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Abstract:

Objective To prolong the health expectancy, it is important to prevent age-related diseases, such as osteopo-
rosis and cerebrovascular disease, which are major causes of a bedridden state. Early predictable biomarkers
for these diseases are urgently required in the clinical setting. Three members of the fibroblast growth factor
(FGF) family - FGF19, FGF21, and FGF23 - are designated as endocrine FGFs and play crucial roles in
various metabolic processes. We tried to clarify the clinical utility of endocrine FGFs as biomarkers for age-
related diseases in elderly patients.

Methods We examined the serum endocrine FGF levels and analyzed their association with various clinical
parameters in 73 outpatients >60 years old as a single-center cross-sectional study.

Results In a multivariable linear regression analysis, FGF19 was associated with ALT, a history of cardio-
vascular disease, and medication with active vitamin Ds. FGF21 was associated with the estimated glomerular
filtration rate (eGFR), triglyceride level, and hypertension. FGF23 was associated with the eGFR and the se-
rum levels of 1,25-dihydroxy vitamin Ds and TRACPSb. In addition, a receiver operating characteristics
analysis revealed that the measurement of FGF21 and FGF23 was useful for detecting chronic kidney disease
(CKD) and its complications, including cardiovascular disease and metabolic bone disorder.

Conclusion The measurement of FGF21 and FGF23 may be useful for evaluating CKD and its complica-
tions. Using serum endocrine FGFs as biomarkers for age-related conditions may help prevent elderly pa-
tients from entering a bedridden state.
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age-related diseases are critical issues for these communities,

Introduction

In developed countries, many problems related to aging
societies have been emerging. In local communities with
residents of advanced age, the increase in age-related dis-
eases, such as osteoporosis, cerebrovascular disease, and car-
diovascular disease, which can result in a bedridden state,
leads to a shortened healthy life expectancy and worsening
medical economy. Therefore, understanding and preventing

and early predictable biomarkers for these complications are
urgently needed in the clinical setting.

Among the 22 members of the fibroblast growth factor
(FGF) family, FGF19, FGF21, and FGF23 are distinguished
in three major respects (1). First, they function not as
growth factors but as hormones that regulate various meta-
bolic processes and are thus collectively called endocrine
FGFs (2). Second, they lack the heparin-binding domains
conserved in many other FGFs (3). The loss of the heparin-
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binding domains prevents endocrine FGFs from being
trapped within the extracellular matrix, which is rich in
heparan sulfate, and enables them to migrate into the blood
stream and function as hormones. Finally, endocrine FGFs
require the Klotho family of transmembrane proteins for
binding to and activating canonical FGF receptor (FGFR)
tyrosine kinases (4-6). Two members of the Klotho family,
oKlotho and BKlotho (7), form constitutive binary com-
plexes to serve as physiological receptors for endocrine
FGFs. Specifically, oKlotho binds to either FGFRIc,
FGFR3c, or FGFR4 to form binary complexes that function
as the FGF23 receptor (6). BKlotho binds to either FGFR1c
or FGFR4 to form binary complexes that function as FGF21
or FGF19 receptors, respectively (8, 9). Thus, the target or-
gans of endocrine FGFs must express appropriate Klotho-
FGFR complexes.

FGF23 is a bone-derived hormone that acts on renal tubu-
lar cells expressing both oKlotho and FGFR1c/3c/4 to sup-
press the reabsorption of phosphate and the activation of vi-
tamin D (10, 11). FGF21 is secreted from the liver upon
fasting and acts on adipocytes that express both BKlotho and
FGFRI1c to induce metabolic responses to fasting (12, 13).
In addition, FGF21 crosses the blood-brain barrier to act on
the suprachiasmatic nucleus (SCN) in the hypothalamus and
activates the hypothalamus-pituitary-adrenal axis and the
sympathetic nervous system to induce stress responses (14).
Conversely, FGF19 (the human orthologue of FGF15 in ro-
dents) is secreted from the intestine upon feeding and acts
on the liver, which expresses both BKlotho and FGFR4, to
induce metabolic responses to feeding, including the promo-
tion of protein and glycogen synthesis and suppression of
bile acid synthesis (15, 16). Importantly, mice deficient in
oKlotho or FGF23 suffer from a disturbed mineral metabo-
lism associated with accelerated aging (17), whereas trans-
genic mice that overexpress aKlotho (18) or FGF21 (13, 19)
have longer life spans than normal mice. These findings
suggest that the FGF23-aKlotho and FGF21-BKlotho endo-
crine axes may regulate aging processes. Although direct
evidence for the regulation of aging processes by the
FGF19-BKlotho endocrine axis has not been reported, the
ability of FGF19 to function as a satiety hormone similar to
insulin may contribute to aging processes, as the attenuation
of insulin/insulin-like growth factor signaling is a common
mechanism for life span extension that has been evolutionar-
ily conserved from nematodes through mammals (15).

