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Time-series analysis of air pollution effects on diabetes related mortality CHU Xiaoting’,
XIONG Jianjing', YANG Xiaoming’, YIN Xiaolie!, ZHANG Guohui', WAN Qiuping’, WANG Yunhui',
WANG Lan® (1. Department of Vital Statistics, Tumