Original Article

The Change of Serum FGF-23 Levels Predicts the
Progression of Renal Function in Chronic Kidney Disease
Patients

Kullaya Takkavatakarn, MD*, Winat Kaewtan, MD*, Api Chewcharat, MD?, Kearkiat Praditpornsilpa, MD?,
Somchai Eiam-Ong, MD?, Paweena Susantitaphong, MD, PhD*

* Division of Nephrology, Department of Medicine, Faculty of Medicine, King Chulalongkorn Memorial Hospital, Chulalongkorn University, Bangkok,
Thailand

Background: The role of elevated baseline fibroblast growth factor 23 (FGF-23) levels on the progression of renal function in
long term (years) follow-up studies is not yet established.

Objective: To circumvent the confounding factors occurring during the study duration, the authors examined the roles of the
changing values of FGF-23 and other risk factors on progression of renal function after a shorter term (months) follow-up.

Materials and Methods: The present study was a 12-week prospective cohort study to determine the association between
traditional and non-traditional risk factors on the progression of renal function.

Results: Sixty-five chronic kidney disease (CKD) patients were included. After a 12-week follow-up, significant increases of
serum creatinine, cystatin C, vitamin D level, and FGF-23 levels were observed. The delta FGF-23 values increased progressively
according to the staging of the CKD. The baseline parathyroid hormone level, which was in the recommended range following
the KDIGO guideline, and the delta FGF-23 values were the significant parameters that had association with the decline of the
estimated glomerular filtration. There was a positive association between delta FGF-23 and delta 25-OH vitamin D values.

Conclusion: The increasing change in serum FGF-23 level is significantly correlated with declining renal function. Thus, delta

FGF-23 value could be utilized as a suitable biomarker for following and detecting CKD progression.
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Fibroblast growth factor 23 (FGF-23), a hormone
mainly excreted from the osteocytes, increases
urinary phosphate excretion, decreases active
vitamin D synthesis, and inhibits parathyroid
hormone (PTH) synthesis and secretion. Meanwhile,
FGF-23 is stimulated by high phosphorus intake,
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hyperphosphatemia, active vitamin D, and PTH®.
Besides mineral metabolism, FGF-23 directly
activates the renin-angiotensin-aldosterone system
(RAAS)@. FGF-23 concentrations rise early in
chronic kidney disease (CKD) before the elevation in
PTH and the onset of apparent hyperphosphatemia®.
A significant inverse correlation was observed
between FGF-23 levels and estimated glomerular
filtration rate (¢eGFR)™>. Despite that the increase in
FGF-23 is recognized to be a proper physiological
response to maintain normal phosphorus homeostasis,
the consistently heightened FGF-23 levels eventually
result in increasing mortality and cardiovascular
events in CKD patients®.

Several previous studies have attempted to
examine the association between the baseline levels of
FGF-23 and consequent renal function®”. Although
many reports have demonstrated the relationship
between the increased baseline levels of FGF-23
levels and the decline in renal function as well as
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elevation in incidences of CKD and end stage renal
disease (ESRD)®7?, a considerable number of
studies could not show such interrelation, especially
after adjusted analysis"*'). The follow-up duration
between the measurements of the baseline FGF-23
levels and renal function in these studies ranged from
2 to 5.5 years!". The discrepancies of the results
might be caused by the differences in both traditional
and non-traditional risk factors for progression of
renal function including blood pressure, proteinuria,
oxidative stress markers, and CKD-mineral bone
disease (CKD-MBD) parameters that dissimilarly
occur in CKD patients during a long-term follow-up
period. In this regard, the changing values of all the
above parameters including FGF-23 within a shorter
duration (months) might delineate the precise role of
these parameters on consequent renal function. Of
more importance, CKD patients with consequently
declined renal function would promptly undergo
investigations regarding the causes of deteriorated
renal function and instantly receive appropriate
modalities of treatment.

The present prospective cohort study was
conducted in the CKD patients to determine the
association between the baseline as well as the
changing values of the traditional and the non-
traditional risk factors for progression of renal
function and the changes in renal function following
a 3-month follow-up.

Materials and Methods
Study design

The present study was a prospective cohort study
conducted at the outpatient clinic King Chulalongkorn
Memorial Hospital, Bangkok, Thailand. Thai CKD
patients were screened between July 2014 and
February 2015. The primary end point of the study
was the correlation between the risk factors of CKD
and the change of renal function.

