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Abstract:

[Background] Air particulate matter pollution has become one of the main factors threatening human health, playing an important role
in the occurrence and development of cardiovascular diseases and respiratory diseases. Chronic bronchitis (CB) is a common respiratory
disease, most of which are complicated with emphysema and cor pulmonale, and seriously affects the quality of life in patients and poses
huge economic burden to families and society. There are limited studies on the long-term exposure to particulate matters and CB.

[Objective] This study aims to assess the association between long-time exposure to high concentrations of PM;, and the risk of CB of
residents.

[Methods] A retrospective cohort study was conducted among 37915 residents in four cities in northern China, including Rizhao, Tianjin,
Shenyang, and Taiyuan, from 1998 to 2009. Questionnaire survey was used to obtain demography, lifestyle, disease history, and self-
reported CB. PM;, concentrations were sourced from the national monitoring sites of ambient air quality in each city. With the annual
average concentration of PMy, from the time of inclusion into the cohort to the time of CB onset as exposure estimate, Cox proportional
risk regression model was used to estimate the hazard ratio (HR) and 95% confidence interval (Cl), and to examine the interaction of PMy,
exposure with gender, age, body mass index (BMI), education, income, smoking, outdoor exercise, and other factors.

[Results] With a mean follow-up of 11.78 years, 354 new cases of CB were reported, and the cumulative incidence was 9.3%o. The
baseline age of the study subjects was (44.09+13.87) years, and the baseline body mass index was (22.64+2.95) kg:m™. After adjusting
for age, gender, BMI, lifestyle, CB family history, and other confounding factors, the HR (95% C/) of CB was 1.616 (1.546-1.688) for every
10 pug'm? increase of PMy,. The stratified analysis results showed significant associations between PM,, and CB incidence across different
age, BMI, education, and exercise groups (Piteraciion < 0.05); and compared with the age group <45 years [HR (95% Cl): 1.324 (1.252-1.401)],
the BMI group <24 kg:-m™ [HR (95% Cl): 1.553 (1.477-1.634)], the low education group [HR (95% Cl): 1.582 (1.502-1.667)], and the group
with inactive outdoor exercise [HR (95% Cl): 1.489 (1.407-1.576)], the age group = 45 years [HR (95% C/): 1.888 (1.787-1.996)], the BMI
group =24 kg-m? [HR (95% C/): 1.825 (1.673-1.992)], the high education group [HR (95% Cl): 1.753 (1.614-1.904)], and the group with
active outdoor exercise [HR (95% Cl): 1.800 (1.687-1.920)] had a stronger interaction with PM;, exposure. The results did not change
significantly in the sensitivity analysis.

[Conclusion] Long-term exposure to high concentrations of PM;, may increase the risk of CB of residents in northern China, and it has a
stronger impact on those who are 45 years of age or older, with BMI =24kg-m™, and more active in outdoor exercise.

Keywords: air pollution; particulate matter; chronic bronchitis; incidence; cohort study
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BEKIBTRENES., LE 1.
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1.591 (1.517~1.669) (P<0.001), FASEXT B4 AT RERS
M RN E R HTE S AT, HET 4 MR, W
I PMy 5 B R RIGE R IEEX, AEFIGHREE
FNAE K. ERZFRERE R, M, 8 EF10pgm?, CB
KIEXEE HR (95% C1) 1B9 1.616 (1.546™1.688) o W3R 26
2.3 FES

PMio 5 CB & X G X BXTE AR R, BMI. 23
BREE. BERSEENERAEBRIUTERENX (3 Pxa<
0.05)0 SRS <45 % [HR (95%C1) :1.324 (1.252~1.401) 1.
BMI<24 kg:m™ [HR (95% CI) : 1.553 (1.477~1.634) ],

