with long-term outcomes and associated risk fac-

tors were then explored.

All kidney-only adult (≥18 years at transplant) patients

transplanted during 1 January 2000 to 31 December 2010

with >6 months follow-up were included. Demographics,

pre- and post-transplant creatinine, bone mineral parame-

ters as well as clinical data including death and graft failure

information were completely recorded in our transplant

database [7,8]. Patients were grouped into low (<0.8), nor-
mal (0.8–1.5) and high (>1.5 mmol/l) phosphate groups

based on their 6-month phosphate levels. End of observa-

tion date is 15 October 2011.

In the 776 qualified subjects, there were 279 (36.1%)

patients with low phosphate at 6-month

(0.69 � 0.08 mmol/l), 7 (1%) were <0.5 mmol/l. They had

more male (67.7% vs. 57.5% and 58.8% in normal and high

phosphate group, P = 0.003), received organs from youn-

ger donor (50.8 � 14.9 vs. 53.7 � 15, 53 � 16.3 year-old

in normal and high phosphate group, P = 0.01). Normal

phosphate group was slightly older (50.4 � 14.9, vs.

48.2 � 13.6, 46.3 � 16.5 year-old in low and high phos-

phate group, P = 0.04). Other clinical features, including

dialysis duration, body mass index , donor type, initial

immunosuppression were the same. Twenty-five to 30%

transplant patients remained hypophosphatemic for up to

10 years. Although their phosphate levels improved later

(0.76 � 0.14, 0.8 � 0.18, 0.84 � 0.23, 0.89 � 0.29 mmol/

l at 1-, 3-, 5- and 10-year, P < 0.05 comparing with

6-month), they stayed significantly lower for at least 5 years

compared with normal phosphate patients (1 � 0.16,

1.02 � 0.22, 1.05 � 0.24, 1.02 � 0.25 mmol/l at 1-, 3-, 5-

year, respectively, P < 0.05). Meanwhile, low phosphate

group exhibited higher eGFR (7–10 ml/min higher than

normal phosphate group at 1-, 3-, 5-year, P < 0.05). They

also had higher serum calcium, lower Ca 9phosphate

product and higher calcitriol levels. No difference in para-

thyroid hormone (PTH) levels. The more favourable bone-

mineral metabolic profile likely reflected better allograft

function.

Outcomes examined included overall patient mortality,

death-censored graft survival and graft survival. High-

phosphate group (17 cases) had significantly worse

outcomes (time to death 8.3 � 1.2 years, time to death-

censored graft failure 6.9 � 1 years, to graft failure

5.7 � 1 years, P < 0.05 for all) compared with low- and

normal-phosphate group. They were excluded from further

comparison. Results of univariate and multivariate Cox

regression analysis were summarized in Table 1. In univari-

ate analysis, low phosphate group had better graft survival

(time to event: 10.3 � 0.3 for low phosphate group,

9.0 � 0.2 years for normal phosphate group, P < 0.001)

and death-censored graft survival (time to event:

11.1 � 0.2 for low phosphate group, 10.1 � 0.2 years for

normal phosphate group, P = 0.004). Advantages of low

phosphate group over normal phosphate group were only

present when eGFR was <60 ml/min (191 cases in low and

381 cases in normal phosphate group). When adjusted by

other co-factors separately, the association between low

phosphate and less death-censored graft failure was attenu-

ated only when eGFR was introduced. None of the co-fac-

tors analysed offset the association between low phosphate

group and improved overall graft survival.

We observed significant effects of hypophosphatemia at

month 6 on all outcomes in univariate analysis. In multi-

variate analysis, it remained a major factor for graft

survival, along with eGFR, however not for mortality or

death-censored graft survival. The reason is unclear. Both
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age and donor age differed in these groups and both were

important factors for mortality and graft survival. In addi-

tion, it likely indicates that hypophosphatemia itself is not

strong enough to be an independent risk factor for these

outcomes. Given the fact that effects of hypophosphatemia

were only evident when allograft function was relatively

compromised, and they were eliminated when eGFR was

introduced, it is reasonable to postulate that hypophophat-

emia is mainly an indicator for excellent kidney function

rather than having direct favourable effects on long-term

outcomes. Allograft function is most likely the crucial role

for long-term outcomes. This notion can be supported by

the pathophysiology of post-transplant hypophosphatemia

elucidated over the last decade [9].

