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ABSTRACT
Introduction We conducted this cross- sectional study to 
explore the relationship between serum fibroblast growth 
factor 21 (FGF21) level and sight- threatening diabetic 
retinopathy (STDR).
Research design and methods A total of 654 patients 
with type 2 diabetes were recruited. Diabetic retinopathy 
(DR) was evaluated by the bilateral retinal photography, 
and patients were assigned into groups of no DR (NDR) 
(n=345, 52.75%), non- sight- threatening diabetic 
retinopathy (NSTDR) (n=207, 31.65%), involving patients 
with mild or moderate non- proliferative retinopathy 
(NPDR) and STDR (n=102, 15.60%), including those with 
severe NPDR or proliferative diabetic retinopathy (PDR). 
Serum FGF21 levels were quantified by a sandwich ELISA. 
Patients were divided into quartiles according to their 
serum FGF21 level.
Results There was a significant difference in serum 
FGF21 level among the three groups of patients (p<0.01). 
Compared with other quartiles (Q1–Q3), the patients in 
Q4 had a higher prevalence of DR and STDR (p<0.05). 
Compared with Q1, a positive association was observed 
between serum FGF21 level and DR in Q3 and Q4 
(p<0.01). After adjusting for age, gender and other 
risk factors, serum FGF21 level in Q4 was found to be 
associated with increased risk of DR and STDR (p<0.01). 
Serum FGF21 level was noted as an independent risk 
factor for DR and STDR (p<0.01). Serum FGF21 level 
>478.76 pg/mL suggested the occurrence of DR and that 
level >554.69 pg/mL indicated STDR (p<0.01).
Conclusions Serum FGF21 level was a biomarker for the 
risk of developing DR or STDR. The risk of STDR increased 
when the serum FGF21 level of patients with type 2 
diabetes was >554.69 pg/mL.

INTRODUCTION
With the improvement of people’s living 
standards and the change of their life-
style, diabetes has become one of the most 
important chronic non- communicable 
diseases threatening the global health. 
According to the latest statistics released in 
2019 by the International Diabetes Federa-
tion, it is estimated that 463 million people 
have diabetes and this number is projected to 
reach 578 million by 2030, and 700 million by 

2045. Diabetes is becoming one of the fastest 
growing global health challenges in the 21st 
century and has reached alarming levels; at 
present, nearly half a billion people are living 
with diabetes worldwide. In 2019, China 
included the largest number of adults with 
diabetes aged 20–79 years, and this trend is 
predicted to remain so in 2030 and 2045.1

Diabetic retinopathy (DR) is one of the 
most common microvascular complications 
of diabetes and has become the leading cause 
of new blindness in adults aged 20–74 years.2 
It was estimated that 23% of Chinese patients 
with diabetes have retinal complications and 
there was a lack of effective DR screening 
methods in inland areas.3 DR is characterized 

Significance of this study

What is already known about this subject?
 ► An association between serum fibroblast growth 
factor 21 (FGF21) and obesity, diabetes or athero-
sclerosis has been reported in previous studies; 
however, the effect of elevated serum FGF21 level 
on the occurrence of diabetic retinopathy (DR) was 
unclear.

What are the new findings?
 ► In this research, we found patients with diabetes 
with DR, especially sight- threatening diabetic reti-
nopathy (STDR) had significantly higher serum levels 
of FGF21 than those without DR.

 ► Meantime, with the increase of serum FGF21 level, 
the prevalence of DR and STDR increased gradually 
amongpatients with type 2 diabetes, and the serum 
FGF21 level >554.69 pg/mL indicates over eight- 
time enhancement of STDR occurrence.

How might these results change the focus of 
research or clinical practice?

 ► Our study first reported the close relationship be-
tween elevated serum FGF21 level and STDR, pro-
viding an idea in STDR screening and a pathway for 
DR therapy in future.
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by blurred vision, vision loss and even blindness. Several 
studies have shown that the duration of diabetes, blood 
glucose control level and blood pressure are major inde-
pendent risk factors for the occurrence and development 
of DR.4 It was recommended that patients with type 2 
diabetes should receive comprehensive eye examination 
immediately after diagnosis, and the frequency of review 
should not be less than once every 2 years. The frequency 
of examination should be increased if there is any prog-
ress of retinopathy or vision loss.5 Because of the shortage 
of obvious symptoms or signs of early DR and the lack 
of sufficient equipment or ophthalmologists, there was 
a great difficulty to early diagnosis and early treatment 
of DR. Therefore, finding a more effective, convenient 
and economical means of screening DR has become an 
urgent medical and health problem that significantly 
requires scholars’ attention.

