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of newly diagnosed type-2 diabetes mellitus:
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Abstract

Background This study investigated the relationship between fibroblast growth factor 21 (FGF-21) and newly
diagnosed type-2 diabetes mellitus (T2DM).

Methods In this cross-sectional study, FGF-21 and T2DM risk were analyzed using restricted cubic splines with
univariate or multivariate logistic regression analysis. Odds ratios (ORs) and 95% confidence intervals (Cls) were
calculated via logistic regression analysis. Cluster and subgroup analyses were conducted to evaluate the associations
between FGF-21 and diabetes in different subpopulations. Nomograms and ROC curves were used to explore the
clinical utility of FGF-21 in the diabetes assessment model.

Results High levels of FGF-21 were significantly associated with a high risk of T2DM after adjusting for confounding
factors in both the total population and subpopulations (P for trend <0.001). In the total population, the ORs of
diabetes with increasing FGF-21 quartiles were 1.00 (reference), 1.24 (95% Cl 0.56-2.80; quartile 2), 2.47 (95% Cl 1.18-
5.33; quartile 3), and 3.24 (95% Cl 1.53-7.14; quartile 4) in Model 4 (P <0.001), and the trend was consistent in different
subpopulations. In addition, compared with the model constructed with conventional noninvasive indicators, the
AUC of the model constructed by adding FGF-21 was increased from 0.668 (95% Cl: 0.602-0.733) to 0.715 (95% Cl:
0.654-0.777), indicating that FGF-21 could significantly improve the risk-assessment efficiency of type-2 diabetes.

Conclusion This study demonstrated that a high level of circulating FGF-21 was positively correlated with diabetes,
and levels of FGF-21 could be an important biomarker for the assessment of diabetes risk.
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Introduction

Type-2 diabetes mellitus (T2DM) is the world’s most
common chronic metabolic disease, and it is associated
with major economic and social costs [1, 2]. According
to the latest statistics published in 2021, the 10th edition
of the International Diabetes Federation Diabetes Atlas
showed that the number of patients with diabetes around
the world is 463 million and is predicted to reach 700 mil-
lion by 2045 [3]. Globally, approximately 12.2% of deaths
are caused by diabetes or its complications [3]. Thus, it is
extremely important to explore biomarkers related to the
occurrence and progression of diabetes to provide a basis
for the prevention, diagnosis and treatment of diabetes in
the clinic.

The 22 members of the fibroblast growth factor (FGF)
family are responsible for multiple biological functions,
including the growth and development of cells, the for-
mation of angiogenesis, and the healing of wounds [4-6].
In animal models, it has been shown that FGF-21, which
is mostly expressed in liver and muscle tissue, can signifi-
cantly improve glucose and lipid metabolism as well as
overall energy balance ’~°. Moreover, in cross-sectional
studies, it has also been shown that FGF-21 concentra-
tion is elevated in patients suffering from obesity, T2DM,
metabolic syndrome, and nonalcoholic fatty liver dis-
ease [10-13]. In addition, a prospective study conducted
in China over 5.4 years revealed significant changes in
plasma FGF-21 levels in subjects with prediabetes (pre-
DM) and T2DM as well as predicting the onset of diabe-
tes [14]. The association between FGF-21 and T2DM and
its related metabolic diseases indicated that FGF-21 may
be a promising biomarker and antidiabetic target, which
has attracted the attention of researchers. However, drug
therapy and disease course may be confounding factors
in diabetes patients enrolled in previous studies, and the
association between FGF-21 and newly diagnosed T2DM
is still lacking in southern China.

Accordingly, this study aimed to determine the stability
of the association between FGF-21 and the risk of newly
diagnosed T2DM in different populations and evaluated
the efficiency of FGF-21 in diabetes risk assessment. Our
findings could provide a foundation for the use of FGF-
21 as a promising biomarker for the early diagnosis and
treatment of T2DM.

