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Increases in cardiovascular disease (CVD) in modern society are attributable to aging and lifestyle changes such as westernized
diet and decreased physical activity. On the other hand, mounting evidence suggests that environmental pollutants such
as persistent organic pollutants (POPs), bisphenol A (BPA) and phthalates are also related to the increases in CVD. POPs
are a family of lipophilic stable chemicals that accumulate in adipose tissue and create a persistent toxic effect. The association
between POPs and CVD is reported through epidemiologic, animal and in vitro studies. The association between BPA
and CVD has also been established from many epidemiologic studies; however, a causal relationship remains uncertain.
Exposure to POPs or BPA is also associated with the development of well-known CV risk factors such as type 2 diabetes
mellitus, hypertension, hypercholesterolemia and obesity. Therefore, it is uncertain whether POPs and BPA are involved
directly to the pathogenesis of atherosclerosis or indirectly associated with CVD. Additional longitudinal and experimental
studies searching for the direct causal relationship and exact linking mechanisms should be conducted to investigate the
effect of exposure to environmental pollutants such as POPs and BPA.

Key Words: Environmental pollutant, Cardiovascular disease, Persistent organic pollutants, Bisphenol A

M2

OM7| Ol A MAZQI ARISE ZAISH U O|of RIATI AdSt
UAlO| HEH= AP BRISIO| WMS ZIIAZD, ATpse
ARQISHE! Li2to| &l AN IQI0[Ch 20121 S =0
Of5tH Q2|Li2t Al Y01 & AlZFAISI0| 29|, LT BRSO
3912 225193, 0|2 QIS AMY2 242} 109t 52.59,
51.5go2 Ao QIS Al Cheo2 235 Al 2iQlo|ct!

0|25t AHRASIO| LMol 5}, A4S QFA(SH, Al

Chemicals Agencyoﬂf F 150,000&2] st =
U], 2 S AEC= AMEEl= 20| Cishie A4S A

o 591 AP} O|ROID, 1 9| Chol sfst SUSe|

]

0
N
o

T
n
=)

-

Received: May 22, 2014
Revised:  June 5, 2014
Accepted: June 11, 2014

Corresponding Author: Kyong Soo Park, Department of Internal Medicine, Seoul National University College
of Medicine, 28 Yongon-dong, Jongno-gu, Seoul 110-744, Korea
Tel: +82-2-2072-2946, Fax: +82-2-3676-8309, E-mail: kspark@snu.ac.kr

This is an Open Access article distributed under the terms of the creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



J Lipid Atheroscler 2014;3(1):1-10

ST} QRO TS A 72| O|R0J2(2| U™ 1 Zt

iy

persistent organic pollutants (POPs)7} CHEEE0| Al2to| SioH
oM A== ATt POPsE 38E = 5242 7RI & ol
A| b= Crel sts 229| 2202 tRE 44402t A1
220 2He|D 1AM $EH0| Bi|1Z Jpict! O &
22421 2210| polychlorinated biphenyl (PCB), Clo|=24l, E2
3} LAl (brominated flame retardant), dichlorodiphenyl-
trichloroethane (DDT)2+ &2 |7|8A4H =2 SO0Ict 1 2|
POPsek= CHE SFOILE MAOIM 712 20| idiel= ofet =2
QI BIAT= A (bisphenol A, BPA)2F ZER{0|EE QIFL| 2
Ol IL2 0|xl= QA= H2 A7t O|R01H RATt POPs2t
BPA, ZE20|EC| S38H2 de== £84 0 284 52
ZYH|2 2Z5hk= UhaH(A et 2202k oot 2 S0
Me POPs £= BPAZL 43S 52 cligatdae| g
20| U=A| O Hot et 55 A Bulss Sl =2l

Einy (813

Ciefel Chefz0ilA O[O0l 042 st A+-S0{AM POPsOf©]

CEN SHESS 22 o] 2ol Aukgo| 2k

0.

1976 O|El2|0f 25 Seveso OFS0|A 22 =4tz 2=H
2Z|90o| 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD)0|| =&
El AFHO| QUACE O 25E7e| & 22k H 1Yt O|R01[=d,
TCDD =& Ol dgaasto2 QlIst AI0| 2 107 FLloHA|
S7htRa, 5] 5-99 24 7(7t SOt 71 =UTHRR 1.8,
95% Cl 1.0-3.1]. 0|2} & YO QIS AfUEE S7t51A
CHRR=1.7 95% CI 1.1-2.7].%7 1978-19794 Cjoto|
Yucheng Z|0jA PCBO| &= AHIIES HI £HHO|
PCBOI| ==F ALVt UU=C| OlF 249 24 2zk oA
S ool MeH POl 2l 2{F0] 2. O
(odds ratio [OR] 2.1 [95% ClI 1.1-4.5]), Al5t PCB/CIO|=2A!
29| 279l A0 EE(chloracne)0| U= AMoMe &

