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Abstract:

[Background] Indoor air pollution is an important risk factor affecting health of the respiratory
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system. Studies on indoor air pollution in China are mostly limited to the central and eastern regions, and there are few studies in the
rural areas of northwest China.

To explore the influencing factors of lung ventilation function and its relationship with indoor air pollution in rural areas of
Gansu Province based on a cross-sectional investigation.

A total of 399 subjects were selected from four villages in Baiyin and Yuzhong of Gansu Province. Questionnaires were used to
collect demographic information, lifestyle, disease history, fuel use, and other information, and physical and functional tests were
ordered such as height, weight, and lung function. The Indoor Air Pollution (IAP) exposure index was calculated based on smoking, fuel
type, and weekly ventilation. IAP >5 was defined as a high level of indoor air pollution. Lung function indexes included forced vital
capacity (FVC), forced expiratory volume in the first second (FEV1), FEV1/FVC, forced vital capacity as a percentage of predicted value
(FVC%), and forced expiratory volume in the first second as a percentage of predicted value (FEV1%), which were used to determine
pulmonary ventilation dysfunction. Logistic regression model was used to evaluate the relationship between indoor air pollution and
pulmonary ventilation function, and subgroup analysis was further conducted according to home address and BMI , in order to identify
the high-risk population of pulmonary ventilation dysfunction.

The mean age of the subjects was (56.75%7.31) years old; 155 subjects (38.85%) had normal pulmonary ventilation function,
and the other 244 subjects (61.14%) had impaired pulmonary ventilation function; about 89.97% of the subjects were exposed to high
level of indoor air pollution (IAP>5). We found that IAP>5 (OR=2.327, 95%Cl: 1.089-4.974) and use of bituminous coal as the main
heating fuel in winter (OR=3.467, 95%Cl: 1.197-10.037) increased the risk of pulmonary ventilation dysfunction after adjusting for age,
BMI, residence, gender, smoking, drinking, and cardiovascular disease. The subgroup analysis results showed that no ventilation in the
living room/bedroom (OR=3.460, 95%C/: 1.116-10.268) increased the risk of pulmonary ventilation dysfunction in Baiyin. Heating with
coal stoves and Chinese Kang in the bedroom (OR=2.092, 95%CI: 1.030-4.247) and cooking in the bedroom in winter ( OR =2.954, 95% CI :
1.046-8.344) also increased the risk of pulmonary ventilation dysfunction in the residents with BMI<24 kg:-m™. IAP > 5 (OR=3.739, 95%Cl:
1.147-12.182) was associated with a significantly increased risk of pulmonary ventilation dysfunction in the BMI > 24 kg:-m ™ subgroup.

The pulmonary ventilation function of rural residents in Gansu is poor, which is negatively correlated with indoor air
pollution. Coal use, overweight, cooking in bedroom, and use of coal stoves and Chinese Kang for heating may increase the risk of
pulmonary ventilation dysfunction, while room ventilation is a beneficial factor.

rural area; pulmonary ventilation function; indoor air pollution; fuel
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(38.85%); IAP < 519 40 A (10.03%), H R 89.97%&
AP KT 5. KREERLEFFERFEPEE(RT:
91.48%, BN 46.87%) , 256 A(64.16%) BB RIE(E
JENBRIAKL, 285 A(71.43%) ERAE R HEANIERNZ
TEIARL, 273 N(68.42%) RMERIRRIGEF . fin@SINEE
FEE ABEH BMI ST IEE AEE; 1AP>5. B AR
MIEHIEENBEBSINEERRE A EXRRE(P<0.05),
IR 10
2.2 f@ESIhEE

399 A FiThEE$S R FVC. FEV1. FEV1/FVC 2354
(2245.99+657.92) mL. (2053.044547.60) mL. (92.41+
8.50)%; HIR/E R FEV1%. FEVI/FVC IS TRIFER,
BMI<24 kg-m™ 28 FVC. FVC%. FEVI%I = FTHBEAH,
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Table 1 Basic characteristics of 399 rural residents in Gansu Province

