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Fibroblast growth factor-23 (FGF-23), produced by the osteocytes, is a 
phosphaturic hormone that regulates phosphate levels by suppressing 
phosphate reabsorption and suppressing 1,25-dihydroxyvitamin D 
production in the kidneys.[1] This effect is exerted when FGF-23 
binds to its receptors alongside Klotho (an FGF-23 co-receptor).[2] 
Studies have shown that FGF-23 is associated with progression of 
chronic kidney disease (CKD) as well as various CKD complications 
such as mineral and bone disorder (MBD), cardiovascular disease 
(CVD) and mortality.[3,4]

Fetuin-A (also known as α2-Heremans-Schmid glycoprotein 
(AHSG)) is a multifunctional glycoprotein predominantly produced 
in the liver and has been described as one of the key circulatory 
inhibitors of calcification.[1,5] Low levels of fetuin-A have been 
associated with MBD, vascular calcification, arterial stiffness, 
atherosclerosis and other cardiovascular events.[6,7]

A rise in FGF-23 is often observed in response to hyperphosphataemia 
observed with declining renal function in CKD patients.[8] On the other 
hand, studies have reported low fetuin-A levels with declining renal 
function, possibly as a combined result of reduced fetuin-A production 
in a pro-inflammatory uraemic environment and increased fetuin 
consumption in a pro-calcific environment.[9,10] Considering the roles of 
FGF-23 and fetuin-A, it may be assumed that these biomarkers maintain 
an inverse relationship in patients with CKD.

Fetuin-A gene polymorphisms have been associated with fetuin-A 
levels, ultimately affecting cardiovascular injury in both CKD and 
non-CKD patients. Several single nucleotide polymorphisms (SNPs) 
of the fetuin-A gene have been implicated in this process.[7,11,12] Eight 
SNPs of interest (rs2248690, rs6787344, rs4831, rs4917, rs4918, 

rs2070633, rs2070634 and rs2070635) were identified based on 
their reported relationship with fetuin-A levels and markers of bone 
mineralisation in both CKD and non-CKD patients.[7,11-14]

The present study aimed to determine the relationship between 
FGF-23 and fetuin-A in children with CKD and to determine the 
role of fetuin-A SNPs with respect to fetuin-A levels and biochemical 
parameters in these children.

Methods
Thirty-two CKD I, 30 CKD II-IV and 31 CKD V (dialysis) black 
South African children (age 5 - 18) were recruited consecutively over 
a 12-month period (August 2015 - July 2016). The CKD I group were 
children with a glomerular filtration (GFR) >90 mL/min/1.73m2 
(with either structural abnormalities, or isolated haematuria) with 
normal blood pressure and no proteinuria; CKD II-IV were those 
with GFR of 15 - 90 mL/min/1.73m2; and CKD V were those children 
on maintenance haemodialysis and peritoneal dialysis. Children 
with known congenital heart disease, diabetes mellitus, liver disease, 
active infection, systemic lupus erythematosus, malignancies and 
renal transplant were excluded from the study.

Blood samples were drawn for biochemical assay and genomic 
DNA. Serum creatinine, phosphate, calcium and intact parathyroid 
hormone (PTH) levels were assayed using the Siemens Advia system. 
Plasma 25-hydroxyvitamin D or 25(OH)D was assayed using the 
ARCHITECT 25(OH)D method. Plasma intact FGF-23 was assayed 
using Human FGF-23 ELISA Kit (Merck Millipore, USA). Plasma 
AHSG level was assayed using EDI Human Fetuin-A ELISA kit 
(EPITOPE Diagnostics, CA, USA).
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GFR was estimated by use of the modified Schwartz formula.[15] 
Hyperphosphataemia, hypocalcaemia, elevated calcium product and 
elevated alkaline phosphatase were defined based on age according 
to the Kidney Disease Outcomes Quality Initiative (KDOQI) and the 
Kidney Disease Improving Global Outcomes (KDIGO) clinical practice 
guidelines for MBD in children with CKD.[16,17] Hyperparathyroidism 
was defined as PTH levels above laboratory normal limit (>7.6 pmol/L) 
in pre-dialysis patients and above nine times the upper normal limit 
(>68.4 pmol/L) in dialysis patients as recommended by KDIGO.[17] Low 
25(OH)D was defined as <30 ng/mL and elevated C-reactive protein 
(CRP) as >10 mg/L.[16,18]

