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Effects of exercise combined with dietary intervention on vascular endothelial function and ferroptosis
in obese female university students
YANG Mei*, CHEN Anping, WANG Jingjing, SU Xiaoyun
Department of Physical Education, Shanxi University, Taiyuan 030006, Shanxi Province, China
[Abstract] Objective To compare the effects of aerobic exercise at maximal fat oxidation (FATmax) and FATmax intensity ex-
ercise combined with resistance training (RT), and dietary restriction on the body composition, vascular endothelial function and
ferroptosis in obese female university students, so as to provide a reference for exploring the mechanisms by which exercise improves
vascular endothelial function. Methods From February to May 2024, 70 obese female university students were recruited from
Shanxi University and randomly divided into control group (n=24), FATmax group (n=24) and FATmax+RT group (n=22).
From March 4 to May 26, 2024 control group maintained their normal living habits, FATmax group performed aerobic exercise at
FATmax intensity three times per week for 60 minutes per session; FATmax +RT group performed combined aerobic and resistance
exercise at FATmax intensity three times per week for 60 minutes per session. The daily dietary calorie intake for all groups was de-
termined according to resting energy expenditure. Body composition, vascular endothelial function and ferroptosis were measured be-
fore and after the intervention. Results After 12 weeks of intervention, there were statistically significant differences in body mass,
BMI, body fat, waist-hip ratio and muscle mass among the three groups (#=10.93, 5.88, 65.28, 21.14, 2.25, all P<0.05). Com-
pared with the control group, participants in both the FATmax group and the FATmax+RT group showed significant reductions in
body weight, BMI, body fat and waist-hip ratio (all P<0.05). Body fat and waist-hip ratio in FATmax+RT group were lower than
those in FATmax group, and muscle mass was higher than those in FATmax group and control group ( both P<0.05) . After 12 weeks

of intervention, significant differences were observed among the three groups in serum NO, GSH, serum ferritin levels and FMD
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(F=9.14, 9.67, 4.78, 135.70, all P<0.05). Compared with the control group, the serum NO, GSH levels and FMD significantly

increased, and the serum ferritin level decreased (all P<0.05) of obese female university students in FATmax group and FATmax+

RT group. Serum GSH level and FMD increased and serum ferritin level decreased in FATmax +RT group when compared with

FATmax group (all P<0.05). Conclusions With the same exercise training duration and frequency, FATmax intensity aerobic ex-

ercise, alone or combined with resistance and dietary restriction, can significantly improve the body composition, vascular endothe-

lial function and inhibit ferroptosis of obese female university students. However, FATmax intensity aerobic exercise combined with

resistance training has more pronounced effects.

[Keywords] Motor activity; Food habits; Intervention studies; Blood vessels; Students
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JE L B BN AR IR T R TR AE JHE SAR OGO
IR I — B A B AR 250 T B0 R R R
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0.01), THIAT 3 4 K24 SR s 4845 25 R L5
P SC(F A 0.44,1.88,1.63,0.58,1.08, P &
¥1>0.05) ; 90 12 5,3 IR Lo K22 Bk BMI,
TRIE & R L WL i 22 A it % B U (F
B35 4 10.93,5.88,65.28,21.14,2.25, P {H ¥ <
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Table 1 Comparison of body composition before and after experiment among the three groups of obese female university students(x+s)
i BMI Sl A B
oy PR i ke PRyt B L LA
GINES /(kg - m™?) /kg /kg
X HEZH Ty 24 76.69+4.70 29.17+0.99 30.09+1.71 0.92+0.03 45.89+3.58
FHiE 24 74.49+3.66 28.01+0.89 28.63+1.98 0.91+0.04 45.37+3.41
t {8 7.16 7.73 6.82 1.90 3.62
P1A <0.01 <0.01 <0.01 0.07 <0.01
FATmax 2 T1HT 24 77.40+3.36 29.63+1.38 30.38+1.87 0.92+0.02 46.54+2.28
T 24 71.05+2.92% 27.21+1.35* 24.14+1.99* 0.87+0.03"* 46.05+2.59
tE 10.19 10.35 14.26 10.65 2.06
P1{H <0.01 <0.01 <0.01 <0.01 0.05
FATmax+RT 2 T 22 77.70+2.73 29.78+0.92 30.95+1.19 0.91+0.05 47.09+2.04
il 22 70.28+3.21% 26.93+1.06* 22.82+1.40"*Y 0.84+0.04*7 47.73+2.29"Y
tfE 16.16 16.58 20.86 6.55 -3.50
P1i <0.01 <0.01 <0.01 <0.01 <0.01

