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Abstract:

[Background] Metal exposure is associated with the risk of atherosclerosis (AS), but current
conclusions about the associations between exposure to multiple metals and AS remain
controversial.

[Objective] This study aims to investigate the associations of multiple metal exposure levels with
the risk of AS among a mid-aged and elderly population from routine physical examination in
Shenzhen, China.

[Methods] A total of 664 mid-aged and elderly participants were recruited from population who
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ordered routine physical examination in the Eighth Affiliated Hospital, Sun Yat-Sen University of Shenzhen, China from 2012 to 2017.
Information including demographic characteristics, lifestyles, physiological and biochemical indexes of the participants were collected
through questionnaires and physical examinations. The concentrations of 13 metals in plasma were measured by inductively coupled
plasma mass spectrometry (ICP-MS). Carotid intima-media thickness was measured by color Doppler ultrasound to evaluate AS. Logistic
regression models and restricted cubic spline models were conducted to evaluate the associations and the dose-response relationships
between multiple plasma metal levels and AS.

[Results] The average age of the participants was (64.41+7.23) years, 52.26% (347/664) were males, and the prevalence of AS was
45.33%. After adjusting for confounding factors, the single-metal logistic regression models showed that referenced with the first quartile
of each metal, the ORs (95% Cls) for the fourth quartiles of plasma iron, selenium, and cadmium were 0.50 (0.29-0.88), 0.59 (0.36-0.96),
and 0.54 (0.33-0.90), respectively, and the OR (95% Cl) for the third quartile of thallium was 1.75 (1.08-2.83). Further multi-metal stepwise
logistic regression models indicated that referenced with the first quartile of each metal, the OR (95% CI) for the fourth quartile of iron
was 0.47 (0.28-0.79), and it was 1.81 (1.11-2.99) for the third quartile of thallium; with increase in concentration of plasma thallium, AS
risk was gradually increased (Pyenq=0.046). Moreover, the restricted cubic spline model revealed that AS risk declined with increased level
of plasma iron, and a non-linear and inverse dose-response relationship was observed between them (P for non-linearity=0.043, P for
overall association=0.022).

[Conclusion] Elevated plasma iron may be associated with a lower risk of AS, and higher plasma thallium may be associated with a higher

risk of AS.

Keywords: atherosclerosis; plasma metal; iron; thallium; mid-aged and elderly population
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HthEARBRRAR, ERER, 5E—2UBMEL . N81% [OR (95%Cl) : 1.81 (1.11~2.99)] ; B M & 5t
Lﬂl”ﬁ%%ﬁ’\]%llflﬁa\TﬁéﬂAsmBﬁ"FF’és.v,% [OR (95%Cl) :  REAVIEIN, ASHYX QM IZATIE A0 (Pwun=0.046)0 UL

0.47 (0.28~0.79) ], MM ELMWE=DMIHAS XOIE K2,
K1 ARMNERWERERRMEEEKE

Table 1 General characteristics and plasma metal concentrations of study population
TE BB (n=664) 3EASZH (n=363)

AS£H (n=301)

