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Research Progress on Effect of Exercise on Resting Metabolic Rate in Metabolic Diseases
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Abstract: Objective Based on the background of the increasing prevalence of metabolic diseases globally over the past 20 years, this
review summarizes the characteristics of resting metabolic rate  (RMR) in metabolic diseases and focuses on discussing the potential
pathways of exercise to improve RMR, aiming to provide new ideas for the management and treatment of metabolic diseases. Methods
Through literature review, this study systematically searched and collated research on obesity, hypertension, diabetes, metabolic syn-
drome, exercise, and resting metabolic rate, summarizing the RMR characteristics of these diseases, the impact of exercise on RMR,
and related pathways. Results and Conclusion RMR plays an important role in managing metabolic diseases and has a certain role in
predicting weight changes and metabolic levels. Acute exercise can change RMR through increasing muscle repair activities, sympa-
thetic nerve excitability, and post—exercise oxygen consumption; regular exercise can affect RMR by changing body composition, hor-
mone levels, and skeletal muscle metabolism. For metabolic diseases, more attention should be paid to the role of time management in
exercise in the future, such as the impact of different periods and durations of exercise on RMR, which will help to formulate exercise
prescriptions.

Keywords: resting metabolic rate; exercise; obesity; hypertension; type 2 diabetes; metabolic syndrome

Har A =2y 2 —B N Dk 528 48 s el k0 RE PRI (type 2 diabetes mellitus, T2DM) X8} 2% & 1iE (metabolic
E—Fhe AR MM R AR, AEME 2 AW syndrome,MetS) SHCIERR AWM EAETGKHEE, HEidE
20 4B RIS BB A Tt BEZ 1A i AL AR
HCT A HH N T R W A 0 4% 5 g N e B AR G
PR 14 R AR B G, BTG Shife m
WAEHZ DS 150 min A EETRBEE 75 min (55812 5)

W Fs B #7:2024-02-20 .
HETE . BRI ST 5 H (23ATY007) ., A AT O i A A RS 5 B3 71 g e A A VR

FE—EER A BN (1998~) , % VIHRHE A 7EIEH 4 BFSE7 T « sy izﬁﬁ(reenng energy expenditure, REE) 245 HLIA
B3 G REL . B2 h UL, fEAEEE ARG BERA T RN 30 min JFI

lélﬂ'ﬂ;%l‘.ﬂbj Ir: ﬂi H{’F( 1975~ ) ﬁ‘ iE{T'fij(B;ﬁ')\ T@j: %{{"XA Eﬂ:ﬁ ZEL il S Lk o4 GbEE ik 2 V25 . S
116 T2 TR A AT 5 S L B, BRI HFE XPBAEFETULECR 2057 60%-70%, REE WK
11251@gzsports.edu.cn., — KT, WA ER BRI (rest metabolism rate, RMR) , /K HE |

97



% 43 A )

E| N

T 3 % 5 M

AT B MY RMR AMRENT A 719%4, RMR 2T Ak
R RN EEFZES, A8 iR (basal metabolism
rate, BMR ) 88 HLA7 SE BRI FH B, I8 RMR 5 24 Ste 44 2 4 i A
REWREA X, PFELI RMR ERERE | &5 1)F " T2DM  MetS
BE SR AN 22 500 B B A A s /B
) RMR F¢ 504 B F T L 2L S 3R A e i = A

164 M1k e TAREHE SR 1 RMR AL 5 % (H 2%
RARR—34; 53 4z 3h B TE S8 v] 0% 15 # AR RMRY, {5
XA ARSI H AR A I, FrARZEARNR
[ ST ATE( RMR 5 AE EA TR BT, OF B S8 Ris st
RMR M3 SPE R , DA 04 BG4 41t
— R

