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ABSTRACT

Limited studies are available concerning the effect of heavy metal exposure on cardiovascular diseases. As environ-
mental pollution increases, food contamination, including heavy metal contamination of fish, also increases. However, re-
searches based on the intake of heavy metals, cardiovascular disease, and fish intakes are inconclusive. We assessed an as-
sociation of heavy metal exposure with cardiovascular disease and fish intake in a nationally representative group of
general Korean adults. We used data from the combined 2008—2010 Korean National Health and Nutrition Examination
Survey (KNHANES), and analyzed the data of 5,139 Koreans who participated in KNHANES. All participants were old-
er than 20 years, and were diagnosed with stroke, ischemic heart disease, or hypertension. The mean blood cadmium, lead
concentration, and mercury concentration of subjects were 1.07 + 0.01 pg/L, 2.49 + 0.02 ug/dL, and 5.19 + 0.08 ug/L,
respectively. We used the survey logistic regression model to account for the complex sample design of the cardiovascu-
lar disease risk in order to estimate the odds ratios (OR). After adjusting for age, education, income, alcohol, smoking, and
BM]I, the increase of serum cadmium in blood was associated with the increase in the prevalence of hypertension. Further,
the increase in blood cadmium concentration was associated with the increase of both systolic blood pressure (SBP) and
diastolic blood pressure (DBP). Although higher fish intakes were significantly associated with higher blood mercury con-
centration (p for trend < 0.0001), fish intakes did not affect either blood cadmium or lead concentration. Comparing the
highest fish intake group with the lowest intake group, the OR of hypertension was 0.31 (95% CI: 0.19—0.59) in the crude
model for total fish. However, these associations were no longer significant after the adjustment for potential confounding
factors. In conclusion, cadmium in blood was associated with an increased risk of hypertension in the general Korean adult
population. However, we found no evidence of a clear relationship between cardiovascular disease and frequency of fish

consumption. (Korean J Nutr 2012; 45(4): 347 ~ 361)
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Table 1. General characteristics of subjects
Total N (%) Male N (%) Female N (%) p value”
Sex 5139 (100) 2408 (57.2) 2731 (42.8)
Age
20-29 939 (27.7) 436 (28.8) 503 (26.3) < 0.0001
30-39 1023 (21.3) 463 (21.9) 560 (20.5)
40—-49 1016 (21.2) 466 (21.0) 550 (21.4)
50—-59 1046 (18.1) 490 (17.9) 556 (18.3)
60 < 1115(11.7) 553(10.4) 562 (13.5)
Education
Middle school graduation or less 1724 (24.5) 681 (19.8) 1043 (30.8) < 0.0001
High school graduation 1877 (42.2) 930 (44.9) 947 (38.6)
College or more 1512 (33.3) 780 (35.2) 732 (30.6)
Income
Low 906 (14.4) 395(13.1) 511 (16.0) 0.0377
Mid-low 1314 (25.9) 600 (25.5) 714 (26.4)
Mid-high 1426 (30.3) 676 (30.8) 750 (29.7)
High 1419 (29.4) 698 (30.6) 721 (27.9)
BMI
<18.5 239 ( 5.0) 87 (3.8 152 ( 6.5) < 0.0001
18.5-25 3287 (63.7) 1469 (59.9) 1818 (68.7)
25 < 1613 (31.4) 852 (36.3) 761 (24.8)
Smoking status
Never 2861 (52.5) 473(23.2) 2388 (88.5) < 0.0001
Former 746 (16.2) 624 (25.5) 122 ( 4.8)
Current 1177 (31.3) 1028 (51.3) 149 ( 6.8)
Alcohol consumption
Never 643 ( 9.1) 130 ( 4.1) 513(15.7) < 0.0001
< 1/month 1608 (28.8) 492 (20.2) 1116 (40.3)
2—4/month 1740 (38.0) 890 (41.7) 850 (33.0)
> 1/week 1121 (24.1) 878 (34.0) 243 (11.0)
Blood pressure
Systolic blood pressure
<108.83 1581 (31.9) 457 (21.5) 1124 (45.7) < 0.0001
108.84-123.36 1824 (38.7) 980 (44.5) 844 (31.0)
12337 < 1734 (29.4) 971 (34.1) 763 (23.3)
Diastolic blood pressure
< 70.45 1601 (30.8) 458 (20.1) 1143 (45.1) < 0.0001
70.46—79.96 1459 (28.6) 702 (29.9) 757 (26.8)
79.97 < 2079 (40.7) 1248 (50.1) 831 (28.1)
1) By surveyfreq test
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A Z7VEE HEFI AASe 73S 1139, 1129 S7Fst
o ofAol|A Zkzt 11440, 1.158) & o] Z71saATE,
wge] 7ol fel&l ZFol7E $giet (model 1). eIz}
£ 2% BAS A9 (model 3) % B} HEF) Uigt 4
E2 ojAo] A 1444H (OR: 1.44, 95% CI: 1.09-1.92) Z7}
sttt 1Yol FHES WHQIAE HASHA] 2ok o
(model 1) 1338 2713900, 3+ of Zkz} 1264, 1.3941 =
7¥ete AL Ho|al 9lom, model 20|41 1.138) Z7}s}
FaL, FAe] - 1098 S7EeRIcE wEIALE B BAggh
model 3°41= 1088 18 FHE°] T7FFI M, model
29} g2] ojAdo] ZL-of 111wl (OR: 1.11, 95% CI: 1.02-1.22)
7ok

