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Association between indoor particulate matter with different sizes and their metal components
and autonomic nerve function in patients with chronic obstructive pulmonary disease ZHANG
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2.Department of Respiratory and Critical Care Medicine, Beijing Fengtai Hospital, Beijing 100071,
China; 3.Department of Occupational and Environmental Health Sciences, School of Public
Health, Xi'an Jiaotong University, Xi'an, Shaanxi 710061, China; 4.Department of Respiratory and
Critical Care Medicine, Peking University Third Hospital, Beijing 100191, China)

Abstract:

[Background] Indoor particulate matter (PM) with different sizes may have adverse effects on
cardiac autonomic nerve function in patients with chronic obstructive pulmonary disease (COPD),
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but the association between their chemical components and autonomic nerve function of COPD patients remains unclear.

[Objective] This study aims to investigate the association between indoor fine particulate matter (PM,s) and coarse particulate matter
(PM,5.10) and their metal components and cardiac autonomic nerve function of COPD patients.

[Methods] A cross-sectional design was adopted in this study and 43 COPD patients were recruited. From November 2015 to May
2016, heart rate variability (HRV) indices of each patient, including standard deviation of normal-to-normal intervals index (SDNNI), low-
frequency power (LF), high-frequency power (HF), and LF/HF, were gained by dynamic electrocardiogram monitoring for 24 h. Indoor
PM, s and PM, .10 samples were collected for 24 h before health measurement, and 20 metal components were measured by inductively
coupled plasma mass spectrometry. The concentration of crustal composition of PM was estimated according to the concentration of
main crustal elements. Multiple linear regression model was used to explore the association between indoor PM,s and PM,s.10 and their
metal components and HRV indices in COPD patients.

[Results] The average concentrations of indoor PM,s and PM, s, were (69.24+76.63) pug:m= and (34.19+24.10) pg-m>, respectively. No
significant association was observed between indoor PM, s and PM, .10 concentrations and changes in HRV indices. However, an interquartile
range (/QR, 9.67 ug-m?) increase in crustal composition of indoor PM, 1, was associated with a -2.20 (95% Cl: -4.12--0.28) change in LF/HF of
COPD patients. For metal components of indoor PM,s , an IQR (1.59 ng-m?) increase in Cd was associated with a -21.19% (95% CI: -35.65%-
-3.49%) change in LF. For metal components of indoor PM, .10, an /QR increase of Mg (0.27 ug:-m?), Ca (1.36 ug'm?), and Sr (5.30ng:m?) were
associated with increases in HF of 36.64% (95% Cl: 3.51%-80.36%), 69.62% (95% CI: 20.15%-139.48%), and 49.74% (95% CI: 3.54%-116.56%),
respectively; an IQR increase in Na (0.19 pg:m=), Mg (0.27 pg-m?), Ca (1.36 ug:m=), V (0.98 ng:-m>), and Sr (5.30 ng-m), there were
changes in LF/HF of -4.93 (95% C/: -8.00--1.86), -3.50 (95% CI: -5.96--1.04), -5.20 (95% CI: -8.32--2.08), -2.12 (95% C/: -4.13--0.10), and
-4.29 (95% Cl: -7.61--0.97), respectively.

[Conclusion] Indoor PM with different sizes and their metal components have different effects on the autonomic nerve function of COPD
patients. Compared with indoor PM,, the effects of crustal composition of PM,s.10 and its metal components are more significant.

Keywords: indoor particulate matter; metal component; heart rate variability; chronic obstructive pulmonary disease; fine particulate
matter; coarse particulate matter
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Table 1 Basic information of participants

TE A HIREEL /%
Variable Number Proportion/%
431 (Gender)
5 (Male) 40 93.0
% (Female) 3 7.0
Fi8 /% (Age/years) (xts) 71.5+6.4
BMI/ (kg-m?) (x+s) 24.7+#3.0
I KRR (Smoking status)
MAIEYE (Never smoker) 8 18.6
BEE (Former smoker) 27 62.8
H7ERJA (Current smoker) 8 18.6
BERATS %1028 (Use of air purifier)
2 (Yes) 24 55.8
7 (No) 19 44.2
{E R4S HEN (Use of range hood)
2 (Yes) 43 100.0
& (No) 0 0.0
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1#EFAZ A (Use of air conditioner)

