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Abstract: Background: Over the past decade, our under-standing of phosphate homeostasis has increased through
the identification of phosphatonins. First case of Iron — induced hyphosphatemic osteomalacia associated with
significant FGF23 elevation was reported in 2009. Patients and Methods: 47 patients on regular HD (Group A) and
12 CKD patients stages 3 & 4 (Group B) were included in the study.For each patient the following was done: serum
calcium, serum phosphorus, calcium — phosphorus product, serum alkaline phosphatase, PTH, FGF23, serum Iron,
serum ferritin, Hb, Het, TSAT, and TIBC. Results: PTH was higher than recommended range in both Group A and
Group B. FGF23 was also higher than normal in the two groups, and it was affected by serum creatinine in Group A
in Multiple Regression Analysis (P = 0.03136). FGF23 didn't have any relationship to phosphate or PTH in our
study. PTH had a positive correlation to Hb (P = 0.052) and serum ferritin (P = 0.009) in HD patients group A but
not in CKD group B patients. Iron, Hb & TSAT had an inverse correlation to FGF23 in CKD patients group B (P =
0.028, P = 0.044, P = 0.025 respectively), but not in HD patients group A. Conclusion: PTH and phosphate are not
the only factors affecting FGF23 in CKD and HD patients, but also Iron and Iron parameters have a great impact on
FGF23 serum level.
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1. Introduction low iron status may be involved in the etiology of
Traditionally,  the  parathyroid  hormone Gambian rickets. They also found that circulating
(PTH)/Vitamin D axis provided the conceptual concentrations of FGF 23 were inversely proportional
framework to wunderstand mineral metabolism. with hemoglobin concentration. This study provided
FIBROBLAST GROWTH FACTOR 23 (FGF23) is a support for the contention that iron may be involved in
recently discovered hormone, predominantly functions FGF23 metabolic pathways.
are to inhibit renal tubular reabsorption and suppress Imel et al. (2011), found that low serum iron was
circulating 1, Dihydroxycholecalciferol levels by associated with elevated FGF23 in autosomal
decreasing Cyp 27 bl- mediated formation and dominant hypophosphatemic rickets (ADHR).
stimulating Cyp 24 — mediated catabolism of 1, Parenteral iron administration has been
Dihydroxycholecalciferol. associated with hypophosphatemia and osteomalacia
FGF23 participates in a new bone / kidney axis (Sato et al. (1997) ; Sato and Shikari, Okada et
that protects the organism from excess vitamin D and al.(1982); Okada et al.(1983), Schouten et al., a).
coordinates renal phosphate handling with bone This complication is neither widely appreciated
mineralization / turnover. Abnormalities of FGF23 nor acknowledged in reviews on iron therapy or in
production underlie many inherited and acquired product information sheets. The condition is
disorders of phosphate homeostasis. Abnormalities of characterized by reduced renal phosphate reabsorption
FGF23 production underlie many inherited and and inhibition of 1- hydroxylation of vitamin D. (Sato
acquired disorders of phosphate homeostasis. (Martin et al., Sato and Shikari, Chronic kidney disease (CKD)
et al., Braithwaite et al. (2012 b), found a relationship is a public health epidemic that affects millions of
between Iron and FGF23, metabolic pathways have people worldwide. Presence of CKD predisposes
been proposed. Iron deficiency anemia is prevalent in individuals to high risk ESRD, cardiovascular disease
the Gambia and concentrations of FGF23 are elevated and premature death. Disordered phosphate
in a large percentage of Gambian children with homeostasis with elevated circulating levels of FGF23
rickets-like bone deformity. Authors speculated that is an early and pervasive complication of chronic
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kidney disease (CKD). CKD is likely the most
common cause of chronically elevated FGF 23 levels
and the clinical condition in which levels are most
markedly elevated (Wolf).

Patients

This study was performed in Theodor Bilharz
Institute between January 2012 and July 2013. Fifty
nine patients were included in the study. Group A
comprised 47 patients on prevalent hemodialysis and
Group B comprised 12 patients with chronic kidney
disease (CKD) stages 3 & 4, under treatment.

ELIGIBILITY CRITERIA for group A patients
were being adult (age more than 18 years), receiving
hemodialysis sessions of four hours duration each,
three times per week, for least 6 months, using
bicarbonate dialysate and polysufone hollow-fiber
with surface area 1.3 to 1.6 meter square.

ELIGIBILITY CRITERIA for Group B patients
were being above 18 years and having CKD stages 3
& 4 as determined by having glomerular filteraion rate
(eGFR) of 15 -59 ml/ mn/ 1.73 m” surface area.

EXCLUSION CRITERIA included patients with
co-morbid diseases, acute anemia, chronic liver
disease, terminal illness, malignancy and other chronic
inflammatory states. We excluded from the study
patients using temporary central venous catheters,
arteriovenous  grafts, patients receiving blood
transfusion in the last three months or having occult
blood gastrointestinal bleeding (determined by occult
blood in stool test). Complete clinical examination
was done for all patients with hemodialysis data for all
patients and emphasis on drug doses. Serum calcium,
serum phosphate, serum parathyroid hormone, serum
alkaline phosphatase, serum creatinine, blood urea,
Hemoglobin (Hb) level, Hematocrit (Hct) level, Iron
profile serum iron, serum ferritin, Transferrin
Saturation Ratio (TSAT), Total Iron Binding Capacity
(TIBC), and serum Fibroblast Growth Factor (FGF23)
were all done.

All samples were withdrawn predialysis.
2.Methods

Serum Calcium: " Quantichrom TM Calcium
Assay Kit " quantitative determination of calcium ion
Ca"" by calorimetric method (612 nm), Bio Assay ")
systems, Serum Phosphorus: " Quantichrom TM
Phosphate Assay Kit " quantitative determination of
phosphate by colorimetric method (620 nm), Bio
Assay systems (2007)

Parathyroid Hormone: The intact PTH Immuno-
Assay a two-side ELISA, PTH (human) ELISA Kit ].
Catalog Number 0924 KA, Kruger et al., Alkaline
Phosphatase (ALP): " Alkaline Phosphatase Kit "
(Biomed diagnostics, Germany), Normal level ranges
between 39 to 117 U/L. (Kochmar and Moss, Serum
Creatinine: " Enzy - Chrom TM Creatinine Assay Kit
" Quantitative determination of Creatinine by
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Colorimetric or fluorimetric methods (Bio-Assay
Systems, Blood Urea: " Quuanti-Chrom TM Urea
Assay Kit ".Quantitative determination of urea by
chemical colorimetric method, nm. (Bio - Assay
Systems, Hemoglobin Level (Hb): is usually measured
as a part of the CBC from a blood sample (Webmd,
Hematocrit Level (Hct): is typically measured from a
blood sample by an automated machine that makes
several other measurements at the same time (Webmd,
Normal level for females is 37- 47 % and for males is
45 -54 %.

Serum Iron: Qantitative colorimetric
determination of iron (STAMBIO Laboratory, Normal
Iron level is 50 - 150 ug /dl.

Serum Ferritin: Immuno-enzymometric
Sequential Assay type 4 (Ferritin Test System, Normal
ferritin level is 15 - 200 ug/1 for males and 30-300 ug/1
for females.

Transferrin Saturation Ratio (TSAT): Calculated
from total iron level and Iron Binding Capacity. TSAT
= (S. IRON / TIBC) X 100, Johnson and Catherine).
Normal TSAT IS 20 - 50 %.

Total Iron Binding Capacity (TIBC):
Quantitative colorimetric determination of unsaturated
Iron Binding Capacity in serum (STAMBIO
Laboratory, Normal level is 250 - 410 ug /dl.

Fibroblast Growth Factor (FGF23): ELISA Kit
FGF23: This assay recognizes recombinant and
natural human FGF23.