1 REMERFSHEAEER

1.1 FERESEHEAEE

JEES RMR BOMBSRSCR . ZIF5A N ANE BML A
# RMR A—3, NIRAEFE T BRI, 2R
& RMR % BMI IE# Aff R, (2R EAETE (body weight,
BW) J5 AT BMI IE# AR, R— FLAESIE B PEEER
RMR J& % Bl ,BMI 1IE % # ) RMR %3 K F RO B & [(1
744.33+249.62 )kcal/d vs(2 104.06520.32 )keal/d], {H RMR £
BW £ 1F (RMR/BW) J5 &3, BMI 1IE% & % & TAEMEE
[(24.02£2.61 )keal/kg/d vs(19.98+4.38 keal/kg/d ], BL4h, JHT
& LI RBOTHARRS 50 % AR IR EZH RMR/BW B AR T
BMI [EH 4 ZA5WAE B4R ANBE P R RRE 1, %5 n] e 5 A0
JHEE Ak R AR TGP | iR IR AR A KA A B B
WAL ZASTEEHLHIA D, [FAE, IR RMR & SBULREAHER
Z— 00 KOS B B A T B R
1.2 BmESE#HEREE

M A S0 RMR (520N IR B-32 (A B 728
W) R RMR TR EERFE, ol i BAEFE T[4
49%~12%" , 1€ Kunz SEFRQIPEDFSE AR Bl HE P 5 1l A8
H I RMR AATE2E S, HEBRHEESZ B2 AARBH A AAYT 1Y iU
BRI IO 1R 4 (n=43) Lb A2l 0 BE2H (n=27) Y
RMR & 9%, X5 Pable S HIPNE USR8 25 SRARML, 322
JA PR — 7 T S o L RO LR S LU Il R E 3 % = 24 1.3
ml-min' /100g (IS0 IER /N2 54 FEARTR] ) 5 75— 5 T R
TFAZIEM L 250 (sympathetic nervous system, SNS ) J&#H 2R
FEd R EES 5 i EH SNS B B

RMR R IR EZEBKE , 4 RMR 4% 8819537 800
3, 35 DU 530 B8 45 B AR DU 437 B A L 5 1 ) R XL
[ OR {E A 1.709, Snodgrann 2 ZEHHEAR R 43 AEH TR 2R
ikfE , K RMR 54 & A7 ik KSR AEE  Brock 408!
R ITE 108 44 ToAEAR Zo P #EAT 1 A RMR O3 56 ZR 4R
i, ph 37 T AR B (fat free mass, FFM) . IE i & (fat mass,
FM) %R 24 2 ,RMR J2& SBP Ay & il [ 1~ (8=0.30, p=
0.04) , %} DBP LA ) T4 FH ( B=0.24, p=0.09) ,
1.3 2 BERR G5 ENEE

IM% 5 RMR 590 0CHE AN R FRIEPIR A ARE 2 tHh BUAS IR
) RMR 7281k, éﬂgmlﬁﬂ(qz(fasting blood glucose ,FPG)>10

. 08 .

mmol/L, 7] LIZRGE RMR 411 39%6~8%"), 3 Fh-i5 2 1E # Wit
T[] T2DM A RARRIZE R ), Ryan 5 20% U B 5 ITUBE Y
A RMR FFARBE 00, i Bitz W57 45 S H1ERE T2DM 21
RMR AT BEZH 5 6.9%, Buscemi 2521 540 41 #2504 7
T2DM & # RMR 3 & FHE T2DM B3, #:0 FPG 5% M
RMR 77— BIE, 415 B o8 B AR A R X
AN AR AR B AR . RN, R AR R OSUEER T R Y
Cori TEFRHAM RIS HHE RMR THE IR EHLHI >,

MR A CER B E BAARE R RMR, 2677 MR IE
WA B I A RMR™, X R 1 o A
B T2DM B G AT RIS B 2907 T2DM B H
FFBE, Z9Wiay7 A A E A7) i 2 RMR A8 fk i d 22
T T RS 2 SRR Z57AYT 19 RMR WA W AR
Ak, T Buscemi 5 PVRIERZR IR & HE T2DM & FE IR
FIBVTIE ,RMR BEZ R R, F50 5 5 8 M T (b 3R R A
K, BEA AR Rl T R R IR R X R
B FFM PFRFER T8 DU R ™ S 5 R , SRR R Ak g )
i 30%~40%>, AT -2 RMR R [,