Genomic DNA was extracted using the automated Maxwell 
platform and commercially available Maxwell DNA purification kits 
(Promega Corp., USA). DNA concentrations were determined by 
the NanoDrop 2000 spectrophotometer (Thermo Scientific, USA), 
and the DNA samples stored at –80oC. Regions of the AHSG gene 
covering the SNPs of interest (rs2248690, rs6787344, rs4831, rs4917, 
rs4918, rs2070633, rs2070634 and rs2070635) were amplified by 
polymerase chain reaction (PCR) on the MJ Mini Thermal cycler 
(Bio-Rad, USA). Primers were designed using the IDT PrimerQuest 
software (https://eu.idtdna.com/PrimerQuest/Home/Index) with 
sequences and product lengths shown in Table 1. For SNPs rs2248690 
and rs6787344, primers were modified to induce a restriction site for 
restriction fragment length polymorphism (RFLP) analysis. The PCR 
amplification was carried out using the KAPA2G Robust HotStart 
ReadyMix PCR Kit using 50 ng DNA and 1.25 µL of each of the 
forward and reverse primers and the recommended thermocycling 
conditions.

Genotypes for rs2248690, rs6787344, rs4831, rs4917 and rs4918 
in fetuin-A were determined by RFLP. Samples were incubated with 
their respective restriction enzymes overnight at 37°C (Table  1). 
To prevent evaporation, each reaction was overlaid with 15 µL of 
mineral oil. The following day, the reactions were terminated by 
adding an EDTA-containing gel dye. Fragments were resolved on 
10% polyacrylamide gels and visualised using a Gel Doc EZ imager 
(Bio-Rad Systems, USA). Three closely positioned SNPs (rs2070633, 
rs2070634 and rs2070635) were genotyped by direct sequencing at a 
private laboratory (Inqaba Biotech, SA).

The study was approved by the University of the Witwatersrand 
Human Research Ethics Committee (Protocol M150312). Written 
consent was obtained for each parent/guardian of participating 
children, with assent being obtained from children >8 years old.

Data analysis
All data were collected and managed using the Research Electronic 
Data Capture (REDCap) tool[19] and STATA 13.1 (Stata Corp., 
USA) used for the analyses. Continuous variables from the 
biochemical parameters were described using means (standard 
deviations) for data normally distributed, and medians (ranges 
or interquartile ranges (IQR)) used for skewed data. Categorical 
variables were presented as proportions. Statistical significance in 
proportions was tested for using χ2 tests or Fisher’s exact test where 
appropriate. Mean/median values of the different groups were 
compared using anlaysis of variance (ANOVA) or the Kruskal-
Wallis test, depending on distribution of the data. To compensate 
for multiple testing, Bonferroni type correction was used to adjust 
for significant levels for the biochemical parameters as appropriate. 

Genotype frequencies for each SNP distribution were calculated 
and tested for Hardy-Weinberg equilibrium. In addition to Fisher’s 
exact test or the χ2  test, the trend test of association was used to 
determine significant difference in the distribution of the genotypes 
in the CKD groups. Median values of fetuin-A for each of the 
different SNP genotypes were compared using Kruskal-Wallis tests. 
To test for relationships between SNPs and fetuin-A levels and 
markers of mineral bone disease, linear regression was used. Skewed 
data were log-transformed before inclusion into the regression 
model. Only the allele and not the genotype patterns were used to 
determine these relationships owing to low numbers in some of the 
genotype categories. A p-value <0.05 was regarded as statistically 
significant for all analyses. 

Results
The overall mean age of the patients was 10.7 (3.6) years, with 
a male:female ratio of 2.3:1. The biochemical parameters of the 
patients are shown in Table  2. The CKD V group had the highest 
proportion of abnormal parameters.

Table 1. Primers and product lengths for the different SNPs
RFLP allelic 

discrimination

SNP Primers PCR product
Restriction 
enzyme Allele Size (bp)

rs2248690 Fwd: 5’ - GAA CCC AGA GCT GTG TCA TA - 3’ 150 bp NdeI A 150

Rev: 5’ - TCC TTC TCC AGA CCT CAC T - 3’ T 132 and 18 
rs6787344 Fwd: 5’ – TAC CGA GGT AAG GAG GGA TTG - 3’ 145 bp BsaI C 147

Rev: 5’ – CCT TAA AAT AGA TTG GCT AGG GAGA - 3’ G 125 and 20
rs4831 Fwd: 5’ – GGC AGG CTC CAA CAG ATA AA - 3’ 361 bp PvuII C 361

Rev: 5’ – CAT AGA CAG CAG GTC CAC TTAC - 3’ G 199 and 162
rs4917 Fwd: 5’ – TCT CTG TGG GCA GCA ATA TG - 3’ 284 bp NlaIII C 284

Rev: 5’ – GGA GGG AAA GGC ATA GCT AAA - 3’ T 202 and 82
rs4918 Fwd: 5’ – GGG AGG AGG AAG CAA ACT AAC - 3’ 264 bp SacI C 264

