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High Plasma Level of Fibroblast Growth
Factor 21 Is an Independent Predictor of
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A 5.4-year population-based prospective study in Chinese subjects
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OBJECTIVE—To investigate whether circulating levels of fibroblast growth factor 21
(FGF21), which previously has been shown to be elevated in obesity, could predict the devel-
opment of type 2 diabetes in a 5.4-year, population-based, prospective study.

RESEARCH DESIGN AND METHODS Bascline plasma FGF21 levels were measured
using an enzyme-linked immunosorbent assay in 1,900 subjects from the Hong Kong Cardio-
vascular Risk Factor Prevalence Study (CRISPS). The prospective association of FGF21 with
diabetes development over 5.4 years was analyzed using multiple logistic regression.

RESULTS At baseline, plasma levels of FGF21 increased progressively with worsening dys-
glycemia from normal glucose tolerance, through prediabetes, to diabetes (global trend, P <
0.001). Of 1,292 subjects without diabetes at baseline, a high baseline FGF21 level was a strong
independent predictor for diabetes development (odds ratio 1.792; P < 0.01), together with
waist circumference and fasting plasma glucose levels.

CONCLUSIONS —Plasma FGF21 levels were significantly increased in subjects with pre-
diabetes and diabetes and predicted the development of diabetes in humans.
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resistance in obesity (5). Circulating lev-

suggests that fibroblast growth fac-

tor 21 (FGF21), a member of the
FGF19 subfamily, acts in an endocrine
fashion (1) to regulate glucose and lipid
metabolism and overall energy balance
(2,3). Despite the multiple beneficial ef-
fects of FGF21 on glucose and lipid ho-
meostasis and insulin sensitivity in
animal models, circulating FGF21 levels
are elevated in obese humans and animals
with diet-induced and genetic obesity
(4), suggesting the presence of FGF21

R ecent evidence from animal studies

els of FGF21 also are elevated in patients
with obesity-related disorders, including
the metabolic syndrome (4), type 2 dia-
betes (6), and nonalcoholic fatty liver dis-
ease (7), in cross-sectional studies. We
hypothesized, therefore, that elevated
FGF21 levels could predict the develop-
ment of type 2 diabetes and investigated
this possibility prospectively in a long-term
follow-up study involving a population-
based cohort comprising 1,900 Chinese
subjects.
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RESEARCH DESIGN AND
METHODS —All subjects were from
the Hong Kong Cardiovascular Risk Fac-
tor Prevalence Study (CRISPS) (8,9) (Sup-
plementary Data). The study protocol was
approved by the ethics committee of the
University of Hong Kong. Subjects re-
turned after a median interval of 5.4 years
for reassessment but were under the care
of their primary care physicians between
visits. Plasma FGF21 was measured using
an in-house ELISA (10) (Antibody and
Immunoassay Services, University of
Hong Kong, Hong Kong). All statistical
analyses were performed using SPSS ver-
sion 16.0 (SPSS, Chicago, IL). Two-sided
P values < 0.05 were considered signifi-
cant (Supplementary Data).

RESULTS At bascline, there were
1,900 subjects with complete demographic
and biochemical data. Of these, 1,044 had
normal glucose tolerance (NGT), 558 had
impaired glucose tolerance (IGT) or im-
paired fasting glucose (IFG), and 298 sub-
jects had diabetes (11) (Supplementary
Table A1). FGF21 levels increased progres-
sively with worsening dysglycemia from
NGT, to prediabetes (IGT/IFG), to diabetes
(global trend, P < 0.001) (Supplementary
Fig. Al). Plasma FGF21 concentrations
were higher in the groups with IGT/IFG
and diabetes (IGT/IFG vs. NGT, median
197.1vs. 133.2 pg/mL, P < 0.001; diabetes
vs. IGT/IFG, median 234.0vs. 197.1 pg/mL,
P=0.012).