Fibroblast growth factor 21 (FGF21) is a polypeptide 
with 210 amino acids, which is preferentially produced 
in the liver and plays a significant role in atheroscle-
rosis formation, regulating glucose and lipid metab-
olism and insulin sensitivity.6 Several epidemiological 
studies reported the increased serum level of FGF21 in 
patients with obesity, diabetes and metabolic syndrome.7 
Meanwhile, its association with cardiovascular events has 
received increasing attention. It was reported that FGF21 
was closely associated with acute myocardial infarction 
and lower extremity atherosclerotic disease.8 9 However, 
a limited number of studies have discussed the associa-
tion between FGF21 and DR. The current research was 
conducted to assess the difference in the serum FGF21 
level in patients with and without sight- threatening 
diabetic retinopathy (STDR), and to evaluate the value 
of this serum marker for screening STDR in Chinese 
patients with type 2 diabetes.

METHODS
Study population
A number of 654 outpatients admitted to the Fourth Affil-
iated Hospital of China Medical University from January 
2018 to October 2019 were included in this study, who 
were diagnosed with type 2 diabetes mellitus (T2DM) 
according to the 1999 WHO criteria and the 2012 Amer-
ican Diabetes Association standards of medical care in 
diabetes.10 Those patients with type 1 diabetes or specific 
types of diabetes, acute complications of diabetes, fundus 
lesions owing to orbital tumor, trauma, malignant hyper-
tension or other definite causes and secondary nephrop-
athy caused by acute glomerulonephritis, pyelonephritis, 
nephrolithiasis and so on were excluded. In total, 347 
males (56.88%) and 307 females (53.06%) were enrolled 
with a mean age of 57.90±11.05 years and the mean dura-
tion of diabetes was 8.74±6.25 years.

Data collection and anthropometric measurement
Data related to the patients’ sex, age, duration of diabetes 
and history of smoking, drinking, coronary artery disease 

and cerebral apoplexy were collected. A patient’s height 
was measured to the nearest centimeter. Weight was deter-
mined with a traditional spring balance that was kept on 
a firm horizontal surface. The body mass index (BMI) 
was calculated as the weight in kilograms divided by 
height in meters squared. Blood pressure was measured 
by the same nurse using a mercury sphygmomanometer 
for three times and then averaged.

Laboratory measurements
Blood samples were collected from an antecubital vein 
for measuring the levels of total cholesterol, triglyceride 
(TG), high- density lipoprotein cholesterol (HDL- C), 
low- density lipoprotein cholesterol, blood urea nitrogen 
(BUN), serum creatinine (Cr), uric acid, fasting plasma 
glucose and 2- hour postprandial blood glucose by 
an enzymatic method with an automatic biochemical 
analyzer (Cobas c701; Roche, Basel, Switzerland). Glyco-
sylated hemoglobin (HbA1c) level was measured by 
high- pressure liquid chromatography using the Variant 
II machine (Bio- Rad Laboratories, Hercules, California, 
USA). Glycosylated albumin (GA) level was determined 
by the liquid enzymatic assay using the Glamour 2000 
automatic biochemical analyzer (MD, Silicon Valley, Cali-
fornia, USA). The serum FGF21 level was determined 
by ELISA (ab222506, Abcam, Shanghai, China). The 
intra- assay and inter- assay variations were 7.8% and 9.1%, 
respectively. Continuous dilution of recombinant FGF21 
was used as the standard. Repeated measurements were 
carried out for all samples. All the patients were divided 
into quartiles according to their serum FGF21 level (pg/
mL) as follows: quartile 1 (Q1, FGF21 <388), quartile 2 
(Q2, 388 ≦FGF21 <455), quartile 3 (Q3, 455 ≦FGF21 
<579) and quartile 4 (Q4, FGF21 ≧580).