M FEV1/FVC R FEBELH, W& 2

- AR Fhi@SIhEEER FESIhEerEES
BEXER . Normal pulmonary Pulmonary ventilation
Basic Information Al rz:[t;;l:)ants ventilation function dysfunction X/t &
(n=155) (n=244)
£Eli%*/% (Age/years) 56.7547.31 57.59+7.46 56.227.18 1.83 0.068
BMI*/(kg:m ™) 23.84+3.27 22.71+2.80 24.56+3.35 -5.73 <0.001
[E{EH(Residence address) B R (Baiyin) 235(58.90) 95(40.43) 140(59.57) 0.60 0.439
19 (Yuzhong) 164(41.10) 60(36.59) 104(63.41)
M 51(Gender) 5 (Male) 142(35.59) 53(37.32) 89(62.68) 0.22 0.643
2Z(Female) 257(64.41) 102(39.69) 155(60.31)
& (Smoking) 2(Yes) 121(30.33) 44(36.36) 77(63.64) 0.45 0.502
7(No) 278(69.67) 111(39.93) 167(60.07)
R38(Alcohol consumption) E(Yes) 43(10.78) 16(37.21) 27(62.79) 0.05 0.816
&(No) 356(89.22) 139(39.04) 217(60.96)
NEFREERSEBOMERE o
Cardiovascular diseases #=(Ves) 108(27.07) 37(34.26) 71(65.74) 131 0.252
Z(No) 291(72.93) 118(40.55) 173(59.45)
IAP <5 40(10.03) 22(55.00) 18(45.00) 4.88 0.027
>5 359(89.97) 133(37.05) 226(62.95)
igiﬁﬁfﬁoom heating 7K E8BE(Water and electricity warm) 34(8.52) 14(41.18) 20(58.82) 0.09 0.771
&7 (Coal stove) 365(91.48) 141(38.63) 224(61.37)
E\tiiﬁﬁiﬁim heating JR7(Coal stove) 187(46.87) 80(42.78) 107(57.22) 2.65 0.448
)7 (The kang) 61(15.29) 20(32.79) 41(67.21)
J&IPF5ET(Coal stove and kang) 123(30.83) 44(35.77) 79(64.23)
7K EBBE (Water and electricity) 28(7.02) 11(39.29) 17(60.71)
EYBE A9 E MK (Main heating fuel) JES S H(Gas or electricity) 18(4.51) 11(61.11) 7(38.89) 7.90 0.048
A 1R)E (Bituminous coal) 256(64.16) 93(36.33) 163(63.67)
TEMRHE (Anthracite coal) 113(28.32) 49(43.36) 64(56.64)
HAth(Others) 12(3.01) 2(16.67) 10(83.33)
ZEMEE RN Main cooking fuel) 1S 8 (Gas or electricity) 114(28.57) 44(38.60) 70(61.40) 0.00 0.948
JEIR SR K (Coal or timber) 285(71.43) 111(38.95) 174(61.05)
iiﬁiigﬁfmmer [T (Living room) 44(11.03) 22(50.00) 22(50.00) 3.46 0.177
B2 (Bedroom) 123(30.83) 42(34.15) 81(65.83)
[ 55 (Kitchen) 232(58.14) 91(39.22) 141(60.78)
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o AR @S INREE R @< IhaErEES
BEAXER - . Normal pulmonary Pulmonary ventilation
) ) All participants - ) . X7t P
Basic Information (n=399) ventilation function dysfunction
n=
(n=155) (n=244)
BREERE
. . <1 39(9.77) 13(33.33) 26(66.67) 0.73 0.695
Daily cooking frequency
2 249(62.41) 100(40.16) 149(59.84)
>3 111(27.82) 42(37.84) 69(62.16)
FERRKIGE =
L . E(Yes) 126(31.58) 47(37.30) 79(62.70) 0.19 0.667
Ventilation equipment
7(No) 273(68.42) 108(39.56) 165(60.44)
BT/ENESRBRIRS =
: =(Yes) 366(91.73) 144(39.34) 222(60.66) 0.46 0.497
Ventilated every week
Z(No) 33(8.27) 11(33.33) 22(66.67)

CE) *: EEMTERx+ s/, RS

Indoor air pollution.