5T HUR M B4 L, * P<0.05,% P<0.01; 5T /i FATmax 4 3, Y P<0.05,
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22 FHMIEHAXFAEREALDRG YR
2 s, 5T s, 3 4L k& R 2F A i ET-1
JKEF [, FMD #4011, NO 7K X FATmax 2 & FAT-
max-+RT 417 FF B (P (6349<0.05), 47 3 41
LiRfERR 2 T G B L (F E 25 R 1.79,
1.77,0.63, P {f114>0.05) ; 5 12 JilJi5 3 ALK

2R IE NO K- & FMD 22 3 XA Gt 24 X (F A
S91°H 9.14,135.70, P {8 #4<0.05) , 1 3% ET-1 /K
LR LG FE L (F=0.87,P>0.05) ; 5 X B4 [t
i FATmax 20 X FATmax+RT 20 JIE bk 22 K22 A il i
NO 7K}z FMD Y38 i1, H. FATmax+RT 41 FMD & T
FATmax 21 ( P {i1J<0.05) .

R 2 WIRTE 3 AR LR A AR 8 Y B D BE S ARIE T 451 HL R (ws)

Table 2 Comparison of vascular endothelial function and ferroptosis before and after experiment among the three

groups of obese female university students(x+s)

] NO/ ET-1/ GSH/ GPX 4/ M BRE R/
4151 FHigE  AE GiHE FMD/%
(pmol - L") (ng- L7 (pmol - L) (ng-mL™") (ng- L")
Yo HEZH F T ij 24 38.79+4.12 58.29+10.12 8.02+0.45 114.67£12.36 72.75+11.89 112.38+14.21
FHiG 24 38.38+3.72 56.42+9.79 7.92+0.47 117.66+11.70 72.96+10.49 110.29+12.73
X 1.14 2.73 2.16 -3.16 -0.40 423
P 0.27 0.01 0.04 <0.01 0.70 <0.01
FATmax 2 TRy 24 36.92+4.23 60.79+9.73 7.88+0.61 118.83+15.20 73.29+12.94 113.33+10.81
THiE 24 42.04+3.10% 53.75+8.87 10.90+1.08* 124.54+11.66"  74.87+10.90 107.96+8.60*
Ll -14.13 12.65 -15.61 -3.67 -2.61 6.15
P <0.01 <0.01 <0.01 <0.01 0.02 <0.01
FATmax+RT 4 TR 22 36.77+3.89 61.18+8.78 7.72+0.51 115.09+10.21 74.05+12.95 111.45+10.63
THA 22 42.64+4.25™ 53.23+7.79 12.96£1.41%Y  131.05£6.38*Y  79.32+10.14* 101.09+9.41#Y
X -14.59 17.93 -19.96 -12.51 -6.18 17.44
P{E <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
5 TS X AL LR, ¥ P<0.05, 7 P<0.01; 5 T 15 FATmax 20105, Y P<0.05,
23 FHAEMARFAKRTOH A K2PUR,  FATmax 4RO HELL, 17 FATmax 38558 Z0HAE 2k