These findings have raised the possibility that each endo-
crine FGF may be associated with aging and thus contribute
to age-related diseases in humans. As the first step to ex-
plore this possibility, we performed a single-center cross-
sectional study in a region with a high prevalence of ag-
ing (20) and determined whether or not an association exists
between the serum levels of endocrine FGFs and clinical pa-
rameters relevant to aging and age-related diseases.

Materials and Methods

Study design

This study was conducted with a single-center cross-
sectional design. People >60 years old were recruited from
among outpatients at Miyashita Hospital between July 2016
and November 2016. All patients lived in Onuma County, in
which more than 50% of the residents are elderly (20). A to-
tal of 73 patients (58 women and 15 men) agreed to partici-
pate in this study, which was approved by the local Ethics
Committee at Miyashita Hospital and carried out in accor-
dance with the relevant guidelines and regulations. Written
informed consent was obtained from all subjects prior to en-
rollment.

Patients with apparent infection, active neoplastic dis-
eases, and acute kidney injury were excluded from study
participation. Data collected from medical records included
patient characteristics, disease history, complications, and
history of medication. Laboratory measurements included
FGF19, FGF21, and FGF23 in serum and urine samples
from the participants. All patients who took active vitamin
D; in this study were diagnosed with osteoporosis before
registration.

Definitions of factors

We defined cerebrovascular diseases as a history of cere-
bral infarction, cerebral hemorrhaging, subarachnoid hemor-
rhaging and unclassified stroke cardiovascular diseases, and
cardiovascular diseases as a history of myocardial infarction,
coronary revascularization for angina pectoris, hospitaliza-
tion for angina pectoris, and hospitalization for heart fail-
ure (21). We determined the chronic kidney disease (CKD)
stages of each patient according to this definition and classi-
fication. The estimated glomerular filtration rate (eGFR) was
calculated based on serum creatinine (sCr) or serum cystatin
C (sCysC) and age using the following estimation equations:
eGFR creatinine (eGFRcreat) (mL/min/1.73 m?)=194xsCr"*
xAge**(x0.739 for women); eGFRcys for men (mL/min/
1.73 m*)=104xsCysC-1.019x0.996*-8; and eGFR cystatin C
(eGFRcys) for women (mL/min/1.73 m’)=(104xsCysC-1.019
%x0.996%%0.929)-8 (22). Hypertension was defined as sys-
tolic blood pressure (BP) (sBP) >140 mmHg and/or diastolic
BP (dBP) 290 mmHg in an outpatient clinic. Dyslipidemia
was defined as low-density lipoprotein cholesterol (LDL) >
140 mg/dL or high-density lipoprotein cholesterol (HDL) <
40 mg/dL, or triglyceride (TG) 2150 mg/dL. Osteoporosis
was defined as a fragility fracture of a vertebral body or
proximal femur, that of other bones with a young adult
mean (YAM) of bone mineral density (BMD) <80%, or a
YAM <70% even in the absence of fractures. We calculated
albumin-corrected calcium according to the following for-
mula: serum calcium+(4.0-Alb) (mg/dL).
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Laboratory measurements including endocrine FGFs

Blood and urine samples for laboratory measurements
were obtained from patients in the morning in a fasting state
at registration (23, 24). The blood samples were centrifuged
at 3,000xg for 10 minutes at room temperature. We exam-
ined the concentrations of FGF19 and FGF21 using a Quan-
tikine ELISA Kit (R & D Systems, Minneapolis, USA), the
measurement principle of which is the sandwich enzyme im-
munoassay. We measured the absorbance of the color of re-
combinant human FGFs as standard and patient samples by
these kits and drew standard curves on log-log graph sheets.
We determined the concentrations of unknown samples from
the standard curve, confirming a linear relationship between
the standard concentrations and the absorbance. The meas-
urement of serum FGF23 levels was performed using chemi-
luminescent enzyme immunoassay methods at a commercial
laboratory (SRL, Tokyo, Japan). All other measurements
were performed at another commercial laboratory (Health
Sciences Research Institute, Koriyama, Japan).