Ophthalmic examination and grading of DR
All participants received eye examinations by the same 
experienced ophthalmologist and fundus photog-
raphy was performed using a 45- degree 6.3- megapixel 
digital non- mydriatic camera (Canon CR- 45NM, Lake 
Success, New York, USA). The photographs were graded 
according to the International Classification of Diabetic 
Retinopathy scale11: (i) no changes in DR; (ii) mild non- 
proliferative diabetic retinopathy (NPDR); (iii) moderate 
NPDR; (iv) severe NPDR and (v) proliferative diabetic 
retinopathy (PDR). The degree of DR was determined 
according to the grading in the worse eye. Then, the 
patients were divided into three groups: no DR (NDR) 
(n=345, 52.75%), non- sight- threatening diabetic retinop-
athy (NSTDR) (n=207, 31.65%), involving patients with 
mild or moderate NPDR and STDR (n=102, 15.60%), 
including those with severe NPDR or PDR.

Statistical analysis
SPSS V.16.0 software (IBM, Armonk, New York, USA) was 
used to carry out statistical analysis. Data were expressed 
as mean±SD for continuous variables and percentages 
(%) for categorical variables. Differences among the 
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groups were detected using analysis of variance test or 
Kruskal- Wallis test as appropriate for measurement data, 
as well as the χ2 test for categorical data. Multivariable 
logistic regression analysis was performed to evaluate the 
OR and associated factors. We calculated the OR with 
95% CI of DR associated with FGF21 in three logistic 
regression models: a non- adjusted model; age- adjusted, 
sex- adjusted model and a multivariable regression model 
adjusted for all variables (p<0.05). After the analysis of 
correlation, receiver operating characteristic (ROC) 
curve was used to find the cut- point of FGF21 to predict 
DR and STDR. Two- tailed p<0.05 was considered statisti-
cally significant.

RESULTS
Comparing the patients’ clinical characteristics
Between January 2018 and October 2019, a total of 654 
patients with type 2 diabetes were enrolled in this study and 
all the patients were divided into three groups according 
to the results of fundus examination, including NDR 
(n=345, 52.75%), NSTDR (n=207, 31.76%) and STDR 
(n=102, 15.60%). Overall, the study population (347 
males and 307 females) had a mean age of 57.90±11.05 

years, the duration of T2DM 8.74±6.25 years and the 
median serum level of FGF21 was 450.50±101.46 pg/mL, 
with an IQR of 190.05–545.55 pg/mL.

The patients’ demographic and clinical characteristics 
are summarized in table 1. There were significant differ-
ences in duration of diabetes, blood glucose level, renal 
function and serum FGF21 level among the three groups 
of patients. Compared with patients in NDR group, 
those in NSTDR and STDR groups had significantly 
longer duration of diabetes and higher serum levels of 
HbA1c, GA, Cr and FGF21 (572.7±79.5, 625.8±83.7 vs 
326.8±81.6 pg/mL). Besides, compared with patients in 
NSTDR group, those in STDR group had remarkably 
longer duration of diabetes and higher serum levels of 
BUN, Cr and FGF21 (625.8±83.7 vs 572.7±79.5 pg/mL).

Association of serum FGF21 level with DR and STDR
In order to compare prevalence of DR and investigate 
association between DR and serum FGF21 level, we also 
divided all the patients into groups of Q1–Q4 according 
to their serum FGF21 level. As shown in figure 1, with 
the increase of serum FGF21 level, the prevalence of 
DR and STDR increased gradually. Compared with Q1 