T o] dds 8

Ee] Aol diside 85

3= 4 9F 8} 3] | (Korean J Nutr) 2012; 45(4): 347 ~ 361 / 353

2 FE7h 1 ug/IA 7K o34de] A-ofnt 1.128) (mo-
del 1, 2), 3715190, +=7|d¢S L33 = wehH-E
HAHS o (model 3), FA| tdAelA f-E©] 1038 OR:
1.03, 95% CIL: 1.01-1.05) S7Fst9ARL o] w2 frE

A= frol2olA] g3kt

_—

g3 JIEE S0 T efate| 2
5 a5 A8 A 8 ET] WAl QlojA EF
7Heg w ot LEAT] A7 7 F-o14Q1 S Kol
HE EF 7lEw TS AR AEFSt] &
Lof| w2 ] TA tisiA tha3lHE A 535Sl
Tt} (Table 4). WFHJAARQ] Lpo], WEAE, 2545 BMI
AE, S5l A B A -9 B 7tEE =Tt
Z71ekel whebs] =578, olebr] ool fojde R 7t
3Tt (p-trend < 0.0001).

M MFH 0] [ MFKI2| S4dnt S MFefe| 2|
14712 Ao|AHE A Ao H N E RALE o] 85}
T RS AALHN | w2 G EAIsH B4 2
5T 890 BA3H) (Table 5). RS2 A
T 13] Ad3fetel o, Aol w2 AR e 524
Zto|E Holz] ¢rokal, Ao] g5 AAHFHRIET}
2530tk (p-value < 0.0001). WSEo] B A4 443
Bla7t dAJs] Tadhe A4S & 42 3lem (p-value < 0.0001),
7HtA50] =545 (p-value < 0.0001) A4S © A=A
Hohe AFS B B3t SFAFHRIET S71ERE A
AFRE7}F S7F8HATT (p-value < 0.0001).

WIAZO 1Y 24AI7E gRAL AR S o]85to] PP
AR AR Hlee whet vheo] o] SRt A,
Uolg B4 3 Table 60l AASHICE AAAEFH7 571l
whba] Thil o] 3RS fojx o g 78Tt (p-trend <
0.0001). 24+, 24, 2, 3, ZF A3 A Wert
7kl wheh F7kshe A3 B9eH (p-trend < 0.0001),
UEE, HEMIA, 7125, gEss, Yolotile S7keh= 4%
< HO|At FolH]] xfolE Ho|x] pholt AAAHFH HiE
2 8% T35 FEE A, AR Hert Sl

et G5 22 s o0 2 FsF o (p-trend <
k=)
=

ox g
e
o

o ot

D

3

HEREN
LS

>

00001), 8% 7H=ET} o] FEE $2)29l Fol2 HolA
ororeh
MMMZ|oL TEor QuiZo| B

A 7 vlmel e S8 1he] AwHe ojel T =
X122 B|FHEA L AT A (Table 7)olA TS 1
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Table 4. Association of blood pressures (95% Cl) with blood cadmium

