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Circulating Fibroblast Growth Factor 21 Levels Predict
Progressive Kidney Disease in Subjects With Type 2
Diabetes and Normoalbuminuria
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Background: Elevated fibroblast growth factor 21 (FGF21) levels have been suggested, from cross-
sectional studies, as an indicator of subclinical diabetic nephropathy. We investigated whether
serum FGF21 was predictive of the development of diabetic nephropathy.

Method: Baseline serum FGF21 levels were measured in 1136 Chinese type 2 diabetic subjects
recruited from the Hong Kong West Diabetes Registry. The role of serum FGF21 in predicting
decline in estimated glomerular filtration rate (eGFR) over a median follow-up of 4 years was
analyzed using Cox regression analysis.

Results: At baseline, serum FGF21 levels increased progressively with eGFR category (P for trend
<.001). Among 1071 subjects with baseline eGFR = 30 mL/min/1.73 m?, serum FGF21 levels were
significantly higher in those with eGFR decline during follow-up (n = 171) than those without
decline (n = 900) (P < .001). In multivariable Cox regression analysis, baseline serum FGF21 was
independently associated with eGFR decline (hazard ratio, 1.21; 95% confidence interval [Cl],
1.01-1.43; P = .036), even after adjustment for baseline eGFR. In a subgroup of 559 subjects with
baseline eGFR =60 mL/min/1.73 m? and normoalbuminuria, serum FGF21 level remained an inde-
pendent predictor of eGFR decline (hazard ratio, 1.36; 95% Cl, 1.06-1.76; P = .016). Integrated
discrimination improvement (IDI) suggested that the inclusion of baseline serum FGF21 signifi-
cantly improved the prediction of eGFR decline (IDI, 1%; 95% Cl, 0.1-3.0; P = .013) in this subgroup,
but not in the initial cohort involving all subjects.

Conclusions: Elevated serum FGF21 levels may be a useful biomarker for predicting kidney disease
progression, especially in the early stages of diabetic nephropathy. (J Clin Endocrinol Metab 100:
1368-1375, 2015)

ibroblast growth factor 21 (FGF21), a circulating fac-
F tor predominantly secreted from the liver, has been
shown as an emerging metabolic regulator in various clin-
ical conditions (1). Circulating FGF21 levels are elevated
in patients with obesity-related disorders, including type 2
diabetes mellitus (DM) (2), metabolic syndrome (3), poly-
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cystic ovarian syndrome (4), dyslipidemia, coronary heart
disease (5), and nonalcoholic fatty liver disease (6). Our
previous work has also shown that high serum FGF21
levels independently predicted the development of inci-
dent type 2 DM in a cohort of community-dwelling Chi-
nese adults (7). In addition, we have demonstrated the
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Abbreviations: AUC, area under the curve; BMI, body mass index; BP, blood pressure; Cl,
confidence interval; CKD, chronic kidney disease; CRP, C-reactive protein; DM, diabetes
mellitus; eGFR, estimated glomerular filtration rate; FGF21, fibroblast growth factor 21;
HbA1c, glycated hemoglobin; HR, hazard ratio; IDI, integrated discrimination improve-
ment; IQR, interquartile range; NRI, net reclassification improvement; PPAR, peroxisome
proliferator-activated receptor; WC, waist circumference.
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association between elevated serum FGF21 levels and ca-
rotid atherosclerosis in Chinese subjects, independent of
established cardiovascular risk factors including adverse
lipid profile and C-reactive protein (CRP) (8).