1.4 RBEESESHRENREER

RMR 7£ MetS £ W BY5RAE T AR P A 5 443
TE  MetS IYFFAEZ AR 0 A G, B 5 5 RALHT L i iU
WL PERERE LGS 5 2, Soares ZE 4R ZE 180 44 YRR Fl R
EPHEEAS , FEIRAE B AR TR 2= B R AEAL 2 & 30 MetS
AT 1~2 MR F TSR MetS-41HA T =AY RMR,
BN S 20 RMR SRR, P 0—2 44
Ay BRBIHN 824 kJ/d, HL AN 3—5 AEHAT MAARG N 374 kI/d
H—f5£, Soares St —2E ¥R 5 K BUTE MetS A 450, H
T =8 (triglyceride, TG ) AN 4E & AT S~y 1E 1) T RMRPY ) 55
AN, PEAE MBS R B MetS FUE Y RMR LE MetS = 6%, [FIFEDL
HH M 558 2 RMR B E R Z—10 3 LR oL g IR
I IR | 1B A S 5 RS A8 Tk e 2 R ECE 21
REMRIHAE, MHCHLEI SRR DIRERAGAT ¢, Zekifk DNA
ZAMEFTIRE LA v LIS ATP JE BRI 4488, 20
RMR, 243085 28 i, MetS XU 231832

B 5 EARP R MetS % RMR 78 Ak 1) 8 % FU 00 (5 1
MetS B9 & FEHLEIS SNS i BEVG BhiAHE . & RIRPE i SNS
R TR, IR Rl AR A - B RIHIIE AL (HOMA-
IR)FHeEn i Fb s, 675K 5 HOMA-IR %G b & A %
SRR, A, SNS T 7 FEIE AN g Th i) TG 1R, SNS
13t B 1 B 2 R EUIRIR TG T, B v] BB 235K sl (0 g i =
IC (HALA BRI S R ZR BT SR A o R 2 5 )
HUARSEALITI B2 ATP (9748 SO0 IE KIS = RS B i
SRS T BOFCIHE VLA, RMR FEARES), 78 F IR BES M4
i, RMR/BW 5585 RARBL . WA TR AT i 5t i 3 AR G
FEPHELAFIE IS RMR/BW 47598 5 16 2 ZEHCHT 0 3 AR 56 ) 42
TN I UATEAEAR RS, 520 RMR

2 EBEHNFHENEHRNLEER

EPRTE SR TS R Y B AR R4 AR fE 2 RMR TR 3
FEHED, KIS HRIE FEM . FM 5 4cM: RMR Z A /£ 7E



% 43 A )

E| N

T 3 % 5 M

SRAHE (1=0.867,1=0.784 ) 3! £ T3 e Fh DG E U 55, (EL IR RF
BABEM, Wi FFM FM §980/0 PR RMR T R AT fg2BH
TR I, BFSE 38 R WIBUESE S 08 RMR 51k &+
2R 1 kb 78 2 SN ZRAF S B i L 0 0 2 DI AR OG0
T 2k Bl AT HEBR PR3 AR & — BB B T X s2 e iy 4.
WA A EEAR T 2MEE 3 5 S Bl A W) I 1 g AR
RMR 7= A B340,
2.1 AMEHNFRERGEENLEER

StiE gl R @ LR EE G 3 SNS 2tk sk
RMR, SREGE R I 66 Bl hAE 20 ez — kil ZhJE 12 h
) RMR ZEHTBH ISR oA S e o B 1) s 55 58 B a1 n
A RMR AR IE B — 75 T BE fl il m 1 5 [ SNS 247¥
PRGN, SRR IR (1 R WK Sl = 5 — T T =I5 3l
| RS04 32458 L PR £ A 8 A R P it e R 2

LMk s TR s 3 5 i3 1 EE (excessive post—exercise
oxygen consumption, EPOC) P45 AL 1A =5 1R 5 bk 25 DA i 38 Jin
RMR,, EPOC FrEEH 8] 5 & SARHEZ 2 iRk (0] 512 shd
HRAE, 45 min70%VO0,max 58 LI R EHTE 10 4 Bk H
ELH B 190 KR ARERTHAE , XFIRAS AT #5482 14 b,
MPMAHSE ) K 10 2 B HEEERIKIETT [50%V0,,.,,60
min | H 2558 ERF24212 3l (moderate intensity continuous training,
MICT) 5 [ 25%~90%V O, 30 min | 75 52 JE [1] 83z 5)) (high—in-
tensity interval training, HIIT)J5 & 88 HIIT 415 1.2 X RMR
BERTEh0, W 412 358 >T70%V 0y, RFF— E M2
BIRpEE ), 4 =R B £ EPOCH), IEHT EPOC 5 FM A8k
Tk, A RAEL MDA, Byren 5906 61 22021+
Wiz Zha A 43, & e R IZ 8l RMR A3 B ma
2.2 MEBEHIERERBRNNEIER

