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Abstract

Background: Fibroblast growth factor 1 (FGF1) can regulate glucose and lipid 

metabolism in obese mice. Serum FGF1 has increased in type 2 diabetes mellitus adults 

and correlated with BMI. This study aimed to indicate conventional weight loss effects 

on FGF1 in obese children and adolescents.

Materials and methods: Clinical and metabolic parameters of 88 lean and obese 

individuals (ages 5–15 years) and 39 obese individuals followed with 6 months of 

lifestyle intervention were collected. Serum FGF1 levels were detected through  

enzyme-linked immunosorbent assays.

Results: FGF1 levels were increased in obese individuals. Serum FGF1 levels were 

significantly correlated with BMI and waist circumferences (r = 0.377, P = 0.012; r = 0.301, 

P = 0.047, respectively). Multivariate stepwise linear regression analyses showed that 

FGF1 levels were significantly correlated with HbA1c and HOMA-IR (β = 0.371, P = 0.008; 

β = 0.323, P = 0.021, respectively). Weight loss (2.3 ± 0.1 kg) was accompanied by a 

significant reduction of circulating FGF1 levels (7.2 ± 0.4 pg/mL). Changes in FGF1 were 

significantly correlated with changes in fasting glucose, HOMA-IR and low-density 

lipoprotein cholesterol (β = 0.277, P = 0.020; β = 0.474, P < 0.001; β = 0.320, P = 0.008, 

respectively).

Conclusion: FGF1 was related to increased risk of insulin resistance in obese children 

and adolescents. Serum FGF1 reduced after weight loss in obese individuals and was 

associated with the improvement of insulin resistance. Changes in serum FGF1 were 

more correlated with insulin resistance than changes in obesity per se.

Introduction

The worldwide prevalence of obesity among children 
and adolescents has increased in past years (1). Obesity is 
associated with insulin resistance, type 2 diabetes mellitus 
(T2DM) and long-term cardiovascular complications. 
Recent clinical and animal studies have reported that 
FGF19 and FGF21 are associated with obesity and T2DM 
(2, 3). FGF19 and FGF21 suppress triglyceride and glucose 
syntheses, meanwhile inducing glycogenesis and fatty 
acid oxidation in the liver. Recently, FGF1, a mitogenic 
factor, has been shown to modulate energy homeostasis 

(4). FGF1 decreases blood glucose levels and improves 
insulin sensitivity in animals (5, 6). Exogenous FGF1 can 
improve metabolic disorders in rodents through endocrine 
manner (5). In adults, circulating FGF1 levels are reported 
to be significantly reduced in obese individuals (7), but 
significantly increased in T2DM patients (8). Serum 
FGF1 levels were positively correlated with BMI, waist 
circumference (WC), fasting glucose and hemoglobin 
A1c (HbA1c) in T2DM adults (8). The correlation between  
FGF1 and other glucose/lipid metabolic variables following 
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weight loss in obese individuals remains unknown. 
Therefore, in this study, we aimed to investigate the 
putative role of FGF1 in the obese youth, assess the 
influence of lifestyle-induced weight loss on serum FGF1 
levels and the relationships between FGF1 and other 
metabolic factors.

Subjects and methods

Subjects and baseline data

Forty-four obese children and adolescents (5–15 years of 
age) were recruited from Boai Hospital of Zhongshan, and 
44 age- and sex-matched normal-weight healthy children 
and adolescents from the child health care department 
were also enrolled as controls. In total, there were 45 
boys and 43 girls. Obesity was defined as age- and sex-
specific BMI of greater than or equal to 95th percentile in 
accordance with the growth charts for children in China 
(9). BMI values were converted to standard deviation 
score (SDS) values in children and adolescents using the 
lambda-mu-sigma method (9). Insulin resistance was 
evaluated using the homeostatic model assessment of 
insulin resistance (HOMA-IR) index (10). Insulin resistance 
was defined as greater than or equal to the age- and sex-
specific 75th percentile HOMA-IR in accordance with the 
China Health and Nutrition Surveys (CHNS), as described 
previously (11). Obese individuals were further classified 
as follows: the insulin-resistant (IR) group (n = 18) and the 
non-IR group (n = 26).

