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Potential role of mean platelet volume in association between arsenic exposure and risk of
atherosclerotic cardiovascular disease ZHU Chun-mei, WANG Bin, XIAO Li-li, CAO Li-min, ZHOU
Min, CHEN Wei-hong (Department of Occupational and Environmental Health, Key Laboratory of
Environment and Health, Ministry of Education & Ministry of Environmental Protection, and State
Key Laboratory of Environmental Health (Incubating), School of Public Health, Tongji Medical
College, Huazhong University of Science and Technology, Wuhan, Hubei 430030, China)

Abstract:

[Background] Atherosclerotic cardiovascular disease (ASCVD) is one of the primary causes
of death in Chinese residents. Research has shown that arsenic exposure could increase the
incidence of ASCVD. However, the association between arsenic exposure and ASCVD 10-year risk
and the possible mechanisms involved are still unclear.

[Objective] This study is conducted to evaluate the associations of arsenic exposure on mean
platelet volume (MPV) and 10-year risk of ASCVD, and to investigate the potential role of MPV in
the association between arsenic exposure and 10-year risk of ASCVD.
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[Methods] The study participants were originated from the baseline survey of the Wuhan-Zhuhai Cohort, which was consisted of residents
aged 18-80 years from two communities from each city in 2011 and 2012 respectively. Detailed socio-demographic characteristics and
anthropometric indices were obtained from face-to-face questionnaire interviews and physical examinations, respectively. All participants
were requested to provide fasting blood and urine samples. After excluding those not aged 35-74 years, those lacking biological samples
and anthropometric indices, and those with nephritis, a total of 3081 subjects were included. Urinary arsenic was detected by inductively
coupled plasma mass spectrometry. MPV was detected with automatic biochemical analyzer. ASCVD 10-year risk scores were calculated
using the China-PAR (Prediction for ASCVD Risk in China) equations improved by China Cardiovascular Disease Project. According to the
scores, the participants were divided into two categories: high-risk (= 0.05) and low-risk (<0.05). Logistic regression model was used to
evaluate the association between urinary arsenic and 10-year risk of ASCVD. Restricted cubic spline regression was used to evaluate the
associations between urinary arsenic and MPV and between MPV and 10-year risk of ASCVD. Furthermore, mediating model was used to
assess the mediating effect of MPV on the association of urinary arsenic with 10-year risk of ASCVD.

[Results] The mean age of the study population was 54.05 years. The medians of urinary arsenic and MPV were 2.69 ug/mmol (corrected
for creatinine) and 8.80fL respectively. After adjusting for potential confounders, there was a positive dose-response relationship between
urinary arsenic and 10-year risk of ASCVD, and each 1-unit increase in In-transformed value of urinary arsenic was associated with a 16.3%
(95% CI: 0.8%-34.2%) increase of being high-risk ASCVD. The results of restricted cubic spline regression analysis showed that urinary
arsenic was positively linearly correlated with MPV, as well as MPV with 10-year risk of ASCVD. Besides, the results of mediation analysis
indicated that MPV mediated 20.9% of the association between urinary arsenic and 10-year risk of ASCVD.

[Conclusion] Exposure to arsenic may be associated with increased MPV and increased 10-year risk of ASCVD. MPV might mediate the

association of urinary arsenic with 10-year risk of ASCVD.

Keywords: arsenic; mean platelet volume; arteriosclerotic cardiovascular disease; mediating role
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Table 1 General information and 10-year risk of ASCVD of participants

& (Variable) &1t (Total) (n=3081) % (male) (n=955) % (Female) (n=2126) P

Fi (%) (Age, years) ® 54.05£9.57 55.009.88 53.5349.39 <0.001
BMI (kg/m?) @ 24.2043.33 24.3543.26 24.1443.36 0.017
ZHEEMR [schooling years, n (%) ] <0.001

<9 1978 (64.2) 541 (56.6) 1437 (67.6)

>9~ 808 (26.2) 294 (30.8) 514 (24.2)

