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ABSTRACT: In the past few decades, the global obesity population has been increasing, and still has an upward trend. With
obesity, the risk of cardiovascular and cerebrovascular diseases has increased. It’s found that an increase in body mass index is
associated with the occurrence of some cardiovascular and cerebrovascular diseases Hypertension and hyperlipidemia, as common
chronic cardiovascular diseases, are particularly affected by obesity, which has attracted extensive attention in recent years.
Moreover, the occurrence of hypertension and hyperlipidemia under the influence of obesity is significantly related, and their
synergy can also cause a variety of cardiovascular and cerebrovascular diseases. However, there is still less work to study these three
factors at the same time. Therefore, on the basis of summarizing the molecular mechanisms of obesity affecting hypertension and
hyperlipidemia, this paper summarizes the relevant molecular mechanisms of hypertension and hyperlipidemia under the influence
of obesity, and points out the co-acting molecules, providing a reference for future research on cardiovascular and cerebrovascular
diseases.
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O MILAE 506 o e I F B8 3 1) 0 Fe K- 5 00 95
JIR K BUBAROG, — e H s iayT gt
TR e i AR A [ R A ARG A P (trigly
cerides cholesterol, TC) HJRYT, [RIAT, y AH [
BEARES T L A S R AN, Bl IR
Pt £ FENRTT B[R, A b R AT R A ) T
B o AALARDE, — A0 G I 55 95 05 . A7 21 P
[FsZme, Wshkiif . iz &S, Sk . &
REAAL 2 i I A i i e A, T LI 25 5 30U 4+
) R AT I N T AT RNk, i diRaE
JIE e 5 1P AR R COVID-19 1Y HL 3] i gk
P NBOAR KR —F57, IR HOBALR XU R, X
U W 1 T S S 2 v AR 1 9 XU

P T AR 5 v 0l s s 1A =2 IR 2 B T Y
BRFR, AR TR TS S E . &
MAR Z B2 R WML e, 45 T 52 e i
o0 LA T A R B, A oA ke I I 9 0 1
Rits%

1 RBRESZNES ML E B9 53 F AL

Foi IR A8 22 4 > 130 mmHg(1mm Heg=
0.133 kPa) B&F 5K K>80 mmHg™, Je: 5 WLtk
FRAEYPESR . K H NHANES FOSE R, 75k
1540 (body mass index, BMI)>30 kg-m™ fi*) it fif:
AR LT R 42.5%, TIEH ARER 15.3%.
JNEJEE AR T 1w ARE, s R AT REYE R 4.5
AU 3O T B M 3k 22 1) R I 4 A e % R ik
B2 AEYEER T, RUREMESRE, JRFR I
WAL AN, SR IRIKE . ME IR
[Af--a(tumor necrosis factor-a, TNF-a), % . Il
TEER | ME N KT (vascular endothelial
growth factor, VEGF) %52 30 Ff, X SLfg i 1 20
A Az PR BB A% X I ) 900 1 Ak 1) 4 i TR 42 Y
FEHINT,

RERE B0 R PLHIE 2, Rk, A S0
WG DT AR PR W Sh BB AR B R A7 0 45, M2 )
MmN, EE. IBRRFEZ D, Mk
THZIEVERIBLS], WA 1.

1.1 I8 P R D ReAE G

LA PR B X T8 49 10045 D) e A A 37 i A AR A
HATEEM, HAUE AR KA N5 W6
B, T EL R I 5K RN g Y SR T AR I
BN REUE X MR AT, FEEWM TN A
Ja T LAG B I 4 Wb — S AL AL (nitric oxide, NO).
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Fig. 1  Molecular biological mechanisms of obesity on
hypertension and hyperlipidemia

Biological molecules involved in the network mechanism were marked in
different colors: blue for both hypertension and hyperlipidemia, yellow for
hyperlipidemia only, and green for hypertension only. The targets were
arranged in increasing order of their broad impact from outer to inner.