2 (Yes) 3 7.0

= (No) 40 93.0
ZERERZEAY (Type of cooking energy)

KA (Natural gas) 38 88.4

B (Electricity) 3 7.0

KFRS (Natural gas) / B (Electricity) 2 4.7

2.2 ERTHYIREAD I REUNEEE
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FE B9 7.63% #0 42.70%, Na. Mg. Al\ K. Ca %D Fe xE'E E
MW PMs I PMyso FIRERENERBAH D, AR
8], =RREMMEXEE D58 (22.2412. 56) °C$IJ
(38.70+10.50) %o
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Table 2 The concentrations of indoor PM, s and PM; .10 and their
metal components in participants’ residences

TSRYIRE PM,s PM, 510
Pollutant - -
concentration Xts m QR Xts m IQR
PM/ (ug'm®)  69.24476.63 50.08 52.11  34.19+24.10 28.63 22.88
Crust/ (ug'm®)  5.2846.85 3.50 3.07 14.60+1431 858 9.67
Na/ (pg-m®) 0.54%0.96 024 034 0.1940.15 0.18 0.9
Mg/ (ug'm?) 0.40+1.06 0.09 0.11 0.36+0.31 022 027
Al/ (pgm®) 0.21#0.24 016  0.14 0.8210.88 043 055
K/ (ug-m>) 0.66+0.80 0.48 0.68 0.26%0.25 0.15 0.18
Ca/ (ug'm™) 0.6942.26 0.07 049 1.48+1.20 1.00 1.36
Ti/ (ng-m?) 8.03%6.51 6.16  5.22 134.69+155.21 92.64 211.73
v/ (ng-m?) 1.46+1.30 093  1.69 1.42+1.38 0.85 0.98
Mn/ (ngm?) 237742357 1874 21.59  15.84+17.08 9.71  9.99
Fe/ (ug-m™) 0.34%0.33 026 032 0.6440.63 0.40 055
co/ (ng:m?) 0.28+0.26 0.19 0.22 0.41+0.25 0.35 035
Ni/ (ng-m”) 3.2743.87 216 266 1.4241.77 098 1.14
cu/ (ng'm?) 14.20+12.64 11.63  16.70 6.28+4.37 506 5.10
7n/ (ng'm®)  108.38+117.54 72.79 11212  31.27+30.39 21.35 23.77
As/ (ng'm®) 5.1846.85 276 545 0.95+1.80 0.41 051
Se/ (ng'm?) 2.84%3.67 131 3.30 0.2310.25 0.15 0.16
sr/ (ng:m”) 8.17+19.80  2.52  2.82 6.5214.62 492 530
Mo/ (ng:m?) 0.9340.89 0.68  0.93 0.3240.22 023 024
cd/ (ng:m?) 1.5142.20 0.89 1.59 0.19+0.29 0.08 0.15
Ba/ (ng'm?) 7.0648.49 488 619 16.60£13.37 11.58 9.62
Pb/ (ng:m?) 49.89+59.73  27.56  51.70 5.1845.25 2.94 4.06

[E] Pm, ETHI¥) ; Crust, EAFTRIMIBI-FTR S
[Note] PM, particulate matter; Crust, crustal composition of indoor
particulate matter.
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Table 3 Statistics of HRV indices of participants

HRV $E4% (HRV index) Xts M IQR

SDNNI/ms 44.13+17.20 41.17 17.37
LF/mS2 368.42+365.64 252.68 228.94
HF/msz 185.35+181.33 127.30 147.96
LF/HF 18.84+9.15 17.77 14.63
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Figure 1 The associations between the concentrations of indoor PM, s and PM,s.10 and their metal components in participants’
residences and their HRV indices
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Figure 2 The associations between metal components of indoor particulate matter in participants’ residences and their HRV indices using
the “component-particulate matter joint model”
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HBELF/HFBERE X, IR PMs 0 R EERBAD H
B O RE SR ARG INE X,