>12 295 (9.6) 120 (12.6) 175 (8.2)
WA [Smokers, n (%) ] 501 (16.3) 452 (47.3) 49 (2.3) <0.001
RS (B F) (Cigarette consumption, pack-year) * 5.22+13.91 16.14+20.83 0.32+2.84 <0.001
WU AR [Passive smoking, n (%) ] 1295 (42.0) 346 (36.2) 949 (44.6) <0.001
58 [Drinkers, n (%) ] 470 (15.3) 387 (40.5) 83 (3.9) <0.001
$8J%& [Physical activity, n (%) ] 1530 (49.7) 468 (49.0) 1062 (49.9) 0.640
HEFRIE [Diabetes, n (%) ] 268 (8.7) 104 (10.9) © 164 (7.7) 0.005
SBP (mmHg) 132.41£20.11 135.30£19.55 131.12420.22 <0.001
TCHO (mmol/L) ® 5.18+1.11 4.97+1.02 5.27+1.14 <0.001
HDL-c (mmol/L) ® 1.55+0.42 1.46+0.42 1.60+0.42 <0.001
MPV (fL) ® 8.80 (7.55~11.40) 8.90 (8.30~11.30) 8.70 (7.40~11.40) <0.001
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ZR1
T2 (Variable) &1t (Total) (n=3081) % (Mmale) (n=955) Z (Female) (n=2126) P

Ek; Fir(;lif sn;:?(;l :ﬂrfj?gr)recte dfor creatinine) ® 2.69 (1.83%4.11) 2.40 (1.62~3.45) 2.84 (1.924.40) <0.001
ASCVD +FE XTS5 (Scores of 10-year ASCVD risk) 0.02 (0.01~0.05) 0.05 (0.02~0.08) 0.02 (0.01~0.03) <0.001
ASCVD XF434R [Grouping by 10-year ASCVD risk, n (%) ] <0.001

= XBEAE (High-risk group) 710 (23.0) 471 (49.3) 239 (11.2)

{EXIFR4E (Low-risk group) 2371 (77.0) 484 (50.7) 1887 (88.8)
HIX [Region, n (%)] <0.001

X (Wuhan) 1963 (63.7) 468 (65.9) 1495 (63.1)

58 (zhuhai) 1118 (36.3) 242 (34.1) 876 (36.9)

[Ela: TERAxs KT ; b TEATME (PsPs) RiTo 488817 : ASCVD, FHRKHBAEELIE LM E R ; BMI, KFREHEE ; sBP, INEE ;

TCHO, S ABEES ; HOL-c, BEERER ; MPV, FII/MRIATR,

[Note] a: Expressed as x+s; b: Expressed as median (Ps-Pss). Abbreviations: ASCVD, atherosclerotic cardiovascular disease; BMI, body mass index; SBP,

systolic pressure; TCHO, total cholesterol; HDL-c, high-density lipoprotein cholesterol; MPV, mean platelet volume.
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RARmERIKRS, HEEAXEFEERRE, HREW
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R2 HARIREKEKTS ASCYD +EXFAT logistic [BY3 534 [OR (95%C1) , n=3081]

Table 2 Logistic regression analysis on 10-year ASCVD risk associated with urinary arsenic in participants

. _ READET S
i) REGAIELBTE Quartiles of urinary arsenic etk
Model Continuous urinary arsenic P for trend
Q1 (n=771) Q2 (n=769) Q3 (n=771) Q4 (n=770)

HRIFEIER! (Crude model) 0.933 (0.828~1.051) 1.000 1.072 (0.848~1.356) 1.024 (0.808~1.297) 0.892 (0.701~1.134) 0.303
18 1 (Model 1) 1.148 (1.005~1.310) 1.000 1.233 (0.951~1.598) 1.339 (1.030~1.740) 1.398 (1.069~1.830) 0.012
1A 2 (Model 2) 1.183 (1.034~1.354) 1.000 1.232 (0.946~1.604) 1.390 (1.065~1.814) 1.493 (1.136~1.963) 0.003
13 3 (Model 3) 1.163 (1.008~1.342) 1.000 1.181 (0.900~1.551) 1.344 (1.020~1.771) 1.411 (1.057~1.884) 0.012

DE] A1 RIET 4R HE 2 © RIETHRIF BMI, 2 3 1 RIETHF). BMI. IREE. $BIE. SHERE. HohRREFMX,
[Note] Model 1: Adjusting for gender. Model 2: Adjusting for gender and BMI. Model 3: Adjusting for gender, BMI, cigarette consumption, physical activity,

