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[Abstract] Objective To examine the association between long-term exposure to ambient
PM.s combined with indoor air pollution and handgrip strength among people aged 50 and over.
Methods Data were from the first wave of World Health Organization Study on global AGEing and
adult health in China. Ambient annual concentration of PM,s was estimated by using the satellite data
we also investigated the use of fuels and chimneys as indoor air pollution. A two-level (individual level
and community level) linear model was applied to examine the association between long-term
exposure to ambient PM,s combined with indoor air pollution and the handgrip strength. Results
A total of 13 175 individuals aged 50 years and over were included for analysis. The handgrip strength
was (26.67 = 0.54) kg. Ambient PM,s was found to be significantly associated with the risk of
decreased handgrip strength. Outdoor PM,s concentration was negatively correlated with handgrip
strength (8=-0.23, 95%CI: -0.31 — -0.14) decrease in handgrip strength after adjusting for gender,
age, residence, education, household assets, intake of vegetables and fruits, smoking and drinking,
physical activity. In rural area, compared to those who used solid fuel, use of clean fuel increased (8=
1.41, 95%CI: 0.36-2.46) handgrip strength. But in urban area, we did not find any statistically significant
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association between the use of clean fuel and handgrip strength (8=0.19, 95%CI: -0.95-1.32). Conclusion
This study found that long-term exposure to ambient PM,s combined with indoor air pollution was
significantly associated with low handgrip strength among people aged 50 years and over, this
suggested that ambient PM,s might serve as one of the risk factors for low physical function seen in

the people aged 50 years and over.
[Key words] Air pollution; Handgrip strength

Fund programs: Project Funded by US National Institute on Aging (R01-AG034479);
Foundation of Shanghai Municipal Commission of Health and Family Planning (201640148,

201840118, 20174Y0147)
DOI:10.3760/cma.j.issn.0254-6450.2019.10.013

EAE R E R — D BRSSP AE
WA B4 I, R BRI BE T [ B IR R UL
MR H AR RE Y PSR TR IRV I
IR () EEARAR Z — A B A TR R AR
N Z R ERRAS R B T A 5~ — I AT RE PRI A
BLF-42 3 Ik P AR L TR A AR L R
U LT S AT ARG A BB o TR, & 4F
NTFHRI W2 RN ZPEEY) A7 0 RPN R 1520
AR B 1A 2 T A 23
WS FARIVEVINIC . Ak, —SE G5 Qe
BN EAE AFEHUADI BRI G IR  R A HE  E
AR AR R S BRI AR AR
XI55 =50 % AEFR IR R T 70T

AREHZE

1. BRI R T WHO 2Bk Z 1L 5 A
fd B B 5% (SAGE) i B i 2 5% — & it 2k i &
(2007 —20104F) . EARMA I IES WSCER[ 7], A
W =50 & NBEVE AT 5 o HEBRIEALE
TEAS B (AEI% PR3 SCIRRE R 25K 1)
Bk . AW AP JE A G Bt AT /™A% 4
il AHFIE i T WHO MV T CDC e B2 51 2
T, AT B A R

(D) F4EJ7: R HFFEZ Smedley 42 F 3100 24
TG TFR . B RFLEW 20, L AT
FELE IR A EET S TFARE S iR AR 20 F
ol JIE A B S (8, R R 2 -4 ik, it
ZER D kg fE N BT,

(2) A PMLs e B« th FAF 50 i = 18 mip 4 )
0 BT PR 1 2 AT 5, AR AT 5 ol ) 3 Al £
AR PML TR I A 355 K PML s R JEE ] o [ LA~
A T i R A T 174 PML 5 1R BBE SR T LU, 45 5 W
IR A (r=0.9) " I 1 THFSE LA PML s
b 5 WS A A TS X e B A s, 1
IR—BR Y ASBIESE A R T 3 4R PMLs T3