SBP (mmHg) DBP (mmHg)
Model 1" Model 2” Model 3° Model 1 Model 2 Model 3
Blood Cadmium
< 0.77 Reference Reference Reference Reference Reference Reference
0.77-1.27 4.05 0.83 0.65 1.95 0.38 0.25
(2.69-5.42) (-0.56-2.22) (~0.76-2.05) (0.89-3.01) (=0.72-1.48) (-0.84-1.34)
1.28 < 8.19 2.10 1.74 3.76 1.14 0.78
(6.73-9.65) (0.50-3.69) (0.18-3.30) (2.70-4.83) (-0.06-2.33) (—0.43-1.98)
R? 0.04 0.18 0.25 0.02 0.08 0.16
p for trend” < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001

1) Model 1: Unadjusted  2) Model 2: Adjusted for age, education, income 3) Model 3: Adjusted for age, education, income,

BMI, smoke, alcohol 4) By surveyreg test

(Rarely)?} |32 off, 5= 23] o) AFfsh= 159 89
BHE0] 69% (OR: 0.31, 95% CI: 0.16-0.59) ZAaE= Adke
Hol1l glom vpo] WwSHE, A5rES B Soll= 3
A FFRIE S T EC] FofekA] (hgke, 11 9] BMI,
S, 541515 FEE BAske] E418F model 304 %=

3 i

& (Rarely) @} Blwgle o, 5= 23] AHst= 159 18 &
HEo] 38% (OR: 0.62, 95% CIL: 046-0.84) 2k} (model 1).
o], iSAE, A54EE BT F (model 2) 18] 1
HEo] 34% (OR: 0.66, 95% CI: 046-0.95) 74astglom, 1
9] BML, Fa4H, 74518 5712 24 S 0 (model 3),
18t GHEo] 38% (OR: 0.62, 95% CI: 0.42-0.93) 74
sheik 2] 3ol whE 18y fEl deliA= A&
Ao} AFIEIA] %= 1 (Rarely)d} BlaglS off, 5= 23] o}t
AFehs 2] 18 FHEC] 59% OR: 041, 95% CL: 0.29-
0.58) #rasgl o, Uo], nsAw, A5 BAs Ayt
AdFRIEe] e e R EC] FolAo)X] pkgkow, 1 9
BMI, SV, 24315 71 2Aste] £43 model 3
o= FoJakA] ¢k AitE Hlrh

A AdFeF 89 FHEEl e wEIAE Bk oF
Us f, FAE A o= = 15 (Rarely)d} H]IL A
RS Y 1~33] AF5H= 124 51% (OR: 049 95% CI:
0.31-0.51), 5= 13] AF8t= Z&E<llA 61% (OR: 0.39, 95% CI:
0.31-0.51), 5= 23] o] A% 1Eo)A= 59% (OR: 041, 95%
CI: 0.29-0.58) o422 2dth (model 1). SHAINE wgt<l
A5 HAYS df (model 2, 3) A2 38| gz L&l H
ol 5= 23] o) ek LEol 8 R EC] SISt

fo)2o]x) gl

27], g+t AdFH e 18 E] tieliA= wEIAE B
78t model 22} model 30|41 AHRI=7F F71glol ubaba 3+
a8t AFS Holu 928 Aol & HolA] gkt

A, eAo] e}t e 7 RIS BAAYS
off, AL] A Y= 2ol vlsl 5= 13] A3 T1F0] 1L
AU FHEO] ST -9l 40| 7] ettt
27l et 189 FHES ERIAE S| ¢
z2INE A9 AHHA = 15 (Rarely)¥) Blagis off, =
N AAHE 5 23] ol Aotk o 18 FHEl 29%
(OR: 071, 95% CI: 0.51-0.98) 3T} (model 1). 13ut Lo,
WEAE, A5FES HARS ek 11 & BMI S/H,
el disl 24w fEC] 7k AdS HolA|
Tk -9 2o1#] grtTh

A 4ot 18U FHES BA4% 23 model 1914 A
& 719 AFeIA] = 15 (Rarely) T Bl 23S off, 5 13]
g8t 25 e 8ol 1.334) (OR: 1.33, 95% CL
L05-L69)E S7F8H3laL, Uol, s =, A543 BARh
model 2¢} 71 ©] BMI, FAH, S45E F71= 24T
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Tt 5 28] ol AR Al LEY FREES FOISHA SR