Obese children and adolescents whose weight change 
more than 5% after 6  months of lifestyle intervention 
were included in subsequent studies. Those individuals 
treated with medications or weight loss less than 5% 
were excluded. Five obese children and adolescents were 
excluded from the following study. These individuals 
included four patients treated with metformin and one 
child with less than 5% weight loss. Lifestyle intervention 
includes moderate caloric restriction and daily physical 
activity, refer to clinical practice guidelines (12, 13). 
Individuals who had specific medical diagnoses (e.g., 
hypothyroidism, Cushing’s syndrome or polycystic ovary 
syndrome) and/or current use of medications that may 
affect body composition or lipid and glucose metabolism 
(e.g., the use of thyroid medication, thiazolidinediones or 
metformin) were excluded.

All anthropometric and biochemical measures were 
recorded at baseline and after 6 months of the intervention. 
Fasting serum samples previously preserved in outpatient 
visits were collected to determined FGF1 levels. Serum 

FGF1 levels were determined through a sandwich enzyme-
linked immunosorbent assay (ELISA; Cloud-Clone Corp., 
Wuhan, China). Detection range is from 15.6 to 1000 pg/mL.  
The standard curve concentrations used for the ELISA 
were 1000, 500, 250, 125, 62.5, 31.2 and 15.6 pg/mL. The 
minimum detectable dose of FGF1 is typically less than 
6.5 pg/mL. All samples were analyzed in triplicate, and 
samples with a coefficient of variation of more than 15% 
were excluded.

Written informed consent was obtained from the 
parents or other guardians in accordance with the tenets 
of the Declaration of Helsinki. The Ethics Committee of 
Boai Hospital of Zhongshan approved the study protocol.

Statistical analysis

All data are shown as the means ± standard errors of 
the means (s.e.m.s). SPSS version 18.0 for Windows 
(SPSS Inc) was used for statistical analysis of the data. 
Comparisons of continuous variables between two 
groups were carried out using independent sample 
t-tests. Paired samples t-tests were used to compare 
clinical data before and after weight loss. Categorical 
variables were analyzed using the chi-square test. 
The variables were tested for normality with the  
Shapiro–Wilk test. Non-normally distributed parameters 
were logarithmically transformed before correlation 
analysis in the obese group. Pearson correlations tests 
were performed for bivariate correlation analyses. 
Multivariate stepwise linear regression analysis was 
conducted to explore the association of FGF1 with 
other metabolic variables. The multivariate regression 
model included variables significantly associated with 
FGF1 at the bivariate correlation analyses. Two-tailed 
P values of less than 0.05 were considered significant.

Results

Baseline characterization of all individuals

The anthropometric and biochemical characteristics of 
all the participants are shown in Table 1. There were no 
significant differences in age, sex or height between the 
obese and control groups. Obese children and adolescents 
had higher levels of obesity descriptors, such as BMI, 
BMI z-score and WC. Serum low-density lipoprotein 
cholesterol (LDL-C) levels were higher in obese individual 
than in normal-weight controls (2.26 ± 0.04 vs 2.48 ± 0.07, 
P = 0.008). Fasting insulin and HOMA-IR were higher in 
the obese group than in healthy controls.
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No significant differences in anthropometric and 
HbA1c levels were observed between the IR and non-IR 
obese groups. Apolipoprotein A (Apo-A) was the only 
lipid metabolism indicator that displayed a difference 
between the IR and the non-IR obese groups (1.27 ± 0.05 
vs 1.12 ± 0.04, P = 0.031). There were no sex-specific 
differences in age, BMI z-score and WC (data not 
shown).