Statistical Methods

IBM SPSS statistics (2012), was used for data.
Data was expressed as Mean_+ SD for quantitative
parametric measures in addition to median percentiles
for quantitative non-parametric measures and both
number and percentage for categorized data.

The following tests were done:

Student t-test: to compare between
independent mean groups for parametric data.
Wilcoxon Rank Sum test: to compare between
two independent groups for non-parametric data.
Ranked Spearman test: to study the possible
association between each two variables among
each group for non- parametric data.

Chi-square test: to study the association between
each 2 variables or comparison between two
independent groups as regards the categorized
data.

Logistic Multi-regression analysis was used to
search for a panel (independent parameters), that
can predict the target parameter (dependent
variable). By using logistic stepwise multi-
regression analysis, we can get the most sensitive
ones that can predict the dependent variable.
They can be sorted according to their P-value.

° two
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Calculated Relative Risk Assessments (Relative
Risk Ratio or RRR): that measure how many
times the risk was present among diseased
individuals as that among non-diseased ones.
They were calculated as absolute figures and as a
Standar Error of Estimate (95P).

P-value at or less than 0.05 was considered to be
significant value, P value between 0.06 and 0.09 was
considered to be borderline significant, P value of 0.1
or more was considered to be non-significant, P value
0f 0.01, and 0.000 was considered highly significant.
3.Results

Descriptive Statistics in our study has shown the
following results:

Mean age in HD patients (group A) was (51.89
+14.51) years. In CKD stages 3 & 4 (group B), the
mean age was (47.16 + 12. 87) years.

Regarding causes of primary kidney disease in
HD patients (Group A), hypertension affected 42.5 %
of patients (20 / 47), DM 12.7 % (6 / 47), hypertension
& DM together 23.4 % (11/47), glomerulonephritis
6.3 % (3 /47), polycystic kidney disease 2.1 % (1/ 47),
obstructive uropathy 2.1 % (1 / 47), chronic
pyelonephritis 2.1 % (1 /47), vesicoureteric reflux 2.1
% (1 /47), and unknown etiology 6.3 % (3 / 47).

Regarding causes of primary kidney disease in
CKD patients stage 3 & 4 (Group B), hypertension
affected 16.6 % (2 / 12), DM 25 % (3 /12),
hypertension & DM together 25 % (3/ 12), and
glomerulonephritis 33.3 % (4 / 12).

Primary kidney disease duration in patients on
HD had a mean value of (10.61 +6.49) years and in
CKD stages 3 & 4 (Group B), it showed a mean of
(8.91 +5.99) years.

Duration of HD in Group A patients was found
to have a mean of (2.56 + 1.92) years.

Serum creatinine in HD patients (Group A)
showed a mean of (7.02 + 2.27) mg / dl.and in chronic
kidney disease stages3 & 4 (Group B), it had a mean
of (3.16 + 1.59) mg / dl.

Blood urea in HD patients (Group A), showed a
mean level of (114.29 + 27.76) mg/dl and in CKD
patients stages 3 & 4 (Group B), it had a mean of
(102.69 £ 29.94) mg /dl.

In HD patients (Group A), calcium - phosphorus
product (Ca x P) showed a mean value of (46.61 +
15.86) mg % dl * and in CKD patients stages 3 & 4
gGroglp B), it had a mean level of (42.48 + 10.49) mg
/dl-.

The parathyroid hormone in HD patients (Group
A) had a mean level of (437.581 + 116.72) pg /dl and
in CKD patients stages 3 & 4 (Group B) it had a mean
level of (200.58 + 52.39) pg / dl.

Serum alkaline phosphatase in HD patients
(Group A) showed a mean value of (119.19 + 27) U/,
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and in CKD patients stage 3 & 4 (Group B) it was
(122.59 £ 39.04) U/L.

FGF23 normal level is estimated to be up to 71
pg / ml. FGF23 level in HD patients (Group A) had a
mean value of (111.80 + 37.62) pg /ml and in CKD
patients stages 3 & 4 (Group B) it was (103.90 +
39.29) pg /ml.

As HD patients (Group A) was mainly formed of
males and CKD stages 3 & 4 (Group) was mainly
formed of females, FGF23 mean level in females of
Group A was (94. 35 + 25.21) pg / ml. FGF23 in HD
male patients of Group A had a mean level of (115.38
+ 38.32) pg / ml. Serum FGF23 in females of CKD
stages 3 & 4 (Group B)had a mean level of (99.5 +
28.92) pg / ml. Serum FGF23 in male patients of
Group B had a mean level of(117.13 + 25.65) pg /
ml.On comparing serum FGF23 level in females and
males HD patients (Group A), we didn't find any
significant difference, P = 0.119). We didn t also find
any significant difference in serum FGF23 levels of
female and male patients of CKD (Group B), P =
0.926).

HD male patients of Group A were found to have
a significantly higher Hb level than HD female
patients (P=0.031).

On comparing female and male patients with
CKD stages 3 & 4 (Group B), we didn t find any
significant difference as regards Hb level (P = 0.834).

Serum Iron in HD patients (Group A) had a mean
value of (53.44 + 16.55) ug /dl and in CKD stages 3 &
4 patients (Group B), it showed a mean value of
(52.25+28.32)ug / dl.

Total Iron Binding Capacity in HD patients
(Group A) showed a mean level ('191.68 + 51.53) ug /
dl and in CKD stages 3 & 4 patients (Group B) it had a
mean of (218.83 +55.79) ug / dL

In HD patients (Group A), Transferrin Saturation
(TSAT) showed a mean level of (29.27 + 8.82) %.

TSAT in CKD stages 3 & 4 patients (Group B)
had a mean of (23.78 + 9.56) %.

Serum ferritin level in HD patients (Group A)
showed a mean level of (60 +20.54) ug /1.

Serum ferritin in CKD stages 3 & 4 patients
(Group B) had a mean level of (71.83 £20.87) ug /1.

Serum ferritin level in female HD patients
(Group A) had a mean of (62.25 + 15.12) ug /1. Serum
ferritin levels in males of HD patients (Group A) had a
mean value of (58.92 + 15.72) ug / 1. Serum ferritin
level in females with CKD stage 3 & 4 patients
(Group B) had a mean of (73.11 + 19.59) ug / 1. Serum
ferritin level in male patients with CKD stage 3 & 4
(Group B) showed a mean of (68 + 18.84)ug /1.

On comparing male and female patients on HD
(Group A) as regards serum ferritin level, we couldn t
find any significant difference between the two groups
(P = 0.605).0n comparing male and female patients
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with CKD stage 3 & 4 (Group B) as regards serum
ferritin level, we didn t find any significant difference
between both groups (P = 0.852).

Elemental Calcium dose per day in HD patients
(Group A) had a mean value of (1897.87 + 575.77) mg
and in CKD stages 3 & 4 patients (Group B) it had a
mean level of (1800 + 610.55) mg.

One alpha calcidiol dose per day in HD patients
(Group A) had a mean value of (2.64 + 1.13) ug and in
CKD stages 3 & 4 patients (Group B) it had a mean
level of (1.5 + 0) ug.

Mean IV Iron dose in HD patients (Group A)
was (74.46 + 14.61) mg.

There was no IV Iron supplementation to CKD
stage 3 & 4 (Group B).

As regards EPO dose supplemented to HD
patients (Group A), mean dose was (4782.6 =+
1260.86) Units / Week and in CKD stage 3 & 4
patients (Group B) it showed a mean value of (5250
+957.42) Units / Week.

The mean creatinine clearance of HD patients
(Group A) had a value of (8.83 +2.87) ml / mn / 1.73
m” and in CKD stages 3 & 4 patients (Group B) had a
mean value of (42.08 + 11.38)ml/mn/1.73m’.