= O
HES W

>

Y

I_
[l

T
o
3L
-
k)
Hd
1©
=
T
5
=
g9l
|92
3
=
@

g
3
=

=N
o
8
=3
o

o]

o,
Z



356 / Al E et 3

gt

JP>

s, A RSk HAd

i

=z =
s o0

Table 5. General characteristics of subjects according to the frequency of fishes intake

Frequency of fishes intake"

Rarely (107) 1-3/month (2194)  1/week (2633) > 2/week (205) p value?
n (%) n (%) n (%) n (%)
Sex 0.0536
Male 58 (59.9) 985 (55.5) 1248 (57.6) 117 (65.9)
Female 49 (40.1) 1209 (44.5) 1385 (42.4) 88 (34.1)
Age < 0.0001
20-29 11(18.4) 377 (27.5) 499 (27.8) 2(32.7)
30-39 11 (12.6) 365(18.7) 604 (23.6) 3(22.2)
40—49 15(22.9) 371 (19.0) 586 (22.9) 44 (20.0)
50—59 18 (16.5) 458 (18.9) 527 (17.4) 3(19.2)
60 < 52(29.7) 623 (15.0) 417 ( 8.3) (59
Education < 0.0001
Middle school graduation or less 63 (51.7) 973 (32.2) 655 (18.6) 33(12.7)
High school graduation 27 (35.0) 702 (39.9) 1054 (43.6) 94 (50.6)
College or more 12(13.3) 506 (28.0) 917 (37.8) 77 (36.7)
Income < 0.0001
Low 47 (37.1) 555(19.7) 295 (10.4) 9(29)
Mid-low 26 (31.8) 604 (28.5) 651 (24.5) 33 (16.7)
Mid-high 17 (18.9) 534(27.9) 803 (32.0) 72 (37.9)
High 13(12.2) 472 (24.0) 845 (33.2) 89 (42.5)
BMI 0.6020
<185 2(0.8) 109 ( 5.2) 121 ( 5.0) 7(3.5)
18.5-25 74 (70.7) 1370 (63.4) 1705 (63.6) 138 (63.8)
25 < 31(28.7) 715 (31.4) 715 (31.4) 60 (32.8)
Smoking status 0.6804
Never 48 (48.0) 1241 (53.4) 1462 (51.9) 110 (51.1)
Former 15(12.7) 312 (15.9) 387 (16.8) 32 (14.3)
Current 31(39.3) 486 (30.5) 608 (31.4) 52 (34.6)
Alcohol consumption < 0.0001
Never 28 (22.5) 315(10.2) 276 ( 7.8) (8.0
< 1/month 29 (27.6) 746 (31.1) 793(27.7) 0(21.5)
2—4/month 28 (27.2) 700 (37.7) 928 (38.3) 84 (40.9)
> 1/week 18 (22.7) 422 (21.0) 6262 (26.1) 5(29.6)
Blood pressure
Systolic blood pressure 0.0218
< 108.83 18 (21.2) 616 (30.3) 869 (33.1) 78 (35.9)
108.84—123.36 35(34.7) 782 (39.2) 928 (38.3) 79 (41.5)
123.37 < 54 (44.1) 796 (30.5) 836 (28.7) 48 (22.7)
Diastolic blood pressure 0.0542
< 70.45 29 (24.7) 685 (31.1) 817 (30.7) 70 (31.9)
70.46—79.96 21 (22.4) 6565 (30.6) 712 (27.0) 70 (31.0)
79.97 < 57 (52.9) 853 (38.3) 1104 (42.3) 65 (37.0)

1) From food frequency questionnaire data 2) By surveyfreq test

rition Examination) 2003~20048 ZAbo]| W2, 0]=+¢159] 184l 4.38) =2 AntES HYrh”

9% 7w e 038 ug/L= Seuet s d5 7t 20079 f-2uvhet e oo 2 3 Al fetEd AR
EF s=7b 4l wokor, 8% Hit 22 5= 47 152§ RARE AollMe EF F55 58 AR 2k 654
ug/dL, 098 ug/L= fejutet w9159 €85, 2 =7t ol k819 EF 7w W, 29 s 242 119 ug/L,



