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Effects of high-intensity interval training on glucose metabolism, cortisol and sleep quality among college students
with comorbid depressive symptoms and obesity
LIU Zhaozhi*, LU Yukun, LI Lan, GUO Mingkun, ZHANG Zhiwei,
XU Kuo, LIN Yongxia, XU Xiongzhuang, LAN Gongxu, PENG Li
* College of Physical Education, Southwest University, Chongqing 400715, China

[Abstract] Objective To explore the intervention effects of high-intensity interval training ( HIIT) on glucose metabolism, corti-
sol ( Cor), and sleep quality among college students with comorbid depressive symptoms and obesity, so as to provide a reference for
improving sleep quality among college students with comorbid depressive symptoms and obesity. Methods In March 2023, 45 col-
lege students with comorbid depressive symptoms and obesity were recruited and randomly assigned to an exercise group (n=23)
and a control group (n=22) by random number table method. The exercise group received HIIT intervention for 12 weeks, three
times a week, while the control group received no intervention. Blood samples were collected from participants to measure fasting in-
sulin (FINS), fasting blood glucose (FBG), homeostatic model assessment of insulin resistance (HOMA—-IR), Cor, and Pittsburgh
Sleep Quality Index ( PSQI) before and after intervention. Statistical analysis was performed using ¢-test, repeated measures analysis
of variance ( ANOVA), simple effect analysis. Results The repeated measures ANOVA revealed statistically significant time X
group interaction effects for body composition (weight, body mass index, percentage of body fat, fat mass, waist-to-hip ratio), de-
pressive symptoms, PSQI scores and its sub-dimensions ( subjective sleep quality, sleep onset time, sleep efficiency, sleep disor-
ders, daytime dysfunction), as well as FBG, FINS, and HOMA~-IR between the exercise group and control group before and after
intervention ( F'=7.10-53.38, all P<0.05). Simple effect analysis showed that compared to the control group, the exercise group
demonstrated significant improvements in body composition ( body mass index, fat mass, waist-to-hip ratio) , depressive symptoms,
PSQI scores and its sub-dimensions ( subjective sleep quality, sleep onset time, sleep efficiency, sleep disorders, daytime dysfunc-
tion), FBG, FINS, HOMA-IR, and Cor (all P<0.05). Conclusion HIIT can improve the sleep quality of college students with
comorbid depressive symptoms and obesity by enhancing glucose metabolism and regulating Cor levels.
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Table 1 High-intensity interval training intervention program among college students
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Table 2 Comparison of body composition and depressive symptoms between two groups of

college students before and after intervention (x+s)

2051 T A NEL 1K/ kg BMI/ (kg - m™2) G2/ % HE i B/ kg R L PHQ-9 1§43
iz ki) 23 82.67+8.45 29.66+1.06 34.28+4.13 28.28+4.17 0.93+0.05 14.43+4.09
T 23 79.33+8.78 28.44+1.08 31.03+4.62 24.40+3.14 0.90+0.04 8.17+4.57
popiikiEl R 22 82.93+8.39 30.08+1.38 33.80+5.86 28.03+5.81 0.94+0.05 13.41+3.54
TG 22 82.75+8.01 30.02+1.15 34.28+5.81 28.34+6.09 0.93+0.05 13.86+3.72
Fy T8 4776 * 45.83* " 15.91* " 38.81* " 21.81*" 18.44* *
Fy 0.55 8.87%* 0.79 1.64 2.09 5.60*
Fonfl 38.40* * 37.27%* 28.78* * 53.38** 7.87"* 24.67*
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Table 3 Comparison of sleep quality indicators between two groups of college students before and after intervention (x+s)

T F n % s 2l B ThAE
i FEEE azm?ﬁﬂ% {\ﬂﬂﬁj BEiEEéEJ TR AR AL ﬂﬁw. @E‘s,ﬁ H lﬂ/jJHb l/’SQl
P sy [i1]/min [i]/h R/ % 55 Wy [EEe 353
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X4l T HE 22 1.41£0.59 33.86+8.30 6.73+0.99 77.47+6.82 5.4122.56 0.73+0.63 4.32+1.49 8.73+1.16
FHE 22 1.50+0.67 34.77+8.23 7.02+0.91 76.139.31 5.77+2.79 0.72+0.70 4.18+1.30 8.82+1.47
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Table 4 Comparison of FBG,FINS, HOMA-IR and Cor between two groups of college students before and after intervention (x+s)