Table 1 Comparison of clinical characteristics and FGF21 among three DR levels

Characteristics NDR NSTDR STDR P value

Case (male/female) 345 (185/160) 207 (107/100) 102 (55/47) /

Age (year) 57.11±11.99 58.41±10.13 58.93±10.71 0.190

Duration of diabetes (year) 7.11±5.76 9.95±6.24* 11.81±7.27*† 0.000

BMI (kg/m2) 25.28±3.64 25.31±3.14 25.11±3.74 0.679

SBP (mm Hg) 128.19±14.22 127.65±14.53 128.79±15.21 0.544

DBP (mm Hg) 78.84±7.82 77.59±7.31 78.61±7.97 0.678

Smoking (%) 31.2 36.4 26.0 0.226

Drinking (%) 17.4 19.2 15.4 0.423

Coronary artery disease (%) 8.7 10.2 14.9 0.241

Cerebral infraction (%) 6.2 9.6 8.1 0.277

FPG (mmol/L) 7.79±2.61 8.49±3.25 8.07±2.66 0.118

PPG (mmol/L) 12.53±4.39 13.14±4.57 12.32±4.61 0.393

HbA1c (%) 7.73±1.88 8.28±1.77* 8.49±1.93* 0.000

GA (%) 20.47±6.32 22.18±5.74* 22.79±6.49* 0.000

BUN (mmol/L) 5.24±1.29 5.31±1.15 6.03±2.02*† 0.008

Cr (μmol/L) 62.44±15.81 65.56±15.28* 71.55±20.84*† 0.001

UA (μmol/L) 315.58±82.92 306.27±79.05 332.24±84.47 0.071

TC (mmol/L) 4.92±1.05 4.80±1.03 5.11±1.24 0.210

TG (mmol/L) 1.79±1.46 1.99±1.51 1.81±1.50 0.140

HDL- C (mmol/L) 1.12±0.27 1.08±0.25 1.15±0.32 0.100

LDL- C (mmol/L) 2.95±0.86 2.83±0.79 3.02±0.77 0.177

FGF21 (pg/mL) 326.8±81.6 572.7±79.5* 625.8±83.7*† 0.000

*P<0.01 vs NDR.
†P<0.01 vs NSTDR.
BMI, body mass index; BUN, blood urea nitrogen; Cr, creatinine; DBP, diastolic blood pressure; FGF21, fibroblast growth factor 21; FPG, fasting 
plasma glucose; GA, glycosylated albumin; HbA1c, glycosylated hemoglobin; HDL- C, high- density lipoprotein cholesterol; LDL- C, low- density 
lipoprotein cholesterol; NDR, no diabetic retinopathy; NSTDR, non- sight threatening diabetic retinopathy; PPG, postprandial blood glucose; SBP, 
systolic blood pressure; STDR, sight- threatening diabetic retinopathy; TC, total cholesterol; TG, triglyceride; UA, uric acid.
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and Q2 groups, the patients in Q3 and Q4 groups had 
significantly higher prevalence of DR and STDR (DR 
prevalence (%, Q1–Q4): 28.15, 40.17, 52.94 and 67.36, 
respectively; STDR prevalence (%, Q1–Q4): 4.62, 7.95, 
17.65 and 31.38, respectively; all p<0.05). Table 2 shows 
the association between serum FGF21 level and DR 
severity. Compared with Q1 group, a significant positive 
association was clearly observed between serum FGF21 
level and DR in Q3 group (OR 4.63; 95% CI 1.09 to 6.44) 
and Q4 (OR 6.98; 95% CI 1.98 to 11.50) in non- adjusted 
model. In the age- adjusted, sex- adjusted model and the 
multivariable regression model, the significant associa-
tion could be observed (all p<0.05). The similar results 
appeared in models of STDR. The positive association 
between serum FGF21 level and STDR was significant in 
Q3 and Q4 groups compared with Q1 group (reference) 
in the three models (all p<0.05). Besides, the association 
between serum FGF21 level and STDR was stronger than 
that of DR. Compared with Q1 group, the multivariable 
OR (95% CI) of STDR in Q4 group was 10.22 (5.25 to 
15.06) and 9.10 (5.70 to 15.79) in the age- adjusted, sex- 
adjusted model and the multivariable regression model, 
respectively (both p<0.01).

Associated factors for DR
Using multivariate logistic regression analysis, the inde-
pendent risk factors for DR included serum FGF21 level 
(β=0.73), age (β=0.05), duration of diabetes (β=0.05) and 
HDL- C level (β=0.02) (all p<0.05). Meanwhile, the inde-
pendent risk factors for STDR were serum FGF21 level 
(β=0.89), age (β=0.12), duration of diabetes (β=0.04) and 
diastolic blood pressure (β=0.02) (all p<0.05; table 3).