schooling years, passive smoking, and region.
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B AT B IR S B0 BR BT (N EFARIESS) B BIARBEIMPVIRT
Level of urinary arsenic (corrected for creatinine) Level of MPV after natural log transformation
after natural log transformation [F] BAXN IR IREHIMPY ER R ABE D B KF, EEL P, (MPV=
[F] BANESRIGEHRBIERRABE D HKE, EE P, (FREE= 8.80fL) B, EBFIZEN =T 5 Pios Psos Poo 5 BRBURIET
1.26 ug/mmol, ZAEFRIE) AZRR, B ER= DT Po. H5 BMIL IRIFE. BIE. SHERE. WA OER R
Pson Poo 5 TRBUARIE T EEHE. 1H 5. BMIC IRIEIRORT. RIRE. HRIR. X,
SHERRE. WA, TUERRFIMX, [Note] According to the distribution of MPV after natural log transformation
[Note] According to the distribution of urinary arsenic after natural log in the study population, P, (MPV=8.80fL) is selected as the
transformation in the study population, Py (urinary arsenic=1.26 pg/mmolL, reference point, and three knots (P, Pso, and Pg) are selected.
corrected for creatinine) is selected as the reference point, and The model is adjusted for gender, BMI, cigarette consumption,
three knots (Py, Pso, and Py) are selected. The model is adjusted for age, physical activity, schooling years, passive smoking, drinking status,
gender, BMI, smoking status, cigarette consumption, physical activity, and region.
schooling years, passive smoking, drinking status, and region. 2 B AEEMPV KEF ASCVD +E X PEME X MBI PRI 14
1 WA AB#FREEZKIEF MPV 48X 1 RIBR SIS I A1 5 E IAFEEE
Figure 1 The association between urinary arsenic and MPV in Figure 2 The association between MPV and 10-year ASCVD risk
study population by restricted cubic spline model in the study population by restricted cubic spline model

#&3 FREBFDMPV3F ASCVD +E R R EER DT
Table 3 Interaction of urinary arsenic and MPV on 10-year ASCVD risk

ASCVD +EXBE (10-year ASCVD risk)

FREBIKTE (Urinary arsenic, pg/L) MPV 7K (MPV, fL)

SR /XS (High risk/low risk, n) it = (Statistic)
<2.686 <11 255/872 OR=1.000
>2.686 <11 242/871 1.228 (0.968~1.557) *
<2.686 >11 111/303 1.794 (1.296~2.485) *
>2.686 >11 102/325 2.150 (1.542~2.997) *
R E{EASH (Interaction analysis) 1BINYER (Additive interaction) * RERI=0.128 (-0.645~0.901) * P>0.05

API=0.060 (-0.290~0.409) * P>0.05
$=1.125 (0.549~2.308) * P>0.05
1B3E{EA (Multiplicative interaction) 2 1.311 (0.720~2.390) * P>0.05

U] BERIEMBERAZREELT sML REBERE. RES. BIF KRE TUEBKRMME, 1 BN EEA XA Andersson F 4R HIHY
Excel SR HTo 2 1 G FRFHAN MPV BITRARTUA NS BU S TARRAIER D40 * 1 OR (95%C1) ; # : $ESHERIEN 95% Clo
[Note] Adjusting for gender, BMI, schooling years, cigarette consumption, physical activity, passive smoking, drinking status, and region. 1: The additive
interaction is analyzed by the Excel software prepared by Andersson et al. 2: The production of urinary arsenic and MPV is included in the model
for multiplicative interaction. *: OR (95% Cl); #: The value in brackets is 95% Cl.

&4 MPVIERREFF] ASCVD +ER LI H N ER 2R

Table 4 The mediating role of MPV in the association between urinary arsenic and 10-year risk of ASCVD

Te S (Total effect) B (Direct effect) RN (Indirect effect) LB (%)
Variable OR (95%CI) * OR (95%CI) ? B (95%cCI) * Proportion of total effect mediated
8 (Arsenic) 1.163 (1.008~1.342) 1.129 (0.977~1.305) 0.032 (0.014~0.050) 20.90

D] REARENHESEIEMNR. M. ZHERE. RS, K. WohRIR. IOERRMX, 1 | TEARHAMPYERHEENERT, REXT
ASCVD T+ XA SRR, 2 B IEEME SR MPV, FREEST ASCVD +F NP ERERN, 3 : [EHEMZAIB (95% C1) M Stata BRI KHB
YRR, MRENERHITION, ZREE B NREFH] MPV, 4 @ 7T ELBIZ M A Stata BRAFFRBY KHB 8p 1S 28V, @1 H BN S8(E
EIVESEVIvE=S 3 ¢CE

[Note] Adjusting for gender, BMI, schooling years, cigarette consumption, physical activity, passive smoking, drinking status, and region. 1: Total effect

of urinary arsenic on 10-year ASCVD risk is estimated without adjusting for MPV. 2: Direct effect of urinary arsenic on 10-year ASCVD risk is
estimated with adjusting for selected covariates and MPV. 3: Estimated regression coefficient 8 (95% C/) of MPV is obtained from the model which
simultaneously includes urinary arsenic and MPV by performing Stata software KHB command. 4: Proportion of total effect mediated is obtained

from the ratio of indirect to total effect by performing Stata software KHB command.
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