&2 399 ZHMRRNERMINEEKT (x £5)

Table 2 Lung function levels of 399 rural residents in Gansu Province (x * s)

ST2AGIE(ED/%) RR; BMIL {KEIEE 1AP: ERERI5H.
[Note] *: Continuous variables are represented by x + s, categorical variables are represented by number (percentage/%); BMI:

Body mass index; IAP:

3%(sort)

FVC/mL

(FVC%)/%

FEV1/mL

(FEV1%)/%

(FEV1/FVC)/%

Y=

All participants 2245.99+657.92 71.82+17.99 2053.04+547.60 83.33420.47 92.4148.50
B R (Baiyin) 2253.34+602.15 72.35+17.24 2095.76+489.37 85.42+18.89 93.9416.19
9 (Yuzhong) 2235.48+732.26 71.07£19.05 1991.82+618.05 80.34+22.26 90.21+10.64
P 0.797 0.484 0.073 0.014 <0.001
BMI<24 kg'm™ 2307.194661.41 74.96+18.57 2094.60£569.70 85.53+21.82 91.66+9.69
BMI>24 kg-m™ 2172.281647.85 68.04+16.55 2002.97£516.85 80.69+18.44 93.3146.72
P 0.041 <0.001 0.094 0.019 0.046

[SF1FvC: BARTER; FVC%: AAIEE STUNENE 2L, Feve: S—FRAMSE; FEvik: F—FANTESE STUNENE 2 LL; FEVI/FVC:

BB NYSESRHNIMEENLE,

[Note] FVC: Forced vital capacity; FVC%: Forced vital capacity as a percentage of predicted value; FEV1: Forced expiratory volume in the first second;
FEV1%: Forced expiratory volume in the first second as a percentage of predicted value; FEV1/FVC: Ratio of forced expiratory volume in the first

second to forced vital capacity.

2.3 FESTHEERERNEMEER

XF 399 BIAENREFEE logistic [B)FD T LI
IAP > 5(OR=2.077, 95%Cl: 1.075~4.013) . £ X(FEHER
18 1E R = EEXBE AR OR=2.754, 95%Cl: 1.032~7.348)
BIRIE IS IhEEES & £ X, H—DITHIFEER.
BMI. EB{E#. M5, R IRE. BT B OMERR
&, XFhk Z{7E7E, IAP > 5( OR=2.327, 95%CI. 1.089~
4.974) . EXEABRIEEN FEERBRIAFI(OR=3.467,
95%Cl: 1.197~10.038) =1L NI E S THEEFRIF AV &
E X, TE 1,
2.4 TLADR

TWABED, BREMXET/EBAESRAFTEX
(OR=3.460, 95%CI: 1.116~10.268) & fli @S IHEEFEHS

A E RS, MER X ZEN R ERHERIL
#(0OR=0.256, 95%Cl: 0.066~0.989) & @S INAEFERS
B9 & £ R MR, 7£ BMIS24 kg-m ™ IR IR F, Bb
= HYBE 75 =0 9 18 4P F0 B2 1 ( OR=2.092, 95%CI: 1.030~
4.247). £ ZF 7L BN E Z £ (0R=2.954, 95%Cl. 1.046~
8.344) R EEA R & & MBS TR I X LIRS ;
7E BMI> 24 kgm” BIFIRIT &R A, IAP > 5 B R EfhiE
S TN EE PR £5 B9 X\ 2 8 48 ¥ 88 = (OR=3.739, 95%CI:
1.147~12.182), L& 2. & 3, F9, WADFIE R,
>60 & ABEM AR ABER, IAP>5 ELEMIBS
NRERRRSMIN LIRS, ANIVBERABR, LFEE=E
ZREREMBRINERERHINXRERS. SR 7
MEIER 51-55,
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25 5= (Variables) Model 1 OR(95%CI) Model 2 OR(95%CI)
IAP

IAP<5 Ref. Ref.

IAP>5 —e—— 2.077(1.075,4.013)* —e——— 2.327(1.089,4.974)*
ZETHUE 75 R (Type of living room heating)

7K EBBE (Water and electricity warm) Ref. Ref.

J&JF (Coal stove) —— 1.112(0.544,2.273) —o—— 1.364(0.637,2.918)
BENZEEYBE 5 T (Type of bedroom heating)

J&4P (Coal stove) Ref. Ref.