FUHSE Bl n] 8 T A B AR AR RMR, AR EE
A SE ), HibHiZ 30325 RMR B B @) 32 E R 501
PRI ek B g i v DT H 30 B LA R Ay 567 %A e
H AR B PR A B R BRA I E AR . Meta 4307
BRIB A BN E A 5 Ak e AL L, ARk
N RMR $hmtass, REFHXF RMR i 5 4E 2 s
Mo (HJEad B0 PR & BUAR R B3GR, F R #E 20
keal/kg [ 532 3 L3 B THFE 8 keallkg MY %02 BhBE RS ™
AW FRER RMR™, Soares 55 “BIF5E Htifig th 2840 iz Bk
BRE I E M MetS R E ABESTC MetS # Lk RMR F %4
250 kJ/d, TS LIRS B ) B iz sh sk gh A B IR & i
KPR FFM FM BEZ TR RMR T B2k 28 (4 2 1Y
R S B0 A BOR S T U O B LAR R B3R
PHLHIRESCHEE R . X A B A B RE B A M2, J A ] A e
B, HLIACRTE 5 PR A RMR T4 RE i ZERFAE A0

FALZ Z AT R AT AT GE RMR, HFUARBR R 2
RMR = ZEJE5 7, 12 JE )0 207 5 sl 22 ek, F:34
T P —aE R — AR AR SR S, S = BRI AL
B2 (T3) BTG BRMESY 24 T3 WG, Pl e o B e 0o 36 IfiL A
UL i =B RR AR (ATP) 77 A SR B I RE LV FE S (A TR
AR UMK R 2R A Rz 3 & AR A AR AT RMR 7= A2 5200
TFEs R IR (FT4) B R AR E (TT4) FREI% A % RMR

AT RE SR T4 JERBEAC R HFUR BRI R 06 =), T T3 4
JREBUS AR 3, 5 - L HULR AR 26 mT RS ik 1A T FE X
REE ARG A I LA B AR . IEAh, Hirsch S5 BI04 R T
T a9 RMR 5 R BTl M — BEfA A —E IEAHOG,
M RMR 508 R P —EMHe, AL FE FARRE W
SRR oA, B VTG R, B G BT A BT 6 R B L
o FFM, 32 8 2587 1R 2 RMR 87 FHE5E .

s sk BT e B B U QIS RE F7 338 i RMR, 4 73
BBz SRR S-S G A R T IH AR R RE i
38 Sl A HE B USRI A ) & B A ORI,
(1432 3h T AT SRR & s AE N PR AR, R LR AR T
WEIRESY, XTI 5 R 9 A BLRLAA A A2
SR T REEHNVCIERE Sy, AN AW (E AR E S AR
AALIEEE S R4 DNA SO HEINES, Zurlo FF59E 14 £
ZiRH H & AL IE R 19 RMR S5 RiE & BB E (=
0.72), UiHHiz Sl ik el 2R A I ) A T 4 B B LA
B LRI RE T (4 TH R A BRI TR Sk 3, 12 J&l i
i F3 N0 PR S R WG BR  (free fatty acid, FFA) {234
(0.370.03 mmom/L = F+ % 0.48+0.04 mmom/L, p<0.001)7F Bl
FLRY RMR 3222797 520 i A8 /N2 32 Bl i 2 R 2 bidA o
AL R R | i 3l B 5 i 2R AT I ) R ) B TR
F, RRTEIRFNE ShR NS Bl SR A A3 1
HEMARMTAEAC R b Ea U SRR I 762 3 5 RMR
Z IR AVER