Variable Total (n=664) Non-atherosclerosis group (n=363)  Atherosclerosis group (n=301) X1zt P
FHE /% (Age/years) 64.417.23 62.2916.13 66.97+7.63 -7.94 <0.001
B4 (Male) 347 (52.26) 187 (51.52) 160 (53.16) 0.18 0.673
1% (Female) 317 (47.74) 176 (48.48) 141 (46.84)
BMI/ (kg:m™) 23.71+2.81 23.84+2.81 23.55+2.82 -1.67 0.094
SIE (Hypertension) 239 (35.99) 108 (29.80) 131 (43.50) 13.54 <0.001
¥EFRJS (Diabetes) 81 (12.20) 23 (6.34) 58 (19.27) 25.70 <0.001
SIMJE (Hyperlipidemia) 151 (22.74) 73 (20.11) 78 (25.91) 3.15 0.076
TR4R (Smoking) 73 (10.99) 39 (6.13) 34 (11.30) 0.04 0.840
%8 (Drinking) 64 (9.64) 37 (10.19) 27 (8.97) 0.31 0.579
MR ERRE/ (ngL”)
Plasma metal level/ (ug-L™")
% (Magnesium) 21238.27 (19839.25, 22545.52) 21300.04 (19878.63, 22785.46)  21136.82 (19765.45, 22352.17) -1.28 0.199
$% (Manganese) 0.71 (0.44, 1.16) 0.73 (0.43, 1.23) 0.69 (0.44, 1.04) 1.30 0.194
2 (Aluminum) 20.19 (15.60, 27.37) 20.40 (15.61, 29.09) 19.74 (15.58, 25.78) -1.24 0.214
45 (Calcium) 77024.31 (71464.27, 81068.91) 76782.83 (71676.17, 81097.65)  77288.31 (71194.39, 81061.06) -0.14 0.892
%k (Iron) 1615.45 (1277.92, 2089.64) 1622.62 (1288.91, 2192.22) 1577.25 (1252.48, 1964.98) -1.68 0.094
4 (Cobalt) 0.24 (0.20, 0.28) 0.24 (0.20, 0.28) 0.23 (0.21, 0.28) -0.46 0.649
£7 (Copper) 954.38 (836.81, 1054.34) 952.31 (838.05, 1052.56) 957.81 (833.51, 1056.31) -0.33 0.738
$¥ (Zinc) 1124.21 (976.34, 1284.87) 1139.15 (981.70, 1288.07) 1106.86 (961.33, 1284.34) -1.14 0.254
B# (Arsenic) 1.17 (0.65, 2.11) 1.10 (0.65, 1.92) 1.26 (0.64, 2.20) -1.28 0.202
T (Selenium) 101.75 (91.09, 114.46) 102.11 (91.62, 115.54) 101.09 (90.46, 113.62) -0.91 0.362
48 (Molybdenum) 1.14 (0.93, 1.43) 1.11 (0.90, 1.37) 1.19 (0.97, 1.51) -2.99 0.003
4 (Cadmium) 0.04 (0.02, 0.06) 0.04 (0.03, 0.06) 0.04 (0.02, 0.06) -0.08 0.937
$E (Thallium) 0.11 (0.09, 0.15) 0.11 (0.09, 0.15) 0.12 (0.09, 0.15) -0.34 0.734
GE] ERTRBRA YW AREE " PO (P, Prs) " T, DETERA S (%) " KT SLBREFHEREEDR : F16) (0.15%),

8361 (5.42%) , ¥53 61 (0.45%) , X161 (2.41%), 456 (0.75%) , T2 (3.01%) , B 3561 (5.27%) , # 4l (0.60%) , $H 11 (1.66%)
|76 (1.05%) , $E4 %51 (0.60%) o
[Note] Continuous variables are presented as mean * standard or median (Pas, Pys), and categorical variables are presented as count (percentage). Details
of the missing values for plasma metals: magnesium, 1 case (0.15%); aluminum, 36 cases (5.42%); calcium, 3 cases (0.45%); iron, 16 cases (2.41%);
cobalt, 5 cases (0.75%); zinc, 2 cases (3.01%); arsenic, 35 cases (5.27%); selenium, 4 cases (0.60%); molybdenum, 11 cases (1.66%); cadmium, 7
cases (1.05%); thallium, 4 cases (0.60%).

®2 BETREERNSERERENMREBRES AS KFLHIXEXE S

Table 2 Associations of plasma metal levels with atherosclerosis in single-metal models and multiple-metal models
M3 & RERE (Plasma metal concentration)

b

m¥Z%/E (Plasma metal) P
—53 {4l (Q1) EZHMI4 (Q2) E=45u4A (Q3) £ i4A (Q4) Prrend
B EEA (Single-metal model)
$% (Magnesium)
SREE/ (ug-L™) ° [Concentration/ (ug-L™)] <19890.55 19890.56~21300.04 21300.05~22775.63 >22775.63
n (non-AS/AS) 90/81 92/76 91/88 90/55
$E#EEY (Crude model) 1.00 0.92 (0.60~1.41) 1.07 (0.71~1.63) 0.68 (0.43~1.07) 0.198
&A1 (Model 1) 1.00 0.96 (0.60~1.54) 1.35 (0.85~2.15) 0.78 (0.48~1.27) 0.649
48 (Aluminum)
SREE/ (ug-L™) ° [Concentration/ (ug'L™)] <15.62 15.63~20.40 20.41~29.01 >29.01
n (non-AS/AS) 86/72 87/77 86/82 86/52
$A#EE (Crude model) 1.00 1.06 (0.68~1.64) 1.14 (0.74~1.76) 0.72 (0.45~1.15) 0.184
1A 1 (Model 1) 1.00 1.26 (0.77~2.03) 1.37 (0.85~2.21) 0.70 (0.42~1.16) 0.160
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M3 &R RE (Plasma metal concentration)

m¥%/E (Plasma metal) P
E—4 (Q1) FEZ 4R (Q2) FE=45148 (Q3) £ 4R (Q4) Prrend

$% (Manganese)

SREE/ (ug-L™) ° [Concentration/ (pg-L™)] <0.43 0.44~0.73 0.74~1.23 >1.23

n (non-AS/AS) 91/72 91/90 91/81 90/58

$E#EE (Crude model) 1.00 1.25 (0.82~1.91) 1.13 (0.73~1.73) 0.82 (0.52~1.28) 0.091

