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Abstract
Fibroblast growth factor 21 (FGF21) plays a role in kidney disease. Circulating FGF21 levels are associated with kidney function and
progression in patients with type 2 diabetes (T2D). However, the association between FGF21 and kidney function in the general
population is still lacking. The aim of this study was to determine the association between FGF21 and kidney function and its
progression in a Chinese cohort.
A total of 2425 participants from a population-based survey of diabetes and metabolic syndrome in Pinggu, Beijing, were included

in the baseline analysis. After a median follow-up of 12months, 2402 participants with baseline estimated glomerular filtration rate
(eGFR) ≥60mL/min/1.73m2 were analyzed in the longitudinal study. The progression of kidney function was defined as an eGFR
decline exceeding 3.3% per year. Serum FGF21 levels were measured using an enzyme-linked immunosorbent assay at baseline.
Male sex, body mass index (BMI), homeostasis model assessment of insulin resistance, higher levels of low-density lipoprotein

cholesterol (LDL-c), uric acid, and FGF21 were associated with increased odds of a lower eGFR at baseline. The association of
FGF21 with lower eGFR was independent of all the potential confounders in multivariable logistic regression (odds ratio, 1.005; 95%
confidence interval 1.002–1.008). However, FGF21 was not associated with eGFR decline in the longitudinal analysis (odds ratio,
1.000; 95% confidence interval 0.998–1.001).
Increased serum FGF21 levels were independently associated with lower eGFR in this nonmedicated general population. FGF21

could be a biomarker of kidney function in the general population.

Abbreviations: ALT = alanine aminotransferase, AST = aspartate aminotransferase, BMI = body mass index, CI = confidence
interval, CKD = chronic kidney disease, CKD-EPI = Chronic Kidney Disease Epidemiology Collaboration, DBP = diastolic blood
pressure, eGFR = estimated glomerular filtration rate, FGF21 = fibroblast growth factor 21, FPG = fasting plasma glucose, HbA1c =
hemoglobin A1c, HOMA-IR = homeostasis model assessment of insulin resistance, LDL-C = low-density lipoprotein cholesterol,
OGTT = oral glucose tolerance test, OR = odds ratio, SBP = systolic blood pressure, SCr = serum creatinine, SPSS = Statistical
Product and Service Solutions, UA = uric acid, UACR = urine albumin to creatinine ratio, 2hPG = 2h post-load plasma glucose.
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Figure 1. A flow diagram of the participants in baseline and follow-up analysis.
eGFR=estimated glomerular filtration rate, SCr=serum creatinine.
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1. Introduction

Fibroblast growth factor 21 (FGF21) is a member of the
endocrine subfamily of fibroblast growth factors that regulates
the metabolism of glucose and lipids.[1] The administration of
FGF21 has demonstrated beneficial effects in dyslipidemia,
obesity, and nonalcoholic fatty liver disease in both animal
studies and human clinical trials.[1–3] However, circulating levels
of FGF21were found to be paradoxically increased in individuals
with multiple metabolic disorders, including obesity and type 2
diabetes (T2D).[1,4] This paradox has usually been assumed to be
a state of “FGF21 resistance” or a compensatory protective
response to metabolic stress.
The association between FGF21 and kidney disease has also

been a concern in recent years. There are inconsistent results in
studies with different populations and study designs. A
compensatory elevation of circulating FGF21 was observed in
patients with chronic kidney disease (CKD) and diabetic
nephropathy in cross-sectional studies.[5] Longitudinal studies
have suggested a predictive effect of higher levels of FGF21 on the
decline of renal function or an increase in albuminuria in patients
with T2D.[6–8] Conversely, in a longitudinal study of community-
dwelling individuals without apparent cardiovascular disease, the
predictive effect was not confirmed.[9]

However, the mechanism involved in the association between
FGF21 and kidney function remains unclear. Some studies[10,11]

suggested that FGF21 could protect against renal fibrosis, which
is often found in patients with CKD.
If circulating FGF21 is an appropriate biomarker for kidney

function or its progression in the general population, it is still
uncertain. Therefore, we conducted the current observational
study in a Chinese cohort derived from a general population
unselected for existing diseases to evaluate the correlation
between circulating FGF21 levels and kidney function, and to
investigate the association of FGF21 with the progression of
kidney function decline.
2. Materials and methods