Materials & methods

Study population

The present study was a cross-sectional study conducted
in Guangzhou and Dongguan, China, between Decem-
ber 2018 and October 2019. In this study, participants
were recruited from communities in Guangzhou (Sun
Yat-sen Memorial Hospital) and Dongguan (Dalingshan
community, Zhangmu community, Daojiao community,
Qiaotou community, Songshan lake community, Qingxi
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community, Zhang’an community, and Meinian Physical
Examination Center). The inclusion criteria are subjects
between the ages of 18 and 70, the Han ethnic Chinese
population, and permanent residents living (=3 years).
The exclusion criteria were as follows: [1] pregnancy; [2]
self-reported mental illness or severe physical diseases,
such as hepatic cirrhosis, chronic renal failure, or evident
cardiac insufficiency; [3] self-reported infectious disease
or malignant tumors; [4] self-reported medical history of
hypertension or dyslipidemia at the recruitment stage of
the study (to eliminate the potential influence of blood
pressure and lipid-lowering medications on the distribu-
tion of FGF21 in the body); [5] self-reported other endo-
crine diseases; and [6] long-term use of drugs, dietary
supplements or functional food (=3 times/week for more
than 3 months). This study consisted of 669 participants
who did not provide basic clinical characteristics infor-
mation, and 61 participants who did not provide infor-
mation regarding a history of hypertension, dyslipidemia,
or diabetes were excluded. A total of 3136 subjects were
included, including 131 subjects with diabetes, 929 sub-
jects with prediabetes, and 2076 subjects with normal
blood glucose. Propensity score matching (PSM) is a sta-
tistical methodology that is used to deal with data derived
from observational studies to reduce variation between
groups and to make them more comparable. As a final
step, data analysis was carried out on 131 subjects with
diabetes, 131 age- and sex-matched subjects with predia-
betes, and 131 age- and sex-matched subjects with nor-
mal blood glucose. An overview of the process is shown
in the flow diagram (Fig. 1). The Ethics Committee of Sun
Yat-sen Memorial Hospital approved this study ([2019]
No. 38). Informed written consent was obtained from all
individuals.

Measurements

Anthropometric measurements were performed by
trained staff following standard protocols. Height and
weight were recorded separately, and the units were
accurate to 0.1 cm and 0.1 kg, respectively. Participants
were required to remove their shoes and wear light
indoor clothing during the measurement. The body mass
index (BMI) was calculated by dividing the weight of the
individual in kilograms by the height of the individual in
meters squared (kg/m?). With a measurement accuracy
of 0.1 cm, the waistline was measured at the umbilicus,
and the hipline was measured at the widest point over
the great trochanters at the level of the umbilicus. The
systolic blood pressure (SBP) and diastolic blood pres-
sure (DBP) were measured over at least 5 min with auto-
matic electronic equipment (OMRON, Omron Company,
Japan), and the average value was used for subsequent
analysis after measuring the blood pressure twice with
electronic equipment.
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Fig. 1 Flow chart of the study design

Venous blood samples were collected after overnight
fasting for at least 10 h, centrifuged, and kept at -80 °C
until the assays were performed at the end of the day.
With the assistance of an automatic biochemical analyzer
(Beckman, USA), fasting plasma glucose (FPG) levels,
total cholesterol (TC), triglycerides (TG), low-density
lipoprotein cholesterol (LDL-C) and high-density lipo-
protein cholesterol (HDL-C) levels were measured. High-
performance liquid chromatography (Bio-Rad, USA) was
used to measure glycosylated hemoglobin and type A1C
(HbAlc) levels. Enzyme-linked immunosorbent assay
(ELISA) for FGF-21 (catalog number: ab222506) was
conducted with the aid of an automatic biochemical ana-
lyzer (Mindray, China). The intra- and interassay coeffi-
cients of variation were 5.3% and 5.5%, respectively.