J52H1(The kang) 1+o— 1.533(0.834,2.815) re— 1.479(0.753,2.905)

JRIPFN 5N (Coal stove and kang) 1o 1.342(0.840,2.145) ro— 1.498(0.899,2.494)

7K EBBE(Water and electricity warm) e 1.155(0.513,2.602) —— 1.000(0.424,2.360)
BYBR = E /AN (Main heating fuel)

JHS 3 3 (Gas or electricity) Ref. Ref.

B JR)E (Bituminous coal) ° 2.754(1.032,7.348)* ° 3.467(1.197,10.038)*

TN (Anthracite coal) —_ 2.052(0.742,5.681) —. 2.597(0.876,7.698)
ZAEEEREN(Main cooking fuel)

JES S EE(Gas or electricity) Ref. Ref.

JEIX 84K (Coal or timber) -4 0.985(0.631,1.539) - 1.058(0.645,1.736)
£ Z 2 I3 (Cooking place in winter)

&[T (Living room) Ref. Ref.

Bl 2= (Bedroom) ——— 1.929(0.959,3.878) ——— 2.017(0.949,4.288)

[&355 (Kitchen) —— 1.549(0.811,2.959) e 1.718(0.803,3.676)
F|RZERE(Daily cooking frequency)

<1 Ref. Ref.

2 —o— 0.745(0.365,1.519) o 0.736(0.343,1.577)

>3 —o— 0.821(0.381,1.771) 4— 0.895(0.395,2.028)
{E A% & (Ventilation equipment)

2 (Yes) Ref. Ref.

Z(No) o~ 0.909(0.588,1.404) o 0.970(0.598,1.574)
FF@ XS (Ventilated every week)

=(Yes) Ref. Ref.

A (No) —e— 1.297(0.611,2.756) +o— 1.576(0.704,3.530)

0 12 3 45 6 7 89 012345678 91011
OR OR

[F] Model 1: ERE TR ERMIBEBSINEEX R logistic BIYFLER; Model 2: FHEELEWS. BMI. FBEH. M3, A, E. RSB 0MERBENE
RESSREMESINAEX R logistic BYILER; *: P<0.05, Ref: B8,

[Note] Model 1: Logistic regression results of the relationship between indoor air pollution and pulmonary ventilation function; Model 2: Logistic
regression results of the relationship between indoor air pollution and pulmonary ventilation function after adjusted for age, BMI, residence
address, gender, smoking, alcohol consumption, and cardiovascular disease; *: P < 0.05. Ref: Reference.

1 ENERISREMBESIHEEMEIRAIXEX

Figure 1 Association between indoor air pollution and pulmonary ventilation dysfunction

I & (Variables) £ 4R (Baiyin) OR(95%CI) T8 (Yuzhong) OR(95%CI)
IAP 4
IAP<5 - Ref. -
IAP>5 Ho— 1.426(0.657,3.093) -
& T HYBE 75 14 (Type of living room heating) E
7K EBBE (Water and electricity warm) E Ref. Ref.
JEUF(Coal stove) ——————— 1.238(0.175,8.762) . 2.058(0.329,12.884)
ENEEYBE /5 14 (Type of bedroom heating) E
J& 47 (Coal stove) B Ref. Ref.
141 (The kang) ° 3.197(0.863,11.843) ——— 1.020(0.353,2.950)
JEIPAJGEI(Coal stove and kang) de— 1.693(0.795,3.607) -— 0.871(0.363,2.090)

ZEFEBE RN Main cooking fuel)

JHS 2 (Gas or electricity) - Ref. Ref.

JE % B 52N (Coal or timber) ol 0.707(0.347,1.440) —— 0.960(0.275,3.354)
KZ=Z 1T 55 (Cooking place in winter) 9

Z [T (Living room) E Ref. Ref.

ENZ(Bedroom) —_—— 1.571(0.302,8.180) - 1.756(0.603,5.117)

B (Kitchen) ——— 1.329(0.289,6.109) . 1.103(0.350,3.635)
/R ZEXRE(Daily cooking frequency) 9

<1 - Ref. Ref.

