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Energy and amino acid metabolic features in overweight and obese

adults and their associations with weight status
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Abstract ; Objective To assess energy and amino acid metabolic features in overweight and obese adults compared with normal
— weight controls, and to examine their associations to better understand the metabolic mechanisms of obesity. Methods A
total of 61 healthy adults were recruited in Chengdu, China, and categorized into normal weight (18.5 —23.9 kg/m’),
overweight (24.0 —27.9 kg/m*) , and obese ( =28.0 kg/m”) groups according to body mass index (BMI). Basal energy
expenditure (BEE) and resting energy expenditure after cold exposure (REE) were measured using indirect calorimetry, and
cold - induced thermogenesis ( CIT) and basal metabolic rate ( BMR) were calculated. Plasma amino acid levels were
determined using non — targeted metabolomics. Group differences and correlations were assessed by analysis of variance and
Spearman rank correlation, respectively. Results ~BMR and CIT were lower in the overweight and obese groups, and both
CIT and BMR were negatively correlated with BMI (r = - 0.452, P <0.001; r= -0.421, P =0.001). Non - targeted
metabolomics revealed no significant between — group differences in amino acid levels. Correlation analysis showed that CIT was
positively correlated with arginine (r=0.431, P =0.017) and negatively correlated with Leu — Leu and nicotinuric acid (r =
-0.319, P=0.033; r= —-0.414, P=0.023). BMR was positively correlated with L - glutathione, reduced (r=0.377, P
=0.040). Conclusion Obese individuals exhibit reduced BMR and CIT, and specific plasma amino acids are closely
related to energy metabolism indicators, suggesting that amino acid metabolism may be involved in obesity — related energy
metabolic dysregulation.
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2.1 BRRAFAEREIL RUFRIEPA 61 5T
X4, IEHRE A 20 A (32.8% ), HEH 4 21 A
(34.4% ) JEHELH 20 N (32.8% ), £ LHWFFERT 41
FAE B 1, = dIFE v AR S B 3 2 B IR
W HERRNS AL T 22 7 RS2 E X (P >0.05),
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Table 1 The basic information of the study objects

IEH R

L HEJHEZH

WA TS bR (n=20) (n=21) (n=20) X /F 14 P
[ n(%) ]
% 11(55.00) 10(47.62) 11(55.00) 0.301 0.860
g 9(45.00) 11(52.38) 9(45.00)
TERY (% a0 £5) 23.34£1.73 23.62 £2.51 24.35 £2.70 1.099 0.340
A B SRR W [ n(% ) ]
B2 6(30.00) 4(19.05) 14(70.00)" 12.233 0.002
% 14(70.00) 17(81.95) 6(30.00)
P RAIZE [ n(%) ]
(iSN 3(15.00) 3(14.29) 3(15.00) 1.512 0.959
7 4(20.00) 6(28.57) 3(15.00)
HIR 9(45.00) 9(42.86) 11(55.00)
J 4(20.00) 3(14.29) 3(15.00)
B[ n(%) ]
= 5(25.00) 6(28.57) 3(15.00) 1.138 0.566
% 15(75.00) 15(71.43) 17(85.00)
BEBRE ] (h/d,x % 5) 7.85£0.71 7.62£1.04 7.68 £0.95 0.348 0.707

Fra BEM S IEHREHMLL, P <0.05;b. ACMHAH S EHKRELHMLL, P <0.05;c. LA SBEHAMLL, P <0.05,

2.2 HkiedE SHESE EERTRIEE (P
=0.328) ; HH 20 AR ik 4 R B BMIT A I B i IR
PRI 5 307 g W EE S 3 v T IE R IR SR 4, HAE ket
o TR 25 N A R R R i R A R R
MR R T IE R R EL (P <0.05), HAANLE
2,

2.3 Aduieml MRS RILEK 3, —41E TG HDL
- C.VLDL - C FPG .FINS /K¥ " fFHE R E X R (P <
0.05) , Hr ik 4H HDL - C KPR T IE iR S 4
FPG & TIE 4 K T 41, FINS 7K - 5 T8 8 41 Fl E 4
AL (P <0.05), =417 TC . LDL - C FT3 FT4,
TSH 1 HbAle b2EF LI E L (P >0.05)
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K2 WM REMER AR (x £5)
Table 2 Physical indicators of the study subjects(x %)