S SHCEERRLR S RMR, 725 D4R R 176
S ST A RMR 22 IEA G, 38 B (1944 7306 sh T D2 5
4R 5 AR AT T RMR SR TRl T2DM, SR 7E Jennings
ZEBSR Karstoft 25 ™ AYHFSE H T2DM 5 RMR 21 i #4 4
W% B R R N R e A 1 18 s G 8 B A BT,
ZAE R IS B 5 M FEARRE S R RMR, {Hiz sl
T2DM 3% 0 MUK SEAR 1% RMR ATRTERS N, ELARBLHI
WA RFRIES AE T2DM 125 IO 1 55 A b, 12 J8)
FIHTRHAZ B4 55 140 cal/min'® i i3 B2 3h &) o4 3 2 W6 A
Tirf b 5 8RR 1 RMIR DI 39907 A Jf B i A v %ot b 32
TR IR, 75 B KRR AL 7 L 459206 5 Sk WA

o5 I, AR R Z B A h e Aot 5 IS Bl
RMR BIFHEER BT A FEsE R 5 E ., o, atkiEs)
X RMR (B8 52 BT AR SR, AIFSEIIESE , 18 44 K2
H AT 65%V 0, IERIZ Z) 40 min 5, I TG Lz sh, B -
BEN THEEZE S5 Y H 208 RMR A3 & 8 hn a5 i fh
TR REBRAl FHER LR B e (1 DR B AR RS, P REALH
JEAB B U R AT A S A R B R R B U A
R, R AT AR e I T B — A W R i s S
HCEERPIRAS , $25 RMR BRI REIE /1.
3 HiSRE

RMR SRR 10 & 4 B DA G, Xl ik 8 Ax 1k 5
REOK A —EVER . BRI B A SR A AL i
A BT B ANGTT AL , TF9E R T 258 AL
UL S RMR 53k A AS [ J2 18 14 675 i oo 5z 3
YIZRHE R RMR BAT G55 A U AR PTAR I 3% B AR

« 99 .



%43 % Mok R F A K %5 M
A BEKT . EEUCIERE ) SNS DLAT M S AR Sk 3t Scand J Med Sci Sports,2021,31(7):1461-1470.

RMR,

RARWIFEUESE TR LA SN 32 A R 1832 Bl 0,
iz Sl 0T MU A R S R (B A G, W bz Sl X AT
HMUHA R ATAR ', RAA B AZ S B, LA
[F I (1] B 328 3l 5 A [] 45 25 iF 8] 328 2l % AR OC A5 s A HE
RMR BIFEHT, A SRR 12 3l b J7 $ H— R BSR4 A1 2
r{E. F350 AR RS RMR 2462 [H] SCHRA
PLERNE R PR R

SE Lk :

[1] CHOOIY C, DING C, MAGKOS F J M. The epidemiology of obesi-
ty[J].Metabolism, 2019, 92:6-10.

[2] CHEW N WS, NG CH, TAN D J H, et al. The global burden of

metabolic disease: Data from 2000 to 2019 [J]. Cell Metab, 2023,
35(3): 414-428.

[3] SWIFTD L, MCGEE J E,EARNEST C P, et al. The Effects of Ex-
ercise and Physical Activity on Weight Loss and Maintenance [J].
Prog Cardiovasc Dis, 2018, 61(2): 206-213.

[4] SOARES M J,MULLER M ]J. Resting energy expenditure and body
composition: critical aspects for clinical nutrition[J]. Eur J Clin Nu-
tr, 2018, 72(9): 1208-1214.

[5] SIEDLER M R, DE SOUZA M J, ALBRACHT-SCHULTE K, et al.
The Influence of Energy Balance and Availability on Resting
Metabolic Rate: Implications for Assessment and Future Research
Directions[ ] ]. Sports Med, 2023, 53(8): 1507-1526.

[6] BUSCEMI S, VERGA S, CAIMI G, et al. A low resting metabolic
rate is associated with metabolic syndrome[ J].Clin Nutr,2007,26
(6):806-809.

[7] MACKENZIE-SHALDERS K, KELLY J T, SO D, et al. The effect
of exercise interventions on resting metabolic rate: A systematic re-
view and meta—analysis[J]. J Sports Sci, 2020, 38(14): 1635-1649.

[8] Z—J, 2% MR, F FARAKAERMTFFRGH LTS
R S BT FAZEN[JOL]. A TR FFR(EFIR),1-12
[2024-03-04 ].http://kns.cnki.net/kems/detail/11.4691.R.20240112.
1250.008.html.