W BV S BT v (1 R A et I [R) B A SRR A
o B R AT 1,23 4 F1 S AR A3k A N
TR, BN Y BRI A T BRI
ST A B AR B TN

(3)IR 24K & : I SAGE % P4 25 Hh e B 31
SRS ALK SO RBEL TR KRB SR
AR AR R RT3 Sh A5 BT 40 AT

3. Giit2F53Hr RS Stata 14.1 544788127
G3MTe TR I TEAR FIRAE [B] 9 22 5 FL AR T 2207
B I T ARG . A I BRFE AR FLEAR A RIS |
PR SR 45 10 25 5 AEBEARY i fift Y52 ZAme A R 245
SEVEAT R AR R TR 2010 48 A 1135 A 4L
PEVEA TR AFHE M X A F 5 oy 2R . oA EE
FLA B S 1) 2 R 254, AR 5T SR KT (AR 2
AT X2 1T ) e A Y 23 A SR B Uk ) 65 01 % N
IR 5% 5 Y X F 48 77 19 52 i ( “mixed” iy 2 1T 5
ME) o 43X 301 AT Ml X R AT 43 )2 A A, #
2 B AR (YA EE Sl PMLs R B R 24 A
) AR 2 (9 A ZE 5 PML s e B RN 28 TR 2 D R %
WK ygYeas ) . UL P<0.05 82544 i+

s R

1. —FBEIS I LA AZH 13 40844 =50 &0,
HEBRABETE R I A X 52 233 44, 1613 1754 =
50 % IR A X R AEA B . o A X S 0 T
A AT T 308 1) 0 R RE 5 in RS A A ) 9 2
SIERTI B, WAXT LTI H (62.6£0.3) %, 4
ANBETIR J1E ] (26.67+0.54) kg, FEHAERIE K,
TR N EZ#E/N(P<0.05) . BYEFR OEE T
e, SCARRREE R M DL T8 (A e/
(P<<0.05) , 3k 17 181 2 X 2 1) F-42 1 (B 2 T A A o
W1,

2. FEANPMLIRIE S FR J1 LR AR HLIX
AR VHATHG 3 4F1Y PML sV 4 34.314 pg/m’, 7EAR A
MK, PML s MR 4 31.576 pg/m’s W32, 765 AHE



FPARIR AT 2475 20194E 10 A 4540445 10 Chin T Epidemiol, October 2019, Vol.40,No.10