Plasma levels of FGF21 were similar
between men and women (median 172.2
vs. 161.3 pg/mL, P = 0.106). Baseline
FGF21 levels correlated positively with age,
BMI, waist circumference, diastolic and sys-
tolic blood pressure (SBP), fasting plasma
glucose (FPG), 2-h glucose, fasting insulin,
homeostasis model assessment of insulin
resistance, total cholesterol, LDL choles-
terol, triglycerides, and high-sensitivity
C-reactive protein (hsCRP) but negatively
with HDL cholesterol (all P < 0.001) (Sup-
plementary Table A2). Partial correlation
between FGF21 and these parameters re-
mained unchanged after adjustment for
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FGF21 predicts type 2 diabetes in humans
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0.001), LDL cholesterol (B

0.003), 2-h glucose (B
0.008), and waist circumference (B
0.051, P = 0.042) were independently

related to plasma FGF21 levels. The model

also included FPG (P

sulin (P

0.102) (all P < 0.001), SBP (B =

age, sex, and waist circumference/BMI

(Supplementary Table A2). In a multiple
linear regression analysis, triglycerides
(B = 0.244), age (B

B

0.065,P

0.083, P
p

0.664), and HDL cholesterol

Among 1,602 subjects without di-

abetes in CRISPS2 (baseline), 1,292 sub-

0.679).

jects completed the reassessment (CRISPS3)

after a median follow-up of 5.4 years

(P

(follow-up rate 80.6%); 73 subjects had

developed diabetes (36 men and 37

women), with 3 subjects diagnosed and
treated with medications before CRISPS3.
Their baseline characteristics are shown
FGF21 concentration was significantly
higher in subjects who had progressed to
diabetes at 5.4 years compared with sub-
jects who did not develop diabetes (median

in Supplementary Table A3. The baseline
259.5 vs. 144.0 pg/mL, P < 0.001).

Independent predictors for diabetes

development were identified using a mul-
fasting insulin, SBP, triglycerides, HDL

tiple logistic regression model that in-
cluded age, sex, waist circumference, FPG,
cholesterol, smoking status, hsCRP, and
FGF21 (Table 1). Baseline FGF21 was a

significant independent predictor of dia-

betes (odds ratio 1.792 [95% CI 1.215-
2.642]; P < 0.01), together with waist
circumference and FPG (both P < 0.01)
(model 1A). When triglycerides, HDL cho-
lesterol, and SBP were replaced with cate-
gorical variables, the results were similar
(model 1B). If baseline FPG was replaced

by baseline 2-h glucose or the presence of

IGT/IFG in the model, FGF21 remained a

tes (both P < 0.01) (models 2 and 3). In all
models, similar findings were obtained if

BMI replaced waist circumference.
have demonstrated that circulating

significant independent predictor of diabe-
CONCLUSIONS Previous studies

FGF21 levels are elevated in obesity and
its related metabolic disorders, including in-

sulin resistance, type 2 diabetes, and non-
alcoholic fatty liver disease (4,6,7,12).
However, these studies cannot address the
cause-and-effect relationship between
FGF21 and such disorders because of their
cross-sectional design and relatively small
sample sizes. In this study, we demon-
strated, for the first time, that plasma
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FGF21 levels increased with the increasing
degree of dysglycemia in 1,900 CRISPS2
subjects. In addition, this study was the
first report showing an independent asso-
ciation of raised circulating FGF21 levels
with the development of type 2 diabetes
in a 5.4-year prospective study.

In this study cohort, we demonstrated
an independent association between serum
FGF21 levels and triglycerides, LDL cho-
lesterol, and SBP, using multiple linear
regression analysis, whereas fasting glucose
and insulin were not present in the final
model. Our findings agree with previous
reports on a positive correlation between
serum FGF21 and triglyceride levels (4,13)
and suggest a function of FGF21 in lipid
metabolism. Because FGF21 is known to
exert beneficial effects on lipid profiles in
animals (5,14,15), the independent associ-
ation of serum FGF21 with triglycerides
and LDL cholesterol in humans may
represent a COMpensatory response to pro-
tect the body from the adverse effects of
hyperlipidemia.

In our multiple logistic regression
analyses, we found that FGF21 was a
strong predictor of diabetes in this pro-
spective cohort, second only to FPG, 2-h
glucose, or prediabetes (IGT/IFG), the
classical risk factors predictive of diabe-
tes development. These findings further
support the notion that the elevation in
circulating FGF21 occurs at a very early
stage during the deterioration of glucose
homeostasis, well before the occurrence
of overt diabetes. This phenomenon mir-
rors closely that of hyperinsulinemia, sug-
gesting that FGF21 resistance, like insulin
resistance, may be associated with the
pathogenesis of diabetes in humans.

Our study is limited by the relatively
small number of subjects with incident
diabetes and an attrition rate of almost
20%, largely attributed to emigration.
Additional prospective studies in other
populations are needed to support our
hypothesis that FGF21 resistance pre-
cedes the development of diabetes in
humans.
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