The predictive value of serum FGF21 level for DR and STDR
Regarding the close relationship between serum FGF21 
level and severity of DR, especially STDR, ROC analysis 
was performed and detected the optimal cut- off point of 
serum FGF21 level in hinting DR and STDR. As illustrated 
in figure 2A, in DR, the optimal cut- off point of serum 
FGF21 level was 478.76 pg/mL. The Youden Index at this 
level was 0.19; besides, its sensitivity and specificity were 

42.4% and 76.2%, respectively. The χ2 test showed that 
the OR was 9.72 (95% CI 4.659 to 12.851) for detecting 
the presence of DR (p<0.01). It was revealed that the 
optimal cut- off point of serum FGF21 level for STDR was 
554.69 pg/mL (figure 2B). The Youden Index at this level 
was 0.21; in addition, its sensitivity and specificity were 
67.3% and 84.6%, respectively. The χ2 test showed that 
the OR was 8.55 (95% CI 4.589 to 12.792) for detecting 
the presence of STDR (p<0.01).

DISCUSSION
In the present study, we aimed at investigating the rela-
tionship between serum FGF21 level and DR, as well as 
evaluating the predictive value of serum FGF21 level 
for STDR in patients with type 2 diabetes. The results 
revealed that serum FGF21 level was significantly asso-
ciated with the severity of DR and serum FGF21 level 
>554.69 pg/mL predicted over eight- times elevated risk 
of the presence of STDR. This suggests that serum FGF21 
level might be a potential indicator of the progression of 
severe DR in Chinese patients with type 2 diabetes.

Differences in serum FGF21 level between healthy 
volunteers and patients with type 2 diabetes were first 
observed in patients with abnormal glucose level and lipid 
metabolism. The baseline serum FGF21 levels were found 
significantly higher in patients with obesity, diabetes and 
metabolic syndrome than those in healthy subjects.7 12 13 
A community- based study recruited 232 Chinese patients 
and found that overweight individuals or individuals with 
obesity had significantly higher plasma FGF21 levels than 
normal- weight individuals, and plasma FGF21 level was 
significantly associated with a number of indicators, such 
as BMI, waist circumference, waist- to- hip ratio and body 
fat content.12 A follow- up study of 1900 adults reported 
a remarkable increase in serum FGF21 levels in patients 
with type 2 diabetes and prediabetes.13 Gao et al demon-
strated that higher serum FGF21 levels were positively 
associated with metabolic syndrome in patients with 
T2DM and significantly positively correlated with body 

Figure 1 Prevalence of DR and STDR among groups of Q1–Q4. *P<0.05, **p<0.01 vs Q1; #p<0.05, ##p<0.01 vs Q2. DR, 
diabetic retinopathy; STDR, sight- threatening diabetic retinopathy.
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fat content and TG level in these subjects.7 In addition, 
serum FGF21 level was previously found to be strongly 
associated with age, insulin resistance and adverse lipid 
profiles.14 In the present study, we recruited 654 patients 
with type 2 diabetes and divided them into three groups 
according to the results of fundus examination, including 
NDR, NSTD and STDR. Overall, the median serum level 
of FGF21 was 449.47±101.46 pg/mL, which was consis-
tent with previous findings and even higher than that 
in healthy controls.13 Meanwhile, there was a significant 
difference in serum FGF21 level among patients with or 
without DR. The serum FGF21 level was consistent with 
the degree of DR.

Numerous epidemiological studies previously reported 
that age, duration of diabetes, hyperglycemia, hyper-
tension, hyperlipidemia were summarized as the tradi-
tional risk factors for DR,15 16 which was consistent with 
results of the present research. In our research, serum 
FGF21 level was the independent risk factors for DR and 
STDR. And the prevalence of DR and STDR increased 
gradually with the increased serum FGF21 level. This 
close relationship between serum FGF21 level and DR 
was also reported by other researches. A cross- sectional 
study recurred 117 patients with diabetes and 68 healthy 
controls. It was revealed that serum FGF21 concentrations 
in patients with PDR or NPDR were significantly higher 
than those in patients without DR.17 Iranian scholars 
evaluated serum FGF21 level in 61 subjects (14 healthy 
controls, 22 diabetics without DR and 25 diabetics with 
DR), and found that there was a significant difference in 
serum FGF21 level among those subjects, however, the 
difference between patients with and without DR was 
not statistically significant.18 Another study conducted 
in Iran compared the serum FGF21 level between cases 
with and without pterygium, and observed that the mean 
serum FGF21 level in patients with pterygium was signifi-
cantly lower than that in healthy subjects.19 In the present Ta

b
le

 2
 

O
R

 a
na

ly
si

s 
of

 F
G

F2
1 

fo
r 

th
e 

ris
k 

of
 D

R
 a

nd
 S

TD
R

FG
F2

1*

D
R

S
T

D
R

O
R

 (9
5%

 C
I)