2.1. Study population

This study contained both cross-sectional and longitudinal parts
(Fig. 1). The participants in this study were enrolled from a
population-based survey of diabetes and metabolic syndrome
from March 2012 to May 2013 in the Pinggu District, which is
located northeast of Beijing. Residents aged 25 to 74years’ old
and living in Pinggu for at least 5 years were included. A stratified
random 2-stage cluster sampling process was used to recruit
participants. The details of the sampling method and study
population have been described previously.[12] The baseline
survey was approved by the Ethics and Human Subject
Committee of the Peking University People’s Hospital, and the
follow-up survey (Pinggu Metabolic Disease Study) was
approved by the ethics committee of the Peking University
Medical Center. All participants provided written informed
consent, and all methods were performed in accordance with the
relevant guidelines and regulations.
A total of 3350 participants were included in the baseline

survey. After a median follow-up of 1year, 2846 participants
(85.0%) completed the follow-up survey. Among them, 18
individuals without baseline serum creatinine (SCr) levels were
excluded. A total of 403 participants without valid serum
samples for FGF21 measurements were also excluded. Thus,
2

2425 participants were assessed in the baseline study. At the
follow-up analysis, 8 individuals without follow-up SCr values
and 15 individuals with baseline estimated glomerular filtration
rate (eGFR) <60mL/min/1.73m2 were excluded. Finally, 2402
participants were included in the longitudinal analysis.
2.2. Data collection and biochemical measurements

Both baseline and follow-up data were collected by field
researchers using a standard questionnaire. Anthropometric
data, including height and weight, were measured. Body mass
index (BMI) was calculated as weight (kg)/height2 (m2). Systolic
blood pressure (SBP) and diastolic blood pressure were measured
using an electronic sphygmomanometer (Omron, China). The
75-gram oral glucose tolerance test (OGTT) was performed for
all participants without known diabetes in both the baseline and
follow-up surveys. Patients with self-reported diabetes were
tested only for fasting plasma glucose (FPG). According to
OGTT, diabetes was diagnosed as FPG ≥7.0mmol/L or 2hours
post-load plasm glucose ≥11.1mmol/L.[13]

Plasma glucose was measured using the hexokinase method
(COBAS C702, Roche Diagnostics, Tokyo, Japan). Hemoglobin
A1c (HbA1c) was quantified using high-performance liquid
chromatography (model ADAMS A1c HA-8160 chromato-
graph; Arkray, Inc., Kyoto, Japan). Alanine transaminase (ALT),
aspartate aminotransferase (AST), SCr, uric acid (UA), total
cholesterol, triglycerides, high-density lipoprotein cholesterol,
and low-density lipoprotein cholesterol (LDL-c) were measured
using an automated biochemical instrument (model Coulter
UniCel DxC 800, Beckman, Miami, FL). Serum insulin levels
were measured using the electrochemical luminescence method
(COBAS E411, Roche Diagnostics, Tokyo, Japan). Urine
albumin and creatinine levels were measured using a spot urine



Table 1

Baseline characteristics of a total of 2425 participants classified by
the median of eGFR.

Lower eGFR Higher eGFR P

N 1212 1213
Age, y

∗
56.6±8.7 41.0±8.6 <.001

Male, n (%)† 593 (48.9) 492 (40.6) <.001
BMI, kg/m2∗ 26.4±3.7 25.8±3.8 <.001
SBP, mmHg

∗
134.1±16.6 124.5±15.9 <.001

DBP, mmHg‡ 87.2±11.2 82.6±11.1 <.001
HbA1c (%)

∗
5.8±1.0 5.6±0.9 <.001

FPG, mmol/L
∗

6.1±1.8 5.7±1.5 <.001
Fasting insulin, mU/L‡ 7.2 (4.5–11.2) 7.0 (4.7–10.8) .854
HOMA-IR‡ 1.9 (1.1–3.0) 1.8 (1.1–2.7) .039

