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[Abstract] Objective:To evaluate the changes in cognitive function in overweight and obese adolescents, and explore the
association between cognitive function and fibroblast growth factor 21 (FGF21). Methods* A total of 175 adolescents from a senior
high school in Shanghai were divided into normal weight group (n=50), overweight group (n=50) and obese group (n=75) based on
their body mass index (BMI). General information, anthropometric data and laboratory testing indicators of the adolescents were
collected and compared. The cognitive function of the three groups of adolescents was assessed by using the accuracy (ACC) and
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reaction time of Flanker task and n-back task. Enzyme-linked immunosorbent assay (ELISA) was used to detect the serum FGF21
level of the three groups of adolescents. Partial correlation analysis and multiple linear regression model were used to evaluate the
correlation between cognitive task performance and anthropometric data and laboratory testing indicators. ResultsCompared with the
normal weight group, systolic blood pressure, diastolic blood pressure, and the levels of fasting plasma glucose, glycosylated
hemoglobin and triacylglycerol in the obese group were higher (all P<0.05). Under congruent or incongruent stimulus conditions in
the Flanker task, there was no significant difference in ACC between any two groups; compared with the normal weight and
overweight groups, the reaction time of the adolescents in the obese group was prolonged (all P<0.05). In the n-back task, there were
no significant differences in ACC between any two groups, while the obese group had longer reaction time in the 1-back and 2-back
tasks compared to the normal weight and overweight groups (all P<0.05). Compared with the normal weight group, serum FGF21
levels of the adolescents in the obese group were higher (P=0.000). Partial correlation analysis showed that the reaction time of the
adolescents in Flanker and n-back tasks was correlated with their BMI, body fat mass, waist circumference, waist-to-hip ratio and
FGF21 level (all P<0.05). Multiple linear regression analysis further confirmed that BMI was associated with prolonged reaction
time in cognitive-related behavioral tasks in the adolescents (all P<0.05), and FGF21 level was associated with ACC in the 2-back
task (P=0.000) and reaction time in the incongruent stimulus condition (P=0.048). Conclusion-Overweight and obese adolescents

have cognitive impairments, and BMI and serum FGF21 levels are associated with changes in their cognitive function.
[Key words] obese adolescent; cognitive function; behavioral experiment; fibroblast growth factor 21 (FGF21)
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Note: A. Flanker task. B. n-back task.
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Fig1 Flowchart of behavioral experiment
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Tab 1 Comparison of general information and laboratory testing indicators among the three groups of subjects

Item
General information
Agelyear
Gender (male/female)/n
BMI/(kg:m™)
Body fat mass/kg
Body fat percentage/%
Waist circumference/cm
Hip circumference/cm
Waist-to-hip ratio
SBP/mmHg
DBP/mmHg
Laboratory testing indicator

FPG/(mmol-L™")
FINS/(mmol-L™")
HbAlc/%
Ser/(umol L™
UA/(umol-L™")
ALT/(U-L™)
AST/(U-L™)
GGT/(U-L™)
TC/(mmol-L™")
TAG/(mmol-L™)
HDL-Ch/(mmol-L™")
LDL-Ch/(mmol-L™")

Normal weight group (n=50)

15.18 £ 0.48
29/21
21.35+£2.16
12.73 £4.90
20.93 +7.73
73.95+7.48
94.70 + 5.77
0.80 = 0.04
115.04 £ 12.27
63.84+7.42

4.62+0.35
15.03 (11.43, 19.28)
531+021
65.95 (58.40, 76.85)
368.86 + 85.19
14.00 (11.00, 17.25)
21.00 (17.75, 24.00)
16.50 (14.00, 21.00)
436+0.78
0.74 (0.55, 1.04)
1.44 +0.29
2.4840.70

Overweight group (n=50)

15.52+0.58
30/20

25.26+0.98
20.91 +4.69"
28.47+7.21
82.87 +3.69
103.71 +3.80°
0.84 +0.01"
120.29 + 11.51
69.09 + 8.73"

478 +0.30
21.67 (17.62,29.76)
532+0.16
66.25 (56.33, 73.83)"
397.66 + 82.31
17.50 (15.00, 27.00)"
21.00 (18.00, 26.25)
19.50 (14.75, 25.00)
430+0.76°
0.87 (0.61, 1.29)
1.26+0.26"
2.56 +0.56

BB S E AR S RIS T FoR2L KPR | 91

Obese group (n=75) P value
15.31£0.52 0.327
50/25 0.117
30.37 +2.73" 0.000
29.95+ 6.62" 0.000
33.55+5.83"% 0.000
95.53+9.14™ 0.000
110.09 + 5.38™ 0.000
0.89 +0.03" 0.000
124.39 £ 9.98° 0.000
70.44 £9.27 0.000
479+037 0.014
29.94 (18.96, 38.32)" 0.000
5.42+027 0.008
71.90 (63.50, 79.50)"* 0.052
451.24 +102.53" 0.000
26.00 (20.00, 48.00)* 0.000
26.00 (20.00, 32.00)° 0.000
23.00 (17.00, 32.00) 0.000
433+0.74" 0.880
0.92 (0.69, 1.37) 0.012
1.21£0.25 0.000
2.69 + 0.69 0.076