-1242-
1 FRIMELE S AR
% fﬁﬁjﬁ (n="6429) Zzﬁ(n=6 748) ﬁ‘iﬂn:w 177)
X Sz X S X S
WA ()
50 ~ 30.21 0.79 29.43 0.78 29.74 0.56
60 ~ 27.78 0.64 24.76 0.89 26.14 0.57
70 ~ 23.03 0.75 2031 0.81 21.91 0.56
=80 20.04 1.36 17.18 0.92 18.66 0.79
TrEMT F=120.87,P<<0.001 F=270.86,P<<0.001 F=326.66,P<0.001
FEE Y Lo Z=-19.70,P<<0.001 Z=-26.54,P<<0.001 Z=-31.45,P<0.001
ezl
3 34.25 0.74 31.71 0.87 32.77 0.59
° 21.51 0.49 19.88 0.78 20.69 0.46
Ji 2550t F=1774.23,P<0.001 F=2702.56,P<<0.001 F=4142.31,P<0.001
AR
INELLTR 24.14 0.61 23.78 0.80 23.88 0.60
I 28.54 0.76 28.21 1.03 28.35 0.67
wirh 29.63 0.93 30.07 0.97 29.81 0.68
oLl 27.40 0.80 31.98 1.55 28.44 0.71
KEFERUL T 26.12 1.33 38.54 2.90 26.24 1.32
AT F=39.82,P<<0.001 F=159.44,P<<0.001 F=188.48,P<0.001
FER o) 7=8.44,P<0.001 7=22.47,P<0.001  Z=20.30,P<0.001
FEEZTIKT-
W (AR 27.88 0.99 24.43 1.02 25.31 0.78
5 M 28.85 0.73 25.32 0.78 26.34 0.61
5 =M 28.82 0.84 25.74 1.02 27.06 0.69
EHLE N 26.91 0.71 27.95 1.19 27.43 0.71
L (R 25.96 0.91 30.37 0.74 26.97 0.72
Ji 2550t F=11.25,P<0.001  F=37.89,P<<0.001 F=19.16,P<0.001
FERY L o) 7=-550,P<<0.001 Z=11.67,P<<0.001 7=6.09,P<<0.001
Vi€ B YN W
& 26.61 0.50 26.32 1.05 26.45 0.62
w 28.43 1.00 25.90 0.63 27.08 0.58
FEMT F=278,P=0.096  F=25.69,P<0.001 F=6.88,P=0.009
ell]
MR 25.08 0.60 23.15 0.87 24.12 0.53
| ixveli] 33.38 0.91 31.13 0.78 31.98 0.59
TR 37.40 1.30 32.55 1.04 33.45 0.89
Ir T F=202.39,P<0.001 F=382.30,P<<0.001 F=496.19,P<<0.001
FEE Y Loy 7=19.89,P<<0.001  Z=25.58,P<<0.001  Z=30.81,P<0.001
W A
MR 24.42 0.63 22.31 0.78 23.39 0.50
H AT 32.89 0.93 30.24 0.93 31.61 0.66
W AR HUE  34.41 1.70 29.94 1.44 31.70 1.15
H g H 34.38 0.78 31.57 0.97 32.51 0.69
EZxn F=268.38,P<<0.001 F=396.57,P<<0.001 F=588.71,P<<0.001
FEE Y L) 7=27.86,P<<0.001 Z=31.57,P<0.001  Z=40.46,P<0.001
TG sk
1% 29.45 0.59 27.80 0.97 28.40 0.65
i 27.05 0.87 25.11 0.71 2631 0.61
= 24.71 0.95 23.69 0.85 24.16 0.63
TrEMHT F=43.53,P<<0.001  F=94.49,P<<0.001 F=121.66,P<0.001
FER L o) 7=-10.39,P<0.001 Z=-13.41,P<0.001 Z=-16.35,P<0.001
R
e 29.13 1.27 25.94 0.95 26.13 0.90
T TR 27.13 0.63 27.66 0.82 27.21 0.55
FEAHT F=7.00,P=0.008 F=3.19,P=0.074  F=17.64,P<<0.001
JH 4
o 2731 0.64 27.45 0.76 27.33 0.55
el 26.36 223 25.95 0.95 25.97 0.91
IFENHT F=021,P=0.646 F=0.86,P=0353  F=35.56,P<0.001
it 27.26 0.61 26.17 0.85 26.67 0.54

R R AT TR 2% P R I Ol
T, Z=APMus e S TR 1A 2
A (8=-0.22,95% CI:-0.31 ~
—0.14) , 7E VR B 5] AFWS R AE
Mo X SCAR R B | R EE 28 B K P
F L P E N KRS A
PRI R R A s B R
o] 5 2R B AR K (B =-0.22,
95%CI:-0.31 ~ -0.14) , 7Ef5AI2
PR NTSYYS, A RSO -0.23,
B PM, sk 5 T 1 pg/m’, 42
FTHE FR0.23 kg A BIx: 5] |
AR T X HEA T 43 2 50T, A5 2R
ol 7R I8 Uk 4 PML s 34 5
&I RS AN, TR
M, ZAPPML B R BT pg/m’,
TS FF£0.27 kg, TLELRHT,
FIRIME %016 kg, 74K,
AH LU R B A R R (AR ST
i F V8 TS MR AT DAUAR 5 48 )
1 1.41 kg(B=1.41,95%CI:0.36 ~
2.46) . (AR HBIX, A A A
FHE AR R A B 3%
¥ (8=0.19, 95%CI: -0.95 ~
1.32). W3&3.

i

A58 R FH SAGE 1 2 Bds
13 157 44 =50 % . X A BEAEAS
BT IAEE PM,s 5 % P 28 A5 G
GRS TR KR,
50N BT A PML s TR )
B, FEIER TREE. 7
AT b DX, foff I T AR AT A
TR IMH.