Study population

The inclusion criteria comprised patients who
were 18 years or older with eGFR of 15 to 60 mL/
minute/1.73 m? (CKD stage 3 to 4). The eGFR was
calculated with serum creatinine concentrations
by using Thai-Modification of Diet in Renal
Disease (MDRD) formula. Patients having active
glomerulonephritis, receiving immunosuppressive
drugs within three months before enrollment or
having been adjusted the doses of RAAS blockades
such as angiotensin-converting-enzyme inhibitors
or angiotensin II receptor blockers (ACEIs/ARBs)

1156

within three months before enrollment were excluded.

Data collection

All patients underwent blood pressure
measurement and blood samples were obtained at
baseline and at the twelfth week of follow-up. The
laboratory parameters including serum creatinine,
cystatin C, urine protein to creatinine ratio (UPCR,
g/g), high sensitive C-reactive protein (hs-CRP),
serum calcium, phosphate, albumin, intact PTH,
and FGF-23 levels were determined. The intact PTH
levels were measured using a chemiluminescence
immunoassay on a Roche Elecsys 2010 Analyzer,
this assay detected both intact PTH and a fragment
containing amino acids 7 to 84, the reference range
is 15.0 to 65.0 pg/mL. The FGF-23 levels were
assessed using a Human intact FGF-23 ELISA kit
(Millipore Corporation, Billerica, MA, United States).
The lowest limit of detection was 3.5 pg/mL with an
Intra-assay and inter-assay coefficient of variations
(CVs) of less than 10%.

Statistical analysis

The authors calculated and found a sample size
of 65 patients was needed for 80% power to detect an
expected correlation coefficient for FGF-23 levels and
changes of eGFR 0.35 with two-sided significance
level of 0.05.

Baseline characteristics were presented in mean
+ standard deviation (SD) or percentage. Categorical
data were reported in numbers and percentages while
continuous variables were presented in mean + SD.
Univariate and multivariate linear regression analyses
were performed to assess the association of risk
factors and CKD progression. Data were analyzed
using the IBM SPSS Statistics, version 22.0 (IBM
Corp., Armonk, NY, USA).

Results

Of the total 68 eligible CKD patients, three
patients were excluded due to inadequate blood
samples. The mean age was 63.02+12.33 years old,
and 47.7% were male. Diabetic kidney discase was
the most common cause of CKD (52.3%). Fifty-four
percent of the patients received ACEIs or ARBs. All
patients obtained nutritional vitamin D due to vitamin
D deficiency and 48% received active vitamin D.
The laboratory values at baseline and at the 12-week
follow-up are illustrated in Table 1. At the 12-week
follow-up, a significant increase of serum creatinine,
cystatin C, vitamin D level, and FGF-23 levels was
observed, while there was a significantly decreased
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Table 1. Baseline and follow clinical and laboratory parameters

Characteristics (n=65) Baseline At 12 week p-value
Mean+SD Mean+SD
Serum creatinine (mg/dL) 2.29+0.84 2.44+1.08 0.005*
eGFR (mL/minute/1.73 m?) 38.32+11.23 37.87+13.39 0.547
Serum cystatin C (mg/L) 2.12+0.63 2.17+0.67 0.043*
Serum calcium (mg/dL) 9.45+0.47 9.25+0.57 0.116
Serum phosphate (mg/dL) 3.63+0.61 3.80+0.62 0.092
Serum PTH (pg/mL) 85.27+51.67 78.57+58.45 0.115
Serum 25-hydroxy vitamin D (ng/mL) 17.57+6.24 32.02+11.79 <0.001*
Serum FGF-23 (pg/mL) 9.95+7.29 13.06+10.14 <0.001*
Serum albumin (g/dL) 3.91+0.37 3.29+0.34 0.564
UPCR (g/g) 3.60+3.40 2.39+2.08 0.001*
Serum hs-CRP (mg/L) 2.97+4.10 3.85+5.51 0.072
Systolic blood pressure (mmHg) 137.42+15.84 136.57+18.13 0.820
Diastolic blood pressure (mmHg) 76.64+11.08 78.12+11.44 0.318

eGFR=estimated glomerular filtration rate; PTH=parathyroid hormone; FGF-23=fibroblast growth factor-23; UPCR=urine protein to creatinine

ratio; hs-CRP=high sensitive C-reactive protein; SD=standard deviation

* p<0.05 is statistical significance
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Figure 1. The baseline and 12-week follow-up of serum
FGF-23 stratified by CKD stage.
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Figure 2. The relationship of A serum FGF-23 level and A
change of eGFR (n=65, r=-0.25, R*=0.07, p=0.039).

UPCR (Table 1).

As depicted in Figure 1, the levels of FGF-23
at baseline and at 12-week follow-up progressively
increased according to the more advance in stages
of CKD. Of interest, the delta FGF-23 values also
exhibited the similar pattern of progressive increase
following the progressive stages of CKD.