†
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sample by the immunoturbidimetric assay and Jaffe’s assay
(COBAS C311, Roche Diagnostics, Tokyo, Japan), respectively.
The urine albumin-to-creatinine ratio (UACR) was calculated.
Serum FGF21 levels were measured using a commercially

available enzyme-linked immunosorbent assay kit (ELISA, Cloud
Clone Corp., Houston, TX) according to the manufacturer’s
instructions. Serum samples were stored at �80°C until used for
the measurement of FGF21. The homeostasis model assessment
(HOMA-IR) was used to measure insulin resistance, which was
calculated as fasting insulin (mU/L) � fasting plasma glucose
(mmol/L)/22.5. eGFR was calculated from SCr using the Chronic
Kidney Disease Epidemiology Collaboration equation.[14] In the
longitudinal analysis, eGFR decline was defined as a decline in
eGFR that exceeded 3.3% per year.[15]
Diabetes, n (%) 235 (19.4) 125 (10.3) <.001
ALT, U/L‡ 19 (16–26) 19 (14–27) .217
AST, U/L‡ 21 (19–25) 20 (17–24) <.001
TC, mmol/L‡ 5.0 (4.4–5.7) 4.7 (4.2–5.3) <.001
TG, mmol/L‡ 1.3 (0.9–1.9) 1.1 (0.7–1.7) <.001
LDL-c, mmol/L

∗
2.9±0.8 2.7±0.7 <.001

HDL-c, mmol/L
∗

1.2±0.3 1.2±0.3 .625
UA, mmol/L‡ 282 (240–337) 254 (209–315) <.001
UACR, mg/g‡ 7.3 (2.8–18.5) 5.0 (1.8–12.5) <.001
SCr, mmol/L‡ 63.0 (54.5–73.7) 51.4 (44.0–61.0) <.001
FGF21, pg/mL‡ 97.8 (67.9–134.7) 73.4 (53.5–99.2) <.001

The participants were divided into lower and higher eGFR groups with the median value of eGFR in
baseline (108.8mL/min/1.73m2).
∗
Variables were presented as the mean ± standard deviation.

† Variables were presented as frequency (%).
‡ Variables were presented as the median (interquartile range).
ALT= alanine aminotransferase, AST=aspartate aminotransferase, BMI=body mass index, DBP=
diastolic blood pressure, eGFR= estimated glomerular filtration rate, FGF21=fibroblast growth factor
21, FPG= fasting plasma glucose, HbA1c=glycated hemoglobin A1c, HDL-c=high-density
lipoprotein cholesterol, HOMA-IR=homeostatic model assessment of insulin resistance, LDL-c= low-
density lipoprotein cholesterol, SBP= systolic blood pressure, SCr= serum creatinine, TC= total
cholesterol, TG= triglycerides, UA=uric acid, UACR=urinary albumin/creatinine ratio.
2.3. Statistical analysis

Statistical analysis was performed using Statistical Product and
Service Solutions (SPSS) for Windows (version 16.0; SPSS Inc.,
Chicago, IL). Continuous variables with a normal distribution
are presented as mean ±standard deviation. Medians (inter-
quartile range) were used for values without a normal
distribution including FGF21; medians (interquartile range) were
used. Categorical data are presented as a number (percentage)
and compared using the x2 test. Student t test was used to
compare variables with a normal distribution. The nonparamet-
ric Mann–Whitney test was used to compare those without a
normal distribution. Linear regression was performed to
determine the correlation between FGF21 levels and baseline
characteristics. A binary logistic regression analysis was
performed with lower eGFR as the dependent variable and
sex, age, FGF21, and other potential confounders as independent
variables in the baseline analysis. Logistic regression was also
used in the longitudinal analysis, with eGFR decline as the
dependent variable to assess the possible risk factors. Odds ratios
(ORs) and 95% confidence intervals (CIs) were reported.
Quartiles of FGF21 levels were also used as a categorical
variable to assess the association of FGF21 with eGFR and eGFR
decline.
3. Results