Features of FGF1 in different groups

A significant increase of serum FGF1 levels was observed 
in obese children and adolescents compared to that in 
the control group (Fig.  1A and Table  1). Circulating 
FGF1 levels were higher in the IR obese group than in 
the non-IR obese group (Fig. 1B). To assess the influence 
of obesity on FGF1, we analyzed the correlation 
between serum FGF1 levels and other variables in the 
obese group. FGF1 levels were significantly positively 
correlated with anthropometric parameters in the obese 
group, such as BMI, BMI z-score and WC (r = 0.377, 
P = 0.012; r = 0.407, P = 0.006; r = 0.301, P = 0.047, 
respectively; Fig.  1C and D). Circulating FGF1 levels 
were significantly correlated with LDL-C in the obese 

group (r = 0.367, P = 0.014, Fig.  1E). Fasting insulin 
and HOMA-IR that were not normally distributed in 
the obese group were logarithmically transformed to 
normally distributed data before correlation analysis. 
Serum FGF1 levels were significantly correlated with 
glucose metabolic factors, including HbA1c, fasting 
insulin and HOMA-IR in the obese group (r = 0.411, 
P = 0.006; r = 0.396, P = 0.008; r = 0.386, P = 0.010, 
respectively; Fig.  1F, G and H). To characterize the 
relationship between FGF1 and obesity further, a 
multiple stepwise regression analysis was performed 
using FGF1 as dependent variables, whereas BMI, WC, 
HbA1c, HOMA-IR and LDL-C were used as independent 
variables. As shown in Table  2, HbA1c and HOMA-IR 
were strongly related to serum FGF1 levels.

Grouping by sex, serum FGF1 levels were increased 
in the obese boys (30.0 ± 1.4 vs 12.9 ± 0.3 pg/mL) and 
girls (29.9 ± 1.5 vs 12.4 ± 0.3 pg/mL). Serum FGF1 
levels were significantly correlated with BMI and BMI 
z-score in boys (r = 0.825, P < 0.001; r = 0.850, P < 0.001, 
respectively) and girls (r = 0.897, P < 0.001; r = 0.920, 
P < 0.001, respectively). In boys, serum FGF1 levels were 
correlated with HOMA-IR after adjusting for age and 
BMI (r = 0.414, P < 0.05).

Table 1 Baseline data and serum FGF1 levels for the obese children and adolescents and the normal-weight healthy controls.

