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Abstract

Introduction - It is believed that fibroblast growth factor
23 (FGF23) can become an early biomarker of chronic kidney
disease progression. Data on FGF23 age dependency are
inconsistent. We present the results of the cross-sectional
study concerning FGF23 levels in healthy Polish children.
Material and methods - This study was conducted in
121 children aged 0-18 years. Kidney function and intact
FGF23 levels in serum were assessed. Differences between
age groups and according to gender were analysed.
Results — The difference in FGF23 between age groups
and according to gender was statistically insignificant. In
the youngest and the oldest group, a trend to higher FGF23
levels was observed. FGF23 level in girls tended to be higher
than boys, apart from the age group between 1 and 4 years.
There was a negative correlation between eGFR and FGF23
(r = —-0.26, p < 0.05) —strong in girls (r = -0.38, p < 0.05),
but not in boys. In each age group, we found no significant
correlation between eGFR and FGF23.

Conclusions - Our study supports the evidence that the
FGF23 level in paediatric population is not age or sex depen-
dent. The results can serve as a reference point under clin-
ical conditions and for other studies on the topic.
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1 Introduction

Fibroblast growth factor 23 (FGF23) was described in
2000 as a phosphaturic hormone acting as a regulator
of calcium-phosphate balance affecting serum phos-
phates, parathormone (PTH) and vitamin D (1,25-(OH),-
vitamin D3) levels [1-3]. Protein FGF23 of molecular
weight 32kDa is synthesised mainly by osteocytes and
osteoblasts [4]. FGF23 acts through FGF receptors in
cooperation with Klotho protein. Activated receptors sup-
press the function of two sodium-phosphate co-transpor-
ters in proximal convoluted tubules in kidneys (NPT2 and
NPT2c) inducing phosphaturia and suppressing the for-
mation of 1.25-dihydroxy-vitamin D by inhibiting renal
la-hydroxylase activity [4,5]. FGF23 circulates in serum
in two forms - intact, active form and inactivated c-term-
inal fraction (cFGF23) [6]. It is confirmed that in end-
stage kidney disease, the FGF23 level in serum increases
[7-9]. A growing number of clinical observations and
experimental research involving animals shows that
the FGF23 serum level increases significantly in chronic
kidney disease much earlier than previously used bio-
markers (creatinine, phosphates, vitamin D and PTH)
[10]. Therefore, it is believed that it can become the early
and sensitive biomarker of progression of chronic kidney
disease (CKD) [11]. In view of physiological age depen-
dency of serum calcium and phosphates, it is worth to
investigate if FGF23 is also changing with age, especially
since some data suggest such a relation [12]. In this
article, we present the results of the cross-sectional study
concerning FGF23 levels in the healthy Polish children
population (Figures 1 and 2).

2 Materials and methods

This study was conducted in children aged 0-18 years
randomly selected among children hospitalised on planned
reasons in the Department of Pediatrics, Immunology and
Nephrology of Polish Mother’s Memorial Hospital Research
Institute, Lodz, Poland. The study group comprised of
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Figure 1: FGF23 levels in age groups — total and with sex distribu-
tion. Median of values is presented, p > 0.05.
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Figure 2: Scatter plot of serum FGF23 depending of the age.

patients with no clinically significant disease entities who
were hospitalised in our centre for diagnostic reasons (i.e.
diagnostics of recurrent respiratory tract infections, abdom-
inal pain) or minor surgical procedures. Eventually, gener-
ally healthy children were enrolled into the study, with
negative history of chronic diseases, including chronic
kidney disease, heart diseases, gastrointestinal diseases,
endocrine disorders and other conditions, which could
affect calcium—phosphate balance. To confirm the lack of
health conditions that could interfere with the study aims,
routine biochemical assessments were performed, and the
results referred to reference ranges for age and sex when
applicable. All results were within reference ranges. Patients
with abnormal results were excluded from the study.
Children with vitamin D deficiency (<30 ng/mL) or
after trauma including bone fracture within 3 months
before enrolment were excluded. Local Bioethics Committee
approved the study protocol. Consent of the caregivers was
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mandatory, as well as in the case of children aged 14 years
and older.

Kidney function was assessed by creatinine levels
and the estimated glomerular filtration rate (eGFR) by
Schwartz equation (k x height [cm]/serum creatinine),
with k values different for age and sex groups (k =
0.450, 0.55, 0.7 for children aged <12 months,
<12 years, and girls >13 years and boys >13 years,
respectively).