2177 T N FBG/(mmol - L") FINS/(mU - L") HOMA-IR Cor/(pg+ L71)
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3 Wit

B e M RO R A BAISE PR 2 E B 5
BRI IRFEAF A LA KAL) AR T 12 ] HOT 2
T 2 R R0 E R, 5 AT A 5T A5 R —
Y BOR HIT A% 2 ROk 34 77 A A 25 R, B
52 iz o] R B 45 A4, anvek 2D A R 38 0
i 5 5 RS T B R o 5 | ol 55 B DR 5
A5 TG iz 3 240 32 30 H PSQI FEAIL, IF H. 3= X Ak
PR ST Tt | A ST R e RS 65 1 4 24 25 1) ol 5 | {H 7 i
HR A AN 254 £ FH O T AR AL 3 B8 2478 X, 55 Brel-
lenthin 25" A 77 45 A0 I 5 7% H R A, B ARG Pof K A2 A4
Ay eh B BALE A R K 2, 8 iE o T ] g
ToE AR I A T AT A FE 2 W i T, AR
WFFEAAT A ) 32 K 3 i 259, 7T B & BO0UR A
WE,
HOAM-IR i1t FBG F1 FINS &5 1, n] AU
R JEF I 197 ] A % Ji 5 2R A AU A, S T e B AR
PRBEACHPIRZAS M AT SEHE AR, Cor J& HPA Bl AL
DEEER, F A W KT AT B HE I M HPA il 9 B R0
PR R RN SRR, M Ak i g R A
T DX, HE TR S DX R 5T R BB T e i R

JRIE AT, HPA Rl RFE20 imiad =B Cor'™
T3 SR 2 3t SH ) 8 5 A TR K P00 K {6k e
B B P, LG T T S A A A 4R
IAFRZFAANEARI AN Cor B R385 1 i AN ¥ 28, ATt
FAER R, B HZIE TS FBGINS HOMA -
IR F1 Cor 7K F-HIREA, 2 B HITT ] Xof AL Jh S0 A1 5 R
HAF KA ABEARIBIAN Cor 00877 A= MR

DIEOFFE 22 B, B A Al Cor 3 5 AR BT & A7
3%:7] , Passos %:‘m]ﬁfﬂ, iz g hF 2 IR HR 2 T I o i FY)
M5 I Cor AKOFFEARA 56 48 T A4 & Bl shxd
2 TRUHE bR g B 7 B HIR A% A e 5 M A QI e A
IR, = o B Az 3l Al 5| B R A9z B ) i 4
FE, B PTHRFSL4R LS M e B BR B B R SR
I, M SR B AR I RR S 4 i, IR X Cor /K HEAT
ST R4 T AR T

AN B SR AT s HPA %l Ay 071 5 BRAE ), ks
Cor 43I AT DT DK 2 Al P 2% 45 3 Joi 1 5 400k
PEBE ABE"" | WS R, Cor /K TH R 5 4 A 3= 0 Bt
R J R AR 56 %), Pulopulos 251 & B, A B i) 71 /=
i Cor I M 18 55 3 W00 B AR ot 1 2 T+ %, X b
W BN B B K 5 HPA BT Cor B9 3l 2598 15 T fig
SO ER I HE IR, FTIT S AR fp AT bR A7 K 2 A



rp 2R 94 2025 4E 12 465 46 %45 12 ] Chin J Sch Health , December

2025,Vol.46,No.12

- 1725 -

SR AR IR B 0 O 22 T RE 5 Cor AR WA 19 AR A G, (H
HEARYLEIA Rt — %R,

AW FEAFAE— & JR R . 5, W9 GE & BMI,
TR R A PHQ-9 i e 52 18 4, Tk X 43 P HIE A s A
TR Hi A3 ARG DL, 523835 A PR IRt A 28 4k B 2
112 HR WF9E R PP 0 i 37 X3 T AR o 2
A 832 E WL A2 5 M 10 S 250w 22 , KRR 55 /T R &
ML 7 vk Ak A2 328 25 0 JRE AT R IR LA S e R 4%
¥y, IR THIESE SR

HITT 7] 5% E R 400 A8 5 R e A7 K 22 AR BB AR | Cor
IR IR 5 o 7= A2 A 2 52 e, ABIL TR SR, A R 40 A i
AR ICAF 27 A B AR 2 19 2 3%, T BB HIIT X AR
BHIREAN Cor ZKT- MY BEAT ¢ (A4 A ff it — 2B IR SE

FIFmHRER FrafEE IR,
£ 3% 30k

[1] SORENSEN T I A. Forecasting the global obesity epidemic through
2050[ J].Lancet,2025,405(10481) .756-757.

[2] SHOREY S,NG E D,WONG C H J.Global prevalence of depression
and elevated depressive symptoms among adolescents; a systematic re-
view and Meta-analysis[ J].Br J Clin Psychol,2022,61(2) ;287 -
305.