Definitions

According to the American Diabetes Association diag-
nostic criteria, diabetes is defined as FPG>7.0 mmol/L
or HbA1C>6.5%, and prediabetes is defined as 6.1
mmol/L<FPG<7.0 mmol/L or 5.7<HbAlc<6.5% [15].
Hypertension was diagnosed by systolic blood pressure
(SBP) 2140 mmHg or diastolic blood pressure (DBP)>90
mmHg [16]. According to the World Health Organiza-
tion (WHO) criteria, overweight/obesity is defined as
BMI>25 kg/m2 [17]. However, compared to Caucasians,

Chinese individuals have higher percentages of body fat,
cardiovascular risk factors, and overall mortality rates
at the same BMI level [18]. Therefore, considering that
our study population consisted of Chinese individuals,
we also defined overweight/obesity as BMI>24 kg/m2
[18, 19]. According to WHO criteria, central obesity is
defined as WC=>80 cm for females or 290 cm for males
[17]. The diagnosis of dyslipidemia was based on the
presence of one or more of the following criteria: total
cholesterol (TC)>5.20 mmol/L, triglycerides (TG)=1.70
mmol/L, high-density lipoprotein cholesterol (HDL-
C)<1.00 mmol/L or low-density lipoprotein cholesterol
(LDL-C)>3.4 mmol/L[20].

Cluster analysis

The variables of cluster analysis were selected based on
their clinical relevance and the representativeness of
disease features associated with each disease type. BMI,
waistline, SBP, TGs, and FPG were chosen for cluster
analysis. To identify which clusters were most appro-
priate for the present study, the optimal cluster was
determined using NbClust () of the NbClust package in
RStudio, and two clusters were identified as the most
appropriate cluster when using the cluster () function. To
obtain the subgroups, we performed a K-means cluster-
ing analysis, and the k-value for this analysis was set to
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2 using the Kmeans () function of the stats package in
RStudio to perform a K-means clustering analysis.

Statistical analysis

Continuous variables with a normal distribution are pre-
sented as the mean*standard deviation (SD). To test the
differences between the groups, one-way ANOVA was
used on all data, and post hoc comparisons were per-
formed using the Bonferroni correction. Continuous
variables that did not follow normal distribution were
expressed as medians (interquartile ranges), and dif-
ferences among groups were evaluated using the Krus-
kal-Wallis test. For categorical variables, the results are
expressed as numbers (proportions). Categorical vari-
ables were compared using the x> test. The shape of the
dose-response relationship between FGF-21 and the
odds ratio of diabetes was visualized using restricted
cubic splines. Odds ratios (ORs) and their corresponding
95% confidence intervals (95% Cls) were calculated using
unadjusted and multivariate-adjusted logistic regression
analyses. Receiver operating characteristic (ROC) curves
were plotted to investigate the role of FGF-21 in assess-
ing the risk of newly diagnosed T2DM. Two diabetes risk
assessment models were constructed as follows: Model
1 (including the noninvasive factors of sex, age, BMI,
waistline, and SBP) and Model 2 (including sex, age, BMI,
waistline, SBP, and FGF-21). Accordingly, nomograms
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were established based on Model 2. To verify the stabil-
ity of the results, forest plots based on subgroup analy-
sis results were further performed, which were stratified
as follows: male or female, age<55 or age >55, sex, age,
hypertension or not, overweight and obesity or not, cen-
tral obesity or not, dyslipidemia or not. All statistical
analyses were performed using R-Studio version 3.6.1
software. Statistical tests were two-sided, and a P value of
<0.05 was considered to indicate statistical significance.

Results

Clinical characteristics of the study population

In this study, 393 subjects were included in the analysis
dataset by propensity score matching. The clinical char-
acteristics of the study population are shown in Table 1.
Among the 393 subjects included in the present study,
131 subjects had T2DM, 131 age- and sex-matched
subjects had pre-DM, and 131 subjects were age- and
sex-matched subjects with normoglycemia. Compared
with the nondiabetes and prediabetes groups, the dia-
betes group had higher levels of weight, BMI, WC, HC,
WHR, SBP, DBP, TGs, TC, FPG, and HbAlc (all P for
trend <0.05), supporting that the population with worse
glycemic status tended to have poorer metabolic profiles.
In addition, an increasing trend of FGF-21 in the normo-
glycemia group (146.6 [95.5, 247.3] pg/mL), prediabetes
group (160.6 [104.3, 246.3] pg/mL), and diabetes group