3.1. Baseline study

Of the 2425 participants, 15 (0.62%) individuals had an eGFR
<60mL/min/1.73m2. The participants were classified into 2
groups according to the median eGFR (108.8mL/min/1.73m2) at
baseline. Anthropometric and biochemical characteristics were
compared between the 2 groups (Table 1). The participants with
lower eGFR were significantly older in age, with more males,
higher BMI, higher blood pressure, higher HbA1c, FPG,
triglyceride, LDL-c, UA, UACR, and higher prevalence of
diabetes diagnosed by OGTT than those with higher eGFR.
The index of HOMA-IR was also higher in the group with a
lower eGFR than in the higher eGFR group. Fibroblast growth
factor 21 levels were significantly higher in individuals with a
lower eGFR than those with a higher eGFR, (97.8 [67.9–134.7]
vs 73.4[53.5–99.2], P< .001).
The correlation between FGF21 and the other variables was

analyzed using linear regression, which is expressed in the
supplementary table, http://links.lww.com/MD2/A753. Age,
SBP, AST, UA, and LCL-c were positively correlated with
3

FGF21 levels in the whole population (n=2425) and nondiabetes
group (n=2065). SCr level was positively correlated with FGF21
levels in all 3 groups. Two hours post-load plasma glucose and
UACR were associated with FGF21 only in subjects without
diabetes (n=2065). Interestingly, BMI, HbA1c, fasting insulin,
ALT, and HOMA-IR were negatively correlated with FGF21 in
2425 participants at baseline (Supplementary file, http://links.
lww.com/MD2/A753).
In the multivariable logistic regression analysis (Table 2), male

sex, BMI, HOMA-IR, higher levels of LDL-c, UA, FGF21, and
the largest quartile of FGF21 were all associated with the
increased odds of a lower eGFR after adjusting for age and sex
(model 1 in Table 2). The association of FGF21 with lower eGFR
was still significant after adjusting for all potential confounders in
model 2 (OR 1.005; 95% CI 1.002–1.008). The largest quartile
of FGF21 was independently associated with a lower eGFR. The
OR (95% CI) was 1.818 (1.290–2.562; model 2 in Table 2).
3.2. Longitudinal study

In the longitudinal study consisting of a total of 2402 participants
with baseline eGFR ≥60mL/min/1.73m2, 785 (32.7%) individ-
uals had a rapid eGFR decline, defined as a decline in eGFR that
exceeded 3.3%/year. The participants with eGFR decline were
older in age, had higher blood pressure, lower fasting insulin, and
HOMA-IR, but a higher prevalence of diabetes, higher UACR,
lower SCr, and higher eGFR at baseline than those without eGFR
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Table 2

Associating factors for lower eGFR at baseline (n=2425).

Model 1-OR (95% CI) Model 2-OR (95% CI)

Age 1.225 (1.206–1.245)
∗

1.240 (1.218–1.262)
∗

Female vs male 0.547 (0.437–0.686)
∗

1.040 (0.794–1.362)
BMI 1.075 (1.041–1.110)

∗
1.018 (0.980–1.057)

SBP 0.999 (0.992–1.006)
HbA1c 0.944 (0.844–1.055)
HOMA-IR 1.146 (1.071–1.226)

∗
1.087 (1.010–1.170)

∗

TG 1.021 (0.939–1.111)
LDL-C 1.185 (1.026–1.369)

∗
1.065 (0.915–1.239)

UA 1.009 (1.008–1.011)
∗

1.008 (1.007–1.010)
∗

UACR 1.000 (0.999–1.001)
FGF21 1.005 (1.003–1.008)

∗
1.005 (1.002–1.008)

∗

Quartiles of FGF21
Q1 (FGF21 < 58.50) 1.000 1.000
Q2 (82.67 > FGF21
≥ 58.50)

0.988 (0.725–1.345) 0.980 (0.710–1.351)

Q3 (117.28 > FGF21
≥ 82.67)

1.265 (0.924–1.733) 1.258 (0.907–1.746)

Q4 (FGF21 ≥117.28) 1.948 (1.404–2.702)
∗

1.818 (1.290–2.562)
∗

Model 1: adjusted for age and sex. Model 2: adjusted for all the statistically significant variables in
Model 1.
Quartiles of FGF21 and FGF21 as a continuous variable were entered in the analysis separately.
∗
P < .05.