Estimated GFR value in HD patients (Group A)
had a mean of (9.55 + 2.50) ml /mn and in CKD stages
3 & 4 patients (Group B) it had a mean value of (42.41
+11.36) ml / mn.

Table (1): Comparison of gender distribution in group A and B.

Variable Group (A) Group (B) Total
4 Female Count (%) 8 (17.0) 9 (75.0) 17 (28.8)
gender Male Count (%) 39 (83.0) 3 (25.0) 42 (1.2)
Total Count (%) 47 (100) 12 (100) 59 (100)
Value P
Pearson Chi-square 15.666* 0.000

* Chi-square test.

Table (2): Comparison between group A and B as regards age (years), primary kidney disease duration

(years), hemodialysis duration (years)

serum creatinine (mg/dl) and blood urea (mg/dl).

Variable age 1ry dis duration HD duration Serum creatinine Blood urea
z* -0.942 -0.814 -5.375 -4.483 -1.262
P 0.346 0.416 0 0 0.27
Sig. NS NS HS HS NS

* Wilcoxon Rank Sum test.

Table (3): Comparison between group A and B as regards calcium (mg/dl) and phosphorus (mg/dl).

Variable Group N Mean SD t* P Sig.
calcium Gr A 47 8.445 1.1221

GrB 12 8.392 1.0971 0.149 0.883 NS
Phosph. Gr A 47 5.517 1.601

GrB 12 5.142 1.3853 0.811 0.428 NS

* Student t-test.

Table (4): Comparison between group A and B as regards Ca x P product (mg2/dl2) , PTH (pg/dl), Alkaline

phosphatase (U/L) and FGF23 (pg/ml).
Variable Ca xP product PTH Alk. Phosphat. FGF23
z* -0.574 -1.977 -0.961 -0.226
P 0.566 0.048 0.337 0.821
Sig. NS S NS NS

* Wilcoxon Rank Sum test.

Table (5): Comparison between

roup A and B as regards Hemoglobin (Hb) (gm/dl) and Hematocrit (Hct0 (%).

Variable Group N Mean SD t* P Sig.
Hb Gr A 47 10.215 1.215 1.4295
GrB 12 9.9 2.366 0.441 0.666 NS
Hct Gr A 47 32.37 4.7514
GrB 12 29.658 7.7604 1.156 0.268 NS

* Student t-test.
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Table (6): Comparison between group A and B as regards serum iron(ug/dl), TIBC (ug/dl), TSAT(%) and serum ferritin

(ug/dl).
Variable Serum iron TIBC TSAT ferritin
7* -0.019 -1.13 -1.064 -1.798
P 0.985 0.258 0.287 0.072
Sig. NS NS NS BS

* Wilcoxon Rank Sum test.

Table (7): Comparison between group A and B as regards calcium dose (mg) , one alpha calcidiol dose (ug), IV iron (mg)

and EPO dose (units).
Variable Ca dose One alpha IV iron EPO
z* -0.593 -4.593 -2.985 -1.856
P 0.553 0.000 0.003 0.063
Sig NS HS HS BS

* Wilcoxon Rank Sum Test.

Table (8): Comparison between group A and B as regards chronic kidney disease stage, creatinine clearance (ml/mn) and

eGFR (ml/mn).
Variable CKDstage Creat.Clear, eGFR
Z* -7.588 -5.025 -5.335
P 0.000 0.000 0.000
Sig. HS HS HS

* Wilcoxon Rank Sum test.

Table (9): Correlation between FGF23 (pg/ml), Hb (gm/dl) and S. ferritin (ug/l) versus age (ys), 1ry kid disease duration

* Ranked Spearman correlation test.

Table (10): Correlation between FGF23(pg/ml), Hb (gm/dl) and S. ferritin(ug/l) versus S. creatinine(mg/dl) and blood

(ys), HD duration (ys) within group A.

Variable FGF23 Hb ferritin
age [r]* 0.002\ -0.202 -0.512
[P] 0.992 0.173 0.308
[Sig.] NS NS NS
Kid dis duration [r]* 0.031 0.296 0.228
[P] 0.844 0.051 0.137
[Sig.] NS BS NS
HD duration [r]* 0.163 0.042 0.232
[P] 0.274 0.781 0.117
[Sig.] NS NS NS

urea (mg/dl) within group A.

Variable Serum Creat. Blood urea

FGF23 [r]* -0.157 -0.035
[P] 0.292 0.813
[Sig.] NS NS

Hb [r]* 0.12 0.007
[P] 0.422 0.964
[Sig.] NS NS

S. ferritin [r]* 0.022 0.085
[P] 0.883 0.572
[Sig.] NS NS

* Ranked Spearman correlation test.

Table (11): Correlation between FGF23 (pg/ml), Hb(gm/dl) and ferritin(ug/l) versus serum calcium (mg/dl), seum
phosphorus (mg/dl), calcium- phosphorus product, PTH (pg/dl) and alkaline phosphatase (U/L) within group A.

Variable Ca P Cax P PTH Alk. Phos.

FGF23 [r]* 0.113 0.114 0.155 -0.181 -0.128
[P] 0.448 0.446 0.297 0.223 0.39
[Sig.] NS NS NS NS NS

Hb [r]* -0.032 -0.017 0.021 0.985 0.118
[P] 0.83 0.912 0.89 0.052 0.429
[Sig.] NS NS NS BS NS

ferritin [r]* -0.016 -0.094 0.097 0.377 0.003
[P] 0.915 0.529 0.518 0.009 0.983
[Sig.] NS NS NS HS NS

* Ranked Spearman correlation test.
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Table (12): Correlation between FGF23 (pg/ml), Hb (gm/dl) and ferritin(ug/l) versus Het (%), serum

iron(ug/dl), TIBC (ug/dl), TSAT(%) within group A.
Variable Hct (%) | Iron TIBC TSAT

FGF23 [r]* -0.205 -0.057 -0.04 -0.063
[P] 0.166 0.703 0.792 0.675
[Sig.] NS NS NS NS

Hb [r]* 0.951 0.058 -0.01 0.073
[P] 0 0.698 0.946 0.624
[Sig.] HS NS NS NS

ferritin [r]* 0.081 0.326 0.113 0.306
[P] 0.589 0.03 0.45 0.036
[Sig.] NS S NS S

* Ranked Spearman correlation test.

Table (13): Correlation between FGF23 (pg/ml), Hb(gm/dl) and ferritin(ug/l) versus calcium dose(mg), one

alpha calcidiol dose (ug), IV iron dose(mg) and EPO dose (Units) within group A.

Variable Ca dose One alpha | IViron EPQO dose

FGF23 [r]* 0.217 -0.065 -0.119 -0.002
[P] 0.142 0.662 0.424 0.988
[Sig.] NS NS NS NS

Hb [r]* 0.114 -0.007 0.2 0.101
[P] 0.446 0.964 0.177 0.506
[Sig.] NS NS NS NS

ferritin [r]* 0.066 0.026 -0.149 0.094
[P] 0.657 0.864 0.318 0.534
[Sig.] NS NS NS NS

* Ranked Spearman correlation test.

Table (14): Correlation between FGF23(pg/ml), Hb (gm/dl) and ferritin (ug/l) versus creatinine clearance

(ml/mn) and eGFR (ml/mn) within group A.

Variable Creatinine clearance | eGFR

FGF23 [r]* 0.058 -0.248
[P] 0.761 0.092
[Sig.] NS NS

Hb [r]* -0.007 -0.135
[P] 0.971 0.366
[Sig.] NS NS

ferritin [r]* -0.099 -0.105
[P] 0.602 0.481
[Sig.] NS NS

* Ranked Spearman correlation test.

ferritin (ug/l) within group A.