Table 1 Baseline characteristics of study population according to glucometabolic state

Variables Normoglycemia Pre-diabetes Diabetes P gifference P trend
Male, % 63 (52.07) 63(51.22) 57 (53.77) 0927 0.806
Age, years 53.83+11.26 535641155 5368+11.13 0.983 0917
Height, cm 160.06+8.55 160.24+9.02 1614341029 0489 0.275
Weight, kg 5991+1093 63.46+11.09 67.88+1354"* <0001 <0001
BMI, kg/m? 2325+3.05 24664351 2595+4.02" <0.001 <0.001
Waistline, cm 8152+897 8468+791" 8850+11.01"* <0001 <0001
Hipline, cm 9390+667 95.62+5.85 98.08+7.76™ <0.001 <0.001
WHR 0.87+0.06 0.89+0.06 0.90+0.07" <0001 <0001
SBP, mmHg 12157+12.83 1234141277 1263741994 0.062 0.020
DBP, mmHg 73.75+847 7499+8.03 7829+1208" 0.001 <0.001
TC, mmol/L 526+0.92 546+0.99 557+1.10 0.070 0.023
TG, mmol/L 1.16 (0.85,1.62) 132(093,192)  167(1.22,252) <0.001 <0001
HDL-C, mmol/L 146+0.39 1494045 1494073 0.864 0622
LDL-C, mmol/L 3.19+0.74 3.29+081 3.28+0.96 0.664 0462
FPG, mmol/L 4774043 5294063 7.70+2.85* <0001 <0.001
HbATc, % 529+027 5824032 7274169 <0.001 <0.001
FGF-21, pg/mL 146.6 (95.5, 247.3) 160.6 (1043, 257.8 (1598, 0.004 <0001
246.3) 339.2)°

1. Data are expressed as mean+SD or medians (interquartile ranges) for skewed variables or numbers (proportions) for categorical variables

2.TG and FGF-21 were skewed in distribution, log transformation before variance analysis and comparison in pairs

3. P values were for the x2 analysis or analysis of variance across the groups.

4."P<0.05 compared with normoglycemia population; #P <0.05 compared with pre-diabetes.

5. BMI, body mass index; WHR, waistline-hipline ratio; SBP, systolic blood pressure; DBP, diastolic blood pressure; TC, total cholesterol; TG, triglycerides; HDL-C,
high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; FPG, fasting plasma glucose; HbA1c, glycosylated hemoglobin, type A1C; FGF-21,

fibroblast growth factor 21.
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Table 2 Clinical characteristics of participants according to quartiles of FGF-21

Variables Quartile 1 Quartile 2 Quartile 3 Quartile 4 P gitference P trend
Male, % 52(59.09) 45(51.72) 42 (48.28) 44 (50.00) 0.496 0.197
Age, years 5335+£11.58 51.69+11.17 5552+11.08 5419+11.17 0.242 0.153
Height, cm 161.61+7.09 160.68+9.41 160.19+9.54 159.68+10.70 0.557 0.155
Weight, kg 61.62+£11.25 6340+13.83 63.24+10.32 66.03+£12.99 0.118 0.025
BMI, kg/m2 2348+3.25 24.39+4.05 2459+3.17 2579+3.86 <0.001 <0.001
Waistline, cm 82.00+£943 84.18+10.60 84.86+7.59 87.93+10.08" <0.001 <0.001
Hipline, cm 94.09+6.36 95.06+7.67 9591+4.94 98.02+7.90 0.001 <0.001
WHR 0.87+0.06 0.88+0.07 0.88+0.05 0.90+0.06" 0.052 0.009
SBP, mmHg 121.93+14.25 121.84+14.18 122.75+13.87 12814+1820™ 0.017 0.008
DBP, mmHg 7416+9.14 7459+883 76.06+9.89 77.44+10.73 0.101 0.015
TC, mmol/L 531+0.86 545+1.00 526+0.95 567+1.159 0.033 0.065
TG, mmol/L 1.04 (0.75, 1.50) 1.28(091,1.81)" 143(1.16,1.99) " 1.76 (1.24,3.09) "#@ <0001 <0001
HDL-C, mmol/L 1.44+0.31 1.52+043 1.51+0.67 146+0.64 0.683 0.882
LDL-C, mmol/L 3.27+£0.69 327+0.84 3.11+£0.86 336+0.92 0.251 0.792
FPG, mmol/L 565+2.13 547+1.55 584+1.97 6.38+238* 0.020 0.008
HbA1c, % 597+148 6.02+1.44 6.08+0.94 6.24+1.11 0511 0.144