 
Variable

Total Obesity

Controls (n = 44) Obesity (n = 44) P Non-IR (n = 26) IR (n = 18) P

Age (years) 9.45 ± 0.33 9.51 ± 0.34 0.906 9.83 ± 0.50 9.05 ± 0.38 0.259
Sex (boy:girl) 24:20 21:23 NS 13:13 8:10 NS
Height (cm) 134.9 ± 1.8 139.7 ± 1.9 0.066 140.9 ± 3.0 138.1 ± 1.9 0.479
Weight (kg) 30.8 ± 1.1 46.0 ± 2.0 0.000 47.7 ± 3.0 43.6 ± 2.0 0.265
BMI (kg/m2) 16.6 ± 0.2 23.1 ± 0.4 0.000 23.4 ± 0.5 22.7 ± 0.5 0.389
BMI z-score 0.10 ± 0.04 2.42 ± 0.08 0.000 2.37 ± 0.09 2.47 ± 0.13 0.516
WC (cm) 60.0 ± 1.2 77.7 ± 1.9 0.000 77.9 ± 2.7 77.4 ± 2.6 0.901
FG (mmol/L) 4.78 ± 0.08 4.99 ± 0.06 0.510 4.92 ± 0.09 5.08 ± 0.08 0.200
Fasting insulin (mIU/L) 6.96 ± 0.29a 13.64 ± 1.33a 0.000 8.68 ± 0.64a 20.80 ± 2.23a 0.000
HOMA-IR 1.49 ± 0.07a 3.03 ± 0.30a 0.000 1.89 ± 0.14a 4.67 ± 0.50a 0.000
HbA1c (%) 4.99 ± 0.06 5.29 ± 0.04 0.000 5.29 ± 0.05 5.29 ± 0.06 0.996
TC (mmol/L) 4.19 ± 0.09 4.27 ± 0.10 0.548 4.36 ± 0.14 4.14 ± 0.16 0.320
TG (mmol/L) 1.08 ± 0.05 0.97 ± 0.05 0.101 0.90 ± 0.06 1.07 ± 0.07 0.078
HDL-C (mmol/L) 1.56 ± 0.05 1.50 ± 0.05 0.361 1.57 ± 0.06 1.40 ± 0.06 0.061
LDL-C (mmol/L) 2.26 ± 0.04 2.48 ± 0.07 0.008 2.50 ± 0.10 2.46 ± 0.10 0.819
Apo-A (g/L) 1.27 ± 0.04 1.21 ± 0.03 0.278 1.27 ± 0.05 1.12 ± 0.04 0.031
Apo-B (g/L) 0.80 ± 0.02 0.78 ± 0.02 0.375 0.79 ± 0.03 0.75 ± 0.03 0.360
ALT (IU/L) 16.9 ± 0.8 22.8 ± 2.0 0.000 18.1 ± 1.5 29.4 ± 4.0 0.000
FGF1 (pg/mL) 12.7 ± 0.2 30.0 ± 1.0 0.000 27.7 ± 1.0 33.1 ± 1.8 0.012
NAFLD 0 13 (30%) 1 (0.04%) 12 (66.6%) 0.000b

Baseline data are given as means ± s.e.m.s.
aData not normally distributed; bchi-square analysis.
ALT, alanine aminotransferase; Apo-A, apolipoprotein A; Apo-B, apolipoprotein B; FG, fasting glucose; FGF1, fibroblast growth factor 1; HbA1c, 
hemoglobin A1c; HDL-C, high-density lipoprotein cholesterol; HOMA-IR, homeostasis model assessment of insulin resistance; IR, insulin-resistant; LDL-C, 
low-density lipoprotein cholesterol; NAFLD, non-alcoholic fatty liver disease; NS, not significant; TC, total cholesterol; TG, triglyceride; WC, waist 
circumferences.
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Effects of weight loss in obese individuals

Clinical and laboratory parameters at baseline and after 
intervention were determined in 39 obese individuals 
(Table  3). The 6  month of intervention reduced body 
weight by 2.3 ± 0.1 kg (45.2 ± 2.1 vs 42.8 ± 2.0; P < 0.001). 
Other anthropometric parameters, such as BMI and BMI 
z-score were significantly decreased after 6 months. The 
changes in weight during 6 months were associated with 
an improvement in glucose and lipid metabolism. Glucose 
metabolic variables, including fasting insulin, HOMA-IR 
and HbA1c, were apparently decreased. TC and Apo-B, as 
lipid metabolic indexes, were significantly decreased after 
treatments. Other metabolic variables, such as fasting 
glucose (FG), TG, LDL-C and Apo-A, were decreased, while 
HDL-C was increased after the intervention. Interestingly, 

serum FGF1 levels were significantly decreased by 
7.2 ± 0.4 pg/mL (29.4 ± 1.0 vs 22.2 ± 0.7; P < 0.001) after 
weight loss. We next performed Pearson analyses for 
bivariate correlations between changes in FGF1 and 
changes in other metabolic indexes. Changes in FGF1 
levels from baseline to 6 months were directly correlated 
with changes in BMI (r = 0.427, P = 0.007; Fig.  2B). The 
change in FGF1 was positively correlated with the change 
in weight (r = 0.320, P = 0.047). Changes in FGF1 levels 
were also significantly correlated with changes in FG, 
fasting insulin, HOMA-IR and LDL-C (r = 0.443, P = 0.005; 
r = 0.672, P < 0.001; r = 0.648, P < 0.001; r = 0.486, P = 0.002, 
respectively; Fig.  2C, D, E and F). Multiple stepwise 
linear regression analysis was performed with changes in 
FGF1 as the dependent variables. Changes in BMI, FG, 
HOMA-IR and LDL-C were used as independent variables 

