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Investigating FGF23 levels and its relationship with declining renal function in paediatric patients with pre-dialysis CKD stage 3-5
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Problem: FGF23 has several endocrine effects on bone mineral metabolism. It is phosphaturic and inhibits the 1 alfa hydroxylation of 25 (OH) vitamin D. There are scanty data describing circulating concentrations of FGF-23 with declining renal function in children with pre-dialysis CKD stages 3-5.
Purpose: To investigate (i) the prevalence of elevated FGF23 and (ii) any relationship between FGF23 levels and degree of renal dysfunction in paediatric patients with pre-dialysis CKD stages 3-5.

Design: Single centre prospective observational study at the pre-dialysis CKD clinic at Evelina Children’s Hospital, London. 71 children aged 11.9 ± 3.1 years, of whom 43(60.6%) were male, were enrolled between March’06 and October’09. 58 (81.7%) had a congenital nephropathy or dysplasia. FGF23 levels were measured at usual clinic visit in addition to anthropometry and routine laboratory investigations including serum creatinine, albumin, calcium, phosphorus and intact parathyroid hormone. Serum intact FGF23 concentrations were measured by a second-generation, two site, monoclonal antibody ELISA (Kainos Laboratories International, Tokyo, Japan).
Findings: 14 (19.7%) patients had normal FGF23 levels defined as <50 ng/L. FGF23 [median, (IQR)] levels were 78.7 (55.6, 137.6) ng/L and following log transformation normalised data with log FGF23 (mean ± sd) values of 1.96 ± 0.4 ng/L. Log FGF23 levels negatively correlated with eGFR (r= -0.48, p< 0.0001), positively correlated with serum phosphate (r=0.25, p=0.03) and percent fractional excretion of phosphate (r=0.43, p=0.01) and not with log iPTH (p=0.22). Log FGF23 levels were higher in 48 patients on vitamin D than the 23 patients on no vitamin D (2.04 ± 0.43 versus 1.80 ± 0.26 respectively; p=0.005). 
	Parameter
	CKD 3

(n=34)
	CKD 4

(n=25)
	CKD 5

(n=12)
	p value

	eGFR (ml/min/1.73m2)
	43.6 ± 8.9
	22.8 ± 4.3
	11.5± 2.8
	<0.0001

	Serum calcium (mmol/l)
	2.36 ± 0.10
	2.37 ± 0.08
	2.44 ± 0.12
	0.04

	Serum phosphate (mmol/l) 
	1.39 ± 0.21
	1.44 ± 0.25
	1.50 ± 0.19
	0.35

	Serum calcium x phosphate  (mmol2/l2)
	3.28 ± 0.54
	3.40 ± 0.60
	3.64 ± 0.36
	0.14

	Serum log iPTH (ng/l) 
	1.77 ± 0.31
	1.86 ± 0.29
	2.01 ± 0.44
	0.12

	FGF23 (ng/l) [median (IQR)]
	58.6 (53.3,71)
	95.3 (65.9, 141.6)
	291 (193.4, 618)
	<0.0001

	Log FGF23 (ng/l)
	1.79 ± 0.18
	1.96 ± 0.41
	2.47 ± 0.43
	<0.0001

	Fractional excretion of phosphate in random urine specimen (%) 
	n=18

15.5 ± 7.8
	n=11

28.3 ± 9.2
	n=4

29.6 ± 13.2
	0.0009

	Hydroxylated vitamin D3 dose

microg/day
	n=17
0.29 ± 0.10
	n=20
0.43 ± 0.24
	n=11
0.45 ± 0.25
	0.07

	Phosphate binder dose of elemental Ca g/day
	n=12

1.03 ± 0.43
	n=20

1.28 ± 0.97
	n=10

1.38 ± 0.52
	0.53


Conclusion: In this largest and only report in children with pre-dialysis CKD despite all children having excellent serum phosphate control, 35 (49.3%) had elevated PTH (> 65 ng/l) and 57(79.3%) had elevated FGF-23 levels associated with increased phosphaturia. These observations clearly show that counter-regulatory phosphate-reducing mechanisms in children with CKD are very active even with modest kidney functional loss.

Relevance: In children with CKD, FGF23 may offer new insights in to management of CKD associated mineral bone disease. 
