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The Effect of Particulate Matter on Obesity

Hye Jun Lee, Soo Hyun Cho

Department of Family Medicine, Chung—Ang University Hospital, Chung—Ang University College of Medicine, Seoul, Korea

With accelerated global urbanization, the impact of pollutant emissions and air pol—
lution on obesity is important. Particulate matter (PM) is a major component of air
pollution—inducing substances. Recent studies have reported that PM affects obesity
and obesity-related metabolic disorders. The main mechanisms proposed to under-
lie PM effect on obesity include chronic inflammation in the hypothalamus, adipose
tissue, skeletal muscle, and mitochondria, and oxidative stress in the white adipose
tissue, lungs, and thyroid, activation of lipogenesis genes, changes in adipose tissue
distribution, dysbiosis of intestinal microbiome, and dysfunction of circadian rhythm.
Therefore, alleviation of air pollution including reduction of PM concentration, is a
potential strategy for treating obesity and preventing obesity-related complications.
Further prospective longitudinal study on human participants is needed to clearly in—
vestigate the effects of PM on the risk of obesity and related mechanisms.
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Mitochondrial
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atrophy dysfunction
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Schematic diagram showing the mechanism of the effect of particulate matter on obesity. Modified from Della Guardia L, Wang L. Fine particulate matter
induces adipose tissue expansion and weight gain: pathophysiology. Obes Rev 2023;24:e13552. Abbreviations: BAT, brown adipose tissue; PM, particulate

matter; WAT, white adipose tissue.
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S0, Z2IHoz 0|z et BEst MMES2 ez Z2SH¥ H IS
OI3tS RUoI0] AxEOR O|0IX[A| ECE* ATt DMK 5= &
Jt= QI Y [EE2 AR ESE Melott 0|2 Qlet MESS/Pt |
2 2 UCLY 2 HEATME DMTEX] =52 25 W DM
o] BN HSIE RUSIN 28 JISHE FLYUCL Y S5| 0|
MIEA =22 2= DM W & 2 =2 222 G352 7Y
ot H 2875 RISH=D,* SRl M 2759 Kot
= DIE2EL0t 7ISE0 & 29=S REUsHH 21Xz &4
7|5 Motz 0[01X|A Ect*
2) MBAEY A

ASIAE YA SIS DIHPIR] B2 QI3 HIRH MO LK

9l
—

AEs SICEY O|MBXI0l s TSt A3tEEIEXHpro-oxidant

molecules)7t ZL&E|0] QIOMH 0|= QAN O|EZE=2|0F SEA}
1=}

&8 Bl O 2 M BEAAE(reactive oxygen species, ROS)2
Bt Al XERR| W, ZAMS TEkS TS ZX(1t AH|ZLof
N ASIAEYAS Qurst 4 QIrt

W, BEEMAS SVt 2245 WA XUXX0| SXL X
2 FLIot0] FollE Yolloto] A X[HURE A4S SIHAI7 |1 ZAM X
Y Ag UANA ZUEO=Z Of HX|CHAL Fots O|X|1 Q1&E
DIZNS ZAAA IS QUE 4 QICLY MNZ 7|20 =&
3 ol Mabdut HEE MSMEXA Q| 0|40] Lilot=d, o
=5 AATME THEIE OIMEIE A B (Akt/protein kinase B)
4a, it LHIIMIZ0IAM Q] AtotEiA MES A0l Qlitstet HElA O
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At 4 C (protein kinase C) &$ 712 20, 22 YUHE ¢ Cp.%0 5t 042 STL0fA] H|ZH X Ikt XIRICHAL HOh7t s 8

70| =M 0|MHX|= 0pRAL| B XIRIRE0A ZHEl(xanthine) Ao S8 HUO|YE0] 2HEEA=H|, 0l HLHO|ES0] hAtet

5CE 50| MIAEYAZ QUIRNCEY TS M2d DY oot USS AASICES Q1717 |8t st
M, OMHX|7} HOoA RLUSHE MSIAEZAS ZAA|7|7] 26t TOIME HUOMZ0] OJMHX|7F B|2a =S XA AL Z2to|