ST 1A b, 3 B2 KA 1 GSH 7K F- 3
I ML R KRR A, 137 GPX 4 7KSFAY FATmax
20 J2 FATmax+RT 4175 F T #idr (P {H$<0.05), T
TR 3 ZHIM3 GSH (GPX 4 K I 15 4k & k725 7 4
TG E L (FAE5 30 0.76,0.06,0.14, P {E 35>
0.05) ; 17 12 J&J5 ,3 dAE R & K44 s GSH K i
THEREE K- 22 3 A G242 L (F {55 51°89.67,
4.78 ,P {H34<0.05) , 1M lL3 GPX 4 /KF-22 7 T4eit
B X (F=2.19,P>0.05) ; 5% I 41 L%, FATmax 41 )
FATmax+RT A AL 2 K224 10 GSH ZKF-3E A, i
TR FUKOERER, Y FATmax+RT 4 174 GPX 4 /K
Wi T R (P19 <0.05) ; 5 FATmax 41 H#%,
FATmax+RT AL L K24 A 1L TE GSH /K P34 & | il
THEREE FUKE R R (P {H<0.05)
3 itig

WFSEUESE AR ER T b A 4 iz s sl B BHL I 25, Bk
Bri BAE R B IR RO 1 [R] ) X AR At R ) A 5 B
KUV MM TR AN —, AR A, 5X
PR (B AR A BRI ) AH HE , FATmax 38 3 35 3 45 4 1k
BRI A& FATmax+RT 45410 8 FR i 35 {8 2 ik £ K2
AR BMIT RAE MRS LR %, H FATmax+RT 4114
Hi i K I LU AR T FATmax 20, 5 5% 5 NI 45 B gE
ZERARIE] . AP LI, 25 12 JA T 51, FATmax+
RT iz 2y A] ffi A Bk 2o K5 AR LR s s 3, B T

2 WLPR i T S 35 52 5 BB BH I 2R 45 & Fatmax 3%
IS BT ARG g R i i s R S T A R
VoA RN TS R R S A 5 RN RS SR T
IR A [R5 | S IE] TR AN S B A A B
MFFER , 5 B 4l 7 S0z 3l 0 U800 AH B RIS B Dy 34
R AR I B AL 1 7 2 — 2 IR A ST

ARG T FATmax 58 & S XFACBE & K224
il & T ARz 358, H FATmax fil FATmax+RT
iz B Rz sl B S Rl AR [R] L 25 58k B, B 7 =X
iz B AT G AR Bt Lo K24 FMD, HARXS T FATmax
A 402 B, FATmax +RT & s AE JJE & K22 FMD
HETNIR LR AT B, 7E A BRI TR IR 9 AR A
i, FMD BRI 19% , 7] (800 i 8 JXURS: B AIG 496
IWZEE R B A EEIGIRE L, AN G b KB,
FATmax 5 FATmax+RT P+ 11 7 = 2 0] £ A0 fk 4
KA AN PER 7 1L ET-1 K T B, 48 &7
TR NO ACE3E I (HP 4 e 22 R B4 i 222 X
ULEHBR NO ET-1 %5 P 2 4 i IR 7 41, i A7 A oAt 52
M) 1L 65 67 5 B IO 1 A 2 ML

PRHRTE , P R A0 A (4 12 A e 2 R AR a3
NO A=W F FH 50725 S T L0 1 34 7 AR IR, 5
FOK BRI A P9 Rz T BE B RS, E T 0 R 3h bk ok R A
AR R AR AR BT T AT BB R AR R S B A 9
THRERERFIGTT OB SR W, X R vk 4 i 58 & B0, 12
JEl FATmax 58 332 2l vl 38 1 40 il R FE T~ 2 1 400 o) JH O
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it AT HRCR B W A WP RGE B R AR
E SRRy 1o 17 = i 3 |V i B SO R N
FMD S EASCN B, ABF5E FATmax+RT 2 3540
BT FATmax 58 % iz 0% L5 FMD 238 850U 84, ]
B iz SRR R A i 077 e 8 o e 4 o K il R AE T
A K, BARBLHI G i — B RE5T

L5 LTI A N 18] 0B M A8 A [A] A 1S 0T, Ak
T FATmax 38 B (A 0z sh 25 S PP 2R 5 sl 4R
1B AR R BE R AR L P 2 2 LR AR i Dy 1, 48
SR LA PN B D RE S A il gk AE T HIR Gz sh 4 S ik |
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