The authors further examined the role of delta
FGF-23 values and renal function. As illustrated in
Figure 2, there was a significant inverse correlation
between delta changed of FGF-23 with delta changed
of eGFR in the unadjusted model (r=—0.25, R?>=0.07,
p=0.039). By using univariate and multivariate
adjusted models, the authors further explored the
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association between the baseline values and the
delta change of values on the delta change of
eGFR (Table 2, 3, respectively). The present study
demonstrated a significant association between the
baseline intact PTH and the eGFR declination at
the twelfth week (p=0.02). However, there were
no significant associations between the baseline
phosphate levels, FGF-23, hs-CRP, 25-OH vitamin
D level, UPCR, or systolic blood pressure and the
decline of GFR (Table 2). The increase of serum
FGF-23 was the only variable significantly associated
with the decrease of eGFR in both univariate and
multivariate models. Meanwhile, the delta change
of other parameters did not show any significant
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Table 2. Univariate and multivariate linear regression analysis of baseline parameters and delta eGFR

Parameter

Delta eGFR (mL/minute/1.73m?)

Univariate analysis

Multivariate analysis

Coefficient (95% CI)

Baseline phosphate (mg/dL)
Baseline PTH (pg/mL)

Baseline 25-OH vitamin D level (ng/mL)

Baseline hs-CRP (mg/L)
Baseline FGF-23 (pg/mL)
Baseline UPCR (g/g)

-1.004 (-3.13 t0 1.12)
-0.31 (=0.59 to 0.04)
0.12 (-0.22 to 0.25)
-0.19 (=0.55 to 0.16)
-0.03 (-0.24 t0 0.17)
-0.71 (-0.51 to 0.366)

Baseline systolic blood pressure (mmHg) 0.04 (-0.06 to 0.14)

p-value Coefficient (95% CI) p-value

0.34 -0.10 (-2.41to 2.21) 0.93
0.02 -0.35 (-0.06 to -0.01) 0.02
091 - -
0.29 -0.28 (-0.64 t0 0.77) 0.12
0.76

0.29 -0.11 (-0.55 to 0.33) 0.62
0.38 0.03 (-0.06 to 0.13) 0.50

eGFR=estimated glomerular filtration rate; PTH=parathyroid hormone; 25-OH vitamin D=25 hydroxy-vitamin D; FGF-23=fibroblast growth
factor-23; UPCR=urine protein to creatinine ratio; hs-CRP=high sensitive c-reactive protein; CI=confidence interval

Table 3. Univariate and multivariate linear regression analysis of delta change of parameters and delta eGFR

Parameter

Delta eGFR (mL/minute/1.73m?)

Univariate analysis

Multivariate analysis

Coefficient (95% CI) p-value Coefficient (95% CI) p-value

Delta phosphate (mg/dL) -0.85(-3.32t0 1.61) 0.49 -1.01 (-3.69 to 1.49) 0.40
Delta PTH (pg/mL) -0.14 (-0.06 to 0.03) 0.52 -0.02 (-0.06 to 0.02) 0.25
Delta 25-OH vitamin D level (ng/mL) -0.04 (-0.19 to 0.10) 0.55 - -
Delta hs-CRP (mg/L) -0.24 (-0.62 to 0.13) 0.20 -0.31 (-0.71 to 0.08) 0.11
Delta FGF-23 (pg/mL) -0.25 (-0.48 to -0.01) 0.04 -0.26 (-0.51 to -0.01) 0.04
Delta UPCR (g/g) 0.09 (-0.43 t0 0.62) 0.72 - -
Delta systolic blood pressure (mmHg) -0.01 (-0.09 to 0.07) 0.81

eGFR=estimated glomerular filtration rate; PTH=parathyroid hormone; 25-OH vitamin D=25 hydroxy-vitamin D; FGF-23=fibroblast growth
factor-23; UPCR=urine protein to creatinine ratio; hs-CRP=high sensitive C-reactive protein; CI=confidence interval
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Figure 3. The relationship of A FGF-23 level and A serum
25-hydroxy vitamin D level (n=65, r=0.18, R?=0.09, p=0.017).

associations with the delta change of eGFR (Table 3).

As stated earlier, FGF-23 synthesis is stimulated
by vitamin D. As shown in Figure 3, a significant
positive correlation was seen between the delta change
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of 25-OH vitamin D and the delta change of FGF-23
level (r=0.18, R?>=0.09, p=0.017).