Statistical analyses

All statistical analyses were performed with EZR (Sai-
tama Medical Center, Jichi Medical University, Saitama, Ja-
pan), which is a graphical user interface for R (The R Foun-
dation for Statistical Computing, Vienna, Austria). More pre-
cisely, it is a modified version of R commander designed to
add statistical functions frequently used in biostatistics (25).
The Kolmogorov-Smirnov test was used to analyze the nor-
mality of the distribution of parameters. Data that did not
show a normal distribution, such as endocrine FGFs and the
urinary albumin/creatinine ratio, were analyzed after log
transformation. We confirmed the normality of their log dis-
tributions. All variables with normal distributions were ex-
pressed as the mean+standard deviation, and log normal dis-
tributions were expressed as the median with the interquar-
tile range (IQR). We used the Jonckheere-Terpstra test to de-
termine the increasing or decreasing tendencies of continu-
ous variables. A univariate correlation analysis was per-
formed by a Pearson’s correlation analysis for continuous
variables and a linear regression analysis for binary vari-
ables. Factors independently associated with endocrine FGF
levels were determined using a multivariable linear regres-
sion analysis. We also checked the variance inflation factor
(VIF) to examine the multicollinearity among variables. The
upper limit of the VIF indicating harmful collinearity was
set at 10. We used the analysis of covariance (ANCOVA)
test for serum FGF21 levels between dyslipidemia-positive
and dyslipidemia-negative patients because of the significant
correlation between the serum FGF21 levels and the
eGFRcys and the lack of any interaction between the
eGFRcys and dyslipidemia. We determined the cut-off val-
ues of FGF21 and FGF23 for CKD by a receiver operating
characteristics (ROC) curve analysis. We then divided the
patients according to the cut-off values and performed the
statistical comparison of various clinical parameters between

two groups using the r-test or Welch’s #-test. Furthermore,
we constructed ROC curves of both FGF21 and FGF23 for
CKD by a multivariable logistic regression analysis to evalu-
ate the accuracy. All statistical tests were two-sided, using a
significance level of 0.05.

Results

Baseline patient characteristics

The mean age of the 73 patients included in this study
was 76.2 years old, and 79% were women. Their body mass
index (BMI), BP, disease and drug history are shown in Ta-
ble 1. Because patients with CKD are reported to have high
FGF23 and FGF21 and low FGF19 levels (14, 17), we ex-
amined the prevalence of CKD in this population and found
that 41% of the patients had CKD as defined by the eGFR
and the urinary albumin/creatinine ratio. We calculated the
eGFRcreat and eGFRcys using sCr and sCysC.

The blood and serum parameters are shown in Table 2.
The median FGF19, FGF21, and FGF23 levels were 235.2
(IQR 164.2-427.5) pg/mL, 204.8 (IQR 159.2-281.4) pg/mL,
and 37.0 (IQR 32.6-45.3) pg/mL, respectively. Endocrine
FGFs did not show significant differences between men and
women (Fig. la-c). The serum FGF21 and FGF23 levels
significantly increased with CKD progression (p=0.012, and
p<0.001). However, the FGF19 levels were not correlated
with the CKD stages (Fig. 1d-f).

A Pearson’s correlation analysis of the serum endo-
crine FGF levels and clinical parameters

The correlations between endocrine FGFs and various
clinical parameters are shown in Table 3. The serum FGF19
levels were positively correlated with age (r=0.28; p=0.018)
and negatively correlated with the body weight (BW) (r=
-0.32; p=0.007), hip BMD (r=-0.25; p=0.034), aspartate
aminotransferase (AST) (r=-0.26; p=0.031), alanine
aminotransferase (ALT) (r=-0.34; p=0.003), total protein
(TP) (r=-0.36; p=0.002), and albumin (Alb) (r=-0.29; p=
0.015), suggesting that serum FGF19 levels may reflect
some aspects of the liver function. The serum FGF21 levels
were positively correlated with the BMI (r=0.30; p=0.011),
sBP (r=0.33; p=0.005), TG (1=0.37 ; p<0.001), and fasting
plasma glucose (FPG) (r=0.25; p=0.035), which is consistent
with the reported association between high FGF21 levels
and metabolic syndrome. Furthermore, the serum FGF21
levels were positively correlated with sCr (r=0.32; p=0.006)
and sCysC (r=0.39; p<0.001) and negatively correlated with
the eGFRcreat (r=-0.30; p=0.011), eGFRcys (r=-0.34; p=
0.003) and phosphorus (r=-0.26; p=0.030). These results are
also consistent with the reported association between high
FGF21 levels and CKD.

The other parameters significantly associated with the se-
rum FGF21 levels included HDL (r=-0.38; p=0.001), plate-
lets (r=0.24; p=0.041), and tartrate-resistant acid phosphatase
5b (TRACPSb) (r=-0.25; p=0.036). Serum FGF23 levels
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Table 1. Baseline Characteristics of Patients.
Patient characteristics No. of patients (%) or mean+SD (n=73)
Women 58 (79)
Age,y 76.2+8.0
Body mass index; BMI, kg/m? 23.6£3.5
Systolic blood pressure; sBP 132.5+17.8
Diastolic blood pressure; dBP 74.1£9.9

Bone mineral density (young adult mean; YAM) (%)