Table (15): Correlation between fgf23(pg/ml), Hb (gm/dl) and ferritin(ug/l) versus FGF23 (pg/ml), Hb (gm/dl) and

Variable FGF 23 Hb Ferritin
FGF23 [r]* -0.176 0.144
[P] 0.236 0.334
[Sig.] NS NS
Hb [r]* -0.176 0.082
[P] 0.236 0.583
[Sig.] NS NS
ferritin [r]* 0.144 0.082
[P] 0.334 0.583
[Sig.] NS NS

* Ranked Spearman correlation test.
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Table (16): Correlation between FGF23(pg/ml), Hb (gm/dl) and ferritin (ug/l) versus age (ys), duration of 1ry
kidney disease (ys), serum creatinine (mg/dl) and blood urea (mg/dl) within group B .

Variable age 1ry kiddis creat urea

FGF23 [r]* -0.137 -0.095 0.481 0.473
[P] 0.672 0.77 0.114 0.121
[Sig.] NS NS NS NS

Hb [r]* 0.207 0.372 -0.854 -0.498
[P] 0.518 0.234 0 0.099
[Sig.] NS NS HS BS

ferritin [r]* -0.323 -0.358 0.612 0.255
[P] 0.306 0.254 0.035 0.424
[Sig.] NS NS S NS

* Ranked Spearman correlation test.

Table (17): Correlation between FGF23(pg/ml), Hb(gm/dl) and ferritin(ug/l) versus serum calcium (mg/dl), serum

phosphorus (mg/dl), Ca x P product , PTH (pg/dl) and alkaline phosphatase (U/L) within group B.

Variable Ca P Cax P PTH ALK. PHOS

FGF23 [r]* -0.126 0.375 0.364 0.287 0.238
[P] 0.696 0.23 0.245 0.366 0.457
[Sig.] NS NS NS NS NS

Hb [r]* 0.354 0.305 0.112 -0.455 -0.263
[P] 0.258 0.335 0.729 0.137 0.409
[Sig.] NS- NS NS NS NS

ferritin [1]* -0.489 0.345 0.113 0.59 0.067
[P] 0.107 0.272 0.726 0.043 0.836
[Sig.] NS NS NS S NS

* Ranked Spearman correlation test.

Table (18): Correlation between FGF23 (pg/dl), Hemoglobin (gm/dl) and ferritin (ug/l) versus Hematocrit (%),

serum iron (ug/dl), TIBC (ug/dl) and TSAT (%) within group B.
Variable Hct iron TIBC TSAT
FGF23 [r]* -0.49 -0.629 -0.329 -0.641
[P] 0.106 0.028 0.297 0.025
[Sig.] NS S NS S
Hb [r]* 0.956 0.529 0.116 0.705
[P] 0 0.077 0.72 0.01
[Sig.] HS NS NS S
ferritin [r]* -0.77 -0.35 -0.085 -0.48
[P] 0.003 0.265 0.793 0.115
[Sig.] HS NS NS NS

* Ranked Spearman correlation test.

Table (19): Correlation between FGF23 (pg/ml), Hemoglobin (gm/dl) and ferritin (ug/l) versus calcium dose

(mg) and EPQO dose (Units) within group B.

Variable Calcium dose EPO dose
FGF23 [r]* -0.015 -0.105
[P] 0.963 0.895

[Sig.] NS NS
Hb [r]* -0.073 -0.105
[P] 0.821 0.895

[Sig.] NS NS
ferritin [r]* 0.009 0.316
[P] 0.977 0.684

[Sig.] NS NS

* Ranked Spearman correlation test.
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Table (20): Correlation between FGF23 (pg/ml), Hemoglobin (gm/dl) and ferritin (ug/l) versus CKD stage ,

creatinine clearance (ml/mn) and eGFR (ml/mn) within group B.

* Ranked Spearman correlation tes

Table (21): Correlation between FGF23 (pg/ml), Hemoglobin (gm/dl) and ferritin (ug/l) versus FGF23 ,

Hemoglobin and ferritin within group B.

Variable CKD stage Creat. Clear. eGFR

FGF23 [r]* 0.518 -0.455 -0.347
[P] 0.084 0.138 0.269
[Sig.] NS NS NS

Hb [r]* -0.292 0.196 0.2
[P] 0.357 0.541 0.532
[Sig.] NS NS NS

ferritin [r]* 0.065 0.099 0.051
[P] 0.84 0.76 0.874
[Sig.] NS NS NS
t

Variable FGF 23 Hb Ferri tin
FGF23 [r]* -0.588 0.163
[P] 0.044 0.614
[Sig.] S NS
Hb [r]* -0.588 -0.779
[P] 0.044 0.003
[Sig.] S HS
ferritin [r]* 0.163 -0.779
[P] 0.614 0.003
[Sig.] NS HS

* Ranked Spearman correlation test.

Table (22): Odds ratio for FGF23 (pg/ml) in group A and B.

Variable Group (A) Group (B) Total
Count 21 4 25
<100 (%) 44.7 333 4.4
FGF23
~100 Count 26 8 34
(%) 55.3 66.7 57.6
Total Count 47 21 59
(%) 100 100 100
Value P
Pearson Chi-square 504* 0.478

* Chi-square test.

We couldn't find any significant risk difference between Group A and B as regards Odds Ratio for FGF23

(pg/ml) levels (Odd's ratio (95CI) = 1.62 (0.43-6.11, Non risk).

Table (23): Odds ratio for Hemoglobin (gm/dl) in group A and B.

Group(A) Group (B) Total
Count 29 6 35
H <105 (%) 62.7 50.0 59.3
~10.5 Count 18 6 24
) (%) 38.3 50.0 40.7
Total Count 47 12 59
(%) 100 100 100
Value P
Pearson Chi-square 0.542* 0.461

* Chi-square test.

We found significant risk difference for Hemoglobin between group A and B using odds ratio [Odd's Ratio (95CJ) =

1.61 (0.45-5.77), non-risk].
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Table (24): Odds ratio for ferritin (ug/l) in group A and B.

Group (A) Group (B) Total
Count 8 0 8
J— <40 (%) 17.0 0.0 13.6
=40 Count 39 12 31
(%) 83.0 100 86.4
Total Count 47 12 59
(%) 100 100 100
Value P
Pearson Chi-square 2.363* 0.124

* Chi-square test.
We couldn't find risk difference between group A and B as regards ferritin using Odd's ratio.

Table (25): Multiple regression coefficient, STD error and probability for age (years), gender distribution, duration
of primary kidney disease (years), duration of hemodialysis (years), serum creatinine (mg/dl), blood urea (mg/dl),
and eGFR (ml/mn) versus FGF23(pg/ml) as dependent factor within group A.

Variable Regression coefficient STD Error T (DF=21) P
age -0.6115 0.6017 -1.016 0.32109
gender 12.6648 21.2438 0.596 0.55744
1ry kid dis 0.0200 2.0592 9.7296 0.99233
HD duration 5.2446 4.5562 1.151 0.26263
creatinine -8.4154 3.6484 -2.307 0.03136
urea 0.1203 0.3535 0.340 0.73706
eGFR -2.2878 3.3818 -0.676 0.50611

Table (26): Multiple regression coefficient, STD error and probability for serum calcium (mg/dl), serum phosphorus
(mg/dl), calcium-phosphorus product (mg2/d12), parathyroid hormone (pg/dl), alkaline phosphatase (U/L),
Hemoglobin(gm/dl), Hematocrit (%), serum iron (ug/dl), TIBC (ug/dl), TSAT (%) and ferritin (ug/dl) versus FGF23
(pg/ml) as dependent factor within group A

Variable Regression coefficient STD Error T (DF=21) P
calcium -36.1937 36.7839 -0.984 0.33634
phosphorus -52.0783 48.3024 -1.078 0.29319
Cax P 6.1844 5.6313 1.098 0.28455