Note: 1 mmHg=0.133 kPa. " indicates the comparison with the normal weight group, P<0.05; * indicates the comparison with the overweight group, P<0.05.
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Tab 2 Cognitive function assessment of the three groups of subjects

Item Normal weight group (n=50)
Flanker task
ACC
Congruent stimulus 0.97 £0.09
Incongruent stimulus 0.92 +0.09

Reaction time/ms
Congruent stimulus 406.12 +108.32

Incongruent stimulus 465.41 +95.59

n-back task
ACC
0-back 0.94 + 0.05
1-back 0.84 £0.12
2-back 0.78 +£0.13

Reaction time/ms

0-back 522.52+103.11
1-back 541.76 + 149.67
2-back 570.49 + 174.48

http://xuebao.shsmu.edu.cn

Overweight group (n=50)

0.97 £ 0.04
0.93+0.10

431.35+85.17
463.55+59.92

0.93 +0.07
0.85+0.08
0.72+0.16

539.48 + 104.85
587.90 + 160.04
625.08 + 199.08

Obese group (n=75) P value
0.98 +0.04 0.442
0.92+0.14 0.854

475.13 + 84.31 0.000
524.01 +103.79 0.000
0.93 +0.08 0.641
0.86+0.12 0.404
0.78 £0.15 0.751
564.34 +116.74 0.050
656.60 + 168.99 0.000
754.24 +£201.57 0.000
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Tab 3 Correlation between the performance of subjects in the Flanker task and their anthropometric data and laboratory testing indicators

[# (P) value]

ACC
Item

Incongruent stimulus Congruent stimulus

BMI -0.004 (0.958) 0.033 (0.678)

Body fat mass 0.004 (0.963) 0.014 (0.857)

Body fat percentage -0.013 (0.874) -0.024 (0.764)

Waist-to-hip ratio 0.008 (0.928) 0.054 (0.495)

Waist circumference 0.007 (0.930) -0.018 (0.820)

Hip circumference -0.016 (0.848) -0.027 (0.731)

Incongruent stimulus

0.259 (0.000)
0.154 (0.045)
0.061 (0.431)
0.217 (0.004)
0.156 (0.042)
0.107 (0.162)

SBP 0.051 (0.538) 0.006 (0.940) 0.041 (0.596)
DBP -0.029 (0.729) 0.034 (0.674) -0.042 (0.581)
FINS -0.053 (0.523) 0.030 (0.707) 0.088 (0.250)
HbAlc ~0.114 (0.168) -0.037 (0.639) 0.023 (0.765)
FPG 0.072 (0.387) 0.012 (0.877) -0.074 (0.336)
ALT -0.105 (0.204) 0.041 (0.607) 0.100 (0.191)
AST -0.099 (0.231) 0.069 (0.384) 0.115 (0.133)
GGT -0.095 (0.251) 0.057 (0.473) 0.088 (0.251)
Ser 0.075 (0.363) 0.077 (0.335) 0.219 (0.004)
UA -0.067 (0.420) 0.035 (0.662) 0.171 (0.025)
TC 0.026 (0.755) -0.053 (0.508) -0.015 (0.849)
TAG -0.112 (0.177) ~0.113 (0.154) 0.002 (0.975)
HDL-Ch -0.014 (0.863) 0.063 (0.425) 0.014 (0.855)
LDL-Ch 0.042 (0.616) -0.083 (0.293) -0.005 (0.950)

F4 ZXEEn-backEEFHRASHEAFNEZER LR ERNVIBFRABEMEL (P)E]

Reaction time

Congruent stimulus

0.337 (0.000)
0.242 (0.000)
0.193 (0.011)
0.280 (0.000)
0.269 (0.000)
0.238 (0.002)
0.109 (0.155)
0.058 (0.452)
0.132 (0.084)
0.110 (0.153)
0.032 (0.680)
0.142 (0.062)
0.099 (0.194)
0.123 (0.107)
0.049 (0.521)
0.139 (0.069)
~0.116 (0.130)
-0.003 (0.973)
-0.045 (0.556)
-0.098 (0.202)

Tab 4 Correlation between the performance of subjects in the n-back task and their anthropometric data and laboratory testing indicators

[# (P) value]

ACC
Item

0-back 1-back 2-back

BMI 0.032 (0.701) 0.078 (0.344) 0.087 (0.299)