BMI=body mass index, CI= confidence interval, eGFR=estimated glomerular filtration rate,
FGF21= fibroblast growth factor 21, HbA1c=glycated hemoglobin A1c, HOMA-IR=homeostatic
model assessment of insulin resistance, LDL-c= low-density lipoprotein cholesterol, OR=odds ratio,
SBP= systolic blood pressure, TG= triglycerides, UA=uric acid, UACR=urinary albumin/creatinine
ratio.

Table 3

Baseline characteristics by eGFR decline at follow-up in a total of
2402 participants.

eGFR decline Without eGFR decline P

N 785 1617
Age, y

∗
49.8±11.8 48.1±11.5 .001

Male, n (%)† 361 (46.0) 710 (43.9) .336
BMI, kg/m2∗ 26.0±3.8 26.2±3.7 .411
SBP, mmHg

∗
130.3±17.6 128.6±16.4 .019

DBP, mmHg
∗

85.7±11.9 84.5±11.0 .010
HbA1c (%)

∗
5.7±1.0 5.7±0.9 .438

FPG, mmol/L
∗

5.9±1.6 5.9±1.7 .941
Fasting insulin, mU/L‡ 6.8 (4.6–10.3) 7.3 (4.6–11.2) .017
HOMA-IR‡ 1.7 (1.1–2.7) 1.8 (1.2–2.9) .046
Diabetes, n (%)† 136 (17.3) 217 (13.4) .011
ALT, U/L‡ 19 (15–27) 19 (15–27) .647
AST, U/L‡ 21 (18–25) 21 (18–24) .222
TC, mmol/L‡ 4.9 (4.3–5.5) 4.9 (4.3–5.5) .583
TG, mmol/L‡ 1.2 (0.8–1.9) 1.2 (0.8–1.8) .137
LDL-C, mmol/L

∗
2.8±0.8 2.8±0.8 .207

HDL-C, mmol/L
∗

1.2±0.3 1.2±0.3 .918
UA, mmol/L‡ 270 (221–323) 269 (224–327) .686
UACR, mg/g‡ 6.7 (2.3–18.6) 5.8 (2.2–13.9) .011
SCr, mmol/L‡ 53.0 (44.0–64.0) 58.0 (51.0–69.0) <.001
eGFR (mL/min/1.73m2)

∗
111.4±15.0 107.4±12.5 <.001

FGF21, pg/mL‡ 82.6 (60.7–115.8) 82.8 (57.3–117.8) .488
Duration of follow-up, mo‡ 12 (11–14) 12 (11–14) .617

eGFR decline is defined as that the declining rate of eGFR exceeds 3.3% per year.
∗
Variables were presented as the mean ± standard deviation.

† Variables were presented as frequency (%).
‡ Variables were presented as the median (interquartile range).
ALT= alanine aminotransferase, AST= aspartate aminotransferase, BMI=body mass index, DBP=
diastolic blood pressure, eGFR= estimated glomerular filtration rate, FGF21= fibroblast growth factor
21, FPG= fasting plasma glucose, HbA1c=glycated hemoglobin A1c, HDL-c=high-density
lipoprotein cholesterol, HOMA-IR=homeostatic model assessment of insulin resistance, LDL-c= low-
density lipoprotein cholesterol, SBP= systolic blood pressure, SCr= serum creatinine, TC= total
cholesterol, TG= triglycerides, UA=uric acid, UACR=urinary albumin/creatinine ratio
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decline. Serum FGF21 levels were not different between patients
with and without an eGFR decline. Baseline BMI, HbA1c, FPG,
lipid profiles, and UA levels were not different between the 2
groups. The median duration of follow-up was also comparable
between the groups with and without eGFR decline (Table 3).
In the logistic regression analysis, only the second quartile of

FGF21 was associated with an increased risk of eGFR decline
(models 1 and 2 in Table 4). However, FGF21 as a continuous
variable or the upper quartiles of FGF21were not associated with
increased odds of eGFR decline. Age and baseline eGFR were
independent risk factors for the decline in eGFR (model 2 in
Table 4).
4. Discussion