&A1 (Model 1) 1.00 1.49 (0.93~2.37) 1.12 (0.69~1.82) 0.63 (0.37~1.06) 0.997
5 (Aluminum)

SREE/ (ug-L™) ° [Concentration/ (ug'L™)] <71769.06 71769.07~76782.83 76782.84~81076.81 >81076.81

n (non-AS/AS) 90/78 91/61 90/88 90/73

$A#EE (Crude model) 1.00 0.77 (0.50~1.21) 1.13 (0.74~1.72) 0.94 (0.61~1.44) 0.921

&A1 (Model 1) 1.00 0.89 (0.54~1.45) 1.28 (0.80~2.05) 0.82 (0.50~1.35) 0.790
% (Iron)

SREE/ (ugL™) ° [Concentration/ (ug'L™)] <1289.54 1289.55~1622.62 1622.63~2190.58 >2190.58

n (non-AS/AS) 88/84 89/70 88/92 88/49

#HEAY (Crude model) 1.00 0.82 (0.53~1.27) 1.10 (0.72~1.66) 0.58 (0.37~0.92) * 0.061

1831 (Model 1) 1.00 0.75 (0.46~1.20) 1.28 (0.79~2.08) 0.50 (0.29~0.88) * 0.064
44 (Cobalt)

MREE / (ug'L™") ° [Concentration/ (pg-L™")] <0.20 0.21~0.24 0.25~0.28 >0.28

n (non-AS/AS) 91/63 90/94 91/57 90/83

FB1EEY (Crude model) 1.00 1.51 (0.98~2.32) 0.91 (0.57~1.44) 1.33 (0.86~2.07) 0.509

171 (Model 1) 1.00 1.55 (0.97~2.47) 0.84 (0.51~1.39) 1.19 (0.74~1.92) 0.918
§i (Copper)

SREE / (ug-L™) * [Concentration/ (pg-L™)] <838.65 838.66~952.31 952.32~1052.36 >1052.36

n (non-AS/AS) 91/76 91/71 91/75 90/79

$E#EE (Crude model) 1.00 0.93 (0.61~1.44) 0.99 (0.64~1.52) 1.05 (0.68~1.61) 0.803

&A1 (Model 1) 1.00 0.92 (0.57~1.48) 0.92 (0.57~1.49) 0.91 (0.56~1.48) 0.712
¥ (Zinc)

SRR/ (ug-L™) ° [Concentration/ (ug-L™)] <982.05 982.06~1139.15 1139.16~1286.29 >1286.29

n (non-AS/AS) 90/84 91/81 91/62 90/73

$A#EE (Crude model) 1.00 0.95 (0.63~1.45) 0.73 (0.47~1.13) 0.87 (0.57~1.33) 0.331

&A1 (Model 1) 1.00 0.94 (0.59~1.45) 0.84 (0.52~1.36) 0.92 (0.58~1.46) 0.625
f# (Arsenic)

SREE / (ug'L™") ° [Concentration/ (pg-L™") ] <0.65 0.66~1.10 1.11~1.92 >1.92

n (non-AS/AS) 85/73 85/51 85/78 85/87

#H1EAY (Crude model) 1.00 0.70 (0.44~1.12) 1.07 (0.69~1.66) 1.19 (0.77~1.84) 0.179

1A 1 (Model 1) 1.00 0.72 (0.43~1.19) 1.11 (0.69~1.79) 1.10 (0.69~1.77) 0.361
fifi (Selenium)

SREE / (ug'L™") * [Concentration/ (pg-L™") ] <91.62 91.63~102.11 102.12~115.54 >115.54

n (non-AS/AS) 90/83 91/75 90/76 90/65

#H1EAY (Crude model) 1.00 0.89 (0.58~1.37) 0.92 (0.60~1.40) 0.78 (0.51~1.21) 0.301

1871 (Model 1) 1.00 0.80 (0.50~1.27) 0.91 (0.57~1.45) 0.59 (0.36™0.96) * 0.059
48 (Molybdenum)

SREE/ (ugL™) ° [Concentration/ (ug'L™)] <0.90 0.91~1.11 1.12~1.37 >1.37

n (non-AS/AS) 90/56 90/64 90/70 90/103

FB1EEY (Crude model) 1.00 1.14 (0.72~1.82) 1.25 (0.79~1.97) 1.84 (1.19~2.85) 0.004

#5381 (Model 1) 1.00 1.04 (0.63~1.71) 0.91 (0.55~1.50) 1.21 (0.74~1.97) 0.494
$3 (Cadmium)

SREE/ (ug-L™) ° [Concentration/ (pg-L™)] <0.02 0.03~0.04 0.05~0.06 >0.06

n (non-AS/AS) 89/79 91/67 89/90 90/62

$E#EEY (Crude model) 1.00 0.83 (0.54~1.29) 1.14 (0.75~1.74) 0.78 (0.50~1.21) 0.531