PTH -0.0251 0.0259 -0.971 0.34243
Alk. Phos. -0.0733 0.0882 -0.831 0.41547
Hb -15.4663 23.9718 -0.645 0.52579
Hct 4.3606 6.6803 0.653 0.52099
S. iron -0.7712 0.5959 -1.294 0.20963
TIBC 0.1411 0.1431 0.986 0.33516
TSAT 0.4801 0.9431 0.509 0.61601
ferritin 0.2696 0.3923 0.687 0.49955

Table (27): Multiple regression coefficient, STD error and probability of calcium dose(mg), one alpha
calcidiol dose (ug), IV iron dose (mg), and EPO dose (Units) versus FGF23 (pg/ml) as dependent factor within

group A.
Variables Regression coefficient STD Error T (DF=21) P
Ca dose 0.0212 0.0145 1.459 0.15934
1-alpha dose 1.3063 6.6577 0.196 0.84633
IV iron dose -0.0856 0.1061 -0.807 0.42871
EPO dose 0.0016 0.0038 0.409 0.68674

Analysis of variance was done for all variables to show the most dependent variable that affect factor (13) but
it didn't show any significant probability, (r ratio = 0.868, P = 0.6282) except for serum creatinine (P=0.03136).

Table (28): Modified regression coefficient, STD error, and probability of PTH (pg/dl) and TSAT (%) versus
ferritin (ug/l) as dependent factor within group A.

Variables Regression coefficient STD Error T (DF=21) P
PTH 0.0187 0.0066 2.634 0.00709
TSAT 0.5942 0.1975 3.008 0.00448

Analysis of variance was done for PTH (pg/dl) and TSAT (%) to show the most dependent variable that affect
ferritin and it showed highly significant probability for both.
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Analysis of variance was done for all variables to
show the most dependent variable that affect
Hemoglobin within group A, and it showed highly
significant P value for duration of primary kidney
disease (years), serum calcium (mg/dl), Hematocrit
(%), serum iron (ud/dl) significant P value for age
(years), duration of hemodialysis (years), calcium-
phosphorus  product (mg2/dl2), and borderline
significance for eGFR (ml/mn), serum phosphorus
(mg/dl), TIBC (ug/dl), and calcium dose (mg).

Analysis of variance couldn't be done for all
variables versus FGF23 (pg/ml), ferritin (ug/l) and
Hemoglobin (gm/dl) within group B because of the
too small size of the sample.

4.Discussion

The first reports on phosphatonins date back to
1994 (Cai et al., In studies of patients with tumor —
induced osteomalacia, cultures of tumor cells revealed
the presence of 10 to 30 Kda thermosensitive factor
that inhibited the Na dependent tubular
transportation of phosphate but not that of other
substances, such as glucose and amino — acids. That
thermosensitive factor was named phosphatonin.
(Yamashita et al, Healthy individuals are able to
maintain their serum phosphate in a relatively narrow
range regardless of dietary phosphate intake, because
FGF23 levels rise and fall in parallel with the amount
of dietary phosphate. High FGF23 levels in response
to high phosphate intake induce greater urinary
fractional excretion of phosphate, and by lowering 1,
dihydroxyvitamin D levels, reduce the efficiency of
phosphate absorption in the gut (Ferrari ef al., Burnett
et al., and Antoniucci et al., Fibroblast Growth Factor
(FGF23) has recently been shown to have a key role in
the “ bone — parathyroid — kidney “ axis and the
regulation of phosphate / calcium / vitamin D
metabolism (Liu and Quarles, Yamazaki et al,
Yoshiko et al., Baccheta et al, FGF23 can also act
outside the kidney. FGF23 decreases synthesis of
parathyroid hormone in parathyroid gland. (Krajisnik
et al., Ben-Dov et al., Baccheta et al., FGF23 appears
to be an independent predictor of both CKD
progression and mortality in adults with predialysis
CKD. (Isakova et al., Baccheta et al, High FGF23
circulating levels have been shown to be a risk factor
for cardiovascular morbidity and mortality in general
adult and dialysis populations (Fukagawa et al,
Gutierrez et al., Nakanishi et al., Mirza et al., a ;
Mirza et al., b ; Baccheta ef al., Age didn t show any
significant correlation to each of serum FGF23, Hb
and serum ferritin in both HD patients (Group A) and
CKD stages 3 & 4 patients (Group B).

The idea of presence of high turn — over bone
disease in Group A and secondary
hyperparathyroidism in Group B was reinforced by
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finding serum alkaline phosphatase levels above
normal in the two groups.

Serum FGF23 levels were higher than normal
level determined by assay kit (71 pg / ml) in the two
groups of our study. Multiple Regression Analysis for
all parameters included in the study showed that
serum creatnine was the only dependent factor
affecting FGF23 serum level in HD patients of Group
A, P=0.03136, regression coefficient = -8.4154).

Wolf 2012, stated that higher FGF23 level on a
continuous scale was consistently associated with
lower estimated GFR. Fliser et al, and Prats et al.,
confirmed this result.

Over the past decade, numerous studies have
documented that FGF23 levels are increased in
patients with chronic kidney disease and that this
hormone is related to the development of secondary
hyperparathyroidism. (Razzaque 2009 ; Shimada et
al., Lafage — Proust 2010 ; Juppner et al., Yuan et al.,
and Baccheta et al, Razzaque et al, Prie et al.,
Juppner et al, and Baccheta et al., reported that
increase in FGF23 levels in patients with CKD may be
due, in part, to decreased renal FGF23 clearance but
increased synthesis of FGF23 by osteocytes also
occurs as early as CKD stage 2, perhaps in an attempt
to maintain renal phosphate excretion in the context of
declining renal mass.

Health Professionals Follow-up Study was the
first to confirm a direct correlation between phosphate
intake and FGF23 levels in the population level. This
finding is noteworthy given the imprecise
ascertainment of dietary phosphate in nutritional
epidemiology studies(Gutierrez and Wolf, A clinical
experiment performed by Burnett — Bowie et al,
demonstrated that infusion of PTH into healthy
humans can increase serum FGF23 levels.

Liu et al., Burnett et al., and Lavi — Moshayoff et
al., reported that cultured osteoblasts increase FGF23
expression in response to 1, dihydroxyvitamin D and
PTH but not phosphate.

Deger et al., and Hasegawa et al., didn’t find any
correlation between serum phosphorus and iPTH and
serum FGF23 in dialysis patients. Hasegawa et al.,
also demonstrated that FGF23 production occurs
regardless of the serum phosphate level in CKD
patients, especially those on dialysis.

Studies from transgenic mice suggested that
FGF23 - induced phosphaturia is not PTH dependent
(Kurosu et al., Yuan et al., in their study demonstrated
for the first time that FGF23 / Klotho signaling is not
essential for the phosphaturic and anabolic effects of
intermittent PTH (1 -34) Marsell ef al,, and Larsson
2010, reported that the expression of FGF-R and
Klotho in the parathyroid glands supports a regulatory
effect of FGF23 on PTH secretion. FGF23 has an
inhibitory effect on PTH secretion.
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This was not the case in our study as FGF23 was
above normal and also PTH was very much higher
than recommended range in K/DOQI guidelines, in
the two groups of the study.

Prats et al., found no correlation between FGF23
and PTH in non-dialysis CKD patients.

Fugakawa and kazama, Komaba and Fugakawa,
Yuan ef al., stated that the action of PTH and FGF23
was suggested in the effects of Chronic Kidney
Disease, where both serum PTH and FGF23 levels are
markedly elevated. Krieger ef al., found that metabolic
acidosis increased FGF23 in neonatal bone.

Canalejo et al., reported that elevated FGF23
reduced PTH secretion in normal rat parathyroid
glands, but FGF23 failed to inhibit uremic parathyroid
gland.