2 —-o— 0.728(0.245,2.161) —— 1.031(0.275,3.872)

23 —— 1.004(0.302,3.334) —— 1.061(0.262,4.299)
{E RS 1% % (Ventilation equipment) B

Z(Yes) - Ref. Ref.

% (No) —e— 1.301(0.683,2.476) = 0.256(0.066,0.989)*
= EE XS (Ventilated every week) E

JE(Yes) E Ref. Ref.

A(No) ° 3.460(1.166,10.268)* —o———— 1.204(0.222,6.518)

012345678 910111213 0123 456 7 811121314
OR OR

CE] ENFEE T F8. sMIL MR IRIA. TUE. BT B OMERR; *: P<0.05, Ref: B,
[Note] Adjusted for age, BMI, gender, smoking, alcohol consumption, and cardiovascular disease; *: P<0.05. Ref: Reference.
B 2 FENHE (RRAEPITA) ABENZTSITR S MBESTHEEIER

Figure 2 Indoor air pollution and pulmonary ventilation dysfunction in different participants (Baiyin and Yuzhong subgroup)
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52 (Variables) BMI<24 kg:m™

IAP
IAP<5
IAP>5 o

T EXEE 5 X (Type of living room heating)
7K BB BE (Water and electricity warm)

J&JF (Coal stove)

ENZ=EYBE A T4 (Type of bedroom heating)
J&4P (Coal stove)

&I (The kang) —e———

JEIFF5ENT(Coal stove and kang)
ZEFEEPREHMain cooking fuel)

JES 578 (Gas or electricity)

18R B4E N (Coal or timber)

L2 Z 1M 53 (Cooking place in winter)
&[T (Living room)

EMN=E (Bedroom) °
[E 55 (Kitchen) -

FRZEREL(Daily cooking frequency)
<1
2
23

£ 325 1& % (Ventilation equipment)
2 (Yes)

% (No) o P —
= E@ XS (Ventilated every week)
Z(Yes)
% (No) —l———
012 3 456 7 8 910
OR

44
I

491
OR(95%Cl) BMI>24 kg-m™2 OR(95%Cl)

Ref. Ref.
1.632(0.567,4.697) . 3.739(1.147,12.182)*
Ref. Ref.
0.471(0.073,3.023) . 2.808(0.461,17.109)
Ref. Ref.
1.302(0.477,3.559) feo 2.818(0.707,11.232)
2.092(1.030,4.247)* *— 0.981(0.391,2.461)
Ref. Ref.
0.909(0.419,1.973) -— 1.291(0.490,3.401)
Ref. Ref.
2.954(1.046,8.344)* B — 2.704(0.621,11.773)
2.045(0.705,5.933) T 1.816(0.401,8.225)
Ref. Ref.
0.883(0.296,2.632) T 1.187(0.331,4.225)
0.580(0.178,1.889) C 4.497(0.945,21.393)
Ref. Ref.
1.538(0.757,3.122) ° 0.401(0.155,1.037)
Ref. Ref.
1.268(0.449,3.580) . 6.583(0.755,57.404)

0 5 10 15 20 25

OR

UE]EINEZE T e, BA. 431, A, 8. @R 0MERR,; *: P<0.05 Ref: 58,
[Note] Adjusted for age, residence address, gender, smoking, alcohol consumption, and cardiovascular disease; *: P<0.05. Ref: Reference.
B 3 REMFE (BMI <24 kg m~2F1BMI>24 kg- m™ > T40) ABERNTSERSMEBESINEERER

Figure 3 Indoor air pollution and pulmonary ventilation dysfunction in different participants (BMI < 24 kg-m™~ and > 24 kg-m™ subgroup)