Discussion

In pre-dialysis CKD patients, the results of
the present study have demonstrated significant
increases in the levels of serum creatinine, cystatin
C, 25-OH vitamin D, and FGF-23 after a 12-week
follow-up (Table 1). Although the decrease of
eGFR after 12-week follow-up was not statistically
significant, it trended to inversely change in the same
way with increase of serum creatinine. These might
be explained that the eGFR was a more sensitive
parameter than serum creatinine and caused the higher
standard deviation in limited sample size data.

The delta change of FGF-23 values progressively
increased according to the more advance in staging of
CKD (Figure 1) and was inversely correlated with the
delta change of eGFR (Figure 2). The baseline PTH
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level was the only parameter that had association with
the decline of eGFR at the twelfth week (Table 2).
Among the delta change of values, between the
levels at baseline and the 12-week follow-up of the
renal progression-associated parameters, the delta
change of FGF-23 value was the only variable that
was significantly correlated with the decline of eGFR
(Table 3). There was a positive association between
the delta FGF-23 and delta 25-OH vitamin D values
(Figure 3).

A line of evidence has shown that CKD patients
are at much higher risk for developing cardiovascular
disease (CVD) when compared with the general
population. The incidences of congestive heart failure,
hospitalization, and mortality are progressively
increased following the severity of CKD staging!*'¥.
Therefore, retarding or stopping progression of renal
function is the goal in management of CKD patients.
Indeed, CVD and progression of renal function are
driven not only by traditional risk factors, including
hypertension, dyslipidemia, diabetes mellitus, and
smoking, but also by non-traditional factors, such
as uremic toxin accumulation, proteinuria, increased
inflammation, elevated oxidative stress, and CKD-
MBD related parameters, which consist of serum
phosphate, PTH, 25-OH vitamin D, and FGF-235-1®),
Most previous cohort studies determined the
association between the baseline levels of these renal
progression-associated factors and renal function after
quite a long-term follow-up (years)®"12122_ As such,
there could be various confounding effects from the
changes in other risk factors differently occurring
in the studied CKD patients during the long-term
follow-up and these might affect the renal outcome.

To avoid the confounding factors, a shorter
duration of follow-up was employed in the present
study. After a 12-week follow-up, the values of blood
pressure were excellently controlled, the values of
inflammatory markers were in normal range, and the
amount of proteinuria was significantly decreased
while the serum creatinine and cystatin C levels were
significantly elevated (Table 1). The serum calcium,
phosphate, and intact PTH levels were unchanged
while the values of serum 25-OH vitamin D and FGF-
23 were significantly increased (Table 1).

Indeed, FGF-23 is one of the earliest metabolic
abnormalities developing in CKD. The FGF-23
levels are progressively increased following the
more severity of CKD staging™®®. The persistently
elevated FGF-23 levels enhance the risks of both
mortality and cardiovascular events across the entire
spectrum of renal disease®’'>!2?_ Furthermore, there
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is a near-linear increase in these risks with increasing
FGF-23 concentrations®. In the last decade, FGF-23
has been proposed to be a potentially reliable marker
of renal progression®’?. Previous studies examined
the role of baseline FGF-23 levels on progression of
renal function in CKD patients after 2 to 5.5 years
follow-up (Table 4). As shown in Figure 1, the delta
change of FGF-23 values, between the levels at
baseline and at the twelfth week, were progressively
elevated following the severity of CKD staging.
When the delta change of FGF-23 and eGFR values
of each participating CKD patient in the present
study were determined, there was a significantly
inverse association between delta change of FGF-23
levels and delta change of eGFR values in short-term
follow-up (Figure 2).

When the baseline level of each renal progression-
associated factor was assessed for correlation with
the eGFR value at the twelfth week, the baseline
intact PTH level was the only parameter that had
significant association with declined renal function
(Table 2). However, such baseline intact PTH value
was still in the recommended range according to the
KDIGO guideline®. As such, the baseline PTH is
not a suitable biomarker for detecting progression of
renal function in clinical practice. Although many of
these studies have revealed the positive relationship
between the elevated baseline FGF-23 levels and
the decline in renal function as well as elevation in
incidences of CKD and ESRDG7#1229 some studies
could not show such association'®'". The present
study also did not observe the relationship between
the baseline levels of FGF-23 and renal function.

To identify the novel parameters in detecting
progression of renal function, the delta values of renal
progression-associated risk factors were compared
with the delta value of eGFR. As shown in Table 3,
the delta change of FGF-23 value was the only
variable that was correlated with the delta change of
eGFR value in both univariate and multivariate linear
regression analysis. Taken together, the delta change
of FGF-23 value might be more sensitive than the
baseline FGF-23 level and might be a more suitable
marker than other renal progression-associated risk
factors in detecting the progression of renal function
in CKD patients.