Intact FGF23 level in serum was assessed with ELISA
kits (R&D Systems, Inc., USA) with 3 pg/mL sensitivity.
Blood sample for assessment was collected fasting in
the process of planned control biochemistry tests. Until
assessment, the samples were stored at —80°C, but no
longer than 3 months.

Normality of distribution was tested with the Shapiro—
Wilk test. Given the nonnormal distribution of FGF23
levels, its values were described by a median with
mean deviation. The differences in proportion were tested
with the chi-squared test. Pearson’s correlation test and
Spearman’s rank test were used to assess proportion
of correlation between variables. A significance level of
p < 0.05 was considered significant.

3 Results

This study was conducted in 121 children (M, 66, p >
0.05). Sex distribution, body mass index (BMI), kidney
function expressed as eGFR (median and interquartile
range), and FGF23 levels (median and mean deviation)
in age groups are presented in Table 1, and results of
biochemical assessments during enrolment to the study
are presented in Table 2. Haemoglobin concentration did
not differ between boys and girls (13.2 vs 12.8 g/dL respec-
tively, p = 0.14).

The difference in FGF23 between age groups was sta-
tistically insignificant. 99pc values for different age groups
were between 32.55pg/mL in 10-14 years group and
68.39 pg/mL in the group younger than 1 year.

In the youngest and the oldest group, a trend to
higher FGF23 levels was observed but without statistical
significance.

Differences between girls and boys were insignifi-
cant. FGF23 level in girls tended to be higher than boys,
apart from the age group between 1 and 4 years.

According to the kidney function, we have found a
negative correlation between eGFR and FGF23 (r = -0.26,
p < 0.05). We have found strong negative correlation
between FGF23 and eGFR in girls (r = -0.38, p < 0.05)
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Table 1: Sex distribution, BMI, serum FGF23 level and eGFR in the age groups

Age (years) Boys Girls Total BMI (kg/m?) FGF23 level (pg/mL) eGFR (mL/min/1.73 m?)
Median (interquartile range) Median (99pc) Median (interquartile range)

<1 8 11 19 14.5 (13.6-15.4) 22.73 (68.39) 106.5 (86.62-129.00)

1-4 19 9 28 15.8 (14.9-17.2) 11.44 (56.74) 143.00 (129.25-157.20)

5-9 19 13 32 15.6 (14.8-16.8) 9.25 (53.96) 170.50 (155.37-196.16)
10-14 14 13 27 19.9 (17.0-21.9) 12.27 (32.55) 153.12 (143.50-173.00)
15-18 6 9 15 20.0 (17.6-22.6) 17.03 (48.08) 144.8 (124.9-165.81)

Total 66 55 121

Table 2: Basic biochemical parameters assessed at the enrolment
to the study

Parameter Mean (SD)

Median (range)

Serum creatinine (mg/dL) 0.45 (0.19)

0.4 (0.2-0.9)
Estimated glomerular filtration rate 147 (35)
(mL/min/1.73 m?) 146.7 (63.3-212.7)
Haemoglobin (g/dL) 13 (1.5)

13.1 (10.5-15.8)
8,990 (3,600)
7,000 (4,170-17,250)

White blood cell count (cells/pL)

C-reactive protein (mg/dL) <0.5
Alanine aminotransaminase (IU/L) 28 (10)

31.5 (10-45)
Serum calcium (mmol/L) 2.58 (0.12)

2.76 (2.48-2.76)
Serum phosphates (mmol/L) 1.77 (0.32)

1.76 (1.31-1.8)
38.3 (30-63.8)
30.6 (20.81-43.87)

25-0OH vitamin D (ng/mL)
PTH (pg/mL)

but not in boys. In each age group, we found no signifi-
cant correlation between eGFR and FGF23.