&A1 (Model 1) 1.00 0.75 (0.47~1.22) 0.92 (0.58~1.47) 0.54 (0.33~0.90) * 0.046
£E (Thallium)

SREE / (ugL™") ° [Concentration/ (ug-L™")] <0.09 0.10~0.11 0.12~0.15 >0.15

n (non-AS/AS) 91/67 91/69 91/90 90/71

$A#EE (Crude model) 1.00 1.03 (0.66™1.61) 1.34 (0.87~2.06) 1.07 (0.69~1.67) 0.537

&A1 (Model 1) 1.00 1.24 (0.76~2.03) 1.75 (1.08~2.83) 1.34 (0.82~2.20) 0.152
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324 ERE (Plasma metal concentration)

m¥&/E (Plasma metal) P
E—o i (1) EZiIA (Q2) H=0MuA (Q3) SraiA (Q4) Prrend
Z & EBIRE! (Multiple-metal model)
¥k (Iron) 1.00 0.72 (0.45~1.18) 1.25 (0.79~1.99) 0.47 (0.28~0.79) 0.068
$¢ (Thallium) 1.00 1.26 (0.75~2.12) 1.81 (1.11~2.99) * 1.52 (0.91~2.56) 0.046

[3¥] non-AS : JEASEEE ; AS : ASEBE, * : P<0.05 a :

MEERRERBE ; b MREBREZBANBERG, BREEENUDENHR

UELIES T EWNREIG BB PE. HEL, (UEEEBAN logistic BlJARBPIFEIORER 5% C ; HEE 1, BEZEHFIHN
logistic [BlYIEAI R, FIBTIFEEEES. 1451, BMI. BRI, TRE. BMIE. MRBREEIE ; 2R, RAZRSETHETEEBEEPS
ASKEBRUFRXNERE, REBFEREEEE logistic[0)FRE 1, KSBIREFETHREME 16 (0.15%) , 55361 (5.42%) , §53 )
(0.45%) , Bk 161 (2.41%) , 561 (0.75%) , £ 211 (3.01%) , B 3543l (5.27%) , #4151 (0.60%) , $H 11171l (1.66%) , $7 7151 (1.05%) , &4 51l (0.60%) o
[Note] non-AS: non-atherosclerosis; AS: atherosclerosis. *: P<0.05. a: Plasma metal concentrations are presented as raw data; b: P-values for trend test are
obtained from the logistic regression models using the median of each metal quartile (In-transformed plasma metal concentrations) as a continuous

variable; In the crude model, single metal is included in the binary logistic regression; Model 1 is adjusted for age, gender, BMI, smoking and drinking

status, hypertension, diabetes and hyperlipidemia; The multiple-metal model with the stepwise regression is applied to select the most significant

metals associated with atherosclerosis risk, adjusted factors are consistent with the single-metal model 1. Details of the missing values for plasma

metals: magnesium, 1 case (0.15%); aluminum, 36 cases (5.42%); calcium, 3 cases (0.45%); iron, 16 cases (2.41%); cobalt, 5 cases (0.75%); zinc, 2 cases
(3.01%); arsenic, 35 cases (5.27%); selenium, 4 cases (0.60%); molybdenum, 11 cases (1.66%); cadmium, 7 cases (1.05%); thallium, 4 cases (0.60%).
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M. Fid>61% . REVERR MK EBZIEMIEAREF
FERERI BT (148 AS KRR (159 P<0.05) ;
T4 Fif <615 RERRBEREKEBSMMEAF
M¥ZSERERIE =2 i12H AS XBEE N (39 P<0.05),
LR AN TR S3, KM MK, E5Z0E
TEZEEEREIER (39 Pxr>0.05).
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[Note] A: Iron. Non-linear association P=0.043, overall association P=0.022.
B: Thallium.Non-linear association P=0.095, overall association
P=0.147. The reference values are set at the 10% quartile, and the
knots are set at 10th, 50th and 90th percentiles of the In-transformed
concentrations, respectively. Adjusted factors are the same as in
the single-metal model 1.

1 MEEES AS KRS ISR EE

Figure 1 The restricted cubic spline for the associations between

plasma metal concentrations and atherosclerosis
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5As XpEMNE X ; MEMEBREAXE 1476 ugL?
&, MEMPBHKREFAS, AS ML ZXHFEME, HiA
F|3529 pg-L' B, ASXIFR PR T 50% £H. SKRIE
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>2190.58 ug-L* By, AS XI.B&FE M T 50% — 2, 2/~ 1M
KEYEXNMKRESCRERANTASJEEBTFRIPFER. [
B, ZIMARRAE, MBERREA S S FshBKEIRK
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