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Introduction: The body produces fibroblast growth factor-23 (FGF-23) to maintain normal phosphate
levels when hyperphosphatemia occurs. Production of FGF-23 indirectly causes hypocalcemia.
Phosphate and calcium disturbances also occur in chronic kidney disease (CKD), therefore this
adaptation mechanism applies. This situation; however, only manifests in the early stages of CKD;
if the estimated glomerular filtration rate (¢GFR) is less than 30% of normal. This adaptation is no
longer adequate and levels of calcium-phosphate (CaxP) products and FGF-23 still rise.

Objectives: In this study, the correlation between both the serum levels of FGF-23 and CaxP products
in CKD was analyzed.

Patients and Methods: A cross-sectional study including 78 subjects with CKD stages 3 to 5 dialysis
was conducted. Serum FGF-23 levels were determined using the enzyme-linked immunosorbent

Phosphate assay (ELISA) method and CaxP product levels were calculated using the formula calcium (mg/
Chronic kidney disease dL) x phosphate (mg/dL). The Kolmogorov-Smirnov test and Spearman’s test were conducted in the
CKD-MBD

statistical study. If the P value is less than 0.05, the statistical findings are significant.

Results: Serum FGF-23 levels and CaxP product levels were shown to be significantly correlated. This
analysis of the two correlations was independent of age and diabetes mellitus (DM). Based on stages
of CKD, serum FGF-23 levels and CaxP product levels were discovered to be significantly correlated
only at stage 5 of non-dialysis.

Conclusion: Increasing serum FGF-23 levels were correlated with increased CaxP product levels,
particularly in CKD stage 5 non-dialysis subjects. This correlation was independent of age and DM.

Implication for health policy/practice/vesearch/medical education:

In chronic kidney disease (CKD) with an estimated glomerular filtration rate (eGFR) of less than 30% of normal, serum fibroblast growth
factor-23 (FGF-23) levels can rise together with CaxP product values. According to our research, serum FGF-23 levels and calcium-
phosphate (CaxP) products levels were correlated, particularly in CKD stage 5 non-dialysis. It can be a benchmark for determining how
CKD is progressing and diagnosing chronic kidney disease-mineral and bone disorder (CKD-MBD) by examining FGF-23, calcium and
phosphate levels.

Please cite this paper as: Mahardika A, Kasim H, Bakri S, Rasyid H, Umar H, AS Daud N, Udaya W, Seweng A. Correlation of serum
fibroblast growth factor-23 levels and calcium phosphate products levels in chronic kidney disease; sub analysis of chronic kidney disease-
mineral and bone disorder study. ] Nephropathol. 2024;13(4):¢20416. DOI: 10.34172/jnp.2024.20416.

Introduction

A three-month-old kidney disorder condition that
affects the structure and/or function of the kidneys and
has negative health effects is known as chronic kidney

disease (CKD) (1). One of the manifestations of CKD is

a disturbance in the homeostasis of minerals, particularly
phosphate and calcium. The hormone that is most
frequently linked to CKD and acts to regulate the body’s
phosphate levels is fibroblast growth factor-23 (FGF-23)
(2). When hyperphosphatemia occurs, FGF-23’s major
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effects are to increase phosphate excretion through the
urine and reduce phosphate reabsorption in the renal
tubules by reducing the expression of NaPi-Ila and NaPi-
Ic co-transporters. FGF-23 also decreased the expression
of NaPi-IIb co-transporter, calcitriol levels and 1-alpha
hydroxylase in the kidney, which inhibited the absorption
of phosphatein the small intestineand kept phosphate levels
within a consistent normal range (3). This compensatory
mechanism is no longer adequate to maintain equilibrium
in CKD with the estimated glomerular filtration rate
(eGFR) at 30% of normal, leading to hyperphosphatemia.
There is reduced calcitriol, which not only controls
phosphate levels, but also prevents calcium from being
absorbed in the small intestine, leading to hypocalcemia.
Hypocalcemia further stimulates the prolonged secretion
of parathyroid hormone (PTH). An increase in PTH
accelerates the loss of calcium from bone, which is
followed by a progressive accumulation of calcium and
phosphate in tissues, causing vascular calcification (4-6).
The calcium-phosphate (CaxP) products is an indicator
that describes calcium and phosphate metabolism (7).
The disruption of CaxP product homeostasis will cause
alterations in the histological structure and bone strength,
referred to as the mineral and bone disorders in CKD (8).
Accordingly, CaxP product homeostasis is maintained by
endogenous factors such as age (9,10). Insulin resistance
and insulin deficiency have been identified as the factors
that stimulate FGF-23 production (11). Moreover, serum
FGEF-23 levels and CaxP products that are associated
with decreasing the eGFR. Therefore, we examined the
relationship between serum FGF-23 levels and CaxP
product levels in this study.