In the context of diabetic nephropathy, serum FGF21
levels are increased in patients with impaired renal func-
tion, and its levels are shown to increase with the progres-
sion of chronic kidney disease (CKD) (9, 10). Further-
more, FGF21 levels are also independently associated with
urinary albumin excretion in Chinese patients with type 2
diabetes with macroalbuminuria or microalbuminuria
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(11). However, because most previous studies on FGF21
and CKD were of cross-sectional design and FGF21 is
excreted mainly by the kidneys (9), the causal relationship
between elevated serum FGF21 and impaired renal func-
tion remains unclear. Animal studies have demonstrated
various beneficial effects on metabolic parameters after
the therapeutic administration of recombinant FGF21.
Furthermore, 3 months of recombinant FGF21 treatment
had been shown to decrease albuminuria and improve
kidney histology in diabetic mice, despite the presence of
impaired FGF21 signaling in their kidneys (12). Taking all

Table 1. Baseline Characteristics of the 1071 Subjects by eGFR Decline
eGFR Decline
Baseline Parameters Yes No P Value
n 171 900
Sex, men, % 52.6 58.3 71
Age, y 57.2 + 8.66 545 + 9.32 <.001
BMI, kg/m? 26.2 £ 4.64 25.8 £ 4.52 242
WC, cm 013k
Males 93.0 = 11.1 90.9 = 10.8
Females 89.4 +12.7 86.6 = 12.4
Current smoker, % 14.0 14.0 .990
Ever smoker, % 37.4 32.4 .205
Systolic BP, mm Hg 139.1 £ 20.3 130.1 £ 19.2 <.001
Diastolic BP, mm Hg 77.7 £10.5 78.5 £ 9.57 .328
Hypertension, % 92.4 72.1 <.001
Antihypertensive drug, % 90.6 68.1 <.001
DM duration, y .001
=10y 32.2 449
11-20y 42 1 39.9
>20y 25.7 15.2
Fasting glucose, mmol/L 8.53 = 2.65 8.34 + 2.68 .381
HbA1c, % 8.63 £ 1.73 8.28 = 1.56 .008
Serum creatinine, umol/L? <.001°
M 96.0 (78.5-127.3) 82.0(74.0-96.0)
F 69.0 (56.0-79.0) 62.0 (55.0-73.0)
eGFR, mU/min/1.73 m?@ 72.6 (56.5-93.3) 85.1 (70.7-98.3) <.001
Urinary albumin excretion, % <.001
Normal 33.5 72.2
Microalbuminuria 29.7 21.8
Clinical albuminuria 36.8 6.0
Cholesterol, mmol/L 493 = 1.19 472 = 0.95 011
Triglyceride, mmol/L* 1.57(1.19-2.10) 1.28 (0.91-1.90) <.001
HDL-cholesterol, mmol/L 1.19 = 0.38 1.20 = 0.34 907
LDL-cholesterol, mmol/L 2.90 = 0.95 2.80 £ 0.83 146
Lipid-lowering drug, % 333 30.6 472
FGF21, pg/mL® <.001*
M 232.5(116.5-405.1) 160.8 (77.9-285.7)
F 243.5(157.2-377.1) 193.8 (108.6-327.6)
Adiponectin, wg/mL® 011°
M 9.10 (6.64-14.4) 8.17 (5.39-12.2)
F 11.3(7.70-18.3) 10.4 (7.11-15.3)
CRP, mg/L? 1.84 (0.92-4.31) 1.34 (0.50-2.96) <.001

Abbreviations: M, male; F, female; HDL, high-density lipoprotein; LDL, low-density lipoprotein. Data are presented as mean = SD or median (IQR).
Bold P values indicate a statistically significant difference after Bonferroni correction for multiple testing. Conversion factors are: glucose from
mmol/L to mg/dL, X 18; creatinine, from mg/dL to uwmol/L, X 88.4; cholesterol/HDL/LDL-cholesterol, mmol/L to mg/dL, X 38.9; triglyceride, mmol/

L to mg/dL, X 88.2.
? Log-transformed before analysis.
b Sex-adjusted P value.

202 Iudy 6-u01s9nB-AG 460G 18Z/89E L/F/00 L/I0IHE/WS0l/LI0d:dNO-0ILISPEE/:SANY WO, PAPEOIUMOQ



1370 Lee et al FGF21 Predicts Diabetic Nephropathy Progression

previous studies and evidence together, we postulate that
renal FGF21 resistance, as demonstrated in the diabetic
obese mice, may also be present in humans with type 2
diabetes.

In this prospective study, we investigated whether se-
rum FGF21 level could be usefully employed as a potential
biomarker in the prediction of estimated glomerular fil-
tration rate (eGFR) decline, especially in patients at the
early stages of diabetic nephropathy.

