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Abstract; Objective To investigate the association between whole blood iron, copper and their interaction with
cardiovascular diseases (CVD). Methods A cohort-based case control study was conducted. Cases were 93 males

with CVD in the Kailuan cohort who participated in the follow-up in 3 hospitals in 2017-2018. During the same
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period, 372 males with non-CVD who were 1 : 4 individual matched by age and labor type were selected as con-
trols. The concentration of blood iron and copper was determined by inductively coupled plasma mass spectrometry.
Conditional logistic regression models were used to estimate the association between blood iron and copper and
CVD, respectively and elastic-Net regression models to estimates interaction between the two metals and CVD.
Results The whole blood iron concentration in the cases was significantly higher than the controls, while blood
copper concentration was lower than the controls (both P<0.001). After adjusting for age, smoking, drinking,
overweight, hypertension, diabetes, anemia, hyperlipidemia, and high sensitivity C-reactive protein, the partici-
pants with higher iron increase 3. 17 times (OR=4.17, 95% CI. 2.23-7.79, P<0.001) risk of CVD than those
with lower iron, and those with lower copper increase 3. 26 times (OR=4.26, 95% CI. 1.73-10.45, P<0.01)
risk than those with the higher copper. Adaptive Elastic-net regression analysis showed that it under the simultane-
ous exposure of higher iron and lower copper, the risk of CVD with environment risk score >0. 232 was 8. 96 times
(OR=8.96, 95% CI. 4.47-17.95, P<0.001) than the score <0.232. Conclusions Higher iron and copper

deficiency may be independent risk factors for CVD. Environment risk score could be a good indicator of simultane-

ous exposure of blood iron and copper, which should have a better predictive value of CVD.
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Table 1 Characteristics of the participants

variable control case
(n=372) (n=93)
age/years(x+ts) 601.980+7. 51 61.273+7.93
labor type
mental Tabor 8(2.15) 2(2.15)
manual labor 364(97.85) 91(97.85)
smoking/% 138(38.33) 25(28.09)
drinking/ % 67(18.01) 9(9.68)
overweight/ % 200(54.05) 67(72.83)""
diabetes/ % 52(13.98) 22(23.66) "
hypertension/ % 126(33.87) 44(47.31) "
hyperlipemia/% 226(60.75) 57(61.29)

hs-CRP/[ (mg/L) ,

1.46(0.62, 3.34) 2.04(1.05, 4.50) "
PS0(P25, P75) |

anemia/ % 86(23.37) 33(35.48) "
blood iron/[ ( wg/mL) ,

(x#s) ]

blood copper/[ (pug/mL) ,

(x#s) ]

hs-CRP. high sensitivity C-reactive protein; “P<0.05, “"P<0.01, """P<0.001

480.60+100.53  576.06+103.78 """

0.63+0. 12 0.54+0.10"""

compared with control group.
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Fig 1 Blood iron and copper concentrations in case and control groups(x=s, n=93/372)
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Knots were placed at the 5th, 35th, 65th and 95th percentiles of the blood metal distribution, and the reference values

were set at the median of the control group (blood iron: 490. 58 pg/mL; copper:0. 605 wg/mL). Models were adjusted

for age, smoking, drinking, overweight, hypertension, diabetes, hyperlipidemia, anemia and hs-CRP
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Fig 2 Restricted cubic spline curves for association of blood iron (A), blood copper (B) and cardiovascular diseases
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Table 2 Associations between blood iron, copper

and cardiovascular diseases

exposure lower group higher group

blood iron[ n( %) ] 20(9.57) 73(28.52)

model 1 reference 3.63(2.11-6.24) **

model 2 reference 4.07 (2.24-7.37) **

model 3 reference 4.17(2.23,7.79) **
blood copper[ n( %) ] 85(23.35) 8(7.92)

model 1 3.51(1.64-7.52) reference **

model 2 4.36(1.81-10.47) reference **

model 3 4.26(1.73-10.45) reference *

Odds ratios (95% confidence interval) ; model 1. adjusted for age; model
2. further adjusted for smoking drinking overweight; model 3. further ad-
justed for hypertension, diabetes, hyperlipidemia, anemia, and hs-CRP;

“P<0.01, **P<0.001 compared with lower group.

F 3 EEE RIS RS R LRV RY i B BN EF
Table 3 Selected blood metal predictors in Adaptive

Elastic-net regression *

B for 1-SD increase

covariate ) ) P value
in metal concentrations
linear term
0. 002
blood iron 0.610
blood copper -0. 803 <0.001
squared term
blood iron -0.113 0. 020
blood copper 0.114 0.070
pairwise interaction
blood ironXxblood copper -0.350 0.039

* age, smoking drinking, overweight, hypertension, diabetes, hyperlipide-

mia, anemia, and hs-CRP were forced in the model during variable selection.
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Table 4 Conditional logistic regression analysis of the association between ERS and CVD

unadjusted model

multivariate model

case/ % control/ %
OR(95% CI) P OR(95% CI) P
ERS
<0.232 18(7.17) 233(92.83) reference - reference -
>0.232 70(36. 65) 121(63.35) 8.71(4.60-16.49) <0.001 8.96(4.47-17.95) <0.001
ERS score * - - 3.96(2.77-5.68) <0. 001 4.11(2.76-6.13) <0.001

Multivariate model; adjusted for age, smoking, drinking, overweight, hypertension, diabetes, hyperlipidemia, anemia and hs-CRP; * ERS as a continu-

ous variable.
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