Figure 1
Comparison of circulation fibroblast growth factor 1 (FGF1) in different conditions. (A) Circulating FGF1 levels comparison between the obese children and 
adolescents (n = 44) and the normal-weight healthy controls (n = 44); (B) serum FGF1 levels comparison between the insulin-resistant (IR) (n = 18) and non-IR 
obese (n = 26) groups; (C) serum FGF1 levels were significantly correlated with BMI in the obese group; (D) circulating FGF1 levels were significantly 
correlated with waist circumference (WC) in the obese group; (E) serum FGF1 levels were significantly correlated with low-density lipoprotein cholesterol 
(LDL-C) in the obese group; (F) circulating FGF1 levels were significantly correlated with hemoglobin A1c (HbA1c) in the obese group; (G) FGF1 levels were 
significantly correlated with logarithmically transformed fasting insulin in obese individuals; (H) serum FGF1 levels were significantly correlated with 
logarithmic transformed homeostatic model assessment of insulin resistance (HOMA-IR) in the obese group. Data are shown as mean ± s.e.m. *P < 0.05.
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in the regression model. A significant association between 
changes in FGF1 and changes in the three metabolic 
indexes was found (Table 4).

Discussion

In the present study, we analyzed serum FGF1 levels 
in obese children and adolescents and compared them 
with those in normal-weight healthy controls. We found 
that the serum FGF1 levels were strongly elevated in 
obese individuals than in healthy controls. Furthermore, 
circulating FGF1 levels were significantly higher in 
IR obese children and adolescents than non-IR obese 

individuals. Remarkably, baseline FGF1 levels were 
significantly correlated with HbA1c and HOMA-IR.  
We next analyzed the relationship between serum  
FGF1 levels and other metabolic parameters following 
weight loss in obese children and adolescents. Weight 
loss was accompanied by a significant reduction of 
circulating FGF1 levels. Changes in FGF1 were strongly 
correlated with changes in FG, HOMA-IR and LDL-C after 
6 months of treatments. To the best of our knowledge, the 
present study is the first to analyze FGF1 levels and their 
relationship with metabolic indexes in obese children 
and adolescents. Furthermore, there were few studies 
evaluating the changes of FGF1 during conventional 
weight loss.

The mammalian FGF family comprises 22 members 
and mediates a range of biological responses including 
development, wound healing, homeostasis and metabolism 
(14). Most FGFs, called canonical FGFs, interact with 
heparin or heparin sulfate glycosaminoglycans (HSGAGs) 
and then activate FGF receptors (FGFR1–4) (15). Roles 
of FGF19 and FGF21 in glucose and lipid metabolism 
have been well established (16, 17, 18, 19). Owing to 
low HSGAGs affinity, both FGF19 and FGF21 require 
co-receptors such as β-klotho (KLB) to bind their cognate 
FGFRs and ultimately participate in inter-organ endocrine 
signaling axes (20).

Table 2 Multivariate stepwise linear regression analysis for 

serum FGF1 levels in obese children and adolescents.

Independent 
variable

 
β

FGF1

95% CI P

HbA1c (%) 0.371 0.100–0.643 0.008
log10 HOMA-IR 0.323 0.052–0.594 0.021
R2 0.272

Dependent variable: FGF1; independent variables: BMI, WC, HbA1c, log10 
HOMA-IR, LDL-C; excluded variables: BMI, WC, LDL-C.
FGF1, fibroblast growth factor 1; HbA1c, hemoglobin A1c; LDL-C, 
low-density lipoprotein cholesterol; log10 HOMA-IR, logarithmic 
transformation for homeostasis model assessment of insulin resistance; 
WC, waist circumferences.