LNy o EH AT ket ilugis el FAE PE
HE (em) 167.18 £9.10 169.81 +8.99 171.44 £8.96 1.137 0.328
1K (kg) 60.33 +8.03 74.45 +8. 80* 90.87 +12.54" 47.037 <0.001
BMI(kg/m?) 21.50+1.23 25.74 +1.26" 30.84 +2.87" 117.259 <0.001
(% ) 23.54 £6.87 28.08 +11.11 36.87 +6. 89" 12.493 <0.001
LA (kg) 25.63+5.72 29.19 £6.16 32.07 +6.35" 5.620 0.006
BRI (kg) 13.89 £3.33 23.06 3. 14 33.28 £6.71" 82.534 <0.001
JEFEl (em) 75.89 +6.63 87.67 £5.85% 99.37 +9.42" 49. 887 <0.001
bR R R (mm) 13.98 £6.43 21.74 £5. 63" 27.71 £9. 16" 18.272 <0.001
P50 B R JEEBE (mm) 18.73 +8.75 26.05 £4.50° 33.42 +7.81% 20.776 <0.001
J57 5% Bz A JEE B (mm) 18.17 £8.03 28.24 £6.87° 35.60 =10.92" 20. 127 <0.001
TE e EEA S EHARELMLL, P <0.05 ;b ACHA S IEH I, P <0.05;c ALHEA S BEELAHLL, P <0.05,
F£3 WX RAMEMIER (x £5)
Table 3 Biochemical parameters of research subjects(x +s)
S AR B IEH R AR L RO 20 FAH PH
TC(mmol/L) 4.28 +0.87 4.12 £0.67 4.18 £0.75 0.249 0.780
TG ( mmol/L) 1.18 £0.77 1.21 £0.57 1.76 £0.92 3.736 0.030
HDL - C( mmol/L) 1.51£0.32 1.3520.22 1.29 +0.19" 4.270 0.019
LDL - C( mmol/L) 2.24 +£0.61 2.22£0.46 2.01 +£0.65 0.491 0.615
VLDL - C(mmol/L) 0.54 £0.35 0.55 +0.26 0.80 £0.42 3.706 0.031
FT3 ( pmol/L) 4.24 +0.59 4.12 £0.65 4.34+0.84 0.501 0.608
FT4 ( pmol/L) 14.40 +1. 60 14.31 +1.81 14.05 £2.50 0.163 0.850
TSH(mU/L) 4.93+3.10 4.17 £2.08 4.21 £2.04 0.612 0.546
FPG( mmol/L) 4.65+0.36 4.69 £0.35 4.91 £0.28" 3.748 0.029
FINS( puU/mL) 6.63 £2.69 11.44 £5.54 20.10 £11. 48" 16. 604 <0.001
HbAlc( %) 5.0320.16 4.99 +0.15 5.0120.13 0.391 0.678

T ca BEAS EF KRB, P <0.05;b JEFA S IEFAREAMLE, P <0.05 ;¢ JEFFA S BEAMEL, P <0.05,

2.4 AR F BMI ABEREZRMAFIE =47 BEE CIT
FIBMR _LA7FfE R %25 (P <0.05), 1 REE Y40 [a]
LRI FEX (P > 0.05), IR HLES R D
7, JEEZL BEE (5 T 1E & (R E 40 ; CIT ZEAE PR AR AIX,
BT IER AR B EL ; EHIAEL BMR &
THREEHMCPEL (P <0.05) , EARWFE 4,

#E—2E%F CIT A1 BMR 5 BMI #E474H 5341, 45
WIWFE 5, CIT il BMR 55 BMI 2 9 fUA 5 (r =
-0.452,P <0.001;r = —0.421,P =0.001), &/~
BMI # ;, CIT F1 BMR #{I%, CIT 5 BMR Z[a] ) 4H
KRB E (r=-0.153,P =0.240) ,

R4 WIFRMRRERFFEN ISR (v £5)

Table 4 Measurement results of energy consumption of the study subjects(x + s)

RefEIHFETR bR IEH RSN A AEREA F1E P i
BEE (keal/d) 1 866.55 +428.78 1 930.52 +376.35 2234.55 +525.82" 3.889 0.026
REE (keal/d) 2 028.70 +401.53 2070.90 +359.18 2291.10 +432.67 2.217 0.118
CIT(keal/d) 162.15 +95. 14 140.38 +115.99 56.55 +97.76" 5.811 0. 005
BMR[ keal/ (kg - d) ] 30.89 +5.67 26.04 +4.76° 24.52 +4.10" 9.322 <0.001

Wa HEH SIEFERELMLL, P <0.05;b. JEHHSEFKRELAMLL, P <0.05;c. B S@ELAMLL, P <0.05,

&5 BMI.CIT fil BMR MG R 5T
Table 5 Correlation analysis of BMI, CIT and BMR

S¥ CIT vs BMR vs CIT vs

Z BMI BMI BMR

Spearman ¢ R %L -0.452  -0.421  -0.153

P1E <0.001 0. 001 0.240
2.5 FRORBUFHESZ TSN WHET

OPLS - DA AU = ZHAEAS () AU 2R T P PR L3R
SEL UL 1, BEIRAR A3 P R A R A QIS AT AR 4 B
e AH B Ry B0 25 R R BIRUAE AE B 04 2 00 XU
(pQ* >0.05) , FLAY G ASREHAIMr — 2 2Z [A] 2 B A7 e ]
SRR 2R,

2.6 S©RRARSRERMIGIFMALEIT KU
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Fig.1 OPLS - DA score plot and sample distribution in negative ion mode