Subjects and Methods

Subjects

Subjects were recruited from the Hong Kong West Diabetes
Registry, which included patients who had type 2 DM and were
being followed up at the medical specialist clinics of the Hong
Kong West Cluster from 2008 to 2013. All subjects were invited,
with informed consent, to participate in a prospective study to
identify the risk factors, including serum and genetic biomarkers,
predisposing to the development of diabetic complications.
Informed consent was obtained from about 85% of the sub-
jects. Each visit was comprised of clinical assessments and
laboratory investigations to determine the control of diabetes
and its related cardiovascular risk factors and the presence of
diabetic complications.

In this study, only subjects who attended regular follow-up
visits for at least 2 years, with the latest follow-up in October
2013 or before, were included. Inclusion criteria also encom-
passed being Chinese and aged =30 years. Patients who were on
dialysis or had received a kidney transplant were excluded.
Therefore, a total of 1136 type 2 DM subjects were included in
the study. (For details, see Supplemental Data.)

Endpoint definitions

The primary endpoint was eGFR decline, which was defined
as a decline in eGFR category (=90 [stage 1], 60—89 [stage 2],
45-59 [stage 3a], 30-44 [stage 3b], 15-29 [stage 4], and <15
[stage 5] mL/min/1.73 m?), accompanied by a 25% or greater
deterioration in eGFR from baseline (13). eGFR was calculated
using the Modification of Diet in Renal Disease (MDRD) Study
formula for Chinese and expressed in mL/min/1.73 m*: eGFR =
175 X [serum creatinine (in pmol/L) X 0.011]7'23* X
[age] 177 (X0.79, if female) (14).

Clinical and biochemical assessments

Subjects attended each visit after an overnight fast of at least
8 hours. At the baseline visit, demographic data, including age,
sex, occupation, smoking, alcohol consumption, and physical
activity were obtained. Detailed family, medical, and drug his-
tories were ascertained using a standardized questionnaire. An-
thropometric parameters, including body weight, height, body
mass index (BMI), waist circumference (WC), and blood pres-
sure (BP) were measured. Fasting blood was drawn for plasma
glucose, lipids, glycated hemoglobin (HbA1c), serum creatinine,
and CRP. Serum FGF21 and adiponectin levels were measured
with ELISA kits (Antibody and Immunoassay Services, Univer-
sity of Hong Kong) as previously described (3, 8, 15). The intra-
and interassay coefficients of variation of the FGF21 ELISA were
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4-5and 3.5-10.2, respectively, whereas the intra- and interassay
coefficients of variation of the adiponectin ELISA were 3.27-
4.02 and 4.53-5.01, respectively.

Microalbuminuria or albuminuria was defined by a urine
albumin:creatinine ratio of 30 pg/mg creatinine (or 3.5 mg/mmol
creatinine) or above in at least two random urine samples col-
lected on two separate occasions within 6 months (16).

The study protocol was approved by the Institutional Review
Board of the University of Hong Kong/Hospital Authority Hong
Kong West Cluster. All subjects gave written informed consent
before any study-related procedures.

Statistical analysis

All data were analyzed with IBM SPSS Statistics 19.0 and
R-programming language version 3.1.1. (Package: pROC, sur-
vIDINRI, powerSurvEpi). Data that were not normally distrib-
uted, as determined using the Kolmogorov-Smirnov test, were
natural-logarithmically transformed to obtain near normality
before analysis. Values were reported as means = SD or median
(interquartile range [IQR]) as appropriate. ANOVA test with
trend P value was used to compare the eGFR categories across
FGF21 levels. y % testand ANOVA were used for comparisons of
categorical and continuous variables, respectively.

Multivariable Cox regression analysis was used to estimate
the hazard ratios (HRs) and 95% confidence intervals (CIs) for
eGFR decline. The variables included in Cox regression models
were those that were statistically significant in univariate anal-
ysis, after correcting for multiple comparisons by Bonferroni
correction, or were biologically relevant. Using scale Schoenfeld
residuals, assumption of proportional hazard was validated for
all covariates (global test) with each variable. All Cox regression
models did not violate the assumption in our analyses (P > .05).