Lumbar spine
Hip
Disease history
Cerebrovascular disease
Cardiovascular disease
Complications
Hypertension
Dyslipidaemia
Diabetes mellitus
Chronic kidney disease
Stage G1
Stage G2
Stage G3a
Stage G3b
Stage G4
Osteoporosis
Regular alcohol consumption
Drug used
Calcium channel blocker
Angiotensin-converting enzyme inhibitor
Angiotensin II receptor blocker
B-blocker
Diuretic
Statin
Dipeptidyl peptidase-4 inhibitor
Antiplatelet drug
Bisphosphonate
Active vitamin D3

Male 95.9+23.8, Female 82.0+17.3
Male 85.0+23.0, Female 73.4+14.1

4(5.4)
10 (14)

52(71)
42 (58)
18 (25)

8(11)
35 (48)
18 (25)
10 (14)
22.7)
33 (45)
6(8.2)

40 (45)
1(1.4)
42 (58)
5(6.8)
17 (23)
39 (53)
6(8.2)
14 (19)
5(6.8)
12 (16)

were positively correlated with sCr (r=0.43; p<0.001), and
sCysC (r=0.57; p<0.001) and negatively correlated with
eGFRcreat (r=-0.53; p<0.001), eGFRcys (r=-0.56; p<0.001),
1,25-dihydroxy vitamin D; (r=-0.49; p<0.001), and hemo-
globin (Hb) (r=-0.25; p=0.035), which is consistent with the
fact that FGF23 is a counter-regulatory hormone for vitamin
D and increases with CKD progression. FGF23 was also
negatively associated with markers for bone formation and
absorption, namely bone-specific alkaline phosphatase
(BAP) (r=-0.36; p=0.002), type 1 procollagen N-terminal
propeptide (PINP) (r=-0.31; p=0.009), and TRACP5b
(r=-0.30; p=0.009), suggesting that high FGF23 levels may
be associated with low bone turnover.

A linear regression analysis between serum levels of
endocrine FGFs and history of diseases/medication

The serum FGF19 levels tended to be high in patients
with a history of cardiovascular disease (B coefficient 0.23;
p=0.053) and anti-platelet drug medication (B coefficient

0.22; p=0.066) (Table 4). The serum FGF19 levels were also
significantly higher in patients prescribed active vitamin D
than in others (B coefficient 0.27; p=0.021). In contrast, the
serum FGF19 levels were significantly lower in patients tak-
ing metformin than in those not taking it (B coefficient
-0.25; p=0.034).

The serum FGF21 levels were significantly higher in pa-
tients with CKD (B coefficient 0.26; p=0.030) and hyperten-
sion (B coefficient 0.31; p=0.009) than in those without
these conditions. In addition, the serum FGF21 levels were
higher in patients taking calcium channel blockers (CCBs)
(B coefficient 0.27; p=0.021) and proton pump inhibitors
(PPIs) (B coefficient 0.30; p=0.011) than in others (Table 4).
The serum FGF21 levels also tended to be high in patients
with dyslipidemia according to a linear regression analysis
(B coefficient 0.21; p=0.072) (Table 4). Furthermore, the se-
rum FGF23 levels were significantly higher in patients with
diabetes mellitus (B coefficient 0.25; p=0.035) and CKD (B
coefficient 0.39; p<0.001) than in those without these condi-
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Table 2. Baseline Characteristics of Laboratory Measurements.

Patient characteristics

Mean+SD or median and.
interquartile range (IQR) (n=73)

Liver function
Aspartate aminotransferase; AST (IU)
Alanine aminotransferase; ALT (IU)
Alkaline phosphatase; ALP (IU)
Total bilirubin; T-bil (mg/dL)
Total protein; TP (g/dL)

Albumin; Alb (g/dL)

Renal function
Serum creatinine; sCr (mg/dL)

Estimated glomerular filtration rate by creatinine; eGFRcreat (mL/min/1.73)

Serum cystatin C; sCysC (mg/L)

Estimated glomerular filtration rate by creatinine; eGFRcys (mL/min/1.73)

Sodium (mEq/L)
Potassium (mEq/L)
Chloride (mEq/L)
Albumin-corrected calcium (mg/dL)
Phosphorus (mg/dL)
Uric acid; UA (mg/dL)
Intact parathyroid hormone; iPTH (pg/mL)
1,25-dihydroxy vitamin D3 (pg/mL)
Urine albumin/creatinine ratio (mg/gCr)
Complete blood counts
Haemoglobin; Hb (g/dL)
Platelet; Plt (x103/uL)
White blood cell; WBC (x103/uL)
Lipid metabolism
Total cholesterol; T-chol (mg/dL)
Low density lipoprotein cholesterol; LDL (mg/dL)
High density lipoprotein cholesterol; HDL (mg/dL)
Triglyceride; TG (mg/dL)
Glucose metabolism
Fasting plasma glucose; FPG (mg/dL)
Haemoglobin Alc; HbAlc (%)
Bone metabolism
Bone specific alkaline phosphatase; BAP (ug/L)
Deoxypyridinoline; DPD (nM/mMCr)