NO W] 38 32 30T 7T 1k 5 17 R 36 1L (soluble
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Fig. 2 Multisignal molecules regulate endothelial cytokines
eNOS
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SR, MERES R NO B, S i
P, BRI AE &7 KLY, DA 52 el Ifi 1 4
o XA AR F R TE R SR S BN A —
1k A & WL (endothelial nitric oxide synthase,
eNOS) TIEEZ i, KA T NO 1k, #E it
T IMEEFIK N, NO Il cGMP i 51918 LA 5t
& B,

AEREZAE T, BRT eNOS MfiEZsh, eNOS
(1) 2 3K 3 52 3 45 Ak ) Tl A 38 58 ) U0 B2 AR y Al
3% ¥ la(peroxisome proliferator-activate deceptor
y coactivator-la,, PGC-lo) B9 B 4% 5% & A £ 52 0
PGC-lo & f% sk i A FE R Z—, H
Al DL E s A b 52 eNOS [ Ri8 . H
Ji M, PGC-la AlfEH T eNOS, il JL A {5k
AT HE 588 055 P B2 NO AR B, W05 i A P 12
fig U, [RI4ERZ Ty, A N KRR PGC-1a
T8 A T M AR S AZ K oestrogen-related receptor
o, ERRo)', 340 6l & A 8% B2 B 2A(protein
phosphatase 2A, PP2A) [ % fR 1k , #F 1My #10
PP2A-A/eNOS YA EAE M, [H3E(E#E eNOS Hrf
1 177 (i 2 Z R BEIR AL ;o mT DL B3R T i
Wt LI 338 i /4 1 e B(PISK/AKkY) {5 538 i
ok 3 I K 5K & 1(angiotensinll, Angll) % 5 1)
eNOS I EFR A3, L eNOS By ik, iM%
5 NO TG PR, 2o M4 P B2 DO RE R A, AT [
IR M 8 A R

eNOS 1 32 | H i ;] = 19 5% i o W s i
D(phospholipase D, PLD)f 2. %!, PLDI1 #l
PLD2, Mt PLD2 5 il JETH "4 )&, Nelson 55
WIE R, Bt PLD2 /B, eNOS FKik/KF-2x
FEAG, AR /D T NO By =4, & S 20 I
JEo Ak, BEREAMARR NBERE D /NS, TNF-o
Wi, SFENEE-1/NO R JA7, HEARREAA
Bl Ik eNOS (1 B 422 10 i 77 VR 2 -L-KG 24 TR
H R 5 S 0 a0 A WS 4 AR B, DA R i e kA
AR,

Fi4h, Mazidi %P8 & B, VEGF 0] DL i
VEGFR2 #il¥# NO K5 FIE M, 7E42 6 i & J7
TS 2 EEAE A .

JE B 1 38 2k 5 e PN B A L NO B8 R 43
WAV MRS, W] DAEH T4, A1 2R
518 R 3Z K (scavenger receptor-Al, SR-Al) J&—
PR A2 1A, 32 23 3R TR TE B 200 1) JRE e 1

P E AR 22 2024 4F 2 H A 41 355 4 14

RE IR 45 B AN ML i Z R AR ) Dhfg . A R BB D5
ZH 4 (perivascular adipose tissue, PVAT) J& 148 7E
AR P85 B 104 LA S LT e A 1487 6 1) — b Bl
WA, Wang® $5i, NEREL AW, PVAT Hy
SR-A1 A fig £ i 1 9 1 F Wi 40 ifE VEGF-B (1) %
ik, W/ VEGF-B #5550 WAMENT, AT BH 1R g Bt
FEIMAE N R ai b AR S, RPN e, R
IG5
12 HER

98 Z AR TN 16 kDa, H 167 25
PR AL, HAIIEEAMN =HEEMP, BRI
KRS, 23 PBUBMRERAL . &35 BN FE AR
PRITE I . BB AR F 1Ew ARG & B3R
BRI 2 2 R BUE R AR KV B
FRP, I B & S AN ROE . I,
98 AR AT I 98T A R A, DA 3.
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Fig. 3 Multisignal molecules regulate leptin