4 Discussion

Many medical disorders were described in which over-
synthesis of FGF23 results in hypophosphatemia, i.e., X-
linked familial rickets, autosomal dominant and reces-
sive forms of hypophosphatemia, and tumour-induced
osteomalacia [1,13,14]. Clinical studies revealed a positive
correlation between serum FGF23 level and higher left
heart ventricle mass with a trend to its hypertrophy, dete-
rioration of coronary arteries structure, and endothelial
dysfunction [11,15]. Ix et al. study in the adult population
revealed that during the progression of chronic kidney
disease, FGF23 levels begin to increase under eGFR of

90 mL/min/1.73m? [16]. In the paediatric population with
CKD assessed by Portale et al., cFGF23 increased already at
eGFR of 30-90 mL/min/1.73m? [9]. In the majority of the
CKD participants, higher values of FGF23 were observed
before the increase of serum parathyroid hormone and
phosphorus. The authors concluded that in children with
predialysis CKD, high cFGF23 is the earliest detectable
abnormality of mineral metabolism. Therefore, the
hypothesis that the serum FGF23 level could outrun first
biochemical symptoms of calcium-phosphate imbal-
ance in patients with early stages of chronic kidney dis-
ease is justified. Serum FGF23 level could be a promising
early marker of calcium-phosphate imbalance giving an
opportunity to react by implementing adequate therapy
before the first symptom occurs.

Calcium—-phosphate balance markers differ according
to their age dependency. In the paediatric population,
serum 1,25-hydroxylated vitamin D and PTH are age inde-
pendent. Calcium and phosphate levels drop with age
[17]. As FGF23 is a phosphaturic hormone, it could be
hypothesised that the lower serum phosphates the higher
serum FGF23. In the study by Portale et al. on CKD pae-
diatric patients, it was showed that in patients with
eGFR 30-69 mL/min/1.73 m”> when the increase of FGF23
is already marked, serum phosphates are the lowest
reflecting probably FGF’s23 phosphaturic action [9]. In
the later stages of CKD, the overactivity of parathyroids
and kidney phosphaturic disability prevail with the
increase of phosphataemia [18]. Conversely, consid-
ering healthy children, Gkentzi et al. in a study on 159
children aged 2-18 years found a weak positive correla-
tion between serum phosphate and FGF23 [19]. This
finding is inconsistent with the study by Mitchell
et al. who demonstrated that despite phosphate levels
in healthy populations correlate negatively with the age
(r = -0.49, p < 0.001), serum FGF23 levels are not
directly associated with phosphates serum and urinary
levels [20]. They concluded that FGF23 is not associated
with age-related changes in phosphates.
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Data on age dependency of FGF23 are incoherent.
Mitchell et al. in their analysis of 90 girls aged 9-18 years
concluded about lack of correlation between age and
FGF23 or c-terminal FGF23 [20]. The authors hypothe-
sised that similar to age-independent PTH, FGF23 rather
than being the primary regulator of serum and urinary
phosphate excretion acts as a system defending the phos-
phate set point determined by other factors. Gkentzi et al.
also did not observe an association of either form of
FGF23 with age [19]. However, Fischer et al. revealed by
analysis of 424 healthy children that cFGF23 is signifi-
cantly age dependent with highest values in early infancy
and adolescence ((r = —0.22, p < 0.01) [12]. Our results did
not support such a hypothesis — we did not notice a cor-
relation between FGF23 serum levels and age. We found
that FGF23 in healthy paediatric patients does not differ
between girls and boys as well. We have noticed only a
trend for higher values in girls and the youngest and the
oldest group of children, without statistical significance.
Fischer et al. observed similar but significant distribution
of c-terminal FGF23 as FGF23 in our study — higher levels
in infancy and until 3 years of age, stable low levels in
childhood, and again increase in those older than 12 years.
In contrast to our study in the cited paper, the c-terminal
inactive FGF23 was assessed, whereas we assessed active
FGF23. This could be suggestive that c-terminal but not
intact FGF23 is age dependent. Moreover, in that article,
it was stated that cFGF-23 was positively correlated with
serum phosphate concentration. We found no such corre-
lation — it could be associated with different phosphate
status in assessed children.