Type I procollagen N-terminal propeptide; PINP (ng/mL)
Tartrate-resistant acid phosphatase 5b; TRACP5b (mU/dL)

Endocrine fibroblast growth factors
FGF19 (pg/mL)
FGF21 (pg/mL)
FGF23 (pg/mL)

22.7+6.8
17.7£8.4
237.3+61.6
0.76+0.3
7.37+0.6
4.24+0.3

0.760.2
61.7+14.7
1.04+0.3
66.5+19.1
141.9+2.0
4.39+0.3
105.3+2.2
9.50+0.3
3.4620.7
5.14x1.2
44.2+15.7
70.4222.0
9.75 (6.6-17.0)

13.1+1.5
232.2+52.4
5.8+1.6

188.9+23.0
111.0£21.6
60.8+12.6

105.5+49.9

106.6+18.8
5.9+0.5

16.1+£5.3
5.7+1.6
46.5+20.0
473.7+£159.4

235.2 (164.2-427.5)
204.8 (159.2-281.4)
37.0 (32.6-45.3)

tions.

A multivariable linear regression analysis to identify
factors independently correlated with endocrine
FGFs

To identify independent parameters that explain the serum
levels of endocrine FGFs, we performed a multivariable lin-
ear regression analysis using the parameters with significant
correlations in a univariate analysis. No parameters had a
VIF greater than 10, suggesting the absence of multicol-
linearity (22). The serum FGF19 levels were independently

correlated with ALT [B coefficient -0.012, 95% confidence
interval (CI) -0.015 to -0.0081, p=0.002], cardiovascular dis-
ease (B coefficient 0.019, 95% CI 0.10 to 0.28, p=0.036),
and active vitamin D; medication (B coefficient 0.23, 95%
CI 0.15 to 0.32, p=0.005). The other parameters, including
age, sex, Alb, BW, and metformin medication, were ex-
cluded from the regression analysis. The serum FGF21 lev-
els were independently correlated with the eGFRcys (B coef-
ficient -0.0037, 95% CI -0.0053 to -0.0021, p=0.025), TG
(B coefficient -0.0018, 95% CI -0.0024 to -0.0012, p=
0.005), and hypertension (B coefficient 0.15, 95% CI 0.081
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The tendency of serum endocrine FGF levels to be associated with general parameters in

clinical observations. Endocrine FGF levels stratified by sex (a-c) and CKD stages (d-f) are shown as

box plots. The values shown are medians, interquartile ranges (IQR), minimal and maximal values,

and outliers (defined as values between 1.5 and 3 times IQR and represented by circles). P values were
calculated by Student’s #-test (sex) and the Jonckheere-Terpstra test (CKD stage).

to 0.22, p=0.036). Age, sex, BMI, FPG, HDL and PPI medi-
cation were excluded. The serum FGF23 levels were inde-
pendently correlated with 1,25-dihydroxy vitamin D; (8 co-
efficient -0.0020, 95% CI -0.0027 to -0.0014, p=0.002), the
eGFRcys (B coefficient -0.0031 95% CI -0.0039 to -0.0024,
p<0.001), and TRACP5b (B coefficient -0.00019 95% CI
-0.00027 to -0.00011, p=0.020). Age, sex, BAP, intact para-
thyroid hormone (iPTH) and PINP were excluded (Table 5).

Endocrine FGFs are useful biomarkers for detecting
various metabolic dysfunctions in CKD patients

Because our univariate analysis showed that serum FGF21
levels were significantly correlated with the eGFR, we as-
sumed that the FGF21 levels should be adjusted by the
eGFR. Therefore, we performed an ANCOVA for the serum
FGF21 levels after adjusting for the eGFRcys and found that
these levels were significantly higher in patients with
dyslipidemia, regardless of statin medication, than in those
without it (p=0.016) (Fig. 2a). In addition, we performed an
ROC analysis to evaluate the predictive value of the serum
FGF21 level for identifying cases of CKD (Fig. 2b). The
cut-off value of FGF21 for the diagnosis of CKD was 380.7
pg/mL (sensitivity: 0.379, specificity: 0.977). We divided the
patients into two groups according to this cut-off value and
analyzed various laboratory parameters. Interestingly, the se-
rum LDL levels showed no significant difference between
the two groups (Fig. 2¢), whereas the serum HDL and TG
concentrations were significantly lower (Fig. 2d) and higher
(Fig. 2e), respectively, in patients with high serum FGF21
levels than in those with low levels.