JER PRI, DT 35 Si 22, S
LA o P 3R A] RE2ad ad FPARX R T R RS S A
ARSI, SIS 2 i, T sl
JoROR v B, R AT LR TR i A Y i T
A0 Y HIF10-VEGF {5 5 i@ %, (et tEisE S
FR e I 9 R A2 2 B BRI T M T I B Joi 3R
20, 3B o 2B A i3 E (0-melanocyte-
stimulating hormone, o-MSH) A B¢ it , a-MSH /&
BR B UR RGEH RSB A IKET, AT DU
MARBTR 3 %M 43K (MC3R, MC4R), 1k
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FIR R E R/, MC3R. MCAR 3441 177N
A 2y, BRI & P X R
PLRIN R TE 5 28 28 22 G M in AR DG A L
e 20 e I b R PR OCHEE R, A dm NIE S
IR,

98 Z AT LA 9 ol ) S2 s, i L
Xof HAFRAL ) 32 S 2 W B AP E . R Z
PRTT DA BEREVE TS STAT3, M85 B E 0 58
RS, HETTE T 0 . (AR A AR, e
270 STAT3 BEMRILSZ M, TR 52 AR T e i HoAh
4y Figt%, 4n PI3BK/mTORCI fill (PI3K: BEAREEAL
e 3-JH; mTORC: HINERESY 1 nlizlsh
YR ), T REA Y S ZOG A B0 1 A A S 280
P4 (sympathetic nerve activity, SNA) FYLRFERIEY,
ok H HTAK 3 POMC i 28 50 1 4 Mg A8 5 2 1
fiff (extracellular regulated protein kinases, ERK1/2)
IR K R BERR A Shp2 M ERAG, AT LAY 55
RITHERON T,

AL, ERES AR T, WATRETE
JIES PR AR DG 125 1 Hs v e 8 AR dn i e
55 A A T 3(SOCS3) FAR 1 ik 42 R W iR
fiti 1b(PTP1B). ¥ 22 RS, P MR o
[R5 i CYP11B2 AR IR FNREE FR (%) £ 1, JF
HE R AR (PTP1B-KO)® A /) Bl 2 BH 1 2 [#]
KPR FJE CYPLIB2 kg, it/ iR
WREAT , X 3R B MEPE /)N B LA ) e e 1 T 2 00
91 2R 175 T I [T >
1.3 fIREER

JEIE 28— H BB 7 22L& ORI T I 4
WA P M g A S BMI & 2 R SE
NRURZR 244 Do FER A N, AT DLk s eT 4E 20
}fi 4= K [ (fibroblast growth factor, FGF)21 Hi|#4
R4 A, FERERSIE E eNOS AYTEME, 14 n
NO 774, LR IRIR R 1K1 5 N B D RE AL
JEARSCES, DL 2,

NI R AEH T AMP 3% 25 3 [adenosine
5’-monophosphate(AMP)-activated protein kinase,
AMPK], # 1% eNOS. APPL1J&—Fifk&EH,
SRR 2R S, TEMFL S P IE A SR
ZE95S, AVEY, APPLI 257 AMPK
PTG, T AMPK AERRER R MMER T, RE62
WG eNOS, fEHE NO By A=, AT Bl 4 4
sk, P MRS,
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Jig e 2K 34 T LA 1 3% HSP9O 55 eNOS 14
G, bRy eNOS 2% 1177 Abryskiaft, [FR
BT eNOS W0 i Bl K 0 S0 v 1 A= 0 & R
PAHHER N 2 NO A

T3k, BEBEER AL AT DL B AR T A - AL
AR, Bl I 5% A WA BRI AT 3 R s 200 e RS Tk
NO, #HM/EM T &P L4, #i% TRPM4
WIE, SRS IO SO B I (BKCa), 5l
EO WU, DTS S A 5Kk,