= 'Hol EYO| SHY, YA ZO| 3.
HEA

=
ol
\J
3
4%
o

AACt

A9l PCB 32 =32t HoM= AEadsez Qs
ALO| Z715191, " HisA| A2t S22
CEE 220N S MRSl ghio| 1 88 Z7i5120,
0=, ZHLICEH G, BIZtE, AQ|E|, Eiot, HE2ts, ojgk2(of,
59, QAER|0f, 5, FRME & 127} Li2fO| TisA| A=At
S220= it SN Lote =sAI2 FHdE International
Agency for Research on Cancer (IARC) 2| 2SE HJ0|A
= TCDD &= Est Clo|SAI0l| 28 =SA0N H@aaiee
2 Ot AU SVIGHA| AU2L, S8 HASHRR=1.67,
95% Cl 1.23-2.26]2} E=H[RR 2.25, 95% Cl 0.53-9.50]2]
90| 2715t ZTS EUCH® J2iUL, TCDD 3% =SAjoj|A
AMEntAs 9 ST R E 2 T ¢5oAM= TCDDof2

_ A= L —miOr Dr= S0H A
=52 MTFUS, BAZ, Y, DEY, T2 B 28 Fof

==

0 Agent Orange (TCDD)Of| =2%|AE QIO CHRO|
Hlo Algdatdetat e, Yo YHlo| RolstA| S7tEe
2 24| QUCE” 025k AL} 2IQM0f oft 22 YBto2
A9 ARR[OfM UOLt= S0 20| Hish O s&=7F 2Lt
7|2t2 Z7| W20l ol2{st 2E XY AlRle| 2R2 Uit |
= OfECt A Afg| 7|8t SHO0M= POPSOQ| LoEnt A2t
Shato| AREAIE EOlF= O] St Z2+S0| Ut FE0A

Q'E
4%
[l
>
©
O
\e]
[m
N
o
o
N
(i
=2
=)
alll
<2
>
=
Q
=,
o
>
QL
T
)
QL
=
o
Q
>
[oR

Nutrition Examination Survey0i| ZE&Hel 40M| 0|4+ 4401 839H
ol 2171&|9] POPs [37F| polychlorinated dibenzo-p-
dioxins (PCDDs), 37FA| polychlorinated dibenzofurans
(PCDFs), 57f2| dioxin-like polychlorinated biphenyls
(PCBs), 67A] nondioxin-like PCBs, 471X 7 |&84A A=A
st 2P 25t Adatdsto] REES Hlwst A0
dioxin-like PCB, nondioxin-like PCB, R7|&€AHA A=A
St ool Aeedso] RESE Al HEAlE 2T
(Table 1)’

Prospective Investigation of the Vasculature in Uppsala
Seniors (PIVUS) ¢720f| IEHEl 70A| 0|4 898HO| L Q10f|Af
21712|9] POPs (16712 PCBs, 3712 R7|G4A =<, 1



Min Kyong Moon, et al.:

Environmental Pollutant and Cardiovascular Disease

Table 1. Number of cases/total number and adjusted OR (95% CI) for prevalence of cardiovascular diseases by quartiles
of PCDDs, PCDFs, dioxin-like PCBs, nondioxin—like PCBs, and OC pesticides in females.’

Females <25th 25th to 50th to >75th o trend
<50th <75th

PCDDs 8/115 9/116 11/116 19/115

Referent 1.1(0.3-3.3) 1.5(0.5-4.3) 2.0(0.7-6.4) 0.16
PDCFs 9/115 10/116 13/116 15/115

Referent 0.9(0.3-2.5) 1.1(0.4-3.0) 1.0(0.3-2.8) 0.92
Dioxin-like PCBs 4/115 8/116 12/116 23/115

Referent 0.9(0.2-3.5) 2.0(0.5-7.6) 5.0(1.2-20.4) <0.01
Nondioxin-like PCBs 5/115 9/115 9/117 24/115

Referent 1.2(0.4-4.0) 1.2(0.4-4.2) 3.8(1.1-12.8) 0.02
OC pesticides 3/115 9/116 10/116 25/115

Referent 1.9(0.5-7.7) 1.7(0.4-7.1) 4.001.0-17.1) 0.03

PCDD; polychlorinated dibenzo-pdioxin, PCDF; polychlorinated dibenzofurans, PCB; Polychlorinated biphenyls, OC; organochlorine

brominated diphenyl ether (BDE), CO|=AN2| 7|* &3
=00} 57 L|E2 SIS BM510] B2 [ PCBSL} po'-
DDE, trans-nonachlor, octachlorodibenzo-p-dioxinO| =|&
SO| dlint ROlot HEFAAIE 20 POPs7F RHOIM SS9

drAlof ZHO{SE JHsAMe 2oz Qlot
2. Bisphenol A

BPA= OMMIEX Ti=2| 5522 UHS0R|H SE2tAEe| UZ
ol polycarbonate, epoxy resin®| Y27t EIct '8 BpA= E2
2 AISO|Lt S =O| Z2tAE] 2101 JofM HEE(0] SAt SPA|
A2 E55le Ao| 71 =otr|et F7|L T|RE SSiM=
S £ ALk EX0]| LAfst= BPAO]
L2 Qe ATHEQS ©f 1988-1994H0|| HALSH 0=
‘321 95%0i|A, 2003-2004'H01| OF=2t Q1 CHYC = ZHARH
2 [ 93%2| ARHO|A LAZALD ESH ALZ S L BPAE
ok 0.2-1.6 ng/mLeE ZASICI D EEl HE QT