F s B Fas s 5%
AE BT RE 48 B A0 BIF 58 AH X
A a1 IS S BT T 2012 —
2015 4-5¢ i 3 T A5 1) 983 4%
S 5H B, & AR TR
FEMRRZN Z G, AR S5 i
BB A AR T 48 A G T
BBARAE TRy AT T K5
F I8 1 Z 18] 1 G B o g



TR TR F 2R 2019 4F 10 ] 55 40 555 108 Chin J Epidemiol, October 2019, Vol.40,No.10 .1243-

F2 JAAH3AEHLX %A PM, MR (ug/m’) Khalil %M FE 25 5 B R AT K43 i 19 58

MM RO mRATARIRR T 1457, BRI SR 1
AHF 31:576 11:853 13:718 52:349 REAT- T PR B AR A AR 00
ot 32912 13.717 10.657 55.528 ZE AN PMLs Wk B SR T2 1 2 18] B9 A S PEHIL

R AN, — 7 1, UKL

3 FEIFBBRAY PM. TR 54550 5 =50 2 ABE W) 55 T B A HLAL A

THRIIK R R T
s B | 5 2
=4
REHR aOR{H(95%CI) PlE aOR{E(95%CI) PIE
o
5] Ti'
A PM, s -0.22(=0.31 ~=0.14) <<0.001 -0.23(-0.31 ~-0.14) <<0.001
E[BE 1.00
I 0.84(0.81 ~ 1.61) 0.030
I
G 1.00
H 0.15(-0.50 ~ 0.80) 0.647
PR
%
ZE AN PML R JE -0.22(-0.31 ~-0.13) <0.001 -0.22(-0.31~-0.13) <0.001
E I 1.00
i 1.07(=0.12 ~ 2.25) 0.079
M
J 1.00
B 0.39(-0.58 ~ 1.37) 0.432
5’8
EHNPML VR —0.22(-0.31 ~-0.14) <<0.001 -0.22(-0.31 ~-0.14) <0.001
JRR}
IR 1.00
I 0.64(~0.18 ~ 1.46) 0.124
Sl
¥ 1.00
e} —0.07(=0.83 ~ 0.68) 0.846
AEIRHH (%)
50 ~
ZEHNPML R JE -0.23(-0.32 ~=0.14) <<0.001 —-0.23(=0.32 ~-0.14) <0.001
BB 1.00
I 0.77(=0.18 ~ 1.72) 0.111
1
G 1.00
i 0.11(=0.74 ~ 0.96) 0.803
=65
AN PML R -0.22(-0.31 ~-0.14) <<0.001 —0.22(-0.31 ~-0.14) <0.001
R}
IS 1.00
T 0.27(-1.01 ~ 1.54) 0.681
1A
I 1.00
e} -0.29(~1.28 ~ 0.69) 0.558
Hi X
W
ZEHNPML R JE -0.27(-0.39 ~ —0.15) <<0.001 —-0.27(-0.39 ~-0.15) <<0.001
R}
IR 1.00
bRl 0.19(-0.95 ~ 1.32) 0.746
1A
¥ 1.00
" H 0.37(=0.54 ~ 1.28) 0.425
o)
FEHPPM, IR -0.14(=0.25 ~-0.04)  0.005 —0.16(=0.26 ~-0.05)  0.003
0K
E[BRE 1.00
Rl 1.41(0.36 ~ 2.46) 0.008
14
Jc 1.00
il 0.47(=0.51 ~ 1.44) 0.349