Table 3 Baseline data and serum FGF1 levels for the obese children and adolescents after 6 months of lifestyle intervention 

(n = 39, boys:girls = 18:21).

Variables Before After Changes Pb

Age (years) 9.41 ± 0.37 9.91 ± 0.37 0.5
Height (cm) 139.0 ± 2.1 140.9 ± 2.1 2.0 ± 0.1 <0.001
Weight (kg) 45.2 ± 2.1a 42.8 ± 2.0a 2.3 ± 0.1a <0.001
BMI (kg/m2) 22.9 ± 0.4 21.1 ± 0.4 1.8 ± 0.1 <0.001
BMI z-score 2.41 ± 0.08 1.73 ± 0.07 0.68 ± 0.02 <0.001
WC (cm) 76.3 ± 1.9 75.0 ± 1.9 1.3 ± 0.1 <0.001
FG (mmol/L) 4.97 ± 0.07 4.89 ± 0.07 0.07 ± 0.01 <0.001
Fasting insulin (mIU/L) 11.39 ± 0.85a 8.66 ± 0.68a 2.73 ± 0.28 <0.001
HOMA-IR 2.51 ± 0.19a 1.89 ±0.15a 0.63 ± 0.06 <0.001
HbA1c (%) 5.27 ± 0.04 4.97 ± 0.03 0.30 ± 0.02a <0.001
TC (mmol/L) 4.29 ± 0.12 3.72 ± 0.08 0.57 ± 0.05 <0.001
TG (mmol/L) 0.98 ± 0.05 0.89 ± 0.04 0.09 ± 0.01 <0.001
HDL-C (mmol/L) 1.52 ± 0.05 1.55 ± 0.05 0.02 ± 0.01 <0.001
LDL-C (mmol/L) 2.47 ± 0.08 2.37 ± 0.07 0.10 ± 0.01 <0.001
Apo-A (g/L) 1.22 ± 0.04 1.16 ± 0.04 0.06 ± 0.01 <0.001
Apo-B (g/L) 0.78 ± 0.02 0.69 ± 0.02 0.09 ± 0.01 <0.001
ALT (IU/L) 22.5±2.2a 19.7 ± 1.7a 2.9 ± 0.5a <0.001
FGF1 (pg/mL) 29.4 ±1.0 22.2 ± 0.7 7.2 ± 0.4 <0.001

Baseline data are given as means ± s.e.m.s.
aData not normally distributed; bpaired samples t-test. t-test for the age variable cannot be computed because the s.e.m. of the difference is zero.
ALT, alanine aminotransferase; Apo-A, apolipoprotein A; Apo-B, apolipoprotein B; FG, fasting glucose; FGF1, fibroblast growth factor 1; HbA1c, 
hemoglobin A1c; HDL-C, high-density lipoprotein cholesterol; HOMA-IR, homeostasis model assessment of insulin resistance; LDL-C, low-density 
lipoprotein cholesterol; TC, total cholesterol; TG, triglyceride; WC, waist circumferences.
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The newly reported metabolic FGF, FGF1, binds 
tightly to cell HSGAGs and stabilizes the receptor–ligand 
complex to block FGF1 circulation, thereby leading to 
autocrine/paracrine signaling (14, 21). FGF1 has originally 

detected expression in rodents and human adipose tissue 
(22, 23). Furthermore, FGF1-knockout mice developed 
severe hyperglycemia and IR accompanied by elevated 
inflammation in the adipose tissue when challenged 
with HFD (22). Interestingly, recent studies suggest 
that FGF1, as a new therapeutic approach for insulin 
resistance and T2DM treatment, probably functions in 
an endocrine manner (4, 5). Suh et al. (5) reported that 
a single subcutaneous injection of recombinant FGF1 
(rFGF1) decreased circulating glucose after hours without 
hypoglycemia in obese mice. Long-term administration 
of rFGF1 increases glucose uptake in the skeletal muscle, 
decreases hepatic glucose production, reduces circulating 
insulin levels, and ultimately improves insulin sensitivity 
in 3  weeks. Furthermore, a study on adipose tissue-
specific Fgfr 1-knockout mice reported that rFGF1 failed 
to decrease glucose levels, suggesting that adipose tissue is 
the primary target for exogenous rFGF1. Another study on 
obese rodents reported that a single central injection of 