[3] MANSUR R B, BRIETZKE E, MCINTYRE R S. Is there a “meta-
bolic—=mood syndrome”? A review of the relationship between obesity
and mood disorders[ J ].Neurosci Biobehav Rev,2015,52:89-104.

[4] PRATT L A,BRODY D J.Depression in the U.S.household popula-
tion,2009-2012[ J].NCHS data brief,2014(172) :1-8.

[5] SR, D7 Rifk, 55 N 52l b DX 2 A o o JIE ke 5 A Ak A 52
MR Z BT[] PR AE T A 2023,44(9) :1308-1312,1318
MA C X, MA J,SONG Y, et al. Co-morbidity of overweight, obesity
and depression and its influencing factors among students in Inner
Mongolia Autonomous Region[ J].Chin J Sch Health,2023,44(9) .
1308-1312,1318.(in Chinese)

[6] ZHU H,SHEN F,WANG X, et al.Chlorogenic acid improves the cog-
nitive deficits of sleep-deprived mice via regulation of immunity func-
tion and intestinal flora[ J].Phytomedicine,2024,123.155194.

[7] HERMAN R,KRAVOS N A,JENSTERLE M, et al.Metformin and in-
sulin resistance :a review of the underlying mechanisms behind chan-
ges in GLUT4-mediated glucose transport[ J ].Int J Mol Sci,2022,23
(3):1264.

[8] RABL U,BARTOVA L,SEZEN P, et al. HPA axis in psychotic and
non-psychotic major depression ; cortisol plasma levels and hippocam-
pal volume[ J].J Affect Disord ,2025,377 :14-22.

[9] LENGTON R,SCHOENMAKERS M,PENNINX B W J H,et al.Glu-
cocorticoids and HPA axis regulation in the stress-obesity connection ;
a comprehensive overview of biological , physiological and behavioural
dimensions[ J].Clin Obes,2025,15(2) :e12725.

[10] MENDHAM A E,GOEDECKE J H,FORTUIN-DE SMIDT M C, et
al.Improved sleep quality and depressive symptoms with exercise train-
ing in obese women from a low socioeconomic community:a random-
ized controlled trial[ J].J Phys Act Health,2021,18(4) :440-449.

[11] RODRIGUEZ-GUTIERREZ E,TORRES-COSTOSO A,SAZ-LARA
A et al. Effectiveness of high-intensity interval training on peripheral

brain-derived neurotrophic factor in adults; a systematic review and

[12]

[13]

[14]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[25]

network Meta-analysis [ J ].Scand J Med Sci Sports, 2024,34 (1) :
€14496.

ZHU X ,JIAO J,LIU Y et al.The release of lipolytic hormones during
various high-intensity interval and moderate-intensity continuous train-
ing regimens and their effects on fat loss[ J].J Sports Sci Med 2024,
23(1) :559-570.

VELLA C A,TAYLOR K,DRUMMER D.High-intensity interval and
moderate-intensity continuous training elicit similar enjoyment and ad-
herence levels in overweight and obese adults[ J].Eur J Sport Sci,
2017,17(9) :1203-1211.

SONG X,CUI X,SU W, et al.Comparative effects of high-intensity in-
terval training and moderate-intensity continuous training on weight
and metabolic health in college students with obesity [ J].Sci Rep,
2024,14(1) :16558.

ATHANASIOU N,BOGDANIS G C,MASTORAKOS G.Endocrine re-
sponses of the stress system to different types of exercise[ J].Rev En-
docr Metab Disord ,2023,24(2) :251-266.

CAO B,XU J,LI R,et al.Interventions targeting comorbid depression
and overweight/obesity: a systematic review [ J].J Affect Disord,
2022,314.222-232.

e AR T R T AR 2. v g A i A SRS )7 5 4 o 9 T
(T3%) [J] B IR ,2004,26 (1) : 1-4.

Working Group on Obesity in China.China guidelines for the preven-
tion and control of overweight and obesity in adults (excerpt) [ J].Ac-
ta Nutr Sin,2004,26(1) ;1-4.(in Chinese)

EIS(51 0 ST Sy N 11/ S [/ 3700 N IRER ZR SN A S By
(MBS R [ )] P [ 2 PR 24 275, 2023,42(6) :480-486.
ZHANG H F,ZHU X G,NIE J L, et al. Research progress on the influ-
ence of interval training on risk factors of cardiovascular disease[ J].

Chin J Phys Med,2023,42(6) :480-486.(in Chinese)

XAl . e i R A BRI k55 L BT A0 4 {42 2 1 BT
JELT). P EAEFHE,2019,55(6) :21-34.