In our study the youngest children tended to have
higher levels of FGF23. This is also the age group with
the highest phosphate values, as the reflection of bone
formation. The explanation of this phenomenon seems
very interesting and important. One of the FGF23 func-
tions is protection from excessive levels of phosphorus
negatively affecting osteoblasts resulting eventually in
cell death [2]. Hypothetically higher phosphates induce
FGF23 to stimulate phosphate renal excretion and sup-
press intestinal absorption. The precise mechanism of
association among dietary phosphate load, high serum
phosphate, and increased synthesis of FGF23 is still not
clear [2,21,22]. Physiologically associated with bone forma-
tion and growing higher phosphates in infancy and early
childhood could be explained by this hypothesis. But it is
still unclear why adolescents, despite lower levels of phos-
phates, tended to have higher serum FGF23. Supposedly, it
could be connected with a higher burden of phosphates in
the western diet — FGF23 here would be also acting as pro-
tection from excessive phosphate load. In the present
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study, we found no correlation between phosphate levels
and FGF23 values — the FGF23 values in infancy and ado-
lescence were not reflected by higher phosphate concen-
trations in corresponding age groups. However, it needs to
be emphasised that FGF23 levels were not different in age
groups, and the only trend was marked without signifi-
cance. Lack of association between FG23 and phosphate
levels in the healthy population should not be translated
into CKD population as the protective FGF23 action against
excessive phosphate burden was found [2].

We found a tendency to higher values of FGF23 in
the youngest children and adolescent girls. Such a trend
could be hypothetically explained by associations between
FGF23 and iron deficiency. Studies performed in adult
and paediatric population showed that intact and c-term-
inal FGF23 is correlated with poor iron status, and a
decrease in FGF23 level can be noticed after iron supple-
mentation [23-25]. The pathophysiology of this finding
still needs clarifying. Infants of mothers with pregnancy
iron deficiency and adolescent girls can be considered as
iron deficiency risk populations. However, in our study,
we did not assess the iron status of patients because they
all were healthy without anaemia. In light of the former
and FGF23 level, age independency considerations on the
association between FGF23 and iron status can be only
hypothetical.

In different conditions affecting calcium—-phosphate
balance characterised by stimulation of FGF23, its increase
is in general very high, way beyond upper range limits for
the healthy population. In a small Polish study, in 37
children assessed with chronic kidney disease stage 3,
median plasma FGF23 level ranged from 179 to 750 ng/L
(1ng/L = 1pg/mL), while in the control healthy group, it
was 55ng/L (IQR, 30-108) [8]. In Portale et al. study the
median plasma FGF23 level was 2.4 times higher in CKD
2-4 patients than in 42 healthy children of comparable
age of 12 + 4 years (138 RU/mL vs. 57 RU/mL, respectively;
according to the manufacturer 1 RU/mL is roughly 2 pg/mL).
Individuals with CKD 2 had median FGF23 equal to 93
RU/mL (around 200 pg/mL) without any other changes
in calcium—phosphate balance [9]. Noteworthy, in this
study, as “healthy” were considered children whose
eGFR was >70 mL/min/1.73m? Therefore, the children
with mild kidney dysfunction were not excluded, so
obtained normal value Of FGF23 could be overestimated.
In 2012, Fischer et al. published paediatric age- and
gender-related percentile charts and z-scores for cFGF-
23. The 97th percentile of cFGF23 ranged from 324 kRU/L
in infants to 100 kRU/L in 18 years old [12].

It is difficult to compare all available data on the
subject because of different methodologies concerning
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the assessed marker — some of studies based on intact
FGF and others on c-terminal FGF23. Some data suggest
superiority of c-terminal FGF23 assessment because of
lower variability of results, the better precision of assess-
ment, and better correlation with worsening of kidney
function [26,27]. In our study, intact FGF23 level was
assessed so it is impossible to compare the results with
the German study. In general, measured levels of cFGF23
are higher than intact FGF23, but there are no data about
converting one to another. In our healthy population, we
have noticed a small range span of intact FGF in each age
group. The 99th percentile for FGF23 range in each group
varied from 32.55 pg/mL in children aged 10-14 years to
68.39 pg/mL in children younger than 1 year. As reported
by other studies, values under disease conditions are sig-
nificantly higher than detected in the healthy population
of our study [8]. Given the unavailability of serum intact
FGF23 reference values in paediatric population, our
study provided valuable contribution to the interpreta-
tion of calcium-phosphate disturbances. Combined with
other still scarce data on intact FGF23 values in healthy
children, we provide an useful tool for recognising the
early onset of otherwise asymptomatic early stages of
bone disorders in children of the population at risk, espe-
cially CKD children. Values of intact FGF23 measured in
our population can serve as a reference point under clin-
ical conditions and for other studies on the topic.

5 Conclusion

Our study supports the evidence that FGF23 level in pae-
diatric population is not age or sex dependent.
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