1.4 SEALREAH G

NEJHE 2 ), 23 | R MILAA 48 Ak 7 B i 2,
S S Wy T AT DA A R 2R AR B AR Ak 1 K
e, SR SEEUGT IR AT T

PGC-la Xf A AL BB AR 0 . PGC-la 22X
B A AL W) 7 AL B 2(superoxide dismutase, SOD2).,
A ALY Prx3 . Prx5 AL EM 2L H (thioredoxin,
Trx2) 550 IZki RS AL 1, SR Beo il
SEALRIHOKF T RE, AL, PGC-1a i 7] DL
o P R R A A H2 B Y VEGF-A 19
TG W FHR, PGC-lo MYk 25 (175 S A0 N ot
i, N2 R = I BAERE R/ B I
WL, TNF-o 1] L5 RhoA/Rho kinase {5
I P AL TG VRGN, RN AR A A 2
BRI, B ORE R ER S 0 I A IR
A7, UM TS BRZ MR BN, TER
RPN, 22285 & PR T 5 PGC-
lo BYAMHI S EEE G, NIRRT, (L g
RERER 1 2 MERIN, G S A W ORE O b 28 TR
[T IR
L5 HAb

i bak— sz oy Bz A0 . 98 3R AR AR AL
Ak, A — L AL A AR P BL SR 5 1 . 0
S I 45 B 5K 2 FGF21 AN ] Lg% 5 B iy 4i g
STUAATE IR, SR IR, WA LA RN
W A% (nucleus tractus solitarii, NTS) FlIZ5 MR #h 2 y
(nodose ganglion, NG) f*)) Akt-eNOS-NO {5 5 1%
WG, PEUT SV SO OB R B, AT
AT MRS, AN, FGF21 i v I HEEH T T
FEffR 20, BOE T Fei-aEiR- 5 A% (hypotha-
lamic- pituitary-adrenal, HPA), HPA %l B il J it
LN 115 A1 1 SO 1 = | DA 5 7 s

Il 48 %% 5K 2 ¥ ¥ B 2(angiotensin converting
enzyme2, ACE2) AJ LLidisd 5200 Il e 5 ik 2 >k 9
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M. ACE2 figfbin i Bk 1 g i, ™A BA
I 45 &7 sk AE A Bk R (1-7), HE R
Mas Z KT, SURIMAE 5K, D ISE i £,
Wang S5 BFSE R BT, IR IT ACE2 £ 7 0 14 JE JiE
NI KR (1-7) 774, Mas 2R GG H
SRR e /N BRI R . AR DB AT I, a4
g ZR (1-7) % Il He A 5 e 7 AT PR /) B 5y B
o HAN, M RKE 1 GEUE B LR
VRS O NTTRASS - A N (1WA
2 BRSNS mAs Y 5 FHLE

LG, BV A e, HR A I rh S
B0 . H M =B (triglyceride, TG) FUIK% G &
1 (low-density lipoproteins, LDL) 7K~F-i3 5k 5 %5
& g #5 H (high-density lipoprotein, HDL) 7K ~F- i3
Ko E N EEEE MR €, TC<5.18 mmol L™
MIEHAE, TG<2.26 mmol- L™ J&IEH# {4, 41 %
s e TC 8% TG Mt IEH(ERT, FRZ N &g
MAERY RERER R AR IR, FE2mT
NERE 51 AR A R4, TG & . LDL /K&
AR LR AP FEE R R RS, BB R
i, I HMERSZ 2R FERRE AR, g%k [TC.
TG. iK% g & A AH [E B2 (low-density lipoprotein
cholesterol, LDL-C)] I &4 &, m&EREHM
[&] B (high density lipoprotein cholesterol, HDL-
C) B FHFAL, X EEX MRS g m, 5ok, I
fIEZH 20k TRPVI, SREBP. FAS & %k B %7t
1, p-IRS1, p-AMPK., GLUT4, p-ACC % ik &
HREAR, AR SR DA, X EES T
o AT DATA] 422 H 5% i I BE Y, JF3EAE 500 8450
Bl 1 E AR
2.1 JRBEACH

JE Sk e 2 g A i RS2 B e, 3 AR
BT, R NE A IR B 0 3 B R A, AL
I, JR B Y AR e 1 B A AR R, &
HOMAE . IR B R EZES T, R
H— BB P - 2 IR BT A ERR, W NMDAR, X
X AR A T SR R AR, (HA AT H -,
CYP212, PGC-la %5, EflHEsh i FACH &
A HFBT7 1 #4T