3 g

KR AREMN 39 EHRANER, ABPEER
IAP > 5(89.97%) , ERT S RIEE R =, logistic [B])353
MEIEHIEX N ZEER LI IAP > 5(0R=2.327, 95%C:
1.089~4.974) . ZXXEABRIEENEEERIAEI OR=
3.467, 95%Cl: 1.197~10.038) ¥ 0] BE 18 10 i il S Th AE
FERS XIS, R ITR I EFHE(56.75¢7.31) %, BEH A
61.15%RV IR RX RIFE AR EMBSIIEERERS, &
ETILFMIKX 40 Z LU E AR 44.2%" BREREIM,
MR EESIBR MERRBRESHSE MBS
BE", B R AMER S SR R RIFH T EE X
EMMINEEY, IR EAE AR AT sE L mAh IEE, LE
B9 — TR At 51 3 XL 22 21 458 FR B R L 5 Bl DD BE A PR AR
BXY, XEARASHLSIBEFERERAEELE
B SINEEER XK AN E L EEX—K, [,
IAP > 5 BY & & ff@ S Th AR B X LIRS, IAP B K
EREERNTSSREBEKTFHS, X558KEY
H—Ik FHHR A RN X ER TSR KF LMK
KRAEH A RER— K. AIEER EWNMREHR IR~
4 CO. CO,. SO, FHIHIZII RN AHER =R, 512K
MR & R, B SERE /73S 0N, SEETIBESIhEE TR,

EMRRINNEERFBEXBABE copD B X fE
S, XE5AMARARMXER . BT/BESH
WX EEE MR EE RIS RYIRED, NIRRT fiE

SRR A LXK, BEMPHX, BFLETF
BRERIE, BEABOBERELELZEBERE TR,
XA SRERS 2RI RF—K. MIhEebsr 721
KRR EATSKSREENEMIN £578Kk. BT
KFE EHNTEFEERBREEFE X, BRIEEHAARL,
FRERMX E RMINEEKFERR, H BEBESRA
SENH—EWTEEBE, X5AMARLKIAEREE
RhEE K EE TP ERNER—H. oJEERERN
BEREXASER, 5%, EKBLFRSE
DENEHET, FEEERAES, DM IEEE TR,
SHAINEE TE™, BMERNHAR. FIh BE.
RRHIE B E TS RYIK AR, it =S
SERRBEERRN, H—LIIRERNT S SRE
EXBSENEE+2ER, i, BARER
fhINaEREE BMI YA SRR, X5 XARER—
o £ BMI>24 kgm AR LI, IAP>5 WABLE
@S ThAE RSB KL B K, MTE BMI<24 kgm™ 28
RHARLMXMES, XIENBEFEFNAERS
ZEERNTRSRBENFM,

B 5% & I AR U e R M3 O IR IR ThEE RN E E
BREAERY, MAMRPZERERITFERE N &5
RHAHARIN RGN 40 F LU L, FIHFR N 56 %, F
R ER/N, EULIMERFEEMNER. FHH, &
SEREBREEMME, BREE B, AT aEIE N S
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RIRBMAERIRA B B ER T EZ, BRRLIER
EYRMER L IERIhEE R T ERRUINEBHL
M BRMRAZEREERITFEX, FJRESH
ANEPREHIERERLLFE X, A, ARTR
hEf o ERELSEAKRIFENHITEE. T,
EXBR AR IR IR == E RV R BRI REHE & 7 R IE RV 62
RN, XMERER R ERENERRES. RE
gnitt, A5 A TLENER £ B A E MK 5 FE < Thee
ERAENXREX, LHERERBRENILES.

AR FELERAMARRENREEE RS
B BEERTSZIEEIAP, LUTEH & RIT#H
XERMBSINESEANT RS RAETTERFM
HRB A XEANM R EETAAREEETEAR,
XM ERIRREICH R REHITRRKER, RKIEHR
BHE—THRRABNTIHRM oL UEIEE
RNERSRX BTN EEEIR IR E (E R Ko Lt
Hh, ERE RIS R TEFKF B ER M IIEERE
ERR, BXRARXERT AP, ALED T ENMESR
BT EFH—T BRI,

Zr LR, Bl 8 R XK E RAmE IR E,
ERTREHK TS ERMBIERRZENEX.
ERERIEENEERME G INA EMBSINER
BREYXE, BMI IR & B IREER XRES, B
EEVE R ENERERMEETIR R SE M
FBSINRERERS K ERINL, TS E@ X pes B E M
R, ZIETREAN G REANEL B EMEBIER,
REFEESERERIIRE, MBENBRNRIFHE
1, MR AR AL R AT X K == ARG R BV 2
BRIRE.
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