Table 6. Dietary intakes according fo the frequency of fishes intake
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Frequency of fishes intake”

Rarely 1-3/month 1/week > 2/week o trend”
Mean® + SE Mean + SE Mean + SE Mean =+ SE
Nutritient intake
Protein (g/day) 68.3 +3.3° 72.5+0.7° 76.8 +0.6° 791 +19° < 0.0001
Fat (g/day) 39.1+39 43.4+0.6 446 +0.5 435+1.7 0.3222
Carbohydrate (g/day) 3153+ 125 3242+23 321.6+1.8 328.8+ 5.8 0.5100
Fiber (g/day) 6.3+0.4° 7.3+0.1° 8.0+0.1° 7.7 £0.3* 0.0001
Ca (mg/day) 424.4 +32.3° 505.4 + 8.0° 520.0 + 7.3° 570.4 + 27.7° < 0.0001
P (mg/day) 1112.7 + 52.6° 1186.5 + 8.3° 1257.7 +7.6° 1290.3 + 26.7° < 0.0001
Fe (mg/day) 12.4+0.8° 144+0.3° 15.6 +0.2° 17.1 £0.9° < 0.0001
Na (mg/day) 4729.8 +262.1 5169.7 +73.9 5320.4 + 59 .4 5338.2+197.0 0.1085
K (mg/day) 2733.0 + 171.4° 3018.4 +27.2° 3290.8 +28.0° 3295.7 +80.3° < 0.0001
Vitamin A (ugRE/day) 699.8 +107.8 842.1 +25.8 895.1 +23.2 876.7 + 47.6 0.1911
Carotein (ug/day) 3503.6 + 571.6 4196.1 +128.5 4599.1 +125.8 4408.5 + 270.8 0.0603
Retinol (ug/day) 117.8+33.3 134.0 + 13.7 115.7 £ 6.4 114.4+12.6 0.6513
Vitamin B,(mg/day) 1.3+0.1%° 1.4+0.0° 1.4+0.0° 1.4+0.1%° 0.0280
Vitamin B,(mg/day) 1.1 401 1.3+0.0° 1.3+0.0° 1.3+0.1% 0.0114
Niacin (mg/day) 155+ 1.0° 16.7 +0.2° 17.9 +0.2° 188 +0.5° <0.0001
Vitamin C (mg/day) 111.8+19.7%® 105.0 +2.5° 118.6 +2.4° 1189 +7.1% 0.0002
Blood Heavy metal

Cadmium (ng/L) 1.07 +0.07 1.07 £0.02 1.10 £ 0.02 1.07 +0.06 0.5691
Lead (ug/dL) 2.46 +0.13 2.40 + 0.06 2.47 +0.06 2.39 +0.08 0.2502
Mercury (ug/L) 430 +0.52° 4.66+0.21° 535+0.21° 5.85+0.41° < 0.0001

1) From food frequency questionnaire data 2) By surveyreg test  3) Adjusted means for energy intake (kcal/day), sex and age

1.89 ug/dL, 326 ug/LZ B i1E|glon, dgo] Z71gte| what
N BF FF45 st Tk A0E Btk 2 A
Ftofl A= 604 o] =219] EF 7tEE s 1.38 ug/LE
20chol] Blal 1.2vf Eokon, dE |t =20 sk 77
2.86 ug/dL, 5.04 ug/LZ 1.58) %7 LJeh} edgdo] Z7)ato|
uet @F S w7t 37 TS 2ok E3 ul=t
FEANS e 2 3 At Ao M o] S7ketel ut
gt 3 S35 27t S718keH, 20~30t) Blal 604
oA 9l0] E JIEF FE= 077 ug/LE 118 E9kom,
2 =240 ug/dLE 174, €% 8 %= 271ug/L
L18f =k Aol 2 dF F3% ot o5l A
Well A== Jdat dAsdo] 7ol wheti] Z71E9] 71%e
Bl gt B EAITE Ao & Qg o] H&rE FHE
SE7F A Yefd= 20 R AbRH