P
 

va
lu

e

A
g

e-
 ad

ju
st

ed
, 

se
x-

 ad
ju

st
ed

 O
R

 
(9

5%
 C

I)
P

 
va

lu
e

M
ul

ti
va

ri
ab

le
- 

ad
ju

st
ed

 O
R

 
(9

5%
 C

I)†
P

 v
al

ue
O

R
 (9

5%
 C

I)
P

 
va

lu
e

A
g

e-
 ad

ju
st

ed
, 

se
x-

 ad
ju

st
ed

 O
R

 
(9

5%
 C

I)
P

 
va

lu
e

M
ul

ti
va

ri
ab

le
- 

ad
ju

st
ed

 O
R

 
(9

5%
 C

I)†
P

 v
al

ue

Q
1

1
0.

00
1

0.
00

1
0.

00
1

0.
00

1
0.

00
1

0.
00

Q
2

2.
21

 (0
.8

3 
to

 1
.7

6)
0.

42
2.

34
 (0

.8
8 

to
 1

.9
0)

0.
19

1.
95

 (0
.8

2 
to

 2
.4

9)
0.

20
4.

64
 (0

.7
2 

to
 6

.7
4)

0.
24

4.
95

 (0
.8

3 
to

 6
.2

4)
0.

11
4.

52
 (0

.4
8 

to
 5

.7
9)

0.
45

Q
3

4.
63

 (1
.0

9 
to

 6
.4

4)
0.

01
5.

76
 (1

.2
1 

to
 2

.8
0)

0.
00

4.
74

 (1
.1

3 
to

 3
.7

5)
0.

02
5.

58
 (0

.1
6 

to
 8

.7
9)

0.
30

6.
78

 (0
.8

3 
to

 8
.9

8)
0.

26
7.

67
 (0

.5
2 

to
 8

.3
8)

0.
37

Q
4

6.
98

 (1
.9

8 
to

 1
1.

50
)

0.
00

8.
62

 (5
.2

8 
to

 5
.6

6)
0.

00
7.

56
 (1

.4
8 

to
 5

.9
1)

0.
00

10
.6

7 
(7

.8
2 

to
 2

5.
53

)
0.

00
10

.2
2 

(5
.2

5 
to

 1
5.

06
)

0.
00

9.
10

 (5
.7

0 
to

 1
5.

79
)

0.
00

*F
G

F2
1 

(p
g/

m
L)

 in
 q

ua
rt

ile
s:

 q
ua

rt
ile

 1
 (Q

1,
 <

38
8)

, q
ua

rt
ile

 2
 (Q

2,
 3

88
–4

55
), 

q
ua

rt
ile

 3
 (Q

3,
 4

56
–5

79
), 

q
ua

rt
ile

 4
 (Q

4,
 >

58
0)

.
†A

d
ju

st
ed

 fo
r 

ag
e 

(y
ea

rs
), 

se
x 

(m
en

, w
om

en
), 

d
ur

at
io

n 
of

 d
ia

b
et

es
 (y

ea
r)

, b
od

y 
m

as
s 

in
d

ex
 (k

g/
m

2 ), 
sy

st
ol

ic
 b

lo
od

 p
re

ss
ur

e 
(m

m
 H

g)
; d

ia
st

ol
ic

 b
lo

od
 p

re
ss

ur
e 

(m
m

 H
g)