2003-2004d 0= I2UFLRAL A2E HIECZ 1,455%

O AQIOl|A] At BPASER} O] AAEAE 2 H0IM
A9 BPA &7 1 BEHA SI10)| Ti2f P Eo| Ul
QI30] 1.398H, AEBRIStO| Yy E5H 1 398 SII5HRCH?
ST0lM 3,39082 CHACZ 0|F 042! & CHE At MM =
At BPA ST 2713

52| 2{5HA0|
4hAHO| QOI5HH 27F5IUCH? Hr 50|22 ¢ k=

212t0] HOtLt B0

ary 21510

INru

0= 0

jof Tfe g, 25 H[ak o

European Prospective Investigation of Cancer-Norfolk UK
DSEOM A BPA S5} 1 B M3} (4.56 ng/ml) 27160

it oF 10,84 & A2 AT 2sto| Y

Of AlZH ARHERH €5 HoiRQirhe Zolct?

>
Ko
R
e
I
9
1
i
re
!
>
e
ox
0
S
>
5

SASO| gol| 7|0 VtsgS Z1IAI<>RI

(u]3
—
&5 EO#—?-ZI %ﬁﬂ:ff %

=

OF o rH np¥ N 0 g
200% X ok Norg o
e I 5 05 d0 52 p
oy 2 A & = O
|'O|-J>">'TI' n Rl
02 S @ 30 rh)”uo
"}Eopﬂi 5
wme 3
—>\|l‘[’£|— WI'_I:J_
o= 5 W o o =
S o iy
T S
© SR =
NN 10
o O H
X o m’)‘
o rlo
rol u
410 o
0g =z
ro rx
b 0=
@ ol
2 2

mo |
i
82 T
rlo
on
1o
iy
Hu
I
NA
o
1
P o
39
)

jul
0=
i)
2
l_
§
ok
\dJ

1. POPs
ApoE ZH Az|of| TCDDE 73 é% =
SEES0| Z710f| At L443ict,

2 470 TCDDE &

Soislel 247
TOIME ApoE
3101 Z4EIS0| 20| REEIT,

(MMP)-122} &

FH
Trﬁ
re F

= IL-8, F4/80, matrix metalloproteinase

2 G5 Rl 2elo| SViet St |UCH TCDDE FOf5IZA
DA|HAOLE e ot TCDDO|| Qi3 FE BHE0| S7t=|1
o] 90| S2UE|/UCt. S0|22 A2 CXCR2 AA[A|LE



J Lipid Atheroscler 2014;3(1):1-10 JOURNAL OF LIPID AND ATHEROSCLEROSIS

A 800 b B 4| VoL LDF HDL
2 700 o ;
> = ® Vehicle
2 600 =)
= o 0.3
= 500 g @ PCB
Q@ ©
% 400 § 0.2
S 300 8
= -
S 200 2 01
= o
|g 100
. 00 | 1 | | | | I I |
Vehicle PCB-77 4 6 8 10 12 14 16 18 20 22

Fraction number

= |
-, =
M. - |
z AN
T o A
\;t T i Ee o
[ LT 4
BN Lt Pl
RIS T A
ﬂ’lw‘*\l" k '5'{1
LR L/
" B -
i v
I 3 L~ 'l
- LR "t -
‘gfz ’2 Y
~ 'ﬁ‘:e_ . e e A §
e s L o — L INII
- S & S o .
Vehicle

Fig. 1. Effects of PCB=77 on total serum cholesterol and VLDL cholesterol concentrations, lipid deposition within the liver
and abdominal cavity, and atherosclerosis in ApoE” mice.”* (A) Total serum cholesterol concentrations (n=10 mice per
group). Total serum cholesterol concentrations were markedly increased in ApoE” mice injected with PCB—77 compared
with vehicle, (B) Lipoprotein cholesterol distributions (n=4 mice per group). Elevations in serum cholesterol concentrations
in PCB~77-treated mice were predominantly in very low—density lipoprotein (VLDL) cholesterol, (C) Representative tissue
sections from livers of mice injected with vehicle or PCB-77. Compared with vehicle—treated mice, tissue sections of liver
from mice administered PCB—77 exhibited lipid—laden vacuoles, (D) Administration of PCB-77 resulted in marked deposition
of lipid within the abdominal cavity, (E) Aortic root sections stained with oil red O from vehicle or PCB-77-injected mice.
Administration of PCB-77 to ApoE” mice increased atherosclerosis in aortic root sections. *Significantly different from
vehicle (p<0.05).
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Control

Control BPA Control

Fig. 2. Atherosclerotic lesions in the aorta and aortic sinus of ApoE / mice. (A) Representative photographs of aortas
stained with Oil red O. Magnification X 40, (B) Representative photographs of aortic sinuses stained with Oil red O. Scale
bars represent 1 mm, (C) Representative photographs of aortic sinuses stained with an anti—F4/80 antibody. Scale bars represent
1 mm.
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