% FEEE} HEF BUT 1Y 8 o
Aol A= 8 7H=EL] A STk 3o F el
A B, 5719t o]¢7] Foto] 5 7= 5=t 57t
o]l mhaba] F2)EQl 2folE Heitk NHANES 1999~2006
Awg BA%E Ao, 859 =R T 57 Al A8
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LN |
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Table 7. Surveylogistic analysis for odds ratio (95% CI) of hypertension associated with fishes intakes

Frequency of fishes intake"

Rarely 1-3/month 1/week > 2/week
OR OR (95% CI)” OR (95% CI) OR (95% CI)

Total Fish intake

Model 17 1 0.57 (0.35-0.92) 0.50 (0.30-0.82) 0.31(0.16-0.59)

Model 2 1 0.90 (0.54—1.50) 0.97 (0.58—1.64) 0.62 (0.30-1.28)

Model 3° 1 1.01 (0.55-1.85) 1.08 (0.59-1.99) 0.65(0.28—1.49)
Mackerel

Model 1 1 0.64 (0.51-0.81) 0.63 (0.47-0.83) 0.62 (0.46—0.84)

Model 2 1 0.83(0.62-1.11) 0.81 (0.58—1.13) 0.66 (0.46—0.95)

Model 3 1 0.81 (0.60-1.11) 0.76 (0.53-1.07) 0.62 (0.42-0.93)
Tuna

Model 1 1 0.49 (0.41-0.57) 0.39 (0.31-0.51) 0.41 (0.29-0.58)

Model 2 1 1.01 (0.84-1.23) 1.00 (0.75-1.32) 1.05 (0.69—1.58)

Model 3 1 1.04 (0.85-1.28) 0.97 (0.72-1.32) 1.05 (0.66—1.65)
Yellow fish

Model 1 1 0.94(0.77-1.14) 0.85(0.65-1.11) 0.99 (0.74-1.33)

Model 2 1 1.01 (0.81-1.25) 0.80 (0.60—1.08) 0.79 (0.57-1.10)

Model 3 1 0.99 (0.78—1.26) 0.87 (0.64-1.18) 0.79 (0.54—1.16)
Pollack

Model 1 1 1.16 (0.96—1.41) 1.15 (0.89-1.49) 1.05 (0.70-1.57)

Model 2 1 1.03 (0.82-1.28) 0.98 (0.73-1.31) 0.78 (0.50—1.23)

Model 3 1 0.99 (0.77-1.26) 0.94 (0.69-1.29) 0.75(0.46—1.22)
Anchovy

Model 1 1 0.73 (0.54-0.98) 0.91 (0.66—1.25) 0.93 (0.70—1.24)

Model 2 1 0.93 (0.66—1.30) 1.09 (0.75-1.57) 0.92 (0.66—1.27)

Model 3 1 0.98 (0.68—1.42) 1.07 (0.72-1.58) 0.98 (0.69-1.39)
Squid

Model 1 1 0.54 (0.46—0.64) 0.50 (0.39—-0.65) 0.39 (0.27-0.56)

Model 2 1 0.91 (0.75-1.10) 1.14 (0.84—1.55) 0.95 (0.64—1.41)

Model 3 1 0.94(0.75-1.16) 1.11 (0.80—1.55) 0.87 (0.56—1.34)
Clam

Model 1 1 0.65(0.55-0.77) 0.63 (0.49-0.80) 0.71 (0.51-0.98)

Model 2 1 0.89 (0.74-1.08) 0.97 (0.73-1.30) 1.02 (0.69-1.52)

Model 3 1 0.86 (0.70—1.07) 0.89 (0.64-1.22) 1.06 (0.70-1.62)
Salted fish

Model 1 1 0.73 (0.62-0.86) 1.33 (1.05-1.70) 1.15 (0.88—1.50)

Model 2 1 0.83 (0.69-0.99) 1.55 (1.17-2.05) 1.10 (0.81-1.50)

Model 3 1 0.83(0.68—1.01) 1.41 (1.03-1.92) 0.92 (0.66—1.29)

1) From food frequency questionnaire data 2) OR: Odds ratio, Cl: confidence interval 3) Model 1: Unadjusted 4) Model 2: Ad-
justed for age, education, income 5) Model 3: Adjusted for age, education, income, BMI, smoke, alcohol
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