DENG J W, CAO L. Reviews on high-intensity interval training for

gLt

health promotion in children and adolescents [ J ]. China Sport Sci
Technol ,2019,55(6) ;:21-34.(in Chinese)

FRANCKOWIAK S C,DOBROSIELSKI D A, REILLEY S M, et al.
Maximal heart rate prediction in adults that are overweight or obese
[J].J Strength Cond Res,2011,25(5) ;:1407-1412.

KROENKE K,SPITZER R L, WILLIAMS J B.The PHQ-9:validity of
a brief depression severity measure[ J].J Gen Intern Med, 2001, 16
(9) :606-613.

BUYSSE D J,REYNOLDS C F 3rd, MONK T H,et al.The Pittsburgh
Sleep Quality Index:a new instrument for psychiatric practice and re-
search[ J].Psychiatry Res,1989,28(2) :193-213.

STUNKARD A J,FAITH M S,ALLISON K C.Depression and obesity
[J].Biol Psychiatry,2003,54(3) :330-337.

WREEE, 205, R, 55 35 LR RO X I bk 2 2 A AT
P B JEAE PR T R [ )] v 2 A TR, 2020,41(5)
783-786.

CHEN J,LI'Y H,WU Y Q,et al.Effects of pilates exercise on body
composition and serum inflammatory factors of obese female college
students with depression[ J]. Chin J Sch Health,2020,41(5) ;783—
786.(in Chinese)

VLAHOYIANNIS A, ANDREOU E, BARGIOTAS P, et al.The effect
of chrono-nutritional manipulation of carbohydrate intake on sleep
macrostructure ; a randomized controlled trial[ J ].Clin Nutr,2024,43
(3) :858-868.



- 1726 -

rp | 2R T4 2025 4E 12 4 46 %5 12 1 Chin J Sch Health, December 2025, Vol.46,No.12

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

BRELLENTHIN A G,LEE D C.Abstract 038 ; comparative effects of
aerobic, resistance, and combined exercise on sleep [ J ]. Circulation,
2022,145( Suppl 1) : A038.

PETRELLI A, CUGNATA F,CARNOVALE D, et al. HOMA-IR and
the Matsuda Index as predictors of progression to type 1 diabetes in
autoantibody-positive relatives [ J ]. Diabetologia, 2024 ,67 (2) : 290 -
300.

MILANESCHI Y, SIMMONS W K, VAN ROSSUM E F C, et al.De-
pression and obesity : evidence of shared biological mechanisms[J].
Mol Psychiatry,2019,24(1) :18-33.

SERNA-RODRIGUEZ M F, BERNAL-VEGA S, DE LA BARQU-
ERA J A O, et al. The role of damage associated molecular pattern
molecules (DAMPs) and permeability of the blood-brain barrier in
depression and neuroinflammation [ J |.]J Neuroimmunol, 2022, 371
577951.

FERNANDES B S,SALAGRE E,ENDURU N, et al.Insulin resistance
in depression:a large Meta-analysis of metabolic parameters and varia-
tion[ J].Neurosci Biobehav Rev,2022,139.104758.

BEAUPERE C, LIBOZ A, FEVE B, et al. Molecular mechanisms of
elucocorticoid-induced insulin resistance[ J].Int J Mol Sci,2021,22
(2):623.

PASSOS G S,POYARES D,SANTANA M G, et al.Exercise improves
immune function , antidepressive response , and sleep quality in patients
with chronic primary insomnia [ J]. Biomed Res Int, 2014, 2014,
498961.

I R, 2, 45 L BR ] 04 I ot BE AT I R0 2 B
B 5 3 B A I R0 B IS T A2 e [ T] . s B R AR AR
2022,41(11) :849-856.

ZHENG Y C,TAN X, TIAN Y X, et al.The effect of blood flow-restric-

tion low-intensity aerobic training on glucose metabolism and sleep du-
ration in type 2 diabetes mellitus patients[ J].Chin J Phys Med,2022,
41(11) :849-856.(in Chinese)

[34] ANDERSON T,BERRY N T,WIDEMAN L.Exercise and the hypotha-

lamic— pituitary — adrenal axis: a special focus on acute cortisol and
growth hormone responses[ J].Curr Opin Endocr Metab Res,2019,9.
74-717.

[35] JIANG L,ZHANG Y,WANG Z,et al.Acute interval running induces

greater excess post-exercise oxygen consumption and lipid oxidation
than isocaloric continuous running in men with obesity[ J].Sci Rep,

2024,14(1) :9178.