Interestingly, parathyroidectomy prevented an
increase in FGF23 levels in experimental kidney
failure rats (Lavi — Moshayoff et al, Yuan et al,
Marsell et al., reported that high serum FGF23 in
chronic kidney disease is a predictor of secondary

hyperparathyroidism.
Sliem et al., stated that data with regard to the
role of PTH in FGF23 regulation were

conflicting. However, there was growing evidence that
PTH may stimulate FGF23 expression and secretion
by bone tissue. They found that FGF23 was a central
factor in the early pathogenesis of secondary
hyperparathyroidism.

We found a borderline significant positive
correlation between PTH and Hb within HD patients
of Group A. This relationship didn t exist in CKD
patient of Group B.

PTH had a highly significant positive correlation
with serum ferritin level in HD patients of Group A.
(P = 0.009). Such a significant positive correlation
also existed in CKD patients of Group B. (P = 0.043).
In Multiple Regression Analysis, PTH was the most
influencing factor affecting ferritin level.(P = 0.024).

In CKD patients of Group B, serum Iron showed
an inverse significant correlation to serum FGF23 (P =
0.02). This relationship didn t exist in HD patients of
Group A, although there was a non — significant
inverse relationship between FGF23 and serum Iron.
This may be due to the more preserved renal function
in CKD patients, although serum FGF23 level and
serum Iron were nearly at the same level in the two
groups.This inverse correlation was confirmed by
other studies (Imel et al., Farrow et al., Hb had an
inverse significant correlation to FGF23 in CKD of
Group B, and this relationship didn t exist in HD
patients of Group A, may be due to the same reasons
as for serum Iron. Hb level in both HD patients of
Group A and CKD patients of Group B, was around
the recommended range by K/DOQI guidelines.
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Braithwaite ef al., b, in their study have confirmed this
relationship.

TSAT had also an inverse significant correlation
to FGF23 in CKD of Group B (P = 0.025). This same
finding was present in a study conducted by Prats et
al., on 47 non-dialysis CKD patients with Iron
deficiency anemia. This relation didn t also exist in
HD patients of Group A of our study.

None of the three parameters: serum Iron, Hb
and TSAT, have shown to affect FGF23 serum level
as dependent factors in Multiple Regression Analysis.

A study done by Schouten ef al., b, showed that a
single infusion of Iron Polymaltose predictably causes
significant and prolonged FGF23 elevation. The same
inverse correlation between Iron level and iFGF23
level were obtained by Deger et al. (2013), on
administrating Iron therapy to dialysis patients,
whether hemodialysis or peritoneal dialysis.

Lack of IV Iron infusion was accompanied by
elevation of FGF23 in our CKD patients of Group B,
and phosphorus level was around the recommended
range by K/DOQI guidelines and it didn t show any
significant relationship to FGF23 serum level in our
study, while IV infusion in HD patients of Group A
could explain elevation of FGF23 serum level in this
group.

Furrow et al., showed that a diet low in Iron can
induce elevated FGF23 concentration in an ADHR
mouse model.

Both Iron deficiency and excess are associated
with altered skeletal metabolism (Merkel et al., Tron
overload in hereditary hemochromatosis, even without
hypogonadism, 1is associated with osteoporosis
(Valenti et al, Because FGF23 is expressed in
osteoblast / osteocyte lineage cells, iron may have a
direct or indirect impact on FGF23 metabolism
(Takeda et al., Imel et al., in their study found that
serum Iron was negatively correlated to both C-
terminal FGF23 (P < 0.05) and intact FGF23 (P <
0.0001) in Autosomal Dominant Hypophosphatemic
Rickets. However, healthy controls also demonstrated
a negative relationship of serum Iron with C- terminal
FGF23 (P <0.001) only.

Imel et al, reported that one week after
parenteral Iron, all patients in their study having tumor
— induced osteomalacia had FGF23 level above the
previously established assay reference range. Imel et
al., stated that the degree of elevation was dramatic,
with levels similar to those seen in autosomal
dominant hypophosphatemic rickets.

Durham et al., Schouten et al., b, and Imel et al.,
reported that the mechanism underlying the changes in
circulating FGF23 levels may involve upregulation of
synthesis or secretion, reduction in clearance of the
intact molecule, post-translational modification
affecting the cleavage site, or possibly inhibition of
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proteolytic cleavage. This suggested that Iron may
regulate the rate of enzymatic cleavage of intact
FGF23, with increased levels inhibiting, and iron
deficiency increasing protease activity, besides the
direct proximal tubulotoxicity of Iron therapy itself
(Schouten et al., a ; Schouten et al., b ; Shimizu ef al.,
and Deger ef al., Sanai ef al. 2005 ; and Shimizu et al.,
stated that not all iron preparations are associated with
renal wasting and osteomalacia in mice and humans.

Prats et al, demonstrated a decrease in FGF23
serum level after a single 1000 mg dose of ferric
carboxymaltose in non-dialysis CKD patients. They
suggested that iron — induced hypophosphatemia
might be due to increased cellular uptake of phosphate
during erythropoeisis, as suggested by Van Wyck et
al., Hb had a significant positive correlation to serum
ferritin in CKD patients of Group B (P = 0.003). This
relationship didn t exist in HD patients of Group A,
may be due to factors related to malnutrition and
biochemical reactions taking place in uremic milieu
transforming many substances into abnormal ones no
more capable of performing their normal
physiological functions and the presence of many
toxic substances interfering with Iron storage in HD
patients of Group A bodies.

Serum ferritin had a significant positive
correlation to serum creatinine in CKD patients of
Group B (P = 0.035), but this relationship didn t exist
in HD patients of Group A may be due to the more
complex situation of HD dialysis affected by many
factors related to ESRD, HD vintage, oxidative stress
factors and drug intake, rather than the more simple
situation of chronic inflammatory state and partially
preserved renal function of CKD patients.

Serum ferritin didn t have any significant
relationship with FGF23 serum level in both HD
patients of Group A and CKD patients of Group B as
ferritin was below recommended range by K/DOQI
guidelines, although it is a well known acute phase
reactant.

Durham et al., Schouten et al., and Imel et al.,
reported elevated C-terminal FGF23 (Immunotopics,
San Clemente, CA) in patients with low serum ferritin,
but not with the intact FGF23 assay used in their
study. This was confirmed by Prats ef al., In contrast
to our study, Braithwaite ef al, a, found that ferritin
was the strongest independent inverse predictor of
FGF23 in subjects with and without elevated CRP,
and that improved Iron status (including Hb and
ferritin) was associated with increased FGF23
concentration in univariate and multivariate analysis.

Serum ferritin was positively correlated to serum
Iron and TSAT in HD patients of Group A (P = 0.03
and P = 0.036), respectively. But these relationships
didn t exist in CKD patients of Group B, may be due
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to presence of IV Iron and EPO supplementation in
HD patients.

Imel et al, stated that the low ferritin
concentration were consistent with iron deficiency.
This was exactly the case in our patients

We couldn't perform a Multiple Regression
Analysis for all studied parameters affecting FGF23,
Hb and ferritin in CKD patients of Group B due to the
small number of patients (Only 12).

ALL our drugs supplemented to HD patients of
Group A and CKD patients of Group B, didn t affect
FGF23, Hb and ferritin in our study except for
calcium dose affecting Hb level.

Conclusion

We did find a strong impact of Iron deficiency in our
patients on FGF23 serum levels in our patients. Also,
we had a strong impact of high levels of PTH on
parameters of Iron profile in our patients.Iron profile
seemed to be, at least in our study, one of the most
important factors affecting serum FGF23 levels.