Objectives

In this study, it was decided to find out the correlation
between both serum FGF-23 levels and CaxP product
levels in patients with CKD stages 3 to 5 on dialysis and to
investigate the effects of age and DM on that correlation.

Patients and Methods

Study design

This cross-sectional study was conducted at the Wahidin
Sudirohusodo hospital in Makassar, South Sulawesi,

Table 1. Baseline characteristics of subjects

Indonesia. The study took place from April to August
2021. The inclusion criteria of this study were CKD
patients aged 18 to 65 years, with categories being stages
of 3, 4, 5 non-dialysis and 5 on dialysis of >6 months.
The distribution of CKD stage 3 (n = 19), stage 4 (n =
19), stage 5 non-dialysis (n = 20) and stage 5 dialysis (n
= 20) included 78 subjects in the samples. Examination
of serum FGF-23 levels was measured using a special
research reagent kit using the method of the enzyme-
linked immunosorbent assay (ELISA), (Immunotopics,
Inc., Athens, made in the USA). The serum calcium level
was measured using the arsenazo III method, using the
Architect ¢8000 product. The serum phosphate level was
measured by the phosphomolybdate method, using an
architect 8000 product. Then the CaxP product level was
obtained with the formula calcium (mg/dL) x phosphate
(mg/dL).

Statistical analysis

Statistical tests were performed on the data using SPSS
version 25, which comprised frequency distribution and
calculations for descriptive statistics. The types of statistical
tests used were the Kolmogorov-Smirnov test to assess the
normality of the data and Spearman’s correlation test to
assess the correlation of the variables. If the value was
P<0.05, the outcomes of statistical tests were considered
significant.

Results
There was not a discernible correlation between the levels
of serum calcium and FGF-23 (P=0.989, r = 0.002).
The levels of serum FGF-23; however, were significantly
correlated with those of phosphate (P=0.001, r = 0.383).
In a similar way, a substantial correlation between the
serum levels of FGF-23 and CaxP products was found
(P=0.000, r = 0.419), with the higher the serum FGF-23
level, the higher the CaxP product level (Tables 1 and 2).
Based on the stages of CKD in this study, the levels of
serum calcium and FGF-23 did not significantly correlate
with one another at all stages (2>0.05). Furthermore, a
significant correlation between serum FGF-23 levels and
serum phosphate levels was found at stage 3 and stage 5
non-dialysis (2<0.05). Meanwhile, serum FGF-23 levels

Variable Minimum Maximum Mean Standard deviation
Age (y) 18 65 48.50 12.54

e¢GFR (mL/min/1.73m?) 1.10 56.30 20.98 16.69
Calcium (mg/dL) 5.40 11.40 8.11 1.05
Phosphate (mg/dL) 1.50 15.00 4.98 2.50

CaxP product (mg*/dL?) 15.30 120.00 39.60 18.49
FGF-23 (RU/mL) 12.30 2013.20 387.9 423.50

Variable descriptive statistics (n=78).

Abbreviations: eGFR, estimated glomerular filtration rate; CaxP, Calcium phosphate; FGE-23, fibroblast growth factor-23.
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Table 2. FGF-23 with calcium, phosphate and CaxP products of correlated

FGEF-23 r 0.002 0.383 0.419
P 0.989 0.001 0.000
n 78 78 78

Spearman’s rho test.
Abbreviations: CaxP, Calcium phosphate; FGF-23, fibroblast growth
factor-23.

and CaxP product levels were only significantly correlated
at stage 5 non-dialysis (P < 0.001, r = 0.722; Table 3).
The effect of age analysis was still found to have a
significant correlation between serum FGF-23 levels and
CaxP product levels on the age factor as age <60 years
(P =0.001, r = 0.405) and age 260 years (?=0.030, r
= 0.541). Therefore, the age factor was independent of
the correlation between serum FGF-23 levels and CaxP
product levels in CKD. Subjects with DM (2=0.013, r =
0.449) and subjects without DM (P = 0.009, r = 0.373)
had significantly correlated serum FGEF-23 levels and

FGF-23 in CKD

CaxP product levels on these variables. Consequently,
whether or not there was DM, there was an independent

correlation between serum levels of FGF-23 levels and
CaxP products (Table 4).