TE A 1R ) AR D SO G TTIA KRR SR AR DL

0 GR35 2l 5 AR 2 0N 5 AT el e RV AL PRI P 158 )

WM RMEAIAG Y (2R T78E
fi§ 3 -PAH) . &)@ (4 V& P 4R
&) BT (BRREL AERRER) k)i
A B SR AZ s (R [ BB
b R SR ) AR
(WEEZR AHTE 06 55 . 3 A ) 5%
)P (a5 A4 5k
R)EEN S RO E IR Y
X)) [T AT BB AT AR P R M SN
FAE AR DY R, S EOULAAR D g
TR TR, TR
R F48 T S D REHE BR 1Y B BE
g3 — T, AR PRY) & RS
I R G5 MU 2R R G0 18
I, T 3K S g ) 5 3 4 N 7Y
2 R8I E S5 )
AH G T L/ E D) A 1 R B8k F
I TR

ARG R B ER, ENE
5 G 5 h B AR TR J1E
YA, JUHSEAEA R L IX, AH
Ll A [ AR AL, fiff R 35 335 B VR
PN B T4 77 85 ey, T A 3k T b
DU AN dg 3 3k DU AT B A AL I
R —J7 L FEA R B X, 2 A
AN AR BE T B, K& 53 Bf
W REAEENES, SN T 2T
TG YR, Oy — 7 T R A
Hh XA AR AR Z 88K 0 T 7
FAR AT 55, 1 [ R IR R 72
I RRAE S A K A R A AL
6B RN 4 JE IR 2 3 B 1 2 56t
N NEER S S iR Th Al =S
EHLAE

R RAERBRE . BT
2013 4 Z 1, FR [ i oK gy AR
4 ] ) M e 25 RS Y ) WS &R
g8, R A S AS B 5% 2 1) 2 R



- 1244- FPARIR AT 2475 20194E 10 A 4540445 108 Chin J Epidemiol, October 2019, Vol.40,No.10

PR 25 28 b PML s U 3 2 35 T3 2 38 SRR 19 A 4k
13,7 AT BEAT M T A (14 5 S8 43 RSSO A i 7 o
(ERHEFRATT A, SRy Ik B2 N T As R
BE PMs B A BR 73 AR 1 T EHL7E 2013 — 2015 471
T, [ A0 3l £y PML 5 % B 5 38 T vk Ak i v
FEMEAT T A R BT A ] Z (A AR S AR
W5 55— B e 2 I H A s KI5 Y s R A A
(W AR ) . XAl RE SR — e
JE LIRIE TRUNARTT. AR O F 53 0 12 A 2 g
XL AERIRIB IR 2

25 LR AHESE  IREREE WUk ) PM, s 55 N
B A I RE SIRE =50 2 ABHLTIR 7 W4
5, SR IE TR MK A RS Y AR R AT T RE XS R [ o
AR NHURIIRE = A ARSI
FIZEMZE AR B R (R 26 pho

Z £ X o

[1] Clegg A, Young I, Tliffe S, et al. Frailty in elderly people [J].
Lancet, 2013, 381 (9868) : 752-762. DOI: 10.1016/S0140-6736
(12)62167-9.

[2] Ling CHY, Tackema D, de Craen AJM, et al. Handgrip strength
and mortality in the oldest old population: the Leiden 85-—plus
study [J]. Canadian Med Associat J, 2010, 182 (5) : 429-435.
DOI:10.1503/cmaj.091278.

[3] Rolland Y, Lauwers-Cances V, Cesari M, et al. Physical
performance measures as predictors of mortality in a cohort of
community-dwelling older French women [J]. Eur J Epidemiol,
2006,21(2):113-122. DOI:10.1007/s10654-005-5458—x.

[4] Hairi FM, Mackenbach JP, Andersen-Ranberg K, et al. Does
socio-economic status predict grip strength in older Europeans?
Results from the SHARE study in non-institutionalised men and
women aged 50+ [J]. J Epidemiol Community Health, 2010, 64
(9):829-837. DOI: 10.1136/jech.2009.088476.