The present study indicated an independent association between
higher FGF21 levels and decreased eGFR in the cross-sectional
baseline analysis in a population-based survey. In a longitudinal
study with a median follow-up of 12months, baseline FGF21
level was not associated with eGFR decline.
Previous cross-sectional studies have found that FGF21 levels

are increased in patients with CKD and end-stage renal disease
receiving hemodialysis or peritoneal dialysis.[16–19] A negative
association between eGFR and circulating FGF21 has also been
found in participants without apparent kidney disease in both the
community-dwelling population and patients with T2D.[9,20] The
result of the independent association of increased FGF21 and
decreased eGFR (Table 2) in the present study was consistent
with these previous studies.
Fibroblast growth factor 21 is a metabolic regulator with

various benefits, not only in the metabolism of glucose and lipids.
It is mainly expressed in the liver, induced by peroxisome
4

proliferator-activated receptor-a. The function of this protein
was first demonstrated in animal studies as the plasma glucose
and metabolic state of diabetic mice and monkeys were improved
with the administration of recombinant FGF21.[21,22] However,
the mechanism of action of FGF21 and kidney function have not
been elucidated. Some evidence suggests that FGF21 could
protect against renal fibrosis, which is often found in patients
with CKD. A study found that FGF21 may play a role in the
autophagic degradation of lipid droplets in kidney proximal
tubular cells during prolonged starvation for energy homeosta-
sis.[10] Another study showed that FGF21 could prevent
hyperglycemia-induced fibrogenesis in renal mesangial cells.[11]

In a murine model of diabetic nephropathy, FGF21 was found to
reduce proteinuria and ameliorate morphological glomerular
abnormalities.[23] In addition, a study indicated that fenofibrate
(a peroxisome proliferator-activated receptor-a agonist) treat-
ment prevented renal damage in mice with T1D by up-regulating
FGF21.[24]

Although FGF21 is beneficial to the kidney in animal studies,
circulating FGF21 levels are increased in patients with decreased
eGFR. The reasons for this are as follows. First, decreased
glomerular filtration in CKD may directly lead to an increase in
circulating FGF21 because FGF21 is a small molecule protein
(approximately 21-kD) which can cross the glomerular capil-
lary.[25] However, FGF21 levels are still elevated in patients
undergoing hemodialysis.[16] Second, circulating FGF21 levels



Table 4

Associating factors for the decline of eGFR at follow-up (n=2402).

Model1-OR (95% CI) Model2-OR (95% CI)

Age 1.013 (1.005–1.020)
∗

1.098 (1.082–1.113)
∗

Female vs male 0.920 (0.775–1.093) 0.698 (0.579–0.842)
∗

BMI 0.990 (0.967–1.013)
SBP 1.003 (0.997–1.008)
Baseline eGFR 1.098 (1.083–1.112)

∗
1.103 (1.088–1.118)

∗

HbA1c 1.004 (0.918–1.099)
HOMA-IR 0.953 (0.909–0.998)

∗
0.978 (0.933–1.025)

TG 1.050 (0.981–1.123)
LDL-C 0.902 (0.808–1.008)
UA 0.999 (0.998–1.001)
UACR 1.002 (1.001–1.002)

∗
1.002 (1.001–1.003)

FGF21 1.000 (0.998–1.001)
Quartiles of FGF21
Q1 (FGF21 <58.50) 1.000 1.000
Q2 (82.67 > FGF21
≥ 58.50)

1.301 (1.020–1.659)
∗

1.329 (1.027–1.720)
∗

Q3 (117.28 > FGF21
≥ 82.67)

1.132 (0.884–1.449) 1.234 (0.948–1.607)

Q4 (FGF21 ≥ 117.28) 0.964 (0.745–1.247) 1.215 (0.922–1.003)

Model 1: adjusted for age and sex. Model2: adjusted for all the statistically significant variables in
Model1.
Quartiles of FGF21 and FGF21 as a continuous variable were entered in the analysis separately.
∗
P < .05.