References

1.  Antoniucci DM, Yamashita T, and Portale AA:
Dietary phosphorus regulates serum Fibroblast Growth
Factor 23 concentrations in healthy men. J Clin
Endocrinol Metab 2006 ; 91: 3144 — 3149

Baccheta J, Salusky IB, Hewison M: Beyond mineral
metabolism, is there an interplay between FGF23 and
vitamin D in innate immunity ?. Pediatr Nephrol 2013
; 28: 577 — 582.

3. Ben-Dov IZ, Galitzer H, Lavi — Moshayoft V, Goetz R
et al.: The parathyroid is a target organ for FGF23 in
rats. J Clin Invest 2007 ; 117: 4003 — 4008.

Bio Assay Systems. Enzy-Chrom TM Calcium Assay
Kit (DICA - 500), Bio Assay Systems, Enzy-Chrom
TM Creatinine Assay Kit (ECRT — 100), Bio Assay
Systems, Quanti — Chrom TM Phosphate Assay Kit
(DIPI - 500), Bio Assay Systems, Quanti — Chrom TM
Urea Assay Kit (DIUR 500), Quantitative
Colorimetric Urea determination. Website: www.
Bioassays.com.

5. Braithwaite V, Jarjou LM, Goldberg GR, Prentice A:
Iron status & Fibroblast Growth Factor 23 in Gambian
children. Bone 2012 b ; 50: 1351 — 1356.

Braithwaite V, Prentice AM, Doherty C, Prentice A:
FGF23 is correlated with Iron status but not with

inflammation and decreases after Iron
supplementation: a supplementation study.
International Journal of Pediatric Endocrinology 2012
a;2012:27.

7. Burnett SAM, Gunawardene SC, Bringhurst FR,
Juppner H et al.: Regulation of C — terminal and intact
FGF23 by dietary phosphate in men and women.
Journal of Bone and mineral Research 2006 ; 21 (8):
1187 -96.

8.  Burnett — Bowie SM, Henao MP, Dere ME et al.:
Effects of h PTH (1 — 34) infusion on circulating
serum phosphate, dihydroxyvitamin D, and FGF23
levels in healthy men. J] Bone Miner Res 2009 ; 24:
1681 -1685.



Life Science Journal 2013;10(4)

http://www.lifesciencesite.com

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Cai Q, Hodgson SF, Kao ef al.: Brief report: Inhibition
of renal phosphate transport by a tumor product in a
patient with oncogenic osteomalacia. N Engl J Med
1994 ; 330: 1645 -49.

Canalejo R, Canalejo A, Martinez — Moreno JM et al.:
FGF23 fails to inhibit uremic parathyroid glands. J Am
Soc Nephrol 2010 ; 21: 1125 — 1135.

Deger SM, Erten Y, Pasaoglu OT et al.: The effects of
Iron on FGF23 — mediated calcium — phosphorus
metabolism in CKD patients. Clin Exp Nephrol 2013 ;
17:416 —423.

Durham BH, Joseph F, Bailey LM, Fraser WD: The
association of circulating ferritin with serum
concentration of Fibroblast Growth Factor - 23
measured by three commercial assays. Ann. Clin
Biochem 2007 ; 44: 463 -466.

Farrow EG, Yu X, Summers LJ ef al.: Iron deficiency
drives an Autosomal Dominant Hypophosphatemic
Rickets (ADHR) phenotype in Fibroblast Growth
Factor — 23 (Fgf -23) knock in mice. Proc Natl Acad
Sci USA 2011 ; 108: E1146 — 55.

Ferrari SL, Bonjour JP, Rizzoli R: Fibroblast Growth
Factor - 23 relationship to dietary phosphate and renal
phosphate handling in healthy young men. J Clin
Endocrinol Metab. 2005 ; 90: 1519 - 1524.

Ferritin test System, Monobind Inc Accu bind ELISA
micro-wells, Product Code: 2825 — 300, Fliser D,
Kollerits B, Neyer U, Ankerst DP et al.: Fibroblast
Growth Factor 23 (FGF23) predicts progression of
chronic kidney disease (MMKD) study. J Am Soc
Nephrol 2007 ; 18: 2600 — 8.

Fugakawa M and Kazama JJ: The role of FGF23 in
CKD. Nephrol Dial Transplant 2005 ; 20: 1295 —
1298.

Fukagawa M, Nii - Kono T, Kazama JJ: Role of
Fibroblast Growth Factor 23 in health and in chronic
kidney disease. Curr opin Nephrol Hypertens 2005
;14: 325 - 329.

Guitierrez OM, Mannstadt M, Isakova T, Rauh — Hain
JA et al.: Fibroblast Growth Factor 23 and mortality
among patients undergoing hemodialysis. N Engl J
Med 2008 ; 359: 584 - 592.

Guitierrez OM and Wolf M: Dietary phosphorus
restriction in advanced chronic kidney disease: merits,
challenges and emerging strategies. Semin Dial 2010 ;
23:401 — 406.

Hasegawa H, Nagano N, Urakawa I, Yamasaki Y:
Direct evidence for a causative role of FGF23 in the
abnormal renal phosphate handling and vitamin D
metabolism in rats with early — stage chronic kidney
disease. Kidney Int 2010 ; 78: 975 — 80.

Human Fibroblast Growth Factor 23, FGF23 ELISA
KIT, Catalog n° E0746h, Wuhan Eiaab Science Co.,
Ltd.2012

IBM SPSS Statistics [ V. 21.0, IBM ] Corp, USA, Imel
EA, Hui SL, Econs MJ: FGF23 con —centration vary
with disease status in autosomal dominant
hypophosphatemic rickets. ] Bone Mineral Res 2007 ;
22:520 -526.

Imel EA, Peacock M, Gray AK, Padget LR et al.: Iron
modifies plasma FGF23 differently in Autosomal
Dominant Hypophosphatemic Rickets and healthy

2887

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

humans. J Clin Endocrinol Metab Nov 2011 ; 96 (11):
3541 —3549.doi: 10.1210/ jc 2011 — 1239.

Isakova T, Xie H, Yang W, Xie D ef al.: Fibroblast
Growth Factor 23 and risks of mortality and end —
stage renal disease in patients with chronic kidney
disease. JAMA 2011 ; 305: 2432 —2439.

Johnson and catherine W: Essential Laboratory
Mathematics Concepts and applications for the
Chemical and Clinical Laboratory Technician 2009.
Juppner H, Wolf M, Salusky IB: FGF23: more than a
regulator of renal phosphate handling ? J Bone Miner
Res 2010 ; 25: 2091 — 2097.

Kochmar JF and Moss DW: Fundementals of clinical
chemistry. In: Tietz N.W. (Ed.), ™ edition, W. B.
Saunders Co., Philadelphia 1976, page: 64.

Komaba H and Fugakawa M: FGF23 parathyroid
interaction: implication in chronic kidney disease.
Kidney Int 2010 ; 77: 292 — 298.

Krajisnik T, Bjorklund P, Marsell R, Ljunggren O et
al.: Fibroblast Growth Factor 23 regulates parathyroid
hormone and 1 alpha — hydroxylase expression in
cultured bovine parathyroid cells. J Endocrinol 2007 ;
195: 125 -131.

Krieger NS, Culbertson Ch D, Kyker — Snowman K
and Bushinsky DA: Metabolic acidosis increases
Fibroblast Growth Factor 23 in neonatal mouse bone.
Am J Physiol Renal Physiol 2012 ; 303: F431 — F436.
doi: 10.1152 / ajprenal. 00199. 2012.

Kurosu H, Ogawa Y, Miyoshi M et al.: Regulation of
Fibroblast Growth Factor 23 signaling by Klotho. The
Journal of Biological Chemistry 2006 ; 281 (10): 6120
—23.

Lafarge — Proust MH: Does the down regulation of the
FGF23 signaling pathway in hyperplastic parathyroid
glands  contribute  to  refractory  secondary
hyperparathyroidism in CKD patients ? Kidney Int
2010 ; 77:390 — 392.