(9] B, Fw P, A e M # SR AT [1].0F B R
B E 52 & ,2005(3) :200-202.

[10] sk, xR, ST FEFIRMT G REH KT L RTH
FAFE[ ) ARF A5, 2011,31(11):21-26.

[11] D’ADAMO M, PEREGO L, CARDELLINI M, et al. The —866A/A
genotype in the promoter of the human uncoupling protein 2 gene is
associated with insulin resistance and increased risk of type 2 dia-
betes[ J . Diabetes, 2004 ,53(7):1905-1910.

[12] SHARMA A M, PISCHON T, HARDT S, et al. Hypothesis: Beta—a-
drenergic receptor blockers and weight gain: A systematic analysis
[J].Hypertension, 2001, 37(2):250-254.

[13] KUNZ I, SCHORR U, KLAUS S, et al. Resting metabolic rate and
substrate use in obesity hypertension[ J].Hypertension, 2000,36(1):
26-32.

[14] PEDRIANES-MARTIN P B, PEREZ-VALERA M, MORALES -
ALAMO D, et al. Resting metabolic rate is increased in hyperten-

sive patients with overweight or obesity: Potential mechanisms [J].

- 100 -

[15] 7 034 5% 5 50 EEEH LR THLTLEY AR
EoM[]] AR E E SR FIR,2016,37(1):39-42.

[16] LUKE A, ADEYEMO A, KRAMER H, et al. Association between
blood pressure and resting energy expenditure independent of body
size[ ] ].Hypertension, 2004 ,43(3):555-560.

[17] SNODGRASS J J, LEONARD W R, SORENSEN M V, et al. The
influence of basal metabolic rate on blood pressure among indige-
nous Siberians[ J ].Am J Phys Anthropol ,2008,137(2):145-155.

[18] BROCK D W, TOMPKINS C L, FISHER G, et al.Influence of rest-
ing energy expenditure on blood pressure is independent of body
mass and a marker of sympathetic tone[J].Metabolism,2012,61(2):
237-241.

[19] GOUGEON R, LAMARCHE M, YALE J F, et al. The prediction of
resting energy expenditure in type 2 diabetes mellitus is improved by
factoring for glycemia[J].Int J Obes Relat Metab Disord,2002,26
(12):1547-1552.

[20] WEYER C, BOGARDUS C, PRATLEY R E. Metabolic factors con-
tributing to increased resting metabolic rate and decreased insulin—
induced thermogenesis during the development of type 2 diabetes
[J].Diabetes, 1999,48(8):1607-1614.

[21] RYAN M, SALLEA, GUILLOTEAU G, et al. Resting energy ex-
penditure is not increased in mildly hyperglycaemic obese diabetic
patients[ J].Br J Nutr,2006,96(5):945-943.

[22] BITZ C, TOUBRO S, LARSEN T M, et al. Increased 24-h energy
expenditure in type 2 diabetes[J].Diabetes Care,2004,27(10):2416
-2421.

[23] BUSCEMI S, DONATELLI M, GROSSO G, et al.Resting energy ex-
penditure in type 2 diabetic patients and the effect of insulin bolus
[J].Diabetes Res Clin Pract,2014,106(3):605-610.

[24] Rexde, 303, 3034 5 RRABRMREABF LT HLL
B B F A []]. P AR B 22 % & ,2019,21(3) : 202-206.

[25] ZURLO F, TREVISAN C, VITTURI N, et al. One—year caloric re-
striction and 12—week exercise training intervention in obese adults
with type 2 diabetes: emphasis on metabolic control and resting
metabolic rate[ J ].J Endocrinol Invest,2019,42(12):1497-1507.

[26] ALAWAD A O, MERGHANIT H, BALLAL M A. Resting metabol-
ic rate in obese diabetic and obese non—diabetic subjects and its re-
lation to glycaemic control[ J].BMC Res Notes,2013,6:382.

[27] AR, R, f &R, F W FIRAET A 2 AR EH
BRI AN Y AL 1] 7 B EF,2017,52(4):101-105.

[28] PETERSEN K F, DUFOUR S, BEFROY D, et al. Impaired mito-
chondrial activity in the insulin—resistant offspring of patients with
type 2 diabetes[ J].N Engl J Med, 2004 ,350(7):664-671.