Table 2. Multivariable Cox Regression Analysis
Showing the Association of Baseline FGF21 Level With
eGFR Decline in Subjects With Baseline eGFR =30 mL/
min/1.73 m?

Baseline Variables HR (95% Cl) P Value

Age, y 1.02 (1.00-1.04) 130
BMI, kg/m? 0.99 (0.95-1.03) 643
DM duration, y Referent .007
=10 1.55(1.07-2.25) .021
11-20 1.96 (1.27-3.04) .002
>20
HbA1c, % 0.93 (0.85-1.02) 128
Hypertension, % 2.54 (1.44-4.68) .001
eGFR, ml/min/1.73 m?2 0.86 (0.53-1.40) 541
Microalbuminuria/clinical 2.87 (2.05-4.02) <.001

albuminuria, %°
Adiponectin, ug/mL® 1.18 (0.89-1.55) 249
CRP, mg/L® 1.32(1.15-1.52) <.001
FGF21, pg/mL? 1.21(1.01-1.43) .036

—2 Log likelihood of the model was 1624.949 with P < .0001; model
included the statistically significant variables (age, DM duration, BMI,
HbA1c, hypertension, eGFR, microalbuminuria/clinical alouminuria,
CRP) and the biologically relevant variables (BMI and adiponectin). Bold
indicates statistically significant data.

@ Log-transformed before analysis.
Pn = 1069.
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The predictive performance of various models was assessed
by receiver operating characteristic curve, category-free net re-
classification improvement (NRI), and integrated discrimination
improvement (IDI). Comparison between two areas under the
receiver operating characteristic curves (AUC) was examined
using the DeLong method (17), and its mean difference with
95% confidence level was presented. The power calculation
for Cox regression was determined using the equation pro-
posed by Hsieh and Lavori (18). (See Supplemental Data for
details.) In all statistical tests, two-sided P values <.05 were
considered significant.

Results

Among the 1136 recruited type 2 DM subjects, at baseline,
serum FGF21 levels increased progressively with catego-
ries of declining eGFR, with their median values being
163.0, 199.4, 233.7, 526.2, and 835.4 pg/mL for eGFR
=90, 60-89, 30-59, 15-29, and <15 mL/min/1.73 m?,
respectively (P for trend <.001). Supplemental Table 1
summarizes the correlation analysis between serum
FGF21 levels and other baseline parameters. Although se-
rum FGF21 levels are known to be increased by exercise
(19), data on the relationship between serum FGF21 and
physical activity were not available in this study because
only a crude assessment on physical activity was per-
formed. In multiple linear regression analysis, serum
FGF21 level was independently associated with sex (P <
.001), BMI (P < .001), eGFR (P < .001), microalbumin-
uria or clinical albuminuria (P = .003), dyslipidemia
(P = .003), adiponectin (P < .001), and CRP (P = .041)
(Supplemental Table 2).

After exclusion of 39 subjects with less than 2 years of
follow-up and 26 subjects with eGFR <30 mL/min/1.73
m?, of the remaining 1071 subjects with baseline eGFR
=30 mL/min/1.73 m?, 171 (16%) subjects had eGFR de-
cline over a median follow-up of 4 years. Subjects with
eGFR decline were significantly older, they had longer
duration of DM, with more of them being hypertensive
and on antihypertensive medications, and they had higher
systolic BP, lower baseline eGFR, and higher serum tri-
glyceride, CRP, and adiponectin levels than those without
eGFR decline (n = 900) (Table 1). Among those with
eGFR decline, only 33.5% of subjects had normal urinary
albumin excretion, as compared with 72.2% in those
without eGFR decline. Serum FGF21 levels were signifi-
cantly higher in those with eGFR decline during follow-up
than those without decline (P < .001). In addition, base-
line FGF21 levels negatively correlated with change in
eGFR (Crude R = —0.077; P = .012).