SHEZER [HR (95% 1) : 1.582 (1.502~1.667) ]
FINBIETERR [HR (95% CI) : 1.489 (1.407~1.576) ]
HIANBHELL, T8 >45% [HR (95%CI) :1.888 (1.787~
1.996) 1. BMI =24 kg:-m? [HR (95%CI) : 1.825 (1.673~
1.992)]. RHBIRES [HR (95%C1) : 1.753 (1.614~
1.904) ] M 9MNERIRSEER [HR (95% C1) : 1.800 (1.687~
1.920)] WABS PV BRENR EFAER. WRIEA
S5 RMAAELELEZRKIAITFRN (Px5>0.05)0
ERAEFRIESERAKEHTHED T, KW
PMio X145 H IR E >20 T ABERCMRER A (HR=2.252,
95%Cl : 1.639~3.094), & H #1020 & X 2
(HR=1.800, 95%C/ : 1.626~1.992) , TL3R 3,

®1 PEAESOIFEHATIFRFT AR EL (1998 F) FHIESDH (n=37915)

Table 1 The distribution of baseline (1998) demographic characteristics of the study population in four cities in northern China

H#2 (Rizhao) X2 (Tianjin) JEBH (Shenyang) AR (Taiyuan) 2t (Total)
54 (Characteristic)

A (n) % A& % A (n) % A (n) % A (n) %
B (Total) 9317 10000 9539 10000 9095  100.00 9964 100.00 37915 100.00
iR /% (xxs) (Age/years) 38.45£12.46 46.18+12.96 47.13+14.40 44.60+13.93 44.09+13.87

BMI/kg-m? (x+s) 22.36+2.52 22.93+3.18 22.3743.35 22.87+2.65 22.64+2.95
145! (Gender) & (Male) 4901  52.60 4597  48.19 4407 48.46 4977  49.90 18882  49.80
2z (Female) 4416  47.40 4942 5181 4688 5155 4987 5010 19033  50.20
ZHERE" (Education) 1K (Low) 6583  70.66 4565  47.86 5453 60.00 4847  48.60 21448  56.57
& (high) 2520 27.05 4915  51.53 3642 4000 5117 5140 16194 4271
MABUN (Personal monthly income) & (Low) 5510  59.10 5255  55.10 5471 60.20 4830 4850 21066  55.66
= (High) 3807  40.90 4284 4490 3624 39.80 5134  51.50 16849  44.44
WA * (Smokers) 1880  20.18 3083  32.32 2809 30.89 2756  27.66 10528  27.77
RSB (Drinkers) 1999  21.46 2034 21.32 1843 2026 1799  18.10 7675  20.24
F4MEIE " (Outdoor exercise) ASEEX (Inactive) 6504  69.81 4541  47.60 5426 59.66 5626  56.46 22097  58.30
JEEX (Active) 2793 29.98 4928  51.66 3653 40.16 4329 4345 15703  41.40
BRIl 2 & (Occupational exposure) 411 4.41 943 9.89 749 824 1436  14.41 3539 9.33
ZEMWI5Z " (Indoor pollution) 4736 50.83 512 5.37 194 2.13 395 4.00 5837  15.40
X% (Tea consumption) 30 0.32 289 3.03 317 3.49 206 2.07 842 2.22
KR EASHZE" (Fruit consumption frequency) 1& (Low) 3523 37.81 1381 1478 1833 2015 1778  17.84 8515  22.50
& (Middle) 2235  23.99 1375 1441 1995 21.94 3124 3135 8729  23.02
= (High) 3450  37.03 6705  70.29 5252 57.74 5059  50.77 20466  54.00
TR B ANE " (Vegetable consumption frequency) 1{f (Low) 270 2.90 380 3.98 44 0.50 65 0.65 759 2.00
& (Middle) 1001  10.74 561 5.88 87 1.00 297 2.98 1946 5.13
= (High) 7986  85.71 8539  89.52 8949 98.40 9598 9633 35072  92.50
PAIZEBASAZE " (Meat consumption frequency) 1& (Low) 6795  72.93 6268  65.71 7794 8570 7784 7812 28641 7554
& (Middle) 2163 23.22 2518  26.40 1168 12.84 1957  19.64 7806  20.59
= (High) 299 3.21 684 7.17 118 1.30 219 2.20 1320 3.48
B B ASRE " (Seafood consumption frequency) {f (Low) 5954  63.90 8166  85.61 7397 81.33 7927  79.56 29444  77.66
& (Middle) 2833 3041 1223 12.82 1496 16.45 1757  17.63 7309 19.28
= (High) 474 5.09 131 1.37 179 1.99 235 2.36 1019 2.69
CB K& (Family history of CB) 14 0.15 34 0.40 53 0.60 29 0.30 130 0.30
CB#T &AM (New cases of CB) 62 0.67 107 1.12 83 0.91 102 1.02 354 0.93