[29] AMBROSELLI D, MASCIULLI F, ROMANO E, et al. New Ad-
vances in Metabolic Syndrome, from Prevention to Treatment: The
Role of Diet and Food[ J ].Nutrients, 2023, 15(3):640.

[30] SOARES M, ZHAO Y, CALTON E, et al. The Impact of the
Metabolic Syndrome and Its Components on Resting Energy Expen-
diture[ J ].Metabolites , 2022, 12(8):722.

[31] CALTON E K, PATHAK K, SOARES M J, et al. Vitamin D status
and insulin sensitivity are novel predictors of resting metabolic rate:
a cross—sectional analysis in Australian adults[J].Eur J Nutr,2016,55
(6):2075-2080.

[32] BHOPAL R S, RAFNSSON S B. Could mitochondrial efficiency ex-



%43 % #odk K F O K % 58
plain the susceptibility to adiposity, metabolic syndrome, diabetes ic rate signal recovery following weight loss? [J].Diabetes Metab
and cardiovascular diseases in South Asian populations? [J].Int J Syndr,2011,5(2):98-101.

Epidemiol ,2009,38(4):1072-1081. [50] Bz, %047 4R & 4 20 P o9 B B AME  ALb) Ao & SU[J ] AR AT,
[33] QUESADA O, CLAGGETT B, RODRIGUEZ F, et al. Associations 2023,44(6):1-12.

of Insulin Resistance With Systolic and Diastolic Blood Pressure: A [51] SOLOMON T P, SISTRUN S N, KRISHNAN R K, et al. Exercise

Study From the HCHS/SOL[J ].Hypertension,2021,78(3):716-725. and diet enhance fat oxidation and reduce insulin resistance in older
[34] GEERLING J J, BOON M R, KOOIJMAN S, et al. Sympathetic obese adults[J ].J Appl Physiol (1985),2008,104(5):1313-1319.

nervous system control of triglyceride metabolism: novel concepts de- [52] LEE M G, SEDLOCK D A, FLYNN M G, et al. Resting metabolic

rived from recent studies[J].J Lipid Res,2014,55(2):180-189. rate after endurance exercise training[J].Med Sci Sports Exerc,
[35] AMARAL N, OKONKO D O. Metabolic abnormalities of the heart in 2009,41(7):1444-1451.

type I diabetes[ J].Diab Vasc Dis Res,2015,12(4):239-248. [53] ZUCCARELLI L, BALDASSARRE G, MAGNESA B, et al.Periph-
(36] ZH,Fm, ZRFEBILEFTVEHLERTHASRBFT eral impairments of oxidative metabolism after a 10—day bed rest are

R ABE(CIITEERFS, PREBRG I FOERS upstream of mitochondrial respiration[J].J Physiol,2021,599 (21):

1 BT RALIRA Sl R LA AT, PA R LA A RS 4813-4829.

FHFREH. TRERFLFTZRLBEIAMFRLESL [54] GRANATA C, JAMNICK N A, BISHOP D J. Training —Induced

HREABRHAFRERARLILH. HFERRFWEILEER, Changes in Mitochondrial Content and Respiratory Function in Hu-

2017:.2. man Skeletal Muscle[ ] ].Sports Med,2018,48(8):1809-1828.
[37] SPEAKMAN J R, SELMAN C. Physical activity and resting [55] SPARKS L M, JOHANNSEN N M, CHURCH T S, et al. Nine

metabolic rate[ J ].Proc Nutr Soc,2003,62(3):621-634. months of combined training improves ex vivo skeletal muscle
[38] HIRSCH K R, SMITH-RYAN A E, BLUE M N M, et al. Influence metabolism in individuals with type 2 diabetes[ J].J Clin Endocrinol

of segmental body composition and adiposity hormones on resting
metabolic rate and substrate utilization in overweight and obese

adults[ J ].J Endocrinol Invest,2017,40(6):635-643.

[39] STIEGLER P, CUNLIFFE A. The role of diet and exercise for the

[43]

[44]

[45]

[47]

[48]

[49]

maintenance of fat —free mass and resting metabolic rate during
weight loss[J].Sports Med,2006,36(3):239-262.

R, RF IR R Z R A 4 R BA BGE ) P
AR AR AR Ha]]. P BRLE F 4 &,2015,30(10):
1021-1024.