Spearman AHJCAMHT AR WL 7, CIT 5K AR
RIEMSE, 52 - 5 &R K I H 2R 52
FRACI = 2 S A BEE 5 H &k - 2 & - i

E1

MR =JKREIEAE, 5 vy - &R - L - &R 2 7

A0, REE 5 H & ik
AWt - L - FAMRENAHIK(P<0.05),

R 6 BT R MM R LR AT EYIAARS FJE (x £5)

Table 6 Relative abundances of plasma amino acids and derivatives of the study subjects(x %)

55 BMR 58 J5URAS B H K52 TEAH OG5 R H R 1
- ENRAREIEMRK, 5y -4

HamE - 42 — #9022 W S B H IR AE = 4 A A7 A B
FEF(P<0.05), HAE LA 116 % 41 M k4l
K@M TIEHAREL (P <0.05), RMiZ FDR £
ERIER, LR EFRAEASIT %R
0.05) . HARUYI7E =4l IrJC %24 5%

X ( QFDR >

=

4

R IEH 24 HETE JIEfrE 20 FAd PH Qror
k=N 8.76 +0.38 8.60 £0.44 8.19 £0.57b 4.420 0.020 0.129
N - Wk - L -84 1.10 +0.24 1.22 £0.20 1.38 £0.27b 4.147 0.025 0.129
HEmR - AEmR - HEmR 9.00 +0.31 9.07 £0.29 9.31 £0.24b 3.783 0.034 0.129
O -0.89+1.68 0.01£1.36 0.87 +1.65b 3.486 0.043 0.129
SR - e R K 1.36 +0.66 1.27 +0.63 1.89 +0.83 2.558 0.094 0.225
y-BEBE - L - AER 0.69 +0.86 1.20 +0.53 1.08 +£0.49 1.896 0.167 0.293
3-H3E-L-HER 1.32 +0.89 2.22+1.35 1.86 +1.02 1.871 0.171 0.293
R 2R -1.06 £2.06 -1.75+1.79 -0.38+1.39 1.724 0.195 0.293
SRR H K 0.96 +1.82 2.31 +2.35 2.10 +1.80 1.462 0.247 0.330
[D - Ala® o — B MERK 2.25 +0.60 2.30 +0.30 2.50 +0.36 1.006 0.377 0.424
Ham - R NER 1.98 +1.28 2.03+1.55 2.74 +1.43 0.973 0.389 0.424
[F) R e 2 2.05+0.53 1.88 +0.63 1.94 +£0.56 0.264 0.769 0.769
L AURR S RERACHHTE TR Spearman BAAHSC TS R G T4 8 L &L IR KA A9
F7 KA ITRS e A A A AR A M5BT (4:5%)
Table 7  Associations between plasma amino acids and energy fRBHETR QY LIPS PE
tabolic parameters HH M -0.364 0.048
metabolic pdrdme ers REE ‘H‘%M _ Kﬁfi@f{ 0. 365 0.048
Ruats Ry A REL r P{E v - BEBE - L - REAWR -0.375 0.041
cIT ik 0.431 0.017
[F7) 260 2 e S 0.379 0.039 3 it i
R 2R -0.414 0.023
N - 4t - L - A& -0.416 0.022 \ s § \a » S
R — 2 — fik 0,319 0,033 AW 5T FE T Rl Ak 5 AR R ) A A 2 R
3 - W3k - L - AR -0.375 0.041 RGERAE T E 5 IE 1Y 68 &2 5 2 R Ay
[D - Ala® ] — B A HERK -0.413 0.023 PESN S S o — T S T
BEE R — AL - B 0.380 0.038 TE, IETERARRE AR T — 2D 7R T 8 Z (B B G HK
¥ - B - L - BER -0.383 0.037 R LI, BEE BMI 19T} =, A NE 2% S L il 45 48 bR 2
BMR I JF R 2 I H K 0.377 0. 040

WFETE G, 5 ALK B B £ BRE A B4 AR 2 R —
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AR 0 1o 1] 22 I R A BIF 9 X 4R 14 B
HIHFE R A (BMR) LA K835 T #4 (CIT)
SRR B EALUAAL A BMR 2 % T 15 R &
2, $7 A PP A AL A 5 2 A H T T 35 il B o UK
/b AT BE AR IR I B H ST, 0 AR AR T A R K
NEREALAY CIT WEL T IER AR S@BEA, 58
AT DL K Wu 25 (O BIF 58 45 9 — 52 aIr
Ve M A (G B 440 ( Brown Adipose Tissue, BAT)
T B TR e, LT oA S e s IS P A4k 7= 3 7 11
W, WETR IR, BAT & & g A, i 1 A (8 Bk 85
1 (uncoupling protein 1, UCP1) /AR B £H4: 7= 44, AT
FEFEVS R B BT 3 R N R B T HE , X 4y
RE 17 AP IR R oA AR Y PET/
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