SRR Ee H S018 MLl Zuitéts SHSEthEi(su- 0|Xl= gele BEXOR SASS 2™

peroxide dismutase, SOD)2| A& OIMTHX|0 EE ORA

of Q&R XSS 2AslE 4 QUACHE ENE QEH® 0l MEpA 5) S1EF7]| 2|5 HoH

EY AT} Q& Kol 0jXl= Fas YT O|MHX|= St&37| 2l&(circadian rhythm)0il Fets 01X 7+
A, DIMTHX0f oot MBtAEHAE ZMM V|5 Halet d5 & Moz H|otE RUE 4 Ut 2 HANM= ofFFY| 2l &4

SN S2EE ZAS UT £ QO AN O|HX] CHAIE & ot= O] OlHX| Sedd 2EY0H & Cladl MIHS Zadet HAESRS

7|2, e 7SNt 0|2 oot e S22 gy I BH| & SQUMON, Ol OJMHX|Qt ZRQUACES E5H 5t A0 AE 10

AE OLIX| CHALO F&FS O|M H|PHS RUE 4 U=0,” TFE o 2= 2tO] DM LoE0| Al 3 ZEAH XA R] L0 A Al 2t

SICITISO| M2H MINMOR =2 4Z0| OIMHK| =52 ZHAMM (clock-related) RHAte| tR2F7| 2|59 WS YOZW ™ OI2
IS Batet S5 UMM S22 s Z4AL} HRHO0| YACH P 5 AAUME =2 AH RTXKPer1-3, Rev-erba, Bmal1)2| Hi&}7}

= HAAUN OMTHX] 52 MSAEYAE S7HAA I (fol- X U HON BE L AMSTAEYAO| BTt SHEAUCLS

licle) MOIMI ZtA, I Z(follicular cavity) 7| 7t S Z4HM 9

Y| HolE RLUSIFCH, Ol oM S22 &4 Y 24| 4% 4. DIH[HX| =0 FekS 0|X|= 22!

ZRAQUAUCL™ ot OMHX| &0 oI5t 2N 7ISHOHQL ZArM

S22 2H| A 24 X[HXX|0| BiAlSIE YO7ICt™ OJMIHX|ZE H|2H0) DX = gae &Y M, =& g =X,

KX HAH SO tHet 212 S2otTH.

3) X[ 2 QMK st Y XXX 2 Ha}

OJMPR = XEdd 243 STXE SHS5I XYEE 2R H 1) & ggat S50t
SAZICH EE S5 AT0IME E7(HQI O|MEHX] LLE0| OrRA X ot HIEF2A] A0 = OJMTHA| .E0| 18M| O]2F FAEO| HITH
HIRRIONA] K|Eh AA X|EhM|IE 25} 2 X|E H|Y(lipid—droplet) A4 Ol O|Xl= 20| goIEt =58 ER(YAH relative risk [RR]
A PR QERLY| AStEH(upregulation)g L3I, 0l= K[| =1.24; 95% Cl, 1.09 to 1.38: 42! RR = 1.10; 95% Cl, 1.09 to
I 37|, 5= I YR S7tE ZHo6IAUCH,”* 5| e X| 1.20),"® T2 SS0|Al= O|MHX| 22 Q35S FE2 0{ZI0]0)A|
SIZX] Q0| 72 HFCL™ O|MHX|0| o2 E MR A x| O 2 Y& 0|R(1,° DMK UXP7E 2S42 0f210(9F HAH
ZEO|M =2 X|E8d EXIXIQI OLME-CoA 7HE-5tE A (acetyl- oA H71Me2 o 2 ¥ake 01E £ U3S BEIsitt®¥ ol= 4