CYP2J2 ZERHE T LI IR FHERL, Chen %5
R RN, CYP2J2 i SRk nT il = AR Ttk 215 = 1)
PPAR-o (31K, FIF FFAE AMPKa WE507, 340
Z Tk % B AR 1k B (acetyl coa carboxylase,

P E AR 22 2024 4F 2 H A 41 355 4 14

ACC) BERR AL, 38 A B s A AR I 5 B5 Tl 1 19 3R
ik, MERE PR TG & BREE, Fmb T
IR IR E AR B

TERFHEAF, NMDAR A £ 1 i g o e AL,

R/ RvE AL 1 R AL
Tab.1 Mechanism of action that affects hyperlipidemia

o LR 2%

ERr LIfES 0T TifES0T (IS FHEL T Sk

[rEAwi] CYP212 PPAR-a | ! [47]
PPAR-a AMPKa 1 l [47]
AMPKa ACC? l [47]

ACC CPT-11 l [47]
PIKE-A TNF-o0 1 1 [54]
TNF-o PIKE-A 1 l [54]
PIKE-A AMPK 1 l [54]
AMPKo2 BCAA | ! [49]
BCAA PDE 1 l [50]
BACC HSL 1 l [50]
FGF19 PA | T [55]
PA p-IRS-1 | T [55]
PA GLUT-4 | T [55]
NMDAR ERK1 | I [39]
NMDAR ERK2 | 1 [39]
ERK1 PPAR-a T [39]
ERK2 PPAR-a i [39]
NMDAR TNF-a | T [39]
NMDAR IL-6 | T [39]
PPAR-y PGC-1la l [28]
PGC-la Nr5a2 1 l [28]
PGC-1a Hsd3b2 1 l [28]
PGC-la PMP70 1 l [28]
PGC-1a PEX19 1 l [28]
miR-27b  ANGPTL3 | l [51]
miR-27b GP-AM l [51]
miR-27b C/EBP-a | l [52]
miR-27b SREBP-Ic | l [52]
miR-27b PPAR-y | l [52]
miR-27b Ndstl | l [52]
miR-27b gpam | l [52]
miR-144 ppardb i [52]
miR-144 bel2a 1 [52]
miR-144 pparaa T [52]
miR-144 pparda 1 [52]
miR-125b ppardb i [52]
miR-125b bel2a T [52]
miR-125b pparaa 1 [52]
miR-125b pparda il [52]
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SR 1
TR EUHES T FUHE ST

X HiL B S ) 2%
(M AETFEL ETTY) 3Tk

HiM=fE  exendin-4 TG | ! [55]
RTN3 TG - [55]
RTN3 SREBP-1¢ ! [55]
HSPA5 SREBP-1¢ ! [58-59]
SREBP-1¢ AMPK ! [58-59]
AMPK TG ! [58-59]
adiponectin LPL 1 ! [60]
LPL TG | ! [60]
. WEENR AKAP HMG-CoA | 1
EH5HEE  PGC-la Insug-1 1 ! [39]
PGC-1a Insug-2 1 ! [39]
PGC-102 Msmol | ! [39]
PGC-102 Nsdhl | ! [39]
FGF21 SREBP-2 | ! [62]
PCSK9 LDL | ! [63]
LDL LDL-C | ! [64]
ANGPL3 HDL-C 1 [65]
ANGPL3 LPL | 1 [65]
ANGPL3 EL | 1 [65]
mir-33a SREBP-1 1 [62]
SREBP-1 ~ HMGCR 1 1 [62]
SREBP-1 LDLR 1 1 [62]
mir-33a ABCAI 1 [62]
mir-33a ABCG1 1 [62]
JIESBESE Nr2el IL-1B 1 [66]
HEHL Nr2el TNF-a 1 [66]
Nr2el MCP-1 1 [66]
miR-144-3p  ABCAl 1 ! [67]
BCAA FFA 1 1 [52]