; s
m

ok
in

g 
(n

o,
 y

es
), 

d
rin

ki
ng

 (n
o,

 
ye

s)
, c

or
on

ar
y 

ar
te

ry
 d

is
ea

se
 (n

o,
 y

es
), 

ce
re

b
ra

l i
nf

ra
ct

io
n 

(n
o,

 y
es

), 
fa

st
in

g 
p

la
sm

a 
gl

uc
os

e 
(m

m
ol

/L
), 

2-
 ho

ur
 p

os
tp

ra
nd

ia
l b

lo
od

 g
lu

co
se

 (m
m

ol
/L

), 
gl

yc
os

yl
at

ed
 h

em
og

lo
b

in
 (%

), 
gl

yc
os

yl
at

ed
 s

er
um

 
p

r o
te

in
 (%

), 
b

lo
od

 u
re

a 
ni

tr
og

en
 (m

m
ol

/L
), 

se
ru

m
 c

re
at

in
in

e 
(μ

m
ol

/L
), 

ur
ic

 a
ci

d
 (μ

m
ol

/L
), 

to
ta

l c
ho

le
st

er
ol

 (m
m

ol
/L

), 
tr

ig
ly

ce
rid

e 
(m

m
ol

/L
), 

hi
gh

- d
en

si
ty

 li
p

op
r o

te
in

 c
ho

le
st

er
ol

 (m
m

ol
/L

), 
lo

w
- d

en
si

ty
 

lip
op

r o
te

in
 c

ho
le

st
er

ol
 (m

m
ol

/L
).

D
R

, d
ia

b
et

ic
 r

et
in

op
at

hy
; F

G
F2

1,
 fi

b
ro

b
la

st
 g

ro
w

th
 fa

ct
or

 2
1;

 S
TD

R
, s

ig
ht

- t
hr

ea
te

ni
ng

 d
ia

b
et

ic
 r

et
in

op
at

hy
.

Table 3 Independent factors with DR and STDR by 
multiple logistical regression

SE Wald P value

DR

  FGF21 0.73 0.29 7.66 <0.01

  Age 0.05 0.02 12.07 <0.01

  Diabetes duration 0.05 0.02 4.03 0.04

  High- density 
lipoprotein cholesterol

0.02 0.01 2.66 0.05

STDR

  FGF21 0.89 0.34 8.79 <0.01

  Age 0.12 0.25 8.24 <0.01

  Diabetes duration 0.04 0.02 4.74 0.04

  Diastolic blood 
pressure

0.02 0.01 2.78 0.04

DR, diabetic retinopathy; FGF21, fibroblast growth factor 21; 
STDR, sight- threatening diabetic retinopathy.
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research, compared with the patients in Q1 group (refer-
ence), patients in Q4 group had significantly higher 
risks of DR and STDR after adjusting for all the associ-
ated factors. ROC analysis further revealed that when 
the serum FGF21 level was >554.69 pg/mL, the patients 
with type 2 diabetes had over eight- time increased risk of 
STDR.

Several researches have concentrated on the association 
between serum FGF21 level and DR, while further study 
needs to be conducted due to controversial outcomes. 
The Fen fibrate Intervention and Event Lowering in 
Diabetes study that recruited 9697 participants showed 
that higher serum FGF21 level was associated with a high 
risk of baseline total microvascular disease. However, 
when those with microvascular disease were separately 
studied, serum FGF21 level was only correlated to 
nephropathy, and it had no association with retinopathy 
or other microvascular diseases.20 A number of scholars 
further studied the relationship between serum FGF21 
level and DR, and found that cases with DR had a signifi-
cantly higher serum FGF21 level than those without 
DR.17 21 Jung et al reported a different U- shaped rela-
tionship between serum FGF21 level and prevalence of 
DR.22 This discrepancy might result from the difference 
in patients’ characteristics, such as age, blood glucose 
level, lipoprotein level and so on. Numerous researches 
pointed out that the mentioned discrepancy might be 
related to a relatively small sample size. The strength of 
our research was a larger population (654 patients) and 
first reported the relationship between serum FGF21 
level and a subtype of DR, namely STDR.