[E]*:

HIRRRK, BINAFT 100%. TREAMERZS N 273, BRELLHIRS 0.72%.

[Note] *: There are data missing, and some columns do not add up to 100%. The max number of missing people is 273, and the max proportion of missing

people is 0.72%.
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[ (Note) ] A : HE& (Rizhao) ;B :XiZ (Tianjin) ;C :7LBH (Shenyang) ;
D : K& (Taiyuan)o
E1 1998—2008 FHEILAMUHT PM: FETIIRELZK
Figure 1 Average annual PMy, concentrations from 1998 to 2008
in four cities in northern China

K2 PMyyBB5HEILAMETATIABE CB &HxEH
Cox LbBIRBEEIIER 5347
Table 2 Cox proportional risk regression model analysis of PMyo
exposure and CB incidence in four cities in northern China

1A (Model) b Sy HR 95% Cl P
HBEA (Crude model) 0465  0.024 1591  1.517~1.669  <0.001
121 (Model 1) 0.444 0024 1559  1.4838~1.634  <0.001
1A 2 (Model 2) 0477 0023 1612  1541~1.686  <0.001
18 3 (Model 3) 0498 0023 1645 1573~1.721  <0.001
12 4 (Model 4) 0.480 0022 1616  1.546~1.688  <0.001

CEIAEEE S RARRRERE, H51 FRBER. 45, M, EE 2
TEARE 1 ELp EIREEN AMERIHIE, 188 3 fEAREY 2 Bt FIR%E
IRE SR A 4 (TR 3 Bl HIRRIEM T RERREE,
MNEXEE, SERHEREE. TAABNKE, RIRE. EH
TSR MR, WERIE. TOBF P IMBIRIER. IRE IR BB
MERERX. KR, B, BB~ mRINE,

[Note] Crude model: Confounding factors are not adjusted. Model 1:
Adjusted for age, gender, and BMI. Model 2: Model 1+adjusted
for individual characteristics. Model 3: Model 2+adjusted for
dietary habits. Model 4: Model 3+adjusted for family history of
CB. Individual characteristics: education, personal monthly income,
occupational exposure, indoor pollution, smoking, passive smoking,
alcohol intake, exercise. Dietary habits include consumption
frequency of tea, vegetables, fruits, meat, and seafood.

&3 PMy FEFHRESIENM 10 ug-m> S5HEILS Mg
BASIAB¥ CB & B XIEH Cox BV B3R
Table 3 Cox regression stratified analysis of every 10 ug-m™
increase of PMyo annual average concentration and the risk of CB
in four cities in northern China

Charﬁlle—trist'ic n HR 9%l P Pii:ion

FfE /% (Age/years) <0.001

<45 149 1.324 1.252~1.401 <0.001

>45 205 1.888 1.787~1.996 <0.001
45 (Gender) 0.085

& (Male) 212 1.586 1.501~1.675 <0.001

%Z (Female) 142 1.698 1.571~1.834 <0.001
BMi/kg:m? 0.004

<24 253 1.553 1.477~1.634 <0.001

>24 100 1.825 1.673%1.992 <0.001
SHEEE (Education) 0.045

1f% (Low) 222 1.582 1.502~1.667 <0.001

= (High) 132 1.753 1.614~1.904 <0.001
MABYWN (Personal monthly income) 0.870

1F% (Low) 175 1.597 1.506~1.695 <0.001

= (High) 179 1.644 1.538~1.757 <0.001
T%HR (Smoking) 0.443

% (No) 185 1.626 1.529~1.730 <0.001

= (Yes) 169 1.615 1.516™1.720 <0.001
SHRMRE /X
Cigarette consumption per day/ <0.001
cigarettes