"P<0.05 compared with quartile 1; #P <0.05 compared with quartile 2; ® P<0.05 compared with quartile 3.

A Restrinted cubin spline of FGF-21 and DM

6

OR(95%Cl)

P <0.001; P

FGF-21 Nonlinear

B Restrinted cubin spline of FGF-21 and DM
5

=0.001; P

P FGF-21

Nonlinear

0 200 400
FGF-21 (pg/mL)

Fig. 2 Dose-response association of FGF-21 with risk of diabetes

0 200 400
FGF-21 (pg/mL)

(A) Univariate regression analysis; (B) Multivariate logistic regression analysis adjusted for gender, age, BMI, WC, SBP and TG

Odds ratios (OR) are indicated by solid lines and 95% Cls by shaded areas

(257.8 [159.8, 339.2] pg/mL) was detected in this study (P
for trend <0.001).

In Table 2, participants’ characteristics are shown
according to their FGF-21 quartiles. FGF-21 quartiles
were positively associated with diabetes indicators (FPG),
obesity indicators (BMI, WC, HC, and WHR), hyperten-
sion indicators (SBP and DBP) and dyslipidemia indica-
tors (TG) (all P for trend<0.05).

The association of FGF-21 with DM risk

Subsequently, restricted cubic splines were used to show
the possibility of nonlinear relationships between FGF-21
and diabetes. As shown in Fig. 2A, univariate regression
analysis indicated that a higher level of FGF-21 was sig-
nificantly associated with higher odds of diabetes (P for

FGF-21<0.001; P for nonlinear=0.058). After adjusting
for sex, age, BMI, WC, SBP, and TGs, the linear associa-
tion between FGF-21 and diabetes was also confirmed
using multivariate logistic regression analysis (P for
FGF-21=0.001; P for nonlinear=0.091), suggesting that
a curvilinear association between FGF-21 and the risk of
newly diagnosed type-2 diabetes did not exist (Fig. 2B).

Cluster analysis

In the cluster analysis, BMI, waistline, SBP, TGs, and FPG
were chosen to divide the total population into subpop-
ulations. Accordingly, participants were classified into
two subgroups (Fig. 3). Cluster 1, termed the relatively
healthy population, was characterized by relatively low
BMI, waistline, SBP, TGs, and FPG. Cluster 2, labeled
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Fig. 3 Cluster characteristics of participants
Distributions of BMI, waistline, SBP, TG, and FPG at registration, for each cluster. Two clusters were identified and colored in the histogram: green, data for
cluster 1; red, data for cluster 2