In multivariable Cox regression analysis, baseline se-
rum FGF21 level was independently associated with e GFR
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decline (HR, 1.21; 95% CI, 1.01-1.43; P = .036), even
after adjustment for potential confounders including base-
line eGFR (Table 2). Other significant independent pre-
dictors of eGFR decline included duration of diabetes =20
years (HR, 1.96; 95% CI, 1.27-3.04; P = .002), hyper-
tension (HR, 2.54; 95% CI, 1.44-4.68; P = .001), mi-
croalbuminuria or albuminuria (HR, 2.87;95% CI,2.05-
4.02; P <.001),and CRP (HR, 1.32;95% CI, 1.15-1.52;
P < .001). There were 81 subjects who were on peroxi-
some proliferator-activated receptor (PPAR) a-agonists at
baseline and who remained on the same dosage during the
follow-up period. No subject was on PPARy-agonists. Af-
ter exclusion of the 81 subjects on PPARa-agonist, which
might impact on the FGF21 levels (20), baseline FGF21
levelsstill remained a significant predictor of eGFR decline
on multivariate Cox regression analysis after adjusting for
age, DM duration, presence of hypertension, HbAlc,
eGFR, microalbuminuria or clinical albuminuria, CRP,
BMI, and adiponectin (HR, 1.28;95% CI, 1.05-1.56; P =
.015). However, in a clinical model that was comprised of
age, duration of diabetes, hypertension, HbAlc, eGFR,
microalbuminuria or clinical albuminuria, and BMI, the
addition of baseline serum FGF21 did not produce a sig-
nificant improvement in the prediction of eGFR decline.
The mean difference in the two AUC values was 1% (95%
CIL, —0.2 to2.1), with a category-free NRI of 8.3% (95% CI,
—10.8t021.0; P =.312)and anIDI 0f 0.3% (95% CI, —0.4
to 1.7; P = .359) (Table 3).

In a subgroup of 559 subjects with normoalbuminuria
and baseline eGFR =60 mL/min/1.73 m?2, 45 (8%) sub-
jects had eGFR decline on follow-up. Baseline parameters
including age, eGFR, duration of diabetes, and HbAlc
were similar between groups with or without eGFR de-
cline. However, subjects with eGFR decline had signifi-
cantly higher prevalence of hypertension (P <.001), CRP
(P = .001), and sex-adjusted FGF21 levels (P = .009) at
baseline than those without eGFR decline (Table 4). In
multivariable Cox regression analysis, baseline serum
FGF21 was an independent predictor of eGFR decline in
this subgroup of patients (HR, 1.36; 95% CI, 1.06-1.76;
P =.016), together with hypertension (HR, 8.18;95% CI,
2.52-26.5; P <.001),and CRP (HR, 1.40;95% CI, 1.04—
1.88; P = .028) (Table 5). Notably, contrary to the orig-
inal cohort, in this subgroup of subjects, the addition of
baseline serum FGF21 to hypertension provided a signif-
icant improvement in the prediction of eGFR decline, as
reflected by a mean difference in the two AUC values of
7.9% (95% CI, 3.1-12.7) and an IDI of 1% (95% CI,
0.1-3.0; P = .013). The addition of CRP to hypertension
in the clinical model also yielded similar improvement in
outcome prediction (Table 6). Furthermore, the addition
of CRP to the model including hypertension and FGF21
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Table 3. Discrimination and Reclassification of eGFR Decline With Prediction Multivariable Cox Regression Model
Among All Subjects With Baseline eGFR =30 mL/min/1.73 m?

Additional Variable to the Mean Difference in Category-Free NRI

Reduced Model (n = 1069) 2 AUC (95% Cl) (95% ClI) IDI (95% Cl)
+FGF21 1.0% (-0.2t0 2.1) 8.3% (—10.8 10 21.0) 0.3(-0.4101.7)
Delong P = .092 P=.312 P = .359

Reduced model: age, DM duration, HbA1c, hypertension, eGFR, microalbuminuria/clinical albuminuria, and BMI.

provided significant yet comparable increments in the pre-  after addition of CRP to the clinical model of hyper-
diction of eGFR decline, compared to the addition of tension and FGF21) and 1% (95% CI, 0-3.8; P = .04;
FGF21 to the model including hypertension and CRP, as  after addition of FGF21 to the clinical model of hyper-
reflected by an IDI of 1.6% (95% CI, 0.1-6.5; P = .027;  tension and CRP).