BIAPMs o BB AR OB EMETNEENE
M RAEXT R, EMERRIERET AR OEEE
HERTNRER IR RELL PV, B NBRE, HMIFETE
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NEABEBREAFAERHN—THNZIXHARL,
FETIFEPM,s10 P 2h BN ] S EUE R A HF BREAD
LF/HFFA S &, AR A DEEE L MERBHEEA
B, PM, s BEEXTE HRV BUSZMELL PM, s EABAE 59,
IR F ARIMERE PM,.s B PM, 510 5 HRV IEFRIZTE X
BE, (BRI PM,s. FIMIFERL 3 5 1€ BE i B & K E
ZEMEME X, TIEBEPMs 0 EBERIRD, 1
AR H, HRE ST PM, 50 BIREM 42.70% ; BE
EBEMRFREM, TEFRE PM,sq. A BETEFTIR L K
£, Alt, BRE#H—SHRBAXMHFTIFITE
P PM,s1o XSTEPEMMEEEZ BRABF OB EHED
BERYSZM,

AN BREFRYEREMNNEERNEZZ — BE
EMREKE, KEPMNELESBASSOHAR
BEERREEX", €SB XPHYAD S HRV
LT ZBHNXBEARLZERTFEIKRS PM,s0o 55 EH
—TNBEIAREZIAS PM,s PRI Sr SEFE A LF A HF
BRARME X D), b R—TE 14 BEFAETNHAEDN
EAMR LI PM,s F Fe 5SDNNEEB X, £
—IELFR LI, K= PM,s F As. Cd CrFINi 5A%
£ A LF. HF. SDNNZF HRV $54R T fE % ), ARt
MBI ZE R PM,s P EHS cd S5IEEMEE LF fa
X, BNARERFZHERELHS S LF. HF F SDNNI
BEEAEXXR, EHFAEERITERNX, XAES
HASRNEX, I, —EXKESL 17 BRERER
RAHERNHAFTEZI, PMs (RIFSEE 172.5 um BIFT
Ki¥) FEIENE srfl cd BES SONNIEINE X, MTE
PMoas (RITR/NF 0.25 um BYERIY)) I Nic znFlCr 2
BSL/HFBREE X, RRAENERFNYNEE
AR BHEFIREREL BN NI fEFEE
Fo WHIFTR, 5 PM,sHBLL, PMys1o XL Z A BE
HRV IS a] BEE PR R, AT, TEE POl aeiie x5
TERNUFEARNABER. FAREKINZERAPM, 510 B
B S EAHS (Naw Mg, Ca. VAT Sr) S5IEEMAEE O
EB AR EE X, LHERSIEMMEEIKE
HEZTEMI A %X, Na. Ca. Mg, SrEER T BT
FTTEW 78 BIRIR TR PMysq UM R 0 AT BE S 10y
fE B F M Ihae R & e X%,

KR REERIMNIRELLIR T ZER PM,s F PM,s.10
ZMFHENSIEREMEZE VB THETNEENX
BX, NEIFMRIF S RABRRIRME T REIIERE, A
m, XMRWEE—LBR%E. 8%, SHRIRT

T2UNNERAFRNYMRESRANBZESIEMHEME
EHRV Z B XK EBX, To7E R MRE T HASE B K HARY R0
R R ELAB D BIRAN . WRIBEEFIAS, MM RER
S5min~24h Bl Rl R £ PBHEM KT, HEHNNHNE
B 5 HRV ByXBE 58 1o 220 TE REIA S NENE
BURATRMIIHNEAREE R, AARELE
E£7 2unNEATRYFR, ERTRYREASE
SHAR KRS ER NN FEEH#H —FTHFR. HX, if
RARNMNEZARGEFSS SR NIEEKTFE, FIb,
BHRRERER/), BREVNTRIHVEMADSE
ERRXBEHTOWN, SEETSERARPH—D T
&, &g, AAFEEIERMEENAARINR, BIL
BHRAE, HRERF—EEBIMET HAMAEE,
Itt, MEEFEEMABFRHITRIE,

2R b, AR ZFRAE AAFR AR M H
EEBADIERMEE BT HENELMAR, 5=
A PM,s FBLE, EA PM, s, IHIFR R D R EEXEE
ARFMEANBE, ANARERA HKEE TR
EREENEEANTSRE, RIPIEEMEEEZRA
BV R ERIR R SRAVRIF IR,
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