BMI = body mass index, CI = confidence interval, eGFR = estimated glomerular filtration rate, FGF21
= fibroblast growth factor 21, FPG = fasting plasm glucose, HbA1c = glycated hemoglobin A1c,
HOMA-IR = homeostatic model assessment of insulin resistance, LDL-c = low-density lipoprotein
cholesterol, OR= odds ratio, SBP = systolic blood pressure, TG = triglycerides, UA = uric acid, UACR
= urinary albumin/creatinine ratio.
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are usually elevated in metabolic disorders, including obesity and
T2D.[4] This is believed to be a compensatory response to
metabolic stress in pathophysiological situations. As metabolic
disorders are also risk factors for CKD, they may contribute to
the elevation of FGF21 levels in patients with CKD.[5]

In the present study, the correlation between circulating FGF21
and UACR was only present in the subgroup of patients without
diabetes (P= .048, presented in the supplementary table, http://
links.lww.com/MD2/A753). Moreover, we did not find a positive
association between FGF21 and BMI, HbA1c, and HOMA-IR, as
reported in a previous study.[4] Otherwise, SBP, AST, and LDL-c
were positively correlated with serum FGF21 levels (Supplemental
Table, http://links.lww.com/MD2/A753), in accordance with
previous studies. In fact, although FGF21 has been considered
as a biomarker for multiple metabolic disorders,[1] the inconsistent
association of circulating FGF21 and characteristics related to
insulin resistance has also been demonstrated in some other cross-
sectional studies.[20,26] Despite the inconsistency in FGF21 and
thesemetabolicmarkers, the association between FGF21 and renal
function was independent of hypertension, diabetes, lipid profile,
insulin resistance, andBMI in thepresent study and consistentwith
previous studies in different populations.[16,18,19] Therefore, this
suggests that renal function should be considered in all studies of
FGF21 physiology as a strong associating factor.
Longitudinal studies in patients with T2D demonstrated a

predictive effect of FGF21 on the progression of kidney diseases,
represented as eGFRdecline to new stages ofCKD[6] or newonset of
diabetic nephropathy.[7] A study conducted in 1700 Asian patients
with T2Dfollowed for amean of 6.3years only found an association
betweenFGF21andend-stage renaldisease inwomen.Furthermore,
elevated FGF21 levelswere shown to be an independent predictor of
5

all-cause mortality in patients receiving chronic hemodialysis.[27] In
the present study of the general population, excluding those with
eGFR <60mL/min/1.73m2, we did not determine an association
betweenFGF21and eGFRdecline followed for amedianof one year
(Table 4). This is consistentwith a recentmultiethnic study consisted
of 5724 participants free of cardiovascular disease followed for 10
years.[9] In that study, the associations of FGF21 with neither eGFR
decline nor UACR progression were detected in the longitudinal
analysis, although FGF21 was independently associated with
decreased eGFR in the cross-sectional part of the study.[9] This
may be because the decline in eGFR in relatively healthy people is
slow, and circulating FGF21 has many influencing factors. Further
investigations with new indicators of renal function and control of
more influencing factors are needed.
The strengths of the present study are that it is based on a

general population-based cohort with good quality control. To
avoid potential bias in population selection, we used a stratified
random 2-stage cluster sampling process based on natural age
and sex distribution in both urban and rural communities. The
overall response rate was 66.9%. Furthermore, it contains a
longitudinal study with permission to assess causal relationships.
This study adds new information to the association of circulating
FGF21 with kidney function and the progression of kidney
function in the general population.
This study had some limitations. First, the follow-up duration

was short. The progression of kidney function in this study was
defined as a decline in eGFR that exceeded 3.3% per year,
calculated by only 1 follow-up visit. Because of the characteristics
of the population and short duration of follow-up, we cannot
judge the substantial renal outcome with indices such as a 30% to
50% eGFR decline, or a doubling of SCr.We attempted to use the
other criteria, including an eGFR decline of 5% or 5mL/min/
year, and confirmed the results consistent with the current
analysis. Second, eGFR was calculated with the EPI equation
using only SCr without cystatin C. This equation was generated
in Whites but not in Asians. Therefore, there may be a lack of
accurate representation of kidney function in this population.
Third, circulating FGF21 was also influenced by other factors
including activity levels, smoking habits, and so on. Although all
the blood samples were collected in the fasting state in the
morning, other potential factors may still influence FGF21 levels
and could not be adjusted because of incomplete information.
5. Conclusions

Increased serum FGF21 levels were independently associated
with lower eGFR in this population-based study, whereas
baseline FGF21 did not predict the progression of eGFR over
a median follow-up of 12months in this nonmedicated general
population.
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