Rev: 5’ – CAA TGA GAC CAC ACC CAT GAA - 3’ G 209 and 55
rs2070633, 
rs2070634 Fwd: 5’ - GCT CTA TGA AAC AGG TGG AAG A  - 3’ 439 bp - - -
and rs2070635 Rev: 5’ - GGG CTG AGA AGA GTA CAT GAA A  - 3’

RFLP = restriction fragment length polymorphism; SNP = single nucleotide polymorphism; PCR = polymerase chain reaction; bp = base pairs.

https://eu.idtdna.com/PrimerQuest/Home/Index
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The median (IQR) FGF-23 and fetuin-A levels were 28.9  
(11.7 - 147.1) pg/mL and 57.7 (37.7 - 71.8) mg/dL respectively. Both 
FGF-23 and fetuin-A levels varied between the different CKD groups 
(Table 2). Median plasma levels of FGF-23 were lowest in the CKD 
I group and highest in the CKD V group and differed significantly 
between the three groups (p<0.001). Fetuin-A levels were almost 
similar in the CKD I and CKD II - IV groups but much lower in the 
dialysis-dependant group although the range was wider (p=0.006).

There was no significant linear relationship between total fetuin-A 
and FGF-23 levels (ρ=-0.18, p=0.088), but a sub-group analysis 
showed a significant negative relationship between fetuin-A and FGF-
23 in the CKD V group (ρ=-0.60, p<0.001). Plasma FGF-23 levels 
correlated better with markers of bone mineralisation than fetuin-A, 
and no correlation was observed between fetuin-A and CRP (a marker 
of inflammation) (Table 3).

Eight SNPs were analysed: rs2248690, rs6787344, rs4831, rs4917, 
rs4918, rs2070633, rs2070634 and rs2070635.  Four of these SNPs 
(rs2248690, rs6787344, rs4918 and rs2070633) did not follow the 
Hardy-Weinberg law (p≤0.05) and were not excluded from the analysis 
consequent to the small sample size (Table 4).
We found no significant difference in fetuin-A levels in the different 
SNP genotype distributions, but we found significant association 
between log-transformed fetuin-A levels and the rs4918 G-allele 
compared with the rs4918 C-allele (p=0.046) and the rs2070633 T-allele 
when compared with the rs2070633 C-allele (p=0.015) (Table 5).

Markers of MBD, such as phosphate and PTH levels, were 
associated with fetuin-A SNPs. The rs6787344 G-allele was 
significantly associated with phosphate levels (0.042), and the rs4918 
G-allele with PTH (p=0.044) (Table 5).

Discussion
This comparative study demonstrates changes in the levels of fetuin-A 
and FGF-23 seen in the different spectra of CKD in black South African 

children. As expected, given the roles of these two biomarkers in  
CKD-MBD,[8,20] FGF-23 levels showed a linear increase with progression 
of disease while fetuin-A levels varied across the disease spectrum but 
did not decrease linearly with disease progression. We identified a 
strong negative relationship between fetuin-A and FGF-23 in the 
dialysis group. It is interesting to observe that we did not demonstrate 
a similar relationship in the other CKD groups, which seems to suggest 
that, although changes of CKD-MBD may be seen in early CKD,[21,22] 
a clearer relationship between these two biomarkers is only seen in 
advanced disease. Our study also showed that FGF-23 correlated better 
with markers of bone mineralisation than with fetuin-A.

The near-similar levels of fetuin-A in the CKD I and CKD 
II-IV groups despite advancing disease and the wider range in the 
dialysis group cannot be attributed solely to disease progression; 
other factors such as fetuin-A gene polymorphisms might have 
contributed to these differences.

Previous studies have reported a link between various fetuin-A 
SNPs and fetuin-A levels, with the most widely reported SNPs 

Table 2. Biochemical parameters of the patients
Patient parameters CKD I (n=32), n(%)* CKD II-IV (n=30), n(%)* Dialysis CKD (n=31), n(%)* p-value†

Age, years‡ 9.5 (2.9) 11.0 (3.6) 11.6 (4.0) 0.051
Sex (M:F) 23:9 24:6 18:13 0.167
CRP, mg/L§ 10 (-) 10 (10 - 61) 10 (10 - 62) 0.024
Elevated CRP (Y/N) 0/32 4/26 7/24 0.008
Calcium, mmol/L§ 2.32 (2.22 - 2.38) 2.32 (2.21 - 2.37) 2.22 (1.99 - 2.35) 0.005
Hypocalcaemia (Y/N) 17/15 15/15 18/13 0.816
Phosphate, mmol/L‡ 1.47 (0.26) 1.42 (0.25) 1.55 (0.49) 0.333
Hyperphosphataemia (Y/N) 4/28 4/26 12/19 0.023
CaXP‡ 3.42 (0.65) 3.23 (0.52) 3.35 (1.28) 0.722
Increased CaXP 0 0 7/24 -