1~10 72 1.410 1.292~1.538 <0.001

11~20 66 1.800 1.626~1.992 <0.001

>20 13 2.252 1.639~3.094 <0.001
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HR3
Char#a%cgristic n HR 9%l P P::aion
WEHTRMA (Passive smoking) 0.533
% (No) 188 1.586 1.500~1.677 <0.001
B (Yes) 162 1.673 1.560~1.795 <0.001
P 4N (Outdoor exercise) <0.001
ASEEX (Inactive) 175 1.489 1.407~1.576 <0.001
JEEX (Active) 179 1.800 1.687~1.920 <0.001

2.4 SEMERH

HIRR BB H MR RS &RE (B S . B
COPD. ffighiiZ. fiz. WK, 24K) BIAEE. FEIHET(E]
QFMABURIAERSETEYINO, G, PM 5
CB & AN B XEXAY HR7E 1.310~1.776 18] (39 P<0.001) ,
5iA%ERIHI HR (1.616) RIFAENE. MK 4.

K4 PMupEASE10pg m 5hEIL A UHTHBAGIA R
CB A RREXRISURIE D iR
Table 4 Sensitivity analysis on the onset of CB for each 10ug-m?
increase of PMy, in four cities in northern China

REHREDN , B

S ) HR (95%CI)
Exposure sensitivity analysis Cases

B RERKRR
Incidence of CB

HR ELAITIR R AR A BE

Excluding other respiratory diseases

HEBRREILBYIE] < 2 FERIABE

Excluding follow-up time less than 2 years
RS/ (o}

Adjusting for gaseous pollutant NO,

37915 354  1.616 (1.546~1.688) *
36609 289  1.618 (1.540~1.700) *

37708 246  1.310 (1.250~1.374) *

37915 354  1.776 (1.697~1.859) *

[>* (Note)] * : P<0.001,

3 itie

MBS 35 cB AR BN XEXBRHIITF
TEEWN SHARER, PMpyEEIM10ugm?, K4ECB
BI HR (95% CI) 1559 1.616 (1.546~1.688) , 5 Bentayeb
£ 18 X F B HEXERMA R —5, SAMmEM—LLhf
RNEE R I FP KB AFF M 1998 FEFFIE,
ELEREE, PELKFRREARE, FIESH
bE 2 &AL, BE5TERIE] PM,, BY IR E 22 16 5T [E 2 58.00~
259.40 pg'm?, FFIGKRE IR (143.36£53.52) pgm?,
MEBMEERTSHKE, AJeSHAMRARF HRE
EXRE, XBRTRPMRES B R EAREE —
EWFIE- BN X R, RAFTHIA MR 354, ZREH
9.3%0, SimE—I0 10 £ (1993—2003 £F) AIRITHEIERAT!
B35S H9 CB & R R AHI (8.59%0, 98/11407) ¥, {BXF
EEZMERTHEEBATIR AR (16.79%0, 638/38006) ",
SERABMAAEL, HeTFREHREET

(7.06%0, 126/17843) 2, (BT AT ZIFR T 1107
R B AR BEARI &R0, AIaeSRAMR AR
KRG, ARERFA—HAIERHTFHARXIE. of
RIRIER U SR REERAER,

KHAR E T A4 7] 2038 D IR & AP Fh B AL
B M TG IR RS, 2892 AT VIR FRLAELT EINAES
P B B EINAE S8 P, cBIRIEREMZ
S8 ERIEMREMERTE, TESKEMREMNES
BEEEX, MPAYEESMH—LRER %
MR, TEERE. ASRSE, XEYRS TR ASKE
REEEYXER, TEBLHRZAFH LA EFESR
FEEMEWRIRE | RSEREMFMR D WIS 2,