Body fat mass 0.027 (0.745) 0.057 (0.489) 0.061 (0.465)

Body fat percentage 0.030 (0.722) 0.042 (0.615) 0.062 (0.459)

Waist-to-hip ratio 0.002 (0.983) -0.022 (0.794) 0.077 (0.357)

Waist circumference -0.058 (0.491) 0.001 (0.986) 0.008 (0.921)

Hip circumference -0.040 (0.635) 0.062 (0.454) 0.044 (0.602)

SBP -0.051 (0.544) 0.012 (0.887) 0.101 (0.227)
DBP -0.099 (0.238) -0.079 (0.344) -0.056 (0.500)
FINS -0.042 (0.612) -0.085 (0.303) -0.080 (0.339)
HbAlc -0.028 (0.738) -0.149 (0.071) -0.085 (0.308)

P
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0-back
0.151 (0.069)
0.124 (0.135)
0.065 (0.438)
0.095 (0.253)
0.122 (0.143)
0.082 (0.328)
-0.004 (0.961)
0.059 (0.482)
0.013 (0.872)
0.001 (0.988)

Reaction time
1-back
0.268 (0.000)
0.217 (0.004)
0.173 (0.023)
0.257 (0.000)
0.200 (0.008)
0.208 (0.006)
0.107 (0.164)
0.137 (0.074)
0.116 (0.128)

0.103 (0.177)

2-back
0.351 (0.000)
0.282 (0.000)
0.240 (0.000)
0.320 (0.000)
0.248 (0.000)
0.257 (0.000)
0.101 (0.186)
0.059 (0.443)
0.138 (0.070)
0.055 (0.473)
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# W, F
ACC
Item
0-back 1-back
FPG -0.176 (0.035) -0.114 (0.169)
ALT -0.067 (0.420) -0.046 (0.580)
AST -0.008 (0.923) -0.042 (0.614)
GGT 0.061 (0.464) -0.068 (0.413)
Scr -0.050 (0.546) -0.173 (0.035)
UA 0.032 (0.698) -0.093 (0.260)
TC 0.182 (0.028) -0.016 (0.850)
TAG 0.051 (0.539) -0.092 (0.267)
HDL-Ch 0.075 (0.366) 0.011 (0.893)
LDL-Ch 0.158 (0.058) -0.010 (0.907)

-0.036 (0.666)
-0.067 (0.425)
-0.060 (0.469)
-0.148 (0.075)
-0.021 (0.798)
~0.140 (0.093)
-0.059 (0.483)
-0.223 (0.007)

0.098 (0.240)
~0.076 (0.364)
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Continued Tab

Reaction time

2-back 0-back 1-back 2-back

~0.139 (0.095) -0.021 (0.790) 0.025 (0.741)

0.046 (0.579) 0.161 (0.035) 0.207 (0.006)

0.045 (0.591) 0.156 (0.040) 0.199 (0.009)

0.017 (0.835) 0.161 (0.034) 0.139 (0.068)

0.032 (0.700) 0.085 (0.264) 0.101 (0.188)

0.158 (0.057) 0.227 (0.003) 0.310 (0.000)

-0.037 (0.656) 0.029 (0.709) -0.028 (0.719)

0.058 (0.488) 0.027 (0.722) 0.026 (0.732)

0.042 (0.619) -0.024 (0.752) -0.116 (0.127)

~0.058 (0.484) 0.068 (0.371) 0.036 (0.638)

Note: In the 1-back task, ACC was correlated with Scr level, and in the 0-back task, ACC was correlated with FPB and TC level. However, there was no significant

difference in ACC among the three groups in the cognitive function evaluation of the three groups of subjects, so it was not mentioned in the results section.

2.4 SZik 5 BCRLI R W DA A 25 e 2k Il VA 5y B

BlJS , ASWFIE R H 2 et A BN 521035 7
1T 02 55 i S i AT 3 — 25 73 Bt . 7 Flanker {F:
g, D2l e — Btk s s O 1 5 g A A TR
i, 4 FaR IR DG MR Gei e SR bR S A
Al R AR AR AE Ry B S S g ABERL, 255 R
BMI (P=0.000) 5 piBfiERKAH G LAIZiE A
— RS R B SN A A AR AT A0, 4
7R BMI (P=0.000) . B[l (P=0.013) J& /2 h i}
FER R R K . fE n-back (L 55h, UZRE TR
1-back fF:55 T Y S NE B SR BRI AR S, DA i AF DG 23 A
TR Ge it SR bR S B I R SR bRl B AR
H, 45 W8 BMI (P=0.001) 5 1-back 1T 45 1 52
WHAASE s L2 IR 7E 2-back 1155 Hh 14 5 7 R Sy (R 72
AT, 453 878 BMI (P=0.000) 752 2-back {T:
55 RN B SEA B SR R R . BLARBE LA 5. D R4S
FH7%, BMIJE Flanker, n-back {155 rh=Z iR # 5 i it
AR R 3R