Ao R BRI R E . N-F DR A E MR 2 Ak
(N-methyl-D-aspartic acid receptor, NMDAR) A] L)
BRI AR KA TG & &, JEH AL
B E PR WL SRR G I 1 3Rk, (EAN R
TR & A L R ek, vh st OB ot R AR
AALGn i, NMDAR i 7] LR 5 ERK1/2/PPARa
WAL, MR A W7 AR A AL, i R B R SR
Besh, FEm iR R/, i/ NMDAR BI#5 5T
M, TNF-a F1E 4 LA 22 -6 1 I3 ik B K- 18 2%
REAR, NIRRT HE e 5 1R A9 A o A 38 2 9 B,
X i NMDAR Xof Jlig 5 4 Qi A2 et e ] L2 3 o 34
T RAEH F R, 5 NMDAR #SAHZ, PGC-
Lo B A] DL /D i e AR, s n] DA 2E A5 197 R A
ft. TENFAEF PPARy AT LY PGC-la 54, et
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JIF P RE 1 2 Ak . I B PGC-Lo (306 7T | i
Nr5a2 1 Hsd3b2 i, K-, fil 2% JF It 8 3%
B, HE—2HE5E PGC-1o 112 A I R S A A HIBY
WP REFRMERR . 34N, PGC-la i ik Al fdi i Ak
Yy B 1K % & F 70(70 kDa peroxisomal membrane
protein, PMP70). i % (LA A: & £ 19
(peroxisomal biogenesis proteins 19, PEX19) Fl£k
RLRFT IR & W i 0 Tk, AR A
R R A AL, 534h, AMPKo2 W] LARH W SZ i
2 JE 1% Y (branched chain amino acids, BCAA, fi
i AR . S AR M ENR), WHEmIEMIE,
WD G B HERL . BCAA S il —Fp s R B Ag
it 3 ¥ W IR R T T, RO SR R 1D 20 P )
JiE A 25 . JF Had g g K 3, BACC .35
$n 2 F = SR D5 Bl b HSL 22 2R 660 1Y B iR
1, T35 BACC fE i 1Y i 105 73 AR FHE B
T EiR gz K F-4), mRNA 7E5 B/ Qi b
KRIEHFEEIER, Vickers %P7 K miR-27b 2 5
JHERE R A B B . S IEE /NEUFREA L, miAs
ML /N BRUAY P H miR-27b (363K E R fn, IF
H. miR-27b 8755 I i 5 A7 ST DR Il A A LR A 3
FH I -3- WML S AL Rl 1 1Y3K5K . miR-27b ]
TR R R ik, 33 C/EBP-a, SREBP-lc,
PPAR-y. ANGPTL 3. N-Jiii 2 Bkt /AR fif 5L 5% 75 il
1 1 gpam 453 H A 387K 1 2 FRAREY 1 B
e, miR-144 Fl miR-125b 5 5 i i,
EAlEE IR LR (ppardb . bel2a . pparA
M pparda) W335, HEM-EEARICZERLS,

AR IE SR AR B A ) 2 i, (HE Lt
FAtERAL, an C2C12 WL, W2 iR B Rl iy
Y B o W B mE WL 3-3% i 3% 98 + A(phoshatidy-
linositol 3-kinase enhancer-A, PIKE-A) YE-H TNF-a
() —FloBT BRI B, 7E C2C12 WL, ] LI 5;
TNF-a X 4L R M0 A G B8 AL i dlfE ], =
FAR AR, [FA, TNF-o it K42 ¥ PIKE-A
I AMPK Z [H] (A AR, DATTTZE AR SR o4 py 4R
AL PIKE-A P36 T, & 750 = AR 1
i F1 SRR BRI, BRiv 2 41, Cc2C12 LA Y

BT ACILAZ 2] FGF19 (3520, FGF19 W5 T #x
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Fig. 4 Common nodes of hypertension and hyperlipidemia under obesity conditions
Red denoted common nodes of hypertension and hyperlipidemia; blue denoted factors affecting blood lipids, and green denoted factors affecting blood

pressure.
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