It has been reported that the serum FGF23 levels are cor-
related with the eGFR and are increased in early CKD
stages. The cut-off value of FGF23 for the diagnosis of
CKD by an ROC analysis was 43.1 pg/mL (sensitivity:
0.552, specificity: 0.860) (Fig. 3a). We divided the patients
according to this cut-off value and found that the BAP
(Fig. 3b) and Hb (Fig. 3c) levels were significantly lower in
patients with high FGF23 levels than in those with low lev-
els. Finally, we performed a multivariable logistic regression
analysis by dividing the patients using the cut-off values of
FGF21 and FGF23 levels in CKD patients and constructed
ROC curves. The area under the curve (AUC) of the ROC
curve generated by FGF21 and FGF23 was 0.838, which
was significantly higher than the one generated by FGF21
alone (0.685, p=0.026) (Fig. 3d).

Discussion

In the present study, we identified correlations between
the serum levels of endocrine FGFs and several clinical pa-
rameters that have not been reported previously. A multivari-
able linear regression analysis revealed that serum FGF19
levels were independently correlated with ALT, the history
of cardiovascular diseases, and active vitamin D; medication.
The serum FGF21 levels were correlated with TG. The se-
rum FGF23 levels were correlated with 1,25-dihydroxy vita-
min D; and TRACPSb. Because both FGF21 and FGF23
were identified as independent determinants of the eGFR,
we constructed a new model for eGFR prediction using
FGF21 and FGF23. In addition, the ROC analysis clarified
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Table 3. Pearson’s Correlation Coefficients between Endocrine FGF Plasma Levels and

Other Clinical Parameters.

Serum FGF19 Serum FGF21 Serum FGF23
Variables
r p value r p value r p value
Anthropometric parameters
Age 0.28 0.018* 0.050 0.69 0.17 0.15
BW -0.32 0.007** 0.21 0.078 0.056 0.64
BMI -0.20 0.11 0.30 0.011* 0.14 0.24
sBP -0.11 0.37 0.33 0.005%* 0.036 0.77
dBP -0.16 0.19 0.18 0.12 -0.20 0.088
BMD lumbar spine (YAM)  -0.14 0.26 0.045 0.71 0.19 0.11
Hip (YAM) -0.25 0.034* -0.0024 0.98 0.12 0.30
Laboratory measurements
Liver function
AST -0.26 0.031* -0.016 0.90 -0.13 0.30
ALT -0.34  0.003%** 0.082 0.50 -0.16 0.18
ALP 0.12 0.36 0.008 0.95 -0.24 0.055
T-bil 0.17 0.16 -0.18 0.15 -0.16 0.20
TP -0.36 0.002%* 0.13 0.29 -0.23 0.053
Alb -0.29 0.015* 0.077 0.52 -0.27 0.020*
Renal function
sCr -0.074 0.54 0.32 0.006%* 0.43 <0.001%**
eGFRcreat -0.039 0.75 -0.30 0.011* -0.53  <0.001***
sCysC -0.015 0.90 0.39 <0.0017%*%** 0.57 <0.0017%%**
eGFRcys -0.046 0.70 -0.34 0.003 -0.56  <0.001***
iPTH 0.058 0.63 0.043 0.72 -0.085 0.48
1,25-dihydroxy vitamin D3~ -0.007 0.95 -0.16 0.18 -0.49  <0.001%***
Ca -0.12 0.33 -0.045 0.71 0.029 0.81
P -0.14 0.25 -0.26 0.030* 0.21 0.079
Complete blood counts
Hb -0.080 0.51 0.038 0.76 -0.25 0.035%
Plt -0.12 0.33 0.24 0.041%* -0.016 0.089
WBC -0.10 0.38 0.22 0.069 -0.025 0.84
Lipid metabolism
T-Chol 0.091 0.45 0.11 0.37 0.16 0.18
LDL 0.087 0.47 0.18 0.14 0.16 0.20
HDL 0.088 0.46 -0.38 <0.001%** -0.11 0.35
TG -0.070 0.56 0.37 <0.001%** 0.13 0.29
Glucose metabolism
FPG -0.058 0.63 0.25 0.035%* 0.087 0.48
HbAlc -0.082 0.52 0.002 0.98 0.064 0.61
Bone metabolism
BAP 0.017 0.89 -0.005 0.97 -0.36 0.002%*
DPD 0.050 0.68 -0.12 0.31 -0.042 0.726
PINP -0.058 0.63 -0.010 0.93 -0.31 0.009%%*
TRACP5b 0.075 0.53 -0.25 0.036* -0.30 0.009%%*
Endocrine FGFs
FGF19 NA NA -0.22 0.065 0.19 0.11
FGF21 -0.22 0.065 NA NA 0.12 0.33
FGF23 0.19 0.11 0.12 0.33 NA NA
*p<0.05, **p<0.01, ***p<0.001
NA: not available
that FGF21 and FGF23 were predictable biomarkers for disorder.