Table 3 Clinical characteristics of participants in different

T
1

Group of cluster analysis

clusters
Variables Cluster 1 Cluster 2 P gifference
Male, % 107 (47.13) 76 (61.79) 0.012
Age, years 5426+1142 5264+11.03 0.202
Height, cm 159.89+8.45 161.74+£10.53  0.076
Weight, kg 58.24+8.96 7341+11.32 <0.001
BMI, kg/m? 2269+2.34 28.02+3.16 <0.001
Waistline, cm 79.87+6.73 93.74+7.68 <0.001
Hipline, cm 92.86+532 101.15£6.37 <0.001
WHR 0.86+0.05 0.93+0.06 <0.001
SBP, mmHg 120.16+13.10  130.15+£17.17  <0.001
DBP, mmHg 73.05+£855 80.20+10.08 <0.001
TC, mmol/L 532x092 561£1.13 0.010
TG, mmol/L 1.15(0.84,1.53)  2.05(1.49,3.01) <0.001
HDL-C, mmol/L 1.53+0.46 1.38+0.63 0.012
LDL-C, mmol/L 3.21£0.75 3.34+£0.96 0.166
FPG, mmol/L 530+137 6.82+3.66 <0.001
HbATC, % 5.82+1.05 6.55+1.48 <0.001
FGF-21, pg/mL 152.6 (986, 247.7 (1463, 0.005
244.4) 339.5)

Cluster 1, termed as the relatively healthy population, was characterized by
relatively low BMI, waistline, SBP, TG, and FPG;

Cluster 2, labeled as metabolic derangement subjects, was characterized by
higher level of BMI, waistline, SBP, TG, and FPG.

‘metabolic derangement subjects, was characterized by
a higher BMI, waistline, SBP, TGs, and FPG. Specifically,
the basic clinical characteristics according to the clusters
are presented in Table 3. Additionally, it is particularly
worth noting that Cluster 2 demonstrated a higher level

T T T T T
2 1 2 1 2

Group of cluster analysis Group of cluster analysis

of FGF-21 than that of Cluster 1 (152.6 [98.6, 244.4] vs.
247.7 [146.3, 339.5] pg/mL, P<0.05).

The relationship between FGF-21 and newly diagnosed
T2DM

The associations of FGF-21 in quartiles with the odds of
diabetes are shown in Table 4. Initially, in the total popu-
lation, FGF-21 was consistently associated with diabetes
after adjustment for confounding factors, including sex,
age, BMI, waistline, SBP, and TGs. The ORs of newly
diagnosed T2DM with increasing FGF-21 quartiles were
1.00 (reference), 1.24 (95% CI 0.56-2.80; quartile 2), 2.47
(95% CI 1.18-5.33; quartile 3), and 3.24 (95% CI 1.53—
7.14; quartile 4) in Model 4 (P <0.001). Likewise, the pos-
itive association between FGF-21 and diabetes was also
represented in different cluster populations.

ROC curves and nomogram

Accordingly, we constructed the following two diabetes
risk assessment models: Model 1 (including the nonin-
vasive factors of sex, age, BMI, waistline, and SBP) and
Model 2 (including sex, age, BMI, waistline, SBP, and
FGF-21). Compared with Model 1 (area under curve
(AUC)=0.668 [95% CI: 0.602—0.733]), the AUC of Model
2 constructed by adding invasive screening factors of
FGF-21 was significantly increased to 0.715 [95% CI:
0.654—0.777]), indicating that FGF-21 could significantly
improve the evaluation efficiency of diabetes risk (Fig. 4).
Therefore, we applied Model 2 (including noninvasive
factors and FGF-21) to construct a nomogram, and the
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Table 4 Adjusted odds ratios for newly diagnosed diabetes
by quartiles of FGF-21 (Compared with pre-diabetes and
normoglycemia population)

Models  Quar- Quartile Quartile Quartile 4 P rend
tile1 2 3

Total population

Model 1 1.00  148(0.69- 293(1.45- 4.83(243-10.07) <0.001
3.22) 6.16)

Model2 100  149(0.69- 3.00(1.48- 4.92(247-1029)  <0.001
3.26) 6.33)

Model3 100  130(0.59- 2.60(125- 364(1.77-782) <0001
2.90) 5.59)

Model 4 1.00 1.24(0.56— 247(1.18- 3.24(1.53-7.14) <0.001
2.80) 5.33)

Cluster 1 population

Model1 100  235(083- 465(177- 267(086-873) 0022
7.22) 13.81)

Model2  1.00 233(083— 4.56(1.72- 2.63(0.84-8.64) 0.025

17) 13.61)

Model 3 1.00 246(086— 4.99(1.84- 2.78(0.88-9.27) 0.022
7.67) 15.27)