Discussion
In this study, the correlation study showed serum calcium
and FGF-23 levels, with no statistically significant link
(P =0.989, r = 0.002). A significant correlation between
serum phosphate levels and serum FGF-23 levels was
discovered through research work (2 = 0.001, r = 0.383).
Analysis of the correlation of serum FGF-23 levels with
CaxP product levels also found a significant correlation
(P =0.000, r = 0.419). These findings were in line with
the study by Yasin et al (2) in 2013, a cross-sectional
investigation of 81 patients identified a strong association
between FGF-23 and CaxP products in CKD patients
older than 13 years old with stages 1 to 5 of the condition
(P <0.0001, r = 0.534).

Based on an analysis of CKD stages, no significant

Table 3. Based on the stages of CKD in correlated FGF-23 with calcium, phosphate and CaxP products

Stage 3 FGF-23 r
P
n
Stage 4 FGF-23 r
P
n
Stage 5 non-dialysis FGF-23 r
P
n
Stage 5 on dialysis FGF-23 r
(=6 months) P

-0.252 0.539 0.358
0.299 0.017 0.132
19 19 19
0.136 0.200 0.249
0.578 0.413 0.304
19 19 19
0.055 0.715 0.722
0.819 <0.001 <0.001
20 20 20
0.208 -0.118 -0.057
0.378 0.620 0.811
20 20 20

Spearman’s rho test.

Abbreviations: CKD, chronic kidney disease; CaxP, Calcium-phosphate; FGF-23, fibroblast growth factor-23.

Table 4. The characteristics and effects of other factors on the correlation of FGF-23 with CaxP product

Ages
<60 years FGF-23 r 0.405 62 79.5
P 0.001
260 years FGF-23 r 0.541 16 20.5
P 0.030
DM
Yes FGEF-23 r 0.449 30 38.5
P 0.013
No FGF-23 r 0.373 48 61.5
P 0.009
Total 78 100
Spearman’s rho test.
Abbreviations: CaxP, Calcium-phosphate; FGF-23, fibroblast growth factor-23.
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correlation between serum FGF-23 levels and CaxP levels
at stages 3 and 4 was detected. This study was supported
by the study of Isakova et al (12) that examined a cohort
data. They found significant diversity across all phases of
eGFR, since not all CKD patients had increased FGF-23
levels. This condition could be impacted by physiological
or genetic factors. In CKD stage 5 non-dialysis, a
significant correlation was found between FGF-23 levels
and CaxP product levels. This result was consistent with
a study by Kritmetapak et al (13), involving 85 subjects
with varied eGFR levels, which revealed a progressive rise
in FGF-23 and CaxP product concentration as eGFR
decreased. Levels of serum FGF-23 and CaxP products
were not significantly correlated in subjects with CKD
stage 5 who had been receiving dialysis for six months.
Phosphate levels decreased with longer and more frequent
dialysis sessions, but FGF-23 levels remained the same
(14).

In terms of age and DM, there was still a significant
correlation between serum FGF-23 levels and CaxP
product levels in CKD (Table 4). This shows that these
factors were independent of the correlation between the
two. We were aware of a few studies investigating the
effect of age and DM on the correlation between levels of
CaxP products and serum FGF-23 in CKD.

Conclusion

Increasing serum FGF-23 levels were correlated with
increased CaxP product levels, particularly in CKD stage
5 non-dialysis subjects. The level of CaxP product rises
in direct proportion to the level of FGF-23 in the serum.
This correlation was independent of age and DM.

Limitations of the study

This study did not investigate the history of diet, using
calcitriol, phosphate binders, and calcium supplements,
all of which can affect CaxP product levels. An albumin
examination was not performed to measure total calcium
levels.

Authors’ contribution

Conceptualization: Adeh Mahardika, Hasyim Kasim,
Syakib Bakri.

Data curation: Adeh Mahardika, Arifin Seweng,.

Formal analysis: Adeh Mahardika, Arifin Seweng.
Funding acquisition: All authors.

Investigation: Adeh Mahardika, Syakib Bakri, Hasyim
Kasim.

Methodology: Adeh Mahardika, Arifin Seweng, Syakib
Bakri.

Project administration: Adeh Mahardika.

Resources: Adeh Mahardika, Hasyim Kasim, Syakib
Bakri, Haerani Rasyid.

4 Journal of Nephropathology, Vol 13, No 4, October 2024

Supervision: Syakib Bakri, Hasyim Kasim, Haerani
Rasyid.

Validation: Haerani Rasyid, Husaini Umar, Nu'man AS
Daud, Wasis Udaya.

Visualization: Husaini Umar, Nu'man AS Daud, Wasis
Udaya.

Writing—original draft: Adeh Mahardika.
Writing—review and editing: Syakib Bakri, Hasyim
Kasim, Haerani Rasyid.

Conflicts of interest
The authors state that they have no interest in conflict.