CKD and associated complications. These results indicated
that the measurement of both FGF21 and FGF23 may be
useful for evaluating the presence of CKD and its complica-
tions, including cardiovascular disease and metabolic bone

We unexpectedly identified medication with active vita-
min D; as an independent predictor of serum FGF19 levels.
In fact, it is not 1,25-dihydroxy vitamin D; but bile acids
that transactivate the FGF19 gene through binding to the nu-
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Table 4. Linear Regression Models between Serum Levels of Endocrine FGFs and Disease/drug History.

o Number Serum FGF19 Serum FGF21 Serum FGF23
Complication or drug .
positive (%) B p value B p value B p value
Disease history
Cerebrovascular disease 4(5.4) 0.10 0.40 -0.010 0.93 0.062 0.60
Cardiovascular disease 10 (14) 0.23 0.053 -0.022 0.86 -0.085 0.48
Complications
Hypertension 52 (71) 0.064 0.59 0.31 0.009%* 0.016 0.087
Dyslipidaemia 42 (58) -0.15 0.22 0.21 0.072 -0.034 0.78
Diabetes mellitus 18 (25) -0.053 0.66 0.062 0.61 0.25 0.035*
Osteoporosis 33 (45) 0.13 0.27 -0.073 0.54 -0.19 0.12
Chronic kidney disease 30 (41) 0.021 0.86 0.26 0.030 0.51 <0.0071%#**
Drug used
Calcium channel blocker 40 (45) 0.022 0.85 0.27 0.021* 0.14 0.25
Angiotensin II receptor blocker 42 (58) -0.15 0.22 0.18 0.14 0.12 0.32
B-Blocker 5(6.8) -0.13 0.27 0.0082 0.87 0.16 0.19
Diuretic 17 (23) -0.05 0.68 0.032 0.79 0.075 0.53
Statin 39 (53) -0.16 0.19 0.18 0.13 -0.045 0.71
DPP-4 inhibitor 6(8.2) -0.057 0.63 0.048 0.69 0.22 0.067
Metformin 34.1) -0.25  0.034* 0.050 0.68 -0.042 0.73
Aantiplatelet drug 14 (19) 0.22 0.066 0.13 0.28 0.026 0.83
Bisphosphonate 5(6.8) 0.10 0.27 -0.062 0.60 0.12 0.30
Active vitamin D3 12 (16) 0.27 0.021%* -0.17 0.15 0.20 0.088
Proton pump inhibitor 45 (62) -0.067  0.576 0.30 0.011* 0.099 0.41
#p<0.05, *¥p<0.01, ***p<0.001
Table 5. Multivariable Linear Regression Analysis.
Variables B (95% CI) t p value
1ogFGF19 (adjusted R-squared: 0.19)
ALT -0.012 -0.015 to -0.0081 -32 0.002%#*
Cardiovascular disease (complication) 0.19 0.10 to 0.28 2.1 0.036*
Active vitamin D3(medication) 0.23 0.15t0 0.32 2.9 0.005**
logFGF21 (adjusted R-squared: 0.29)
eGFRcys -0.0037 -0.0053 to -0.0021 2.3 0.025*
TG -0.0018 -0.0024 to -0.0012 2.9 0.005%*
Hypertension 0.15 0.081 t0 0.22 2.1 0.036*
logFGF23 (adjusted R-squared: 0.40)
1,25-dihydroxy vitamin D3 -0.0020 -0.0027 to -0.0014 -3.2 0.002%#*
eGFRcys -0.0031 -0.0039 to -0.0024 44 <0.001%**
TRACP5b -0.00019  -0.00027 to -0.00011  -2.4 0.020*

#p<0.05, **p<0.01, **¥p<0.001

FGF19 model included age, sex, osteoporosis, Alb, BW, and metformin; FGF21 model included age, sex, BMI,
FPG, HDL and PPI; FGF23 model included age, sex, BAP, intact PTH and PINP, which were all excluded in

the final model by p value stepwise.