Model4 100 236(0.82- 460(1.66- 2.56(0.79-869)  0.044
7.40) 14.33)

Cluster 2 population

Model 1 1.00  0.56(0.16- 1.03(0.32- 3.04(1.00-9.58) 0.005
1.94) 337)

Model 2 1.00  0.54(0.15- 1.05(0.32— 3.09(1.00-9.92) 0.005
1.92) 3.48)

Model3  1.00  0.51(0.13- 1.22(0.36—- 3.19(1.00-10.60)  0.004
1.95) 4.19)

Model 4 1.00  0.53(0.13- 1.26(0.37- 3.53(1.05-1248)  0.004
2.05) 4.35)

Model 1 is unadjusted;

Model 2 is adjusted for sex and age;

Model 3 is adjusted for sex, age, BMI, waistline, and SBP;
Model 4 is adjusted for sex, age, BMI, waistline, SBP, and TG.

model was presented as the nomogram to evaluate the
risk of diabetes (Fig. 5).

Subgroup and sensitivity analysis

Subgroup analysis was conducted to evaluate the sensi-
tivity of the observed association between FGF-21 and
newly diagnosed T2DM. As shown in the corresponding
forest plot in Fig. 6, high levels of FGF-21 were associated
with a higher risk of newly diagnosed T2DM in different
subgroups. Specifically, a significant relationship of FGF-
21 level with increased odds of diabetes was detected in
women, younger, and older subjects, subjects without
hypertension, subjects without overweight and obesity,
central obesity subjects and nondyslipidemia subjects (all
P<0.05).

Discussion

In this cross-sectional study, our research group
strengthened the evidence that increased FGF-21 was
significantly associated with the risk of newly diagnosed
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(A) Green curve, Model 1 including the non-invasive factors of sex, age,
BMI, waistline, and SBP; (B) Model 2 including sex, age, BMI, waistline, SBP,
and FGF-21

T2DM. Even after adjusting for conventional risk factors,
such as sex, age, BMI, waistline, SBP, and TGs, the asso-
ciation continued to exist in the total population and in
different subpopulations. It was also demonstrated that
FGF-21 provided additional value in the construction of
the diabetes assessment model when combined with con-
ventional noninvasive factors.

Since FGEF-21 was first identified in mouse embryos in
2000, an increasing number of studies have shown a posi-
tive relationship between FGF-21 and various metabolic
diseases in humans [7]. High circulating levels of FGF-21
are found in patients suffering from obesity-related dis-
ease [10, 11, 13, 14]. In agreement with previous studies,
FGF-21 quartiles were positively correlated with diabetes
indicators (FPG), obesity indicators (BMI, WC, HC and
WHR), hypertension indicators (SBP and DBP) and dys-
lipidemia indicators (TG) in this study.

Subsequently, this study demonstrated that FGF-21
was positively related to the risk of diabetes in the total
population and subpopulation using restricted cubic
splines and multiple logistic regression analyses. Similar
to our studies, a meta-analysis, including 11 studies with
866 patients with T2DM and 629 controls, suggested that
patients with T2DM have significantly higher plasma
FGF-21 levels, and FGF-21 levels are influenced by BMI,
TC and TG [21]. Meanwhile, Chen et al. noted that
plasma FGF-21 levels are affected independently by fast-
ing blood glucose, plasma insulin, and insulin resistance
assessed by a homeostasis model, further supporting that
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FGF-21 may be involved in the pathogenesis of insulin
resistance and diabetes [22]. However, due to ethnic or
regional differences, the results of this study also need
to be verified in different regions and ethnic groups.
Notably, our study population was newly diagnosed with
type-2 diabetes without the intervention of drugs and

other therapeutic factors, which makes the association
analysis of FGF-21 and diabetes more definite. Accord-
ingly, our study used a variety of statistical approaches to
confirm the current gap in the association of FGF-21 with
newly diagnosed type-2 diabetes in the southern China
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region, providing evidence for the prevention, diagnosis
and treatment of diabetes in the clinic.