[36] RYAN A S,SERRA M C,BIGMAN G, et al.The effects of weight loss

and aerobic exercise on cortisol and cortisol suppression in postmeno-
pausal women with overweight and obesity[ J ].Endocr Res,2025,50
(2):87-95.

[37] DAUT R A,FONKEN L K.Circadian regulation of depression;a role

for serotonin[ J].Front Neuroendocrinol ,2019,54 ;100746.

[38] REN R, COVASSIN N, YANG L, et al.Objective but not subjective

short sleep duration is associated with hypertension in obstructive

sleep apnea[ J].Hypertension,2018,72(3) :610-617.

[39] PULOPULOS M M,HIDALGO V,PUIG-PEREZ S, et al.Relationship

between cortisol changes during the night and subjective and objective
sleep quality in healthy older people [ J].Int J Environ Res Public
Health,2020,17(4) :1264.

[40] BUCKLEY T M,SCHATZBERG A F.On the interactions of the hypo-

thalamic—pituitary—adrenal ( HPA) axis and sleep:normal HPA axis
activity and circadian rhythm, exemplary sleep disorders[ J].J Clin

Endocrinol Metab,2005,90(5) :3106-3114.

s B #:2025-07-18 {&EIHHI.2025-10-09 ZAX4wiE . A%

(EBF 1720 W)

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

RADAVELLI-BAGATINI S, BLEKKENHORST L C,SIM M, et al.
Fruit and vegetable intake is inversely associated with perceived stress
across the adult lifespan[ J].Clin Nutr,2021,40(5) :2860-2867.
LIN Y N,TSENG T T,KNUIMAN P, et al.Protein supplementation in-
creases adaptations to endurance training: a systematic review and Me-
ta-analysis[ J].Clin Nutr,2021,40(5) :3123-3132.

CERMAK N M, VAN LOON L J C.The use of carbohydrates during
exercise as an ergogenic aid[ J].Sports Med,2013,43(11):1139-
1155.

WOLFE R R.Branched—chain amino acids and muscle protein synthe-
sis in humans: myth or reality? [J].J Int Soc Sports Nutr,2017,14 .
30.

CARBONE J W, PASIAKOS S M.Dietary protein and muscle mass:
translating science to application and health benefit [ J ]. Nutrients,
2019,11(5) :1136.

NORRIS S A,FRONGILLO E A,BLACK M M, et al.Nutrition in ado-
lescent growth and development[ J].Lancet,2022,399(10320) ;172—
184.

THOMAS D T,ERDMAN K A,BURKE L M.Position of the Academy
of Nutrition and Dietetics, Dietitians of Canada, and the American
College of Sports Medicine ; nutrition and athletic performance[ J].J
Acad Nutr Diet,2016,116(3) :501-528.

T, B RAL, EFF, % ( NutiRECS TR AT : AR AN TLL A A T
PSS FRAN M52 T] . p B AR UL B 2 2, 2021, 21(5) :514-519.
ZHANG Q,QIN T Z,WANG Q, et al.Unprocessed Red Meat and Pro-

cessed Meat Consumption Dietary: an Interpretation of Guideline Rec-
ommendations from the NutriRECS Consortium[ J ].Chin J Evid Based
Med,2021,21(5) :514-519.(in Chinese)

[26] BobHe R R R WA E TR ME )] E 2021

(18):136-137.

RUAN G F.Scientific interpretation of the nutritional value of ham
sausage and lunch meat[ J].China Food, 2021 (18):136-137.(in
Chinese)

[(27] skt 2, 4, 55 T SRV E FR M E e IR i R B2

ALI] BHEAE T, 2025(7) :68-69.

ZHANG S M,LI L X,WANG Y, et al.Nutritional value of potato and
its scientific intake in diet[ J].Sci Life Style,2025(7) :68-69. (in
Chinese)

(28] Zeguk, 5k &, FLOE 55, b R T o 47 /D23 A AR AT o B

[J]. A4S A 2019,40(2) 1 194-197.
LI' Y B,ZHANG M,YAN X Y et al.Current situation of fast food be-
havior of senior primary school students in China city[ J].Chin J Sch
Health,2019,40(2) :194-197.(in Chinese)

(29] ¥, THDF, Jr 4, 557 Fiife ™ o [RAR AL E SR I8N 347 5

[J]. 75352741 ,2018,40(4) :409-411,414.

XU D,DING G F,FANG Y, et al.Nutritional analysis of different parts
of seven marine products[ J].Acta Nutr Sin,2018,40(4) ;409-411,
414.(in Chinese)

s HH:2025-08-22 {EEIHH:2025-10-14 ZAX%wIE: FHH