Larsson TE: The role of FGF23 in CKD — MBD and
cardiovascular disease: friend or foe. Nephrol Dialysis
Transplant 2010 ; 25: 1376 — 81.

Lavi — Moshayoff V, Wasserman G, Meir T et al.:
PTH increases FGF23 gene expression and mediates
the high FGF23 levels of experimental kidney failure:
a bone parathyroid feedback loop. Am J Physiol Renal
Physiol 2010 ; 299: F882 — 889.

Liu S and Quarles LD: How Fibroblast Growth Factor
23 works. ] Am Soc Nephrol 2007 ; 18: 1637 — 1647.
Liu S, Tang W, Zhou J et al: Fibroblast Growth
Factor 23 is a counter — regulatory phosphaturic
hormone for vitamin D. ] Am Soc Nephrol 2006 ; 17:
1305 -1315.

Marsell R, Grundberg E, Krajisnik T, Mallmin H. et
al.: Fibroblast Growth Factor 23 is associated with
parathyroid hormone and renal function in a
population- based cohort of elderly men. European
Journal of Endocrinology 2008 ; 158: 125 — 129.
Martin A, David V, Quarles LD: Regulation and
function of the FGF23 / Klotho endocrine pathways.
Available from: University of Tennessee. Health
Science Center, Memphis, Tennessee, USA, Jan 2012.
Merkel D, Moran DS, Yanovish R, Evans RK et al.:
The association between hematological and



Life Science Journal 2013;10(4)

http://www.lifesciencesite.com

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

inflammatory factors and stress fractures among
female military recruits. Med Sci Sports Exerc 2008 ;
40: S691 — S697

Mirza MA, Hansen T, Johansen L, Ahlstrom H ef al.:
Relationship between circulating FGF23 and total
body atherosclerosis in the community. Nephrol Dial
Transpl 2009 a ; 24: 3125 - 3131.

Mirza MA, Larsson A, Lind L, Larsson TE:
Circulating Fibroblast Growth Factor 23 is associated
with vascular dysfunction in the community.
Atherosclerosis 2009 b ; 205: 385 - 390.

Nananishi S, Kazama JJ, Nii — Kono T, Omori K et
al.: Serum Fibroblast Growth Factor 23 levels predict
the future refractory hyperparathyroidism in dialysis
patients. Kidney Int 2005 ; 67: 1171 — 1178.

Okada M, Imamura K, Fuchigami T, Omae T et al.: 2
cases of non — specific multiple ulcers of the small
intestine associated with osteomalacia caused by long
— term intravenous administration of saccharated ferric
oxide (Japanese). Nippon Naika Gakkai Zasshi 1982 ;
71: 1566 — 1572.

Okada M, Imamura K, lida M, Fuchigami T:
Hypophosphatemia induced by  intravenous
administration of saccharated Iron oxide. Klin
Wochenschr 1983 ; 61: 99 — 102.

PTH (human) ELISA KIT, Catalog Number KA
A0924, Abnova Company, Prats M, Font R, Garcia C,
Cabre C et al.: Effect of ferric carboxymalltose on
serum phosphate and C- terminal FGF23 levels in non-
dialysis chronic kidney disease patients: post — hoc
analysis of a prospective study.BMC Nephrology 2013
; 14:167.

Prie D, Urena Torres P, Friedlander G: Latest findings
in phosphate homeostasis. Kidney Int 2009 ; 75: 882 —
889.

Razzaque MS: Does FGF23 toxicity influence the
outcome of chronic kidney disease ? Nephrol Dial
Transpl 2009 ; 24:4 — 7.

Sanai T, Oochi N, Okada M et al: Effect of
saccharated ferric oxide and Iron dextran on the
metabolism of phosphorus in rats. J Lab Clin Med
2005 ; 146: 25 —29.

Sato K, Nohtomi K, Demura H, Takeuchi A et al.:
Saccharated ferric oxide (SFO) - induced
osteomalacia: in vitro inhibition by SFO of bone
formation and 1, dihydroxyvitamin D production in
renal tubules. Bone 1997 ; 21: 57 — 64.

Sato K and Shikari M: Saccharated ferric oxide -
induced osteomalacia in Japan: Iron — induced
osteopathy due to nephropathy. Endocr J 1998 ; 45:
431 —4309.

Schouten BJ, Doogue MP, Soule SG, Hunt PJ: Iron
polymaltose induced FGF23 elevation associated with
hypophosphatemic osteomalacia. Ann Clin Biochem
2009 b ; 46: 167 — 1609.

Schouten BJ, Hunt PJ, Livesey JH, Frampton CM et
al.: FGF23 evaluation and hypophosphatemia after

12/11/2013

2888

53.

54.

55.

56.

57.
58.

59.

60.

61.

62.

63.

intravenous Iron polymaltose: A prospective study. J
Clin Endocrinol Metab 2009 a, Shimada T, Urakawa
T, Isakova T, Yamazaki Y et al.: circulating Fibroblast
Growth Factor 23 in patients with end — stage renal
disease treated by peritoneal dialysis is intact and
biologically active. J Clin Endocrinol Metab 2010,
Shimizu Y, Tada Y, Yamauchi M et al:
Hypophosphatemia - induced by intravenous
administration of saccharated ferric oxide: another
form of FGF23 — related hypophosphatemia. Bone
2009 ; 45: 814 — 816.

Sliem H, Tawfik G, Moustafa F, Zaki H: Relationship
of associated secondary hyperparathyroidism to serum
Fibroblast Growth Factor 23 in end — stage renal
disease: A case control study. Indian Journal of
Endocrinology and Metabolism 2011 ; 15 (2): 105 —
109.

STANBIO Laboratory: Stanbio Iron and Total Iron
Binding Capacity (TIBC) procedure n° 0370, Takeda
Y, Komaba H, Goto S, Fuji H er al: Effect of
intravenous saccharated ferric oxide on serum FGF23
and mineral metabolism in hemodialysis patients. Am
J Nephrol 2011 ; 33: 421 -426.

Valenti L, Varenna M, Fracanzani AL et al.:
Association between Iron overload and osteoporosis in
patients with hereditary hemochromatosis.
Osteoporosis Int 2009 ; 20: 549 — 555.

Van — Wyck DB, Mangione AM, Morrison J, Hadley
PE et al: Large — dose intravenous ferric
carboxymaltose injection for Iron deficiency anemia in
heavy uterine bleeding: A randomized controlled trial.
Transfusion 2009 ; 49: 2719 — 2728.

Webmd, medicinenet. 2008

Wolf M: Update on Fibroblast Growth Factor 23 in
chronic kidney disease. Kidney International 2012 ;
82: 737 — 747.  http// www. Kidney -
international.org.

Yamasaki K and Hagiwara H: Excess Iron inhibits
osteoblast metabolism. Toxicol Lett 2009 ; 191: 211 —
215.

Yamashita T, Yoshita M, Itoh N: Identification of a
novel Fibroblast Growth Factor 23 (FGF23),
preferentially expressed in the ventro — lateral thalamic
nucleus of the brain. Biochem Biophy Res Comm
2000 ; 277: 494 — 98.

Yamazaki Y, Tamada T, Kasai N, Urakawa I: Anti -
FGF23 neutralising antibodies show the physiological
role and structural features of FGF23. J Bone Miner
Res 2008 ; 23: 1509 -1518.

Yoshiko Y, Wang H, Minamizaki T, [jiun C et al.:
Mineralized tissue cells are a principal source of
FGF23. Bone 2007 ; 40: 1565 — 1573.

Yuan Q, Sato T, Densmore M, Saito H et al.: FGF23 /
K lotho signaling is not essential for the phosphaturic
and anabolic functions of PTH. Journal of Bone and
Mineral Research 2011 ; 26 (9): 2026 — 2035.