Accordingly, FGF-23 should be regularly
monitored together with other parameters including
creatinine, calcium, phosphate, vitamin D, and PTH
in CKD patients. Moreover, in patients with increased
FGF-23 level the causes should be explored and
classified as a high risk of CKD progression. The
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Table 4. Summary the association between serum FGF-23 and renal outcomes from previous studies

Authors Year  Population FGF-23 Follow-up Renal outcomes
Fliser, et al.®) 2007 CKD Baseline (intact mean 47.5 pg/mL) 4.4years Increased risk of doubling of baseline serum
creatinine and/or terminal renal failure
necessitating renal replacement therapy
Isakova, et al.?¥ 2011 CKD Baseline (C-terminal median 145 RU/mL) 3.5 years Increased risk of ESRD
(only eGFR >30 mL/minute/1.73 m?)
Kendrick, et al.”? 2011 CKD Baseline (C-terminal 392 RU/mL) 2.9 years Increased risk of ESRD
Wolf, et al.?? 2011 Kidney Baseline (C-terminal 28 RU/mL) 3 years Increased risk of allograft loss
transplant
Lundberg, et al.2? 2012  ChronicIgA Baseline (C-terminal 18.5 RU/mL) 4.6 years  Increased risk of progression to CKD stage 5
nephropathy or 250% loss of eGFR
Nakano, et al.?® 2012 CKD Baseline (intact mean 49.5 pg/mL) 4.4 years Increased risk of doubling of serum
creatinine or initiation of dialysis
Levin, et al.0" 2014 CKD Baseline (C-terminal 237 RU/mL) 1 years Non-significant increased risk of ESRD
Bouma-de Krijger, etal.t? 2014 CKD Baseline (C-terminal 149 RU/mL) 2 years Increased risk of ESRD
Tripepi, et al.?V 2015 CKD Baseline (intact mean 61 pg/mL) 3 years Increased risk of decrease in eGFR of >30%,
dialysis, or kidney transplantation
Portale, et al.®) 2016 CKD Baseline (C-terminal 132 RU/mL) 5.5years  Increased risk of starting dialysis or kidney
pediatrics transplantation or 50% decline from baseline
GFR
Shardlow, et al.(!9 2017 CKD Baseline (intact mean 42.0 pg/mL) 5 years Not significantly increased risk of renal
progression (25% drop of eGFR)
Jialal, et al.t” 2017 CKD Baseline (C-terminal 154.1 RU/mL) 3 years Increased risk of ESRD

FGF-23=fibroblast growth factor-23; CKD=chronic kidney disease; eGFR=estimated glomerular filtration rate; ESRD=end stage renal disease;

GFR=glomerular filtration rate

strictly controlled serum phosphate, vitamin D, and
PTH level should also be emphasized to prevent the
progression of CKD.

It is well established that FGF-23 is stimulated
by 1,25 OH vitamin D", In the present study, all
participating patients received natural vitamin D
supplement (40,000 units weekly of ergocalciferol with
or without calcitriol). Of interest, the serum FGF-23
level was simultaneously increased together with the
elevation of serum 25-OH vitamin D levels (Figure 3).
This significant correlation was independent whether
patients received active vitamin D or not. Several
previous studies also reported that vitamin D status
critically influenced FGF-23 elevation-¥. This
would underscore the importance of serum vitamin
D monitoring in patients with CKD stage 3 to 5 who
usually receive vitamin D supplement.

Despite being the first study to demonstrate the
significant association between the change of serum
FGF-23 and renal function along the follow-up time,
there were still certain limitations. Firstly, the time
period to follow-up of FGF-23 level was not sufficient
for exploring the incidence of starting dialysis and
mortality. Secondly, the sample size was rather small,
and the participating patients included only patients
with CKD stage 3a to 4, and not stage 5. Therefore,
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using FGF-23 as follow-up marker in pre-dialysis
progression of renal function in CKD stage 5 needs
further studies.

Conclusion

Increase in serum FGF-23 level is significantly
correlated with the decline of renal function. Thus,
serum FGF-23 levels could be followed as an
appropriate biomarker for predicting CKD progression.

What is already known on this topic?

Baseline FGF-23 levels are independently
associated with CKD progression. However, the
correlation of the changes of FGF-23 and declination
of renal function has not yet been established.

What this study adds?

Increase in serum FGF-23 level is significantly
correlated with the decline of renal function.
Thus, serum FGF-23 levels could be followed
as an appropriate biomarker for predicting CKD
progression.
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