clear receptor farnesoid X receptor (FXR) (16). Although
the mechanism by which the administration of active vita-
min D; increases FGF19 is unclear, all patients taking active
vitamin D; drugs tended to show improved profiles in serum
parameters relevant to lipid metabolism, such as high HDL
and low TG levels, which can potentially be affected by
FGF19. In fact, the overexpression of FGF19 or treatment
with recombinant FGF19 was reported to improve lipid me-
tabolism profiles in rodents (26-29). It can also be argued
that the ability of active vitamin Ds; to alleviate oxidative
stress and promote the uptake of glucose via the AMPK cas-

cade may contribute to the improved lipid profiles (30). Fur-
ther investigations are needed to understand the mechanism
underlying the link between FGF19 and active vitamin Ds.
FGF21 was reported to reduce the BP in a rat model of
hypertension (31, 32). In our study, the sBP of the patients
with CCBs was higher than the patients without CCBs due
to insufficient BP control. In addition, there was a signifi-
cant correlation between FGF21 and CCB medication in the
univariate analysis but not in the multivariable linear regres-
sion analysis. These results supported the association be-
tween FGF21 levels and hypertension. It was recently re-
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Figure 2. Patients with elevated serum FGF21 levels remain in a dyslipidemic state, regardless of
statin medication. (a) The serum FGF21 levels in patients with or without dyslipidemia are analyzed
using an analysis of covariance (ANCOVA) adjusted with the eGFRcys. (b) A receiver operating
characteristics (ROC) curve of FGF21 was constructed for the diagnosis of CKD. (c) Serum LDL, (d)
HDL, and (e) TG are shown in patients with measurements above or below the cut-off value (380.7 pg/
mL) of serum FGF21 determined by an ROC analysis.

ported that high serum FGF21 levels were associated with a
high mortality rate in end-stage renal disease (33). Thus,
high FGF21 levels may be a response to stress, possibly
caused by hypertension and other CKD complications. It
can also be argued that the ability of FGF21 to activate the
sympathetic nervous system and increase serum glucocorti-
coid levels may contribute to hypertension.

In addition, our data showed that the serum FGF21 levels
of the patients with dyslipidemia were higher than the pa-
tients without dyslipidemia, regardless of statin medication.
Statins decreased serum LDL concentrations, but the HDL
and TG levels were still not improved in these patients. Be-
cause FGF21 is known to be induced by various nutritional
the FGF21
might be affected by remaining dyslipidemia in CKD pa-
tients. These patients are considered to be at a higher risk
for accelerated arteriosclerosis than those without an in-
crease in FGF21. In addition, 2 out of 18 type 2 diabetes
(T2D) patients had diabetic nephropathy (DN) in our cohort.
An ROC analysis limited to the T2D patients showed the
cut-off value of FGF21 for the diagnosis of DN to be 204
pg/mL (sensitivity: 1.0, specificity: 0.75). This cut-off value
is lower than that of all CKD patients in our study. These
results suggest that FGF21 may be an independent predictor

and environmental stressors (12, 32), levels

of the loss of the renal function, especially in DN patients.
A further investigation is needed to validate our results.

FGF23 is known to be increased in the early phase of
CKD (15, 17). However, our data showed that patients with
high FGF23 levels had lower BAP and Hb values. Clini-
cally, it is difficult to determine whether bone loss or ane-
mia is a mere consequence of aging, known as age-related
osteoporosis or so-called senile anemia, or an active compli-
cation of CKD in aged individuals. According to the present
study, osteoporosis and anemia are likely to be caused by
CKD if the serum FGF23 level is high, although validation
with a larger cohort is essential.

Our data suggested that serum endocrine FGFs may serve
as biomarkers for age-related diseases, such as CKD and
metabolic syndrome, in aged patients; however, there were
several limitations associated with this study. First, 79% of
this study population were women who were highly con-
cerned about osteoporosis because we published a paper
about the correlation between soluble oKlotho and osteopo-
rosis (20). They actively participated in this study. Second,
there may be differences in serum endocrine FGF levels
among postmenopausal women, younger women, and men.
Finally, the correlations between serum endocrine FGFs and
medication with active vitamin Ds; or complications, such as
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Figure 3. The serum FGF23 levels are useful for the detection of CKD and its complications. (a) An
ROC curve of FGF23 was constructed for the diagnosis of CKD. (b) Serum bone-specific alkaline
phosphatase and (c¢) hemoglobin concentrations are shown in patients with measurements above or
below the cut-off value (43.1 pg/mL) of serum FGF23 determined by an ROC analysis. (d) The AUC
of the ROC curve generated by a multivariable logistic regression analysis using both FGF21 and
FGF23 was significantly larger than the one generated by FGF21 alone.

cardiovascular disease, are preliminary data. To confirm
these correlations, we must compare the concentration of se-
rum endocrine FGFs before and after taking medicine or de-
veloping disease.

Conclusion

In conclusion, endocrine FGFs levels were found to be
significantly associated with various age-related diseases and
have the potential to be biomarkers for metabolic dysfunc-
tions particularly in CKD patients. The measurement of
FGF21 and FGF23 may be useful for evaluating CKD and
its complications, including cardiovascular disease and meta-
bolic bone disorder. Using
biomarkers for age-related conditions may ultimately lead to
preventing elderly patients from entering a bedridden state.

serum endocrine FGFs as
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