Alkaline phosphatase, U/L § 249 (209 - 333) 263 (199 - 310) 252 (184 - 517) 0.669
Increased alkaline phosphatase (Y/N) 4/28 8/22 16/15 0.003¶

PTH, pmol/L§ 3.8 (2.9 - 5.4) 6.6 (3.8 - 10.9) 60.1 (18.0 - 157.4) <0.001¶

Increased PTH (yY/N) 4/28 13/16 16/15 0.002 ¶

25(OH)D‡ 22.7 (7.4) 25.5 (9.1) 18.1 (6.7) <0.002¶

Low 25(OH)D (Y/N) 28/4 23/7 30/1 0.059
FGF-23, pg/mL|| 14.99 (1.48 - 90.02) 19.02 (0 - 219.003) 264.10 (2.43 - 3893.00) <0.001¶

Fetuin-A, mg/dL|| 65.48 (11.12 - 96.56) 56.44 (26.58 - 125.98) 34.20 (0.85 - 225.2) 0.006

CKD = chronic kidney disease; CRP = C-reactive protein; CaXP = calcium-phosphorus product; PTH = parathyroid hormone, 25(OH)D-25Hydroxyvitamin D;  
FGF = 23-fibroblast growth factor-23.
†Anova, Kruskal-Wallis or chi-square test as appropriate.
‡Significant after Bonferroni correction (p<0.005).
§Mean (standard deviation).
¶Median presented with interquartile ranges.
||Median presented with ranges.

Table 3. Fetuin-A and FGF-23 association with markers of 
inflammation and bone mineralisation

FGF-23 Fetuin A
correlation 
(p-value)

correlation 
(p-value)

CRP (mg/L) 0.082 (0.435) –0.165 (0.113)
Calcium (mmol/L) –0.258 (0.012) 0.129 (0.219)
Phosphate (mmol/L) 0.192 (0.065) –0.044 (0.676)
Alkaline phosphatase (U/L) –0.125 (0.234) 0.193 (0.064)
PTH (pmol/L) 0.485 (<0.001) –0.253 (0.015)
25(OH)D (ng/mL) –0.370 (<0.001) 0.103 (0.328)

CRP = C-reactive protein; PTH = parathyroid hormone.
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associated with fetuin-A levels being rs4917, rs4918, rs2248690, 
rs2070633 and rs2070635.[7,12-14,23-25] In the present study, there 
was a similar association of the rs4918 and rs2070633 SNPs and 
fetuin-A levels. The rs4918 G-allele showed a positive association 
with fetuin-A levels, while the rs2070633 T-allele showed a negative 
association with fetuin-A levels.

Contrary to what has been previously reported, where having the 
SNP genotypes such as rs4918 CG or GG genotypes was associated 
with fetuin-A levels,[7,13,14,23,24] we did not observe a similar trend. 
This variation may be attributed to the small size of our study group, 
which affected the distribution of the SNP genotypes and alleles. The 
younger age of our patients and their genetic makeup might have 
also contributed to the difference.

There is a dearth of studies that have looked at the association 
between fetuin-A SNPs and markers of bone mineralisation implicated 
in vascular injury such as phosphate, calcium-phosphate product and 
parathyroid hormone (PTH). A study by Osawa et  al.[14] reported a 
significant difference in phosphate levels among fetuin-A genotypes. 
Our study observed a positive relationship of phosphate levels with the 
fetuin-A SNP rs6787344 G-allele. Serum PTH levels were also found to 
be negatively associated with rs4918 G-allele.

Limitations
The major limitations are the small sample size and the lack of a 
disease-free control group for comparison.

Conclusion
In spite of the limitations, the present study was able to demonstrate 
the relationship between FGF-23 and fetuin-A and the association 
of fetuin-A SNPs with serum fetuin-A, phosphate and PTH levels 
in children with CKD. The study suggests that FGF-23 increases 
with progression of disease while fetuin-A levels did not show a 
linear relationship with disease progression. It also shows that an 
inverse relationship between FGF-23 and fetuin-A is more likely 
to be observed in children with advanced CKD, and that FGF-23 
correlates better with markers of bone mineralisation in children 
when compared with fetuin-A. The study also suggests that children 
with the rs4918 G-allele and rs2070633 T-allele are more likely to 
have altered fetuin-A levels.
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