AHAFH, FiE. BMI. SEERE. P IMNREA
MEES PM . BEEFEEREER. Fi8>45% [HR
(95%C1) :1.888 (1.787~1.996) ] 1 BMI > 24kg:m? [HR
(95%CI) : 1.825 (1.673~1.992) ] WY ABEXT A5 ARS]
EHBESK, X5UFMR—H ; SIEEMHEME
MELL, BEREBFRORIRIL %, BERSZY 8, RBER
BEME BB TR TR R FARRE ), —LEH5R
RPRBETHERENTSTREMEBHIE LI
AJEESHE T RIE, EINEERARNK ; S AER
BXRNERES 2B RERSHEMHENERIRE
*, AItBERHER S T IEREFTHUR 7,
SZHEREREABEL, SHEEERBHAE
BERZZEFTRMNER ; PABMNABERES
TEREX. XAgERAANEFRE, HEEFHMMIRE
MABMEFEEERET, AIRHHEETRRR
Foom, BIRIRSRE™E ¥,

DED T ERMB R R AEES IER A ABEXT
Bl IR N BRI 5 B I E 5 (Px=>0.05) , 1BiF 2
RERPLIRIE TR SBN LB B EIER
REFXNH—FTRASHRAERET T MARZ X
%, AREAIPMyE EF 10pgm?®, 3. . EE (&
BIRME S B09 1~100 11~20F020 X LA EE) RIRE ST
[ZB9 HR (95%CI) fE53 52 1.410 (1.292~1.538) . 1.800
(1.626~1.992) #12.252 (1.639~3.094) , K BAMEE Rk JA
S, ABEXNASRTLRZBEB#HER, zhao F BV
RETKPRET PV, SHITHEE TR, ISR E
MREREBX, BKBERET PM,s S INE R IART
COPD By, REFFIMIMIAERREEITRFNEAER
EOIsEAEMEER, XtUEFT ARRER.

B 5T & B P 9N 58 0 & BR B9 A B LU SR R 1S OF R
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BABE SR, HR (95%cl) 1849 379 1.800 (1.687~
1.920) #01.489 (1.407~1.576) . R F EIBHIF SN IK
g AKHEE, EREREELATERFNTSR
EMRIE. —RBERT, RRERSFRS AN
ENARRNERL, BHERE L, BERGBN
BREIZIN, BEXSFRYS AMAEMIRERNEEE
FIEMMN X & B2, EiBhid 2, BRARSAE
Ty, HEMRIAZNOFREEOSHA, X
MRS 2FFNBNTTE RS, 10T FRH
AAGHFIE, HINEEHIIEFM@ESEEM, ¥ 8
BE7iE5R, Bl AEEIITASREER, BB
RIS A RBI(RE B,

AAREBETZH0IE4HABNAL, HRERE
Rem, ZEREMBEREZNFM, NEEFEE. XE
REE, MERRAZEMEERH#IT, TR5HRK
FRIK, SARFRRERSEFENFEEEXTEK
HAREE PMy 5 CB ZIRIIBAT B, TEIAEE LR EA
=G, PM, VR R IBIRE. BERMRMEE—LS
R, 81F : MIRAABRAMRJTRER, TJaeFEERE
12RE ; MAEER BT E I RIEA RN SRR
A, HFZREBERDMEURRZIMERAERER
MMM ALPFRE, FILXMF AR e XK =R
PMARE, KRARFEESHERONARE TG, T
— S HIFIREI R R RIS RN B BT LA,
S EYN MER BT, HEENEEERS, U
H— B HE S5 YT CB FUREMH, AARSITEAIE
BRI RS B 1@ M DT IR R AR B BRI iR (IR,

SZERR, KBEREETFTEREPM,,AIEERIE
MBEELAHETEEREBEAFBRK, FFEHE>45%.
BMI > 24 kg-m? K P INER R T B & 520 BE 53,

SE
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