Studies have identified FGF-21 as an independent risk
factor for metabolic syndrome and diabetes. Further
analyses were performed to estimate the practical value
of FGF-21 combined with noninvasive factors of sex, age,
BMI, waistline, and SBP. Compared with Model 1, which
included the noninvasive factors of sex, age, BMI, waist-
line, and SBP, Model 2, which added FGF-21, significantly
increased the AUC from 0.668 (95% CI: 0.602—0.733) to
0.715 (95% CI: 0.654—0.777) (P=0.011), demonstrating
the value of FGF-21 in assessing the risk of diabetes. In
a recent study that investigated the performance of FGF-
21 in diabetes prediction, relative to other adipokines and
established risk factors including 2-hour plasma glucose
(2hG) during the oral glucose tolerance test (OGTT),
it was also found that FGF-21 performed a superior
prediction value in the construction of a diabetes risk
assessment model [23]. Specifically, compared with the
diabetes prediction model (DP) based on age, family his-
tory, smoking, hypertension, BMI, dyslipidemia, and
FPG, the AUC of the “DP+FGF- 21” model increased
from 0.797 to 0.819 (P=0.0072), rendering its perfor-
mance compared to the “DP+2hG” model (AUC=0.838)
[23]. In addition, a number of studies have reported that
FGF-21 could be an independent predictor of fatty liver,
chronic liver failure, coronary heart disease, and prog-
nosis in patients with diabetes [24—30]. In general, our
study identified the important value of FGF21 in the risk
assessment of newly diagnosed type-2 diabetes in south-
ern Chinese populations. Furthermore, except for FGF21,
our model only included noninvasive indicators, which
do not add additional invasive burden to the patients.
Since most information can be obtained by question-
naires and measurements, our model could be worthy of
popularization and application. Therefore, it is important
to develop FGF-21 as a routine examination index for
disease prediction and prognostic evaluation of multiple
diseases in the clinic.

To the best of our knowledge, this is the first study
focusing on the association of FGF-21 with newly diag-
nosed T2DM in Southern China. Initially, participants
with self-reported diabetes were excluded during the
recruitment phase, which avoids the confounding effect
of antidiabetic drugs on glycemic control. Meanwhile,
we could reduce confounding by the duration of dia-
betes by including patients who were newly diagnosed
with T2DM. Finally, this study strengthened the abil-
ity of FGF-21 in diabetes risk assessment in the total
population and subpopulation with the use of multiple
statistical approaches, including multivariate regres-
sion analysis, cluster analysis and subgroup analysis. In
summary, the present findings further confirm the rela-
tionship between high levels of FGF-21 and diabetes,
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indicating the potential ability of FGF-21 as a biomarker
for the risk assessment of diabetes. At the same time, our
results also provide evidence to investigate the mecha-
nism of FGF-21 and its relationship with the develop-
ment of type-2 diabetes mellitus.

However, several limitations should be taken into
account in this study. First, this cross-sectional study was
unable to establish any causal relationships between FGF-
21 and the development of type-2 diabetes. Second, it is
undetermined whether our results can be generalized to
other ethnic groups, as this study focused exclusively on
Guangdong community residents in China. Furthermore,
although we adjusted for a variety of covariates associ-
ated with diabetes in the multivariate regression analyses,
we should have adjusted for other potential mediators,
such as exercise, diet, and lifestyle, as well as incomplete
data collection, since they could have potentially resulted
in residual confounding. For further validation of the
clinical application of FGF-21 as a risk assessment indi-
cator in the development of diabetes, prospective cohort
studies with larger sample sizes are necessary. Despite the
limitations described above, the current study showed
favorable application prospects and provided a solid basis
for further research.

Conclusion

In summary, this study revealed that FGF-21 was con-
sistently positively correlated with the risk of newly
diagnosed T2DM in the total population and in subpop-
ulations in southern China. FGF-21 could be used as a
biomarker in diabetes risk assessment. This clinical study
might provide a foundation for the pathogenesis, early
diagnosis, and effective treatment of diabetes.
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