CoA carboxylase, ACC)2t LtO|Z2|M20|= OtA7 | M e A-2 QU7 T FAEN 0Z0l= O|MHX|0) Qo &S Y= HE Zalet
(diglyceride acyltransferase-2, DGAT2) &¢i0] S713iCt=e 211 7| 20| 2™ 5| LESER] 0t O|MHX|N| 23t Seig 0| o Fefat
7t UOH,*" 0[2F RAFSHA DMK =& E OFRAA TX|HA| 1, 0|29| OlEE BTt &7| EO2 MZEECE™ 0 Tt LOol0]
Z¥H(pro-adipogenic) AXIQ! MASAXN SAM-2g5t S8 A OIMTXIS] Qast FE0| &3S 9el AT U=, Ol 0|4
(peroxisome proliferator—activated receptor, PPAR)-y, cAMP HA| W 220 =M} 0IY ZHoZ ZXECH OIMHX|7t
SHSQIRt-Z g HHE(CAMP response element-binding protein, |20 O|X|l= Sl ther QI7h &t 19| CHREER 171E 0[2te
CREB)-a 80| 37t3iCt= BT QICHY T2 = E=01| ot ZUAUCH, H7|ZH =&0| So| H|2H0)| 0jXl= S
80| 2 02t FZ2 UOLY? A7t =E9 SHYS0 st 2
4) BUDME E7Y = ES0 ot HHAFME 133012 DIMHXA €5 2l
YUOMES EXY2 OJMTXQL H|PHS atsh CHAPRISHIL] & I ESYAHE sk S7t4e] HUHAE EACLY, H|THO| At
A EHIHEO S LS & == UCt. MHHASOOM 7= N2 QOI5HK| LRULES
Zo| £ MUn|MES| Tyt M S2 = (abundance)0l| H
SIE Rl ¥ Y SdQ 4a H YEE S 372 0|0 R
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2) XA WX}

OIMTXIOf 2lgh tH7| 29| 2 RHH HAE HeIrt. of HE
24 A0z FE, Ol=2t Blwot0] ORAIOF X[HOA DIMITX|7t
HIZH0l| O|X|= FE0| RSIIUCH(RE RR = 1.12; 95% Cl, 0.99
to 1.27; O]=F RR = 1.36; 95% ClI, 0.85 to 2.18; OFA|OF RR =
1.09; 95% CI, 1.06 to 1.12), MLt IHU= =0 A 0] FEO|
E=S5(MXI= RR = 1.10; 95% CI, 1.03 to 1.18; /LU=A= RR =
1.17:95% ClI, 1.12 to 1.23)8 EISIAE=LI, 0= A stet THE 9]
YOR MZIFLCL™

5. DM X|Q} HTtS| $SEE
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SF HIDISIRIOA] DIMHX| &0 PR A HZISH ™ T30 ME
HEE 5 COVID-1972] 0| SEEUCH Of= H|ZHI CHAIXL
7t He MiE HEARE Bl st OJMBA| =& & MBS AOIE}
QI B7tE H0f DIMHA|Z e FE0| O FUsh| HEZe= M2t
Fict’®

Z E

T MAMLE EA2 7tE3EHM MY, 1S S7t2 215t 2
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Ch.7 OJ XXt HZEO] ZAOf CHSE SIX7IX|Q] HTLERZ D|R0E
o, OIM[HX] =E0] H|2HO] M= 2f0IE SIFQIARUR 2HoH ZOICt
LR AFZANO|AM S EUX|= A+ TIXRL, OIMHX QL H|2F =5
o 2 JFeo X10[, X[ 2 At X0, B2 7] ek 3 F0{ W
0!I S0l ok 7|Qlots Aoz MZIECt 0| HiEC = THA X
Ol H|ZF 23 ZHIE oot/ et Mfo|A DIMTHXIS Zalet O]
2 =2 12{ot0], DIMBX| sk NS Zaftt U7 |2¢9| 25t
70 HIZE Xz 2 SEE ofHtel EOtE 50| 2 4 US A0|Ch £t
OJMIHX|S| QIA eE 3 HE LRSS 2017| |l =2 78R3e &
SEAYA L o U™=0| Host AR, 0= H|THe| AtS|ZAA-
oM HEHg &Y ACE J|thELCE THEF SXi7tX e A= = U

=
Ct. o OIMTX] =50] T 7|22 OfLf=t Hio| OjXl= Hefl
OAX| CHAF X 2 E S22t OjMEX|2F] 2HA 0 thet 7|
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