Table 4. Baseline Characteristics of the Subgroup of Diabetic Subjects With Baseline eGFR =60 mL/min/1.73 m?
and Normoalbuminuria by eGFR Decline

eGFR Decline

Baseline Parameters Yes No P Value
n 45 514
Sex, men, % 37.8 53.3 .046
Age, y 56.0 +7.18 53.7 =+ 8.94 .082
BMI, kg/m? 26.1 £5.10 249 = 4.11 .072
WC, cm .057°

M 89.9 £ 10.5 88.2 £ 10.1

F 88.8 + 14.6 84.4+11.4
Current smoker, % 13.3 13.6 .957
Ever smoker, % 244 27.8 627
Systolic BP, mm Hg 135.3 £ 16.5 1269 £ 17.6 .002
Diastolic BP, mm Hg 77.2 = 8.25 77.2 = 8.78 975
Hypertension, % 93.3 61.5 <.001
Antihypertensive drug, % 91.1 57.2 <.001
DM duration, % 193

=10y 46.7 35.6

11-20y 39.5 53.3

>20y 13.8 1.1
Fasting glucose, mmol/L 8.24 =227 8.18 = 2.48 .880
HbA1c, % 8.42 +1.48 8.13 £ 1.40 .185
Cholesterol, mmol/L 4.86 = 1.41 475 = 0.92 469
Triglyceride, mmol/L? 1.51(1.05-1.91) 1.20 (0.86-1.85) 134
HDL-cholesterol, mmol/L 1.25 +0.32 1.23 £ 0.35 744
LDL-cholesterol, mmol/L 2.86 = 1.08 2.83 = 0.82 828
Lipid-lowering drug, % 24.4 25.3 .900
Serum creatinine, umol/L? 914k

M
F

77.0 (64.5-92.0)
61.5(55.3-71.5)

80.0 (73.0-88.0)
61.0 (55.0-67.0)

eGFR, mL/min/1.73 m?2 87.9 (74.6-99.4) 88.3(78.1-100.1) 952
FGF21, pg/mL? .009°
M 184.4 (68.3-352.8) 141.4 (65.7-237.0)
F 272.2 (194.1-424.8) 180.8 (107.7-313.7)
Adiponectin, ug/mL? 147°
M 6.78 (5.24-9.79) 8.46 (5.42-11.8)
F 9.39(6.27-15.1) 10.1(7.24-14.6)
CRP, mg/L 2.02 (0.99-3.77) 1.08 (0.45-2.48) .001

Abbreviations: M, male; F, female; HDL, high-density lipoprotein; LDL, low-density lipoprotein. Data are presented as mean = SD or median (IQR).
Bold P values indicate a statistically significant difference after Bonferroni correction for multiple testing. Conversion factors are: glucose from
mmol/L to mg/dL, X 18; creatinine, from mg/dL to wmol/L, X 88.4; cholesterol/HDL/LDL-cholesterol, mmol/L to mg/dL, X 38.9; triglyceride, mmol/
L to mg/dL, X 88.2.

@ Log-transformed before analysis.

b Sex-adjusted P value.
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Table 5. Multivariable Cox Regression Analysis
Showing the Association of Baseline Serum FGF21 Levels
With eGFR Decline in 559 Subjects With Baseline eGFR
=60 mL/min/1.73 m? and Normoalbuminuria

Baseline Variables HR (95% Cl) P Value
Hypertension, % 8.18 (2.52-26.5) <.001
CRP, mg/L? 1.40 (1.04-1.88) .028
FGF21, pg/mL? 1.36 (1.06-1.76) .016

—2 Log likelihood of the model was 434.224 with P < .0001. All
statistically significant differences after Bonferroni corrections for
multiple testing in the univariate analyses and biologically relevant
variables were included. Bold indicates statistically significant data.

@ Log-transformed before analysis.