Previous studies on the course of post-transplant hypo-

phosphatemia mainly focus on the first year, and the preva-

lence beyond this first year is solely from cross-section

studies [1,9]. There were only limited numbers of

long-term survival study on hypophosphatemia [2,5]. We

identified a high frequency of hypophosphatemia after

transplantation that persists in about one-third of patients.

Studies have linked low phosphate level predominantly to

fibroblast growth factor 23 (FGF23) within the first year [1]

and to PTH at later times [9]. Because of the retrospective

nature of our study, FGF23 was not available and PTH data

were incomplete. Further study, preferably prospective

study, is needed to fully establish their association.

Limitations of our study include: It is a retrospective

study not designed to explore the risk factors of hypophos-

phatemia or survival. FGF23 was not measured, and PTH

and Vitamin D profile, and some important clinical data

such as fracture, were incomplete in some patients. Medica-

tion effects, as well as comorbidity, were not investigated.

However, our large sample size and the long and complete

follow-up allow us to describe the natural course and

address long-term outcomes suitably.

In conclusion, hypophosphatemia is a frequent and

mostly neglected observation after renal transplantation. It

persists for up to 10 years in 25–30% of transplant patients,

with a more favourable bone-mineral metabolic profile and

higher eGFR. It is associated with superior graft survival,

however, most likely because of better allograft function

rather than an independent factor for graft survival.

Because of the retrospective nature of our study, additional

study, especially prospective study, is required to validate

our findings, to evaluate chronic complications of hypo-

phosphatemia, and to assess the necessity and indication

for treatment.

Table 1. Estimates of confounding predictors* of long-term outcomes using Cox proportional hazards model.

Univariate Multivariate

HR (95%CI) P HR (95%CI) P

Parameters for all-cause mortality

Phosphate at 6 m, normal versus low 1.82 (1.11–2.99) 0.017 – NS

Age at transplantation, older versus younger 4.85 (3.07–7.67) <0.001 3.88 (2.23–6.74) <0.001

Donor Type, deceased versus living donor 2.99 (1.68–5.36) <0.001 – NS

Donor Age, older versus younger 2.53 (1.67–3.83) <0.001 1.66 (1.03–2.67) 0.039

eGFR at 6-month, < vs. >33.19 ml/min† 3.51 (2.02–6.10) <0.001 2.37 (1.26–4.45) 0.007

Parameters for graft failure, death-censored

Phosphate at 6 m, normal versus low 2.25 (1.28–3.95) 0.004 – NS

Donor Type, deceased versus living donor 2.77 (1.57–4.89) <0.001 1.94 (1.06–3.55) 0.033

Donor Age, older versus younger 1.59 (1.06–2.39) 0.025 – NS

eGFR at 6-month, < vs. >33.19 ml/min 8.02 (4.78–3.46) <0.001 5.51(3.02–10.06) <0.001

Phosphate Supplement (non user versus user) 2.61 (1.45–4.68) 0.001 – NS

Parameters for graft failure, non death-censored

Phosphate at 6 m, normal versus low 2.00 (1.35–2.98) 0.001 1.63 (1.06–2.49) 0.025

Age at transplantation, older versus younger 1.89 (1.40–2.55) <0.001 – NS

Donor Type, deceased versus living donor 3.05 (1.97–4.73) <0.001 2.21 (1.37–3.59) 0.001

Donor Age, older versus younger 1.91 (1.41–2.61) <0.001 1.55 (1.08–2.21) 0.017

eGFR at 6-month,< vs. >33.19 ml/min 5.63 (3.71–8.56) <0.001 3.95 (2.42–6.44) <0.001

*Putative risk factors studied used for univariate analysis include gender, age, donor type and age, body mass index and phosphate supplement use.

The following laboratory parameters were transformed from continuous variables into categorical variables: calcium and albumin-corrected calcium,

transformed into <2.2, 2.2–2.6 and >2.6 mmol/l groups; calcium9phosphate product, <4 and >4; PTH, <6.8, 6.8–50 and >50 pmol/l; calcidiol, <12,

12–40, 40–75 and >75 nmol/l; calcitriol into its quartiles. Only those of which with significant association (P < 0.2) in univariate analysis were then

entered into multivariate analysis.

†Value is the threshold to predict low and normal phosphate.

NS, nonsignificant.
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