2.5 Zik H Ui FGF21 K F 5 47l 22 4T 55 vp

A& DL GV 53 By

mE2APTR, SIEEEBAMELL, LA E D>
AERY IS FGF21 K48 (P=0.000) . FEMCIE T
AW I, FRATT R FH i AR 56 23 A7 X6 52 0L B 5 1 v
FGF21 /KK (M R AT PEAG , 455 (J812B~E)
R, ZIRHTE Flanker {145 o (— S0k oioR — E0pkE )
AT ). n-back L4 (1-back 5% 2-back {1 55 )
B 2 N I 5 I FGF21 K SF 2 S E A % (B
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*5 ZREREMOZWERNSTEER TS
Tab 5 Multiple linear regression analysis of the influencing factors

of reaction time of subjects

Variable B STD t value P value
Flanker task
Incongruent stimulus
BMI 11.064 0.511 4.053 0.000
Hip circumference -3.664 -0.315 -2.499 0.013
Congruent stimulus
BMI 6.468 0.295 4.043 0.000
n-back task
1-back
BMI 9.505 0.250 3.378 0.001
2-back
BMI 15.045 0.317 4.368 0.000

Note: BMI, body fat mass, body fat percentage, waist-to-hip ratio, waist
circumference, hip circumference, FINS, HbAlc, FPG, ALT, AST, GGT,
TC and TAG were included in the model of congruent stimulus conditions
in the Flanker task; BMI, body fat mass, body fat percentage, waist-to-hip
ratio, waist circumference, FINS, HbAlc, FPG, ALT, AST, GGT, Scr, TC
and TAG were included in the model of incongruent stimulus conditions in
the Flanker task; BMI, body fat mass, body fat percentage, waist-to-hip
ratio, waist circumference, hip circumference, FINS, HbAlc, FPG, ALT,
AST, GGT, UA, TC and TAG were all included in the model of 1-back task
and 2-back task.

P<0.05),

M JE, LALTE FGF21 K PAE R AR &, KA A
WIREASCFRARME N A AR B TF B 2 e M A4, 45
H(FR6) Won, ZILETE 2-back (L5 T ACC (P=
0.000) . AS—FORIK & AF T RN BT (P=0.048) &
i 7% FGF21 K P (Al sr 52 m P 2

LSRR (B0, 2004, 44(1) (@)



94 | rmEREEE (EEH) 2024, 44(1)

A
600 P=0.000
P=0.111
[
& 400
2 P=0.120
5
ks
a
5
= 200 -
£
=
5 l
w1
0 . -
Normal weight Overweight Obese
group group group
B
2 C
g1o00r E 1000
g soor ° 2 800
£ z
- o
o
g 600 g 600
‘O‘D =
2 S
=] =
= 400 400
] )
o [}
=)
S 200f E 200l e
=}
£ Xy =0.169, P=0.026 g =0.187, P=0.014
5 . . ) 3 . . )
g 0 500 1000 1500 £ 0 500 1000 1500
FGF21 level/(pgmL™) FGF21 level/(pgmL™)
b E
2 1400 - 1400
%lZOO- <2{@1200_.‘.0
% 1000 % 1000
3 E
— 800 & 800
= =
= o
y 600 S 600
E 400 8
5 z 400
g 200 =0.179, P=0.019 5 200} =0.178, P=0.019
~ . . . &
0 500 1000 1500 0 500 1000 1500
FGF21 level/(pg-mL™) FGF21 level/(pgmL™)

Note: A. Comparison of serum FGF21 levels among the three groups of subjects. B/C. Correlation analysis between reaction time and serum FGF21 levels in
subjects under congruent (B) or incongruent (C) stimulus conditions. D/E. Correlation analysis between reaction time and serum FGF21 levels in subjects with
1-back task (D) or 2-back task (E).
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Fig 2 Comparison of serum FGF21 levels among the three groups of subjects and its correlation analysis with reaction time under different conditions

Fo6 ZIEINAMINEENE XSRS MIE FGF21 K LR Tkt m 3 547

Tab 6 Multiple linear regression analysis of cognitive function-related indicators and serum FGF21 levels in subjects

Variable B STD t value P value adjusted R?
2-back ACC -2.090 -0.334 -3.687 0.000
0.110
Reaction time for incongruent stimulus 0.002 0.182 2.004 0.048

Note: The independent variables included in the model included ACC of congruent stimulus, ACC of incongruent stimulus, reaction time for congruent
stimulus, reaction time for incongruent stimulus, ACC of 0-back task, ACC of 1-back task, ACC of 2-back task, reaction time for 0-back task, reaction time for
1-back task and reaction time for 2-back task.
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