HUNTER G R, MOELLERING D R, CARTER S J, et al. Potential
Causes of Elevated REE after High—Intensity Exercise[J].Med Sci
Sports Exerc,2017,49(12):2414-2421.

BURT D G, LAMB K, NICHOLAS C, et al. Effects of exercise—in-
duced muscle damage on resting metabolic rate, sub—maximal run-
ning and post—exercise oxygen consumption [ J ].Eur J Sport Sci,
2014,14(4):337-344.

KNAB A M, SHANELY R A, CORBIN K D, et al. A 45—minute
vigorous exercise bout increases metabolic rate for 14 hours[J].Med
Sci Sports Exerc,2011,43(9):1643-1648.

IR E B SR R BRIZ Sy e o IR R R BN AHE BN
RBRADRIAAET AT [J]. F BiE 5 B F 4 % ,2021,40(2):
83-91.

HUNTER G R, WEINSIER R L., BAMMAN M M, et al. A role for
high intensity exercise on energy balance and weight control[ J].Int J
Obes Relat Metab Disord, 1998 ,22(6):489-493.

BYRNE H K, WILMORE ] H. The relationship of mode and inten-
sity of training on resting metabolic rate in women[J].Int J Sport
Nutr Exerc Metab, 2001, 11(1):1-14.

FHH FRED A R LR G Y@ [ D] TSR
HKEF,2017.

BROSKEY NT, MARTIN C K,BURTON J H, et al. Effect of Aerobic
Exercise —induced Weight Loss on the Components of Daily Energy
Expenditure[ J].Med Sci Sports Exerc,2021,53(10):2164-2172.
SOARES M J, CUMMINGS N K, PING -DELFOS W L. Energy

metabolism and the metabolic syndrome: does a lower basal metabol-

Metab,2013,98(4):1694-1702.

[56] ZURLO F, LARSON K, BOGARDUS C, et al. Skeletal muscle

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

metabolism is a major determinant of resting energy expenditure[] |.
J Clin Invest, 1990, 86(5):1423-1427.

THOMAS A S, GREENE L F, ARD J D, et al. Physical activity
may facilitate diabetes prevention in adolescents [ J ].Diabetes
Care,2009,32(1):9-13.

JENNINGS A E, ALBERGA A, SIGAL R J, et al. The effect of ex-
ercise training on resting metabolic rate in type 2 diabetes mellitus
[J]-Med Sci Sports Exerc,2009,41(8):1558-1565.

KARSTOFT K, BRINKLAV C F, THORSEN I K, et al. Resting
Metabolic Rate Does Not Change in Response to Different Types of
Training in Subjects with Type 2 Diabetes[J].Front Endocrinol
(Lausanne) ,2017,8:132.

FEAR AL AN N BARIE AR R AT IR L ARA B AL E
RATRBCRMILE [D].RERF FFE,2020.

25 RAAR, R TR S xR BB ] A Bk Ok R At
THAGPACITARTHS T LT ZRLARTHS
XARXHLE FHMIREGEHERE ADLFH L) EH)T
8K 4 ,2023.2.D0I; 10.26914/c.cnkihy.2023.061964.

HEINITZ S, HOLLSTEIN T, ANDO T, et al. Early adaptive ther-
mogenesis is a determinant of weight loss after six weeks of caloric
restriction in overweight subjects[J].Metabolism,2020,110:154303.
DOI: 10.1016/j.metabol.2020.154303.

LAMARCA F, MELENDEZ-ARAGJO M S, PORTO DE TOLEDO
I, et al. Relative Energy Expenditure Decreases during the First
Year after Bariatric Surgery: A Systematic Review and Meta—Analy-
sis[J].Obes Surg,2019,29(8):2648-2659.

NUIJTEN M A H, EIJSVOGELS TM H, MONPELLIER V M, et al.
The magnitude and progress of lean body mass, fat—free mass, and
skeletal muscle mass loss following bariatric surgery: A systematic
review and meta—analysis[]].Obes Rev,2022,23(1):e13370. DOI:
10.1111/0br.13370.

A, 2N SRR SRR R AT AT &[] ].
LEAE F RS IR,2023,47(4) : 12-23.

- 101 -