Figure 2
Changes in circulation fibroblast growth factor1 
(FGF1) after 6 months of lifestyle intervention in 
obese children and adolescents (n = 39). (A) Serum 
FGF1 levels comparison before and after 
6 months; (B) changes in serum FGF1 levels were 
significantly correlated with changes in BMI;  
(C) changes in circulating FGF1 levels were 
significantly correlated with changes in fasting 
glucose (FG); (D) changes in serum FGF1 levels 
were significantly with changes in fasting insulin; 
(E) changes in FGF1 levels were significantly 
correlated with changes in homeostatic model 
assessment of insulin resistance (HOMA-IR); (F) 
changes in circulating FGF1 levels were 
significantly correlated with changes in 
low-density lipoprotein cholesterol (LDL-C). Data 
are shown as mean ± s.e.m. *P < 0.05.

Table 4 Multivariate stepwise linear regression analysis for 

changes in serum FGF1 levels in obese children and 

adolescents after 6 months of lifestyle intervention.

Independent 
variable

 
β

∆FGF1

95% CI P

∆FG (mmol/L) 0.277 0.046–0.508 0.020
∆LDL-C (mmol/L) 0.320 0.089–0.552 0.008
∆HOMA-IR 0.474 0.233–0.714 0.000
R2 0.585

Dependent variable: changes in serum FGF1 levels; independent variables: 
changes in BMI, FG, LDL-C and HOMA-IR; excluded variable: changes in 
BMI.
∆FG, changes in fasting glucose; ∆FGF1, changes in fibroblast growth 
factor 1; ∆HOMA-IR, changes in homeostasis model assessment of insulin 
resistance; ∆LDL-C, changes in low-density lipoprotein cholesterol.
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rFGF1 induces long-term glucose-lowering effects without 
changes in insulin sensitivity, probably through different 
routes of administration compared with peripheral 
injection (24).

The potential roles of circulating FGF1 in human 
metabolic disturbances remain unclear. In recent studies, 
Wang et al. reported that serum FGF1 levels were elevated 
in adults with newly diagnosed T2DM (8), while Zhu 
et  al. (7) reported that circulating FGF1 levels decreased 
in obese/overweight adults. Furthermore, serum FGF1 
level positively correlated with BMI, WC and waist-to-hip 
ratio in T2DM adults, but reversely correlated with BMI in 
obese/overweight subjects (7, 8). Our results indicate FGF1 
levels were significantly increased in obese children and 
adolescents compared to normal-weight healthy controls. 
FGF1 levels in IR obese children and adolescents were 
elevated compared to the non-IR obese group. Moreover, 
we found circulating FGF1 to be significantly correlated 
with BMI. These findings confirmed that increased 
FGF1 levels may be a risk factor for obese children and 
adolescents, particularly in individuals with insulin 
resistance. This view differs from that of Zhu et  al. (7) 
who believe that serum FGF1 levels are a decreased risk of 
obesity in adults. Notably, there are 20 subjects with type 2 
diabetes and ten individuals with anti-diabetes drugs for a 
total of 71 controls in Zhu’s (7) study. FGF1 may play a role 
in the pathogenesis of type 2 diabetes (8). Comparisons 
between the obese and lean groups may be biased, in 
part due to these individuals in the control group. The 
difference between Zhu's study and our study may be due 
in part to differences in the grouping methods of the two 
studies. Furthermore, given that FGF1 may be associated 
with BMI, different BMI cut-off in overweight and obese 
children may affect FGF1 levels. In addition, FGF1 levels 
of all samples in the current study were detected, while 
Mejhert et  al. (25) reported that circulating FGF1 levels 
in healthy women were not detected. This may be due to 
the different detection range of the ELISA kits (the lowest 
standard: 31.3 pg/mL vs 15.6 pg/mL).