Ethical issues

The Declaration of Helsinki was followed in the conduct
of this study. This study was approved by the Human
Biomedical Research Ethics Committee at the Faculty of
Medicine of Hasanuddin University in Makassar, South
Sulawesi, Indonesia with project ID: UH-21100641,
and Reference No: 856/UN4.6.4.5.31/PP36/2021. Each
subject gave their written informed consent. Besides,
ethical issues (including plagiarism, data fabrication,
double publication) have been completely observed by
the authors.

Funding/Support
There was no funding provided for this study. The author’s
team funded the study.

References

1. Inker LA, Astor BC, Fox CH, Isakova T, Lash JP, Peralta CA,
etal. KDOQI US commentary on the 2012 KDIGO clinical
practice guideline for the evaluation and management of
CKD. Am ] Kidney Dis. 2014;63:713-35. doi: 10.1053/j.
ajkd.2014.01.416.

2. Yasin A, Liu D, Chau L, Madrenas J, Filler G. Fibroblast
growth factor-23 and calcium phosphate product in young
chronic kidney disease patients: a cross-sectional study. BMC
Nephrol. 2013;14:39. doi: 10.1186/1471-2369-14-39.

3. Fourtounas C. Phosphorus metabolism in chronic kidney
disease. Hippokratia. 2011;15:50-2.

4. Hruska KA, Seifert M, Sugatani T. Pathophysiology of
the chronic kidney disease-mineral bone disorder. Curr
Opin Nephrol Hypertens. 2015;24:303-9. doi: 10.1097/
MNH.0000000000000132.

5. Sprague SM, Martin KJ, Coyne DW. Phosphate Balance and
CKD-Mineral Bone Disease. Kidney Int Rep. 2021 May
17;6:2049-2058. doi: 10.1016/j.ekir.2021.05.012.

6. Cozzolino M, Dusso AS, Slatopolsky E. Role of calcium-
phosphate product and bone-associated proteins on
vascular calcification in renal failure. ] Am Soc Nephrol.
2001;12:2511-2516.  doi:  10.1681/ASN.V12112511.

7. O’Neill WC. The fallacy of the calcium-phosphorus product.
Kidney Int. 2007;72:792-6. doi: 10.1038/sj.ki.5002412.

https:/ /nephropathol.com


https://nephropathol.com

10.

11.

Wesseling-Perry K, Jippner H. The osteocyte in CKD: new
concepts regarding the role of FGF23 in mineral metabolism
and systemic complications. Bone. 2013;54:222-9. doi:
10.1016/j.bone.2012.10.008.

Lederer E. Regulation of serum phosphate. J Physiol.
2014;592:3985-95. doi:  10.1113/jphysiol.2014.273979.
Pereira Dde C, Lima RP, de Lima RT, Gongalves Mda C, de
Morais LC, Franceschini Sdo C, et al. Association between
obesity and calcium:phosphorus ratio in the habitual diets
of adults in a city of Northeastern Brazil: an epidemiological
study. Nutr J. 2013;12:90. doi: 10.1186/1475-2891-12-90.
Hanks LJ, Casazza K, Judd SE, Jenny NS, Gutiérrez OM.
Associations of fibroblast growth factor-23 with markers

of inflammation, insulin resistance and obesity in adults.
PLoS One. 2015;10:¢0122885. doi: 10.1371/journal.

12.

13.

14.

FGF-23 in CKD

pone.0122885.

Isakova T, Wahl B, Vargas GS, Gutiérrez OM, Scialla J, Xie H,
etal. Fibroblast growth factor 23 is elevated before parathyroid
hormone and phosphate in chronic kidney disease. Kidney
Int. 2011;79:1370-8. doi: 10.1038/ki.2011.47.

Kritmetapak K, Losbanos L, Berent TE, Ashrafzadeh-Kian SL,
Algeciras-Schimnich A, Hines JM, et al. Hyperphosphatemia
with elevated serum PTH and FGF23, reduced 1,25(0H),D
and normal FGF7 concentrations characterize patients with
CKD. BMC Nephrol. 2021;22:114. doi: 10.1186/s12882-
021-02311-3.

Waheed AA, Pedraza E, Lenz O, Isakova T. Phosphate control
in end-stage renal disease: barriers and opportunities. Nephrol
Dial Transplant. 2013;28:2961-8. doi: 10.1093/ndt/gft244.

Copyright © 2024 The Author(s); Published by Society of Diabetic Nephropathy Prevention. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work is propetly cited.

https:/ /nephropathol.com

Journal of Nephropathology, Vol 13, No 4, October 2024 5


https://nephropathol.com