[5] Syddall H, Evandrou M, Cooper C, et al. Social inequalities in
grip strength, physical function, and falls among community
dwelling older men and women: findings from the Hertfordshire
Cohort Study[J]. J Aging Health, 2009, 21(6) : 913-939. DOI:
10.1177/0898264309340793.

[6] Khalil N, Faulkner KA, Greenspan SL, et al. Associations
between bone mineral density, grip strength, and lead body
burden in older men[J]. J Am Geriatr Soc, 2014, 62 (1) : 141-
146. DOI:10.1111/jgs.12603.

(7] SFE s, Briie, 25, Rzl b 5 MO e 5 b = 1 5
LT . AR TR 224, 2019,40(10) : 1203-1205: DOI:
10.3760/cma. j.issn.0254-6450.2019.10.006.

Guo YF, Shi Y, Ruan Y, et al. Project profile: Study on global
AGEing and adult health in China[J]. Chin J Epidemiol,2019,40
(10):1203-1205. DOI:10.3760/cma.j.issn.0254-6450.2019.10.006.

(8] v hipess Tl s pas il v, BRI AE 55 BB R IS 3

HEE—R) M. i ERPEHAR I, 2014,
Shanghai Municipal Center for Disease Control and Prevention
(SCDC). Study on global AGEing and adult health (SAGE) ,
Wave 1 [M]. Shanghai: Shanghai Science and Technology
Publishing House, 2014.

[9] Lin HL, Guo YF, Zheng Y, et al. Long-term effects of ambient
PM.;s on hypertension and blood pressure and attributable risk
among older Chinese adults [J]. Hypertension, 2017, 69 (5) :
806- 812. DOI:10.1161/HYPERTENSIONAHA.116.08839.

[10] Jerrett M, Turner MC, Beckerman BS, et al. Comparing the
health effects of ambient particulate matter estimated using
ground-based versus remote sensing exposure estimates [J].
Environ Health Perspect, 2017, 125(4) : 552-559. DOI: 10.1289/
EHP575.

[11] Kim KN, Lee MR, Choi YH, et al. Associations of blood
cadmium levels with depression and lower handgrip strength in a
community-dwelling elderly population: a repeated-measures
panel study [J]. J Gerontol A, 2016, 71 (11) : 1525-1530. DOI:
10.1093/gerona/glw119.

[12] Valavanidis A, Fiotakis K, Vlachogianni T. Airborne particulate
matter and human health: toxicological assessment and
importance of size and composition of particles for oxidative
damage and carcinogenic mechanisms[J]. J Environ Sci Health
C Environ Carcinog Ecotoxicol Rev, 2008, 26 (4) : 339-362.
DOI: 10.1080/10590500802494538.

[13] Fougere B, Vellas B, Billet S, et al. Air Pollution modifies the
association between successful and pathological aging throughout
the frailty condition [J]. Ageing Res Rev, 2015, 24: 299-303.
DOI: 10.1016/j.arr.2015.09.004.

[14] Doherty TJ. Invited review: aging and sarcopenia [J]. J Appl
Physiol, 2003, 95 (4) : 1717-1727. DOI: 10.1152/japplphysiol.
00347.2003.

[15] Liu Y, Sarnat JA, Kilaru V, et al. Estimating ground-level PM, s
in the eastern United States using satellite remote sensing [J].
Environ Sci Technol, 2005, 39 (9) : 3269-3278. DOI: 10.1021/
es049352m.

[16] van Donkelaar A, Martin RV, Brauer M, et al. Global estimates
of ambient fine particulate matter concentrations from satellite-
based aerosol optical depth: development and application [J].
Environ Health Perspect, 2010, 118(6) : 847-855. DOI: 10.1289/
¢hp.0901623.

(Hické A 151:2019-01-30)
(AR 1 F57)