FGF21 is a new endocrine hormone mainly produced 
by liver and adipose tissue, and its expression is regulated 
by peroxisome proliferator- activated receptor (PPAR)α 
and PPARγ, respectively. FGF21 could be secreted into 

blood and has physiological functions, mainly includeing 
increasing the production of gluconeogenesis and ketone 
bodies under starvation and increasing insulin sensitivity 
in the postprandial state. The research focused on mech-
anism behind the association between serum FGF21 level 
and DR was relatively infrequent. However, based on 
the previous research related to FGF21, we could spec-
ulate the mechanism possible for the elevated serum 
FGF21 level with DR might include a compensatory 
mechanism to counteract metabolic stress and vascular 
endothelial dysfunction.23 24 It was revealed that there 
existed FGF21 resistance in obesity or cardiovascular 
failure.25 26 The term ‘FGF21 resistance’ was first used 
to describe increased circulating FGF21 levels concomi-
tant to decreased FGF21 receptor complex expression in 
white adipose tissue of mice with obesity. Previous studies 
found that in insulin- resistant mice, the expression of 
FGF21 in liver and adipose tissue is increased, while the 
expression of FGF21 receptor is decreased, suggesting the 
existence of FGF21 resistance.23 Nowadays, several lines 
of evidence showed that the vascular system might be a 
target for FGF21. For example, FGF21 protects against 
atherosclerosis by inducing adiponectin to inhibit neoin-
tima formation and macrophage inflammation in blood 
vessels and suppresses hepatic cholesterol synthesis to 
attenuate hypercholesterolemia.27 FGF21 also acts adipo-
cytes and renal cells to promote metabolism of angio-
tensin II and to mitigate hypertension and vessel injury.28 
Lei Ying et al reported that FGF21 improves dilation of 
aorta in both type 1 diabetes and type 2 diabetes mice, 
probably via CaMKK2/AMPKα-mediated suppression of 
oxidative stress and activation of endothelial nitric oxide 
synthase.29 Based on these findings, we propose that the 
mechanism of increased FGF21 levels in DR is similar to 

Figure 2 Receiver operating characteristic curve analysis of fibroblast growth factor-21 (FGF21) for (A) diabetic retinopathy, 
area under the curve (AUC)=0.617 (p=0.001), 95% CI 0.581 to 0.652. The optimal cut- off point of serum FGF21 level 
was 478.76 pg/mL (Youden Index, 0.19; sensitivity, 42.4%; specificity, 76.2%). (B) Sight- threatening diabetic retinopathy, 
AUC=0.791 (p=0.001), 95% CI 0.746 to 0.836. The optimal cut- off point of serum FGF21 level was 554.69 pg/mL (Youden 
Index, 0.21; sensitivity, 67.3%; specificity, 84.6%).
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those observed in hyperglycemia- associated resistance 
to adiponectin. In response to endothelial dysfunction, 
serum FGF21 might be compensatorily increased to 
repair microvascular legions involved in retinopathy.

According to the 2012 American Diabetes Associa-
tion standards of medical care in diabetes, timely laser 
photocoagulation therapy based on high- quality fundus 
photographs can be used to reduce the risk of vision 
loss in patients with high- risk DR. Hence, ADA repeat-
edly emphasized that less- frequent eye examinations 
(every 2–3 years) should be performed by an ophthal-
mologist who is expert in diagnosing the presence of DR. 
To meet this demand, the use of retinal photography 
in remote reading by experts is recommended in areas 
where advanced medical equipment or qualified eye care 
professionals are not existed. However, the measurement 
of FGF21 in serum samples is efficient, common and 
easy to be expanded and popularized in the community 
hospitals. Therefore, the FGF21 assay can benefit more 
populations and prompt the necessity to take further eye 
examinations and therapies. What is important is the fact 
that the close relationship between serum FGF21 level 
and DR provided a new pathway for the therapy of DR 
in the future.

Limitations
One of the limitations of the present study was that no 
cause- and- effect relationship between serum FGF21 level 
and DR or STDR could be drawn due to cross- sectional 
nature of this study. Second, the sample size was relatively 
small, especially the number of cases with STDR. More-
over, this was a single- center study, which limited its clin-
ical efficacy. A longitudinal, multicenter follow- up study 
should be carried out to verify predictive value of serum 
FGF21 level for DR and STDR. Third, the generalizability 
of our results to other ethnic groups with type 2 diabetes 
remained elusive.

CONCLUSIONS
Serum FGF21 level was found to be positively associated 
with the severity of DR in Chinese patients with type 2 
diabetes. Additionally, serum FGF21 level is a potential 
indicator of STDR. The serum FGF21 level >554.69 pg/
mL indicates over eight- time enhancement of STDR 
occurrence.
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