Discussion

Previous cross-sectional studies have demonstrated that
circulating FGF21 levels are associated with renal func-
tion, both in patients with diabetic nephropathy (10, 11)
and in community-dwelling adults (21). Furthermore, its
levels are also independently associated with urinary al-
bumin excretion in type 2 diabetic patients, including
those with microalbuminuria or subclinical diabetic ne-
phropathy (11). In this prospective study, we demon-
strated for the first time an independent association be-
tween elevated serum FGF21 levels and eGFR decline over
a median follow-up of 4 years.

We found that serum FGF21 level was an independent
predictor of eGFR decline in this prospective cohort, to-
gether with age, hypertension, duration of diabetes, mi-
croalbuminuria or clinical albuminuria, and CRP. Nota-
bly, this remained significant even after adjustment for the
baseline eGFR levels of these subjects. This suggested that
elevated FGF21 levels might reflect on processes that are
causally related to impaired renal function in subjects with
diabetic nephropathy, other than being just a consequence
of reduced renal clearance, as suggested by its rise after
unilateral nephrectomy (9). In agreement with previous
cross-sectional studies, we also found that circulating
FGF21 levels increased progressively across eGFR cate-
gories, suggesting that serum FGF21 level might remain as
a biomarker to predict CKD progression even as renal
function deteriorates.

jcem.endojournals.org 1373

Elevated circulating FGF21 levels could represent a
compensatory response to FGF21 resistance or to the un-
derlying metabolic disturbances in type 2 DM (1, 2). An-
imal studies had also shown that an increase in FGF21
expression might be part of a protective response to tissue
stress. Johnson et al (22) demonstrated that pancreatic
FGF21 expression was induced in cerulein-induced acute
pancreatitis, which in turn protects pancreas from further
damage. Schaap et al (23) showed that in mice with non-
alcoholic fatty liver disease, endoplasmic reticulum stress
could induce the expression of FGF21. We also demon-
strated that in mice with acetaminophen-induced hepato-
toxicity, there was a significant marked elevation in serum
FGF21 levels that preceded the elevations of serum
transaminases, the established liver injury markers, and
that FGF21 knockout mice had greater liver damage and
mortality compared to wild-type mice (24). A recent data
mining analysis revealed that elevated FGF21 gene expres-
sion represented one of the early signatures of in vitro and
in vivo drug toxicity in humans and rats. Early expression
changes of four genes, which included FGF21, predicted
drug-induced kidney and liver injuries with high accuracy
(25). In the context of diabetic nephropathy, FGF21 ex-
pression in the mesangial cells of the kidneys in db/db mice
was significantly up-regulated to 20-fold as compared to
control db/m mice, although it remains uncertain how
much of this elevation is accounted for by renal produc-
tion. In addition, although animal studies had shown that
circulating serum FGF21 levels were elevated, FGF21 sig-
naling in the kidney was markedly reduced in db/db mice,
as reflected by the decreased ERK phosphorylation in re-
sponse to FGF21 administration, suggesting the presence
of FGF21 resistance. Although this elevation of serum
FGF21 levels observed in patients with early stages of di-
abetic nephropathy may appear paradoxical, this is in fact
reminiscent of the situation of adiponectin resistance in
diabetic nephropathy, or the presence of insulin resistance
and hyperinsulinemia in patients with type 2 diabetes. In
type 2 diabetes, despite the presence of insulin resistance,
insulin remains an effective treatment. A similar scenario
is likely with regard to FGF21 resistance and early diabetic
nephropathy. On the other hand, elevated serum FGF21

Table 6. Discrimination and Reclassification of eGFR Decline With Prediction Multivariable Cox Regression Model
Among the 559 Subjects With Baseline eGFR =60 mL/min/1.73 m? and Normoalbuminuria

Reduced Additional Mean Difference in Category-Free NRI
Model Variable 2 AUC (95% <I) (95% ClI) IDI (95% ClI)
Hypertension +FGF21 7.9% (3.1t0 12.7) 21.6% (—=6.2 to 41.5) 1.0% (0.1 t0 3.0)
P =100 P=.013
+CRP 8.3% (3.810 12.9) 27.0% (2.1 to 46.1) 1.0% (0.2 t0 3.3)
P =.020 P=.013