It has been reported that fasting glucose and insulin 
levels were increased in FGF1−/− mice fed with an HFD 
(22). Wang et al. reported that serum FGF1 significantly 
correlated with fasting glucose, 2-h post-OGTT 
glucose and HOMA-β (8). In addition, HbA1c were the 
independent factors influencing FGF1 levels (8). In our 
study, bivariate correlation analyses indicate that baseline 
FGF1 levels were positively correlated with BMI, BMI 
z-score, WC, HbA1c, fasting insulin, HOMA-IR and LDL-C 
in obese children and adolescents, consistent with Wang’s 
study. Multivariate linear regression analysis indicated 

that baseline FGF1 levels were strongly correlated 
with glucose metabolic factors, including HbA1c and 
HOMA-IR. In addition, baseline FGF1 levels of boys were 
correlated with HOMA-IR after adjusting for BMI. Thus, 
the associations between FGF1 and markers of glucose 
homeostasis were stronger than correlations between 
FGF1 and anthropometric parameters. Results support the 
idea that FGF1 plays a role in glucose metabolism in obese 
children and adolescents, particularly in boys.

We next observed that weight loss after 6  months 
of lifestyle intervention in obese individuals was 
companied by improvement of metabolic indexes. Of 
note, serum FGF1 levels were significantly reduced after 
weight loss. The weight loss-related reduction of serum 
FGF1 may be obtained through hypocaloric diet and 
moderate physical activity. Pearson analyses showed 
that changes in FGF1 levels were correlated with changes 
in anthropometric and metabolic parameters, including 
BMI, FG, fasting insulin, HOMA-IR and LDL-C. Decreases 
of FGF1 levels may be attributed to lifestyle-induced 
weight loss and the associated metabolic improvements. 
Multivariate linear regress analysis indicated that 
changes in FGF1 were strongly correlated with changes 
in traits of the metabolic syndrome (FG, HOMA-IR and 
LDL-C), not with changes in BMI. Serum FGF1 was 
related to the degree of insulin resistance rather than to 
obesity (measured by BMI) per se. Weight loss as reported 
in the present study may decrease circulating FGF1 
through an improvement in insulin sensitivity rather 
than a reduction in BMI.

From the current results, there seems to be some 
controversy between the benefits of endocrine FGF1 
in rodent models and elevated FGF1 concentrations in 
obese individuals. We supposed that the FGF1 levels in 
obese children and adolescents may be associated with 
FGF1 resistance. Further studies are needed to assess the 
differences between obesity and leanness after rFGF1 
administration in rodents. In addition, our study has the 
following limitations. This was a pilot study with a small 
number of patients, not a clinical trial. Hence, prospective 
cohort study with a large sample size is needed to further 
validate whether therapeutically altering serum FGF1 
may represent a useful target for interventions aiming to 
improve insulin resistance in obese subjects. Considering 
the limitations of BMI as a measure of obesity, body fat 
content evaluation by magnetic resonance or dual energy 
X-ray are needed for further investigation.

Taken together, FGF1 levels were increased in obese 
children and adolescents compared with lean individuals. 
Multivariate linear regression analyses show that increased 
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serum FGF1 was associated with the development of 
metabolic syndrome independent of body mass in 
obese children and adolescents. Six months of lifestyle 
intervention induced the reduction of serum FGF1. 
Finally, changes in metabolic indexes were found to be 
the main and significant predictors of changes in serum 
FGF1 after weight loss. FGF1 may serve as a potential 
therapeutic target for insulin resistance in obese children 
and adolescents.
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