Reduced model includes Hypertension variable. Bold indicates statistically significant data.
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levels might also reflect a compensatory response toward
the underlying metabolic dysregulation such as insulin re-
sistance, a known risk factor for progressive renal disease
(1). Therefore, despite the high circulating serum FGF21
levels, administration of recombinant FGF21 treatment
may still bring about therapeutic benefits. In fact, a reno-
protective effect of exogenous FGF21 had already been
clearly demonstrated in db/db mice, leading to attenuated
renal injury via its beneficial effects on metabolic param-
eters and its antifibrotic action (12). This protective effect
of FGF21 in diabetic nephropathy was confirmed in an-
other mouse study, with the administration of FGF21 re-
sulting in decreased renal apoptosis and suppressed dia-
betes-induced renal inflammation, oxidative stress, and
fibrosis (26).

Diabetic nephropathy is one of the devastating com-
plications of type 2 DM. Patients with diabetic nephrop-
athy are at risk of progression to end-stage renal failure
requiring renal replacement therapy. In addition, they are
more liable to cardiovascular morbidity and mortality.
The incidence of end-stage renal failure secondary to di-
abetic nephropathy has been increasing, partly secondary
to an increase in incident diabetes worldwide. To tackle
this global health problem, one potential strategy is to
identify, as early as possible, those diabetic subjects at high
risk of progressive nephropathy, so that intensive multi-
factorial risk management can be implemented in a timely
fashion to prevent disease progression. Microalbuminuria
has been a traditional early marker of diabetic nephrop-
athy, but its sensitivity and specificity in predicting CKD
progression have recently been questioned (27). Our study
demonstrated that, even in subjects with relatively well-
preserved kidney function, with an eGFR =60 mL/min/
1.73 m? and normoalbuminuria, serum FGF21 elevation
remained a reliable biomarker for eGFR decline. In this
subgroup of patients, other than FGF21, only CRP and the
presence of hypertension were independent predictors of
eGFR decline in multivariate Cox regression analysis. We
further demonstrated that the additional measurement of
FGF21 could improve significantly the prediction of eGFR
decline over hypertension alone. Furthermore, the im-
provement in eGFR decline prediction in these subjects
was comparable after the addition of either CRP or
FGF21. These findings suggested the potential use of se-
rum FGF21 as a novel, alternative biomarker for the early
identification of type 2 diabetic subjects who are at in-
creased risk of progression of their kidney disease. In ad-
dition, despite the presence of renal FGF21 resistance,
FGF21 may also be a potential therapeutic target to pre-
vent eGFR decline in those with early diabetic nephrop-
athy. Indeed, a recent study has demonstrated the bene-
ficial effects of an FGF21 analog on hyperlipidemia, body

J Clin Endocrinol Metab, April 2015, 100(4):1368-1375

weight, and hyperinsulinemia in type 2 diabetic patients,
despite the presence of high circulating FGF21 levels sug-
gesting FGF21 resistance (28).

Our study is limited first by the relatively short duration
of follow-up relative to the time required for the progres-
sion of diabetic nephropathy. In fact, the median fol-
low-up might be too short for proper evaluation of kidney
disease progression in the whole cohort because more se-
vere disease would progress faster. Secondly, only a single
renal endpoint of CKD progression was analyzed. Other
significant clinical endpoints in diabetic nephropathy in-
cluding the change in levels of albuminuria or develop-
ment of end-stage renal disease, requiring renal replace-
ment therapy or renal transplantation, were not included
for analysis. Furthermore, the vast majority of the subjects
with CKD in our cohort did not have a renal biopsy per-
formed to ascertain the cause of nephropathy.

Nonetheless, our study has provided the first report
demonstrating serum baseline FGF21 level as an indepen-
dent biomarker for predicting eGFR decline in type 2 di-
abetic patients at early stages of diabetic nephropathy.
Further studies involving large patient cohorts with longer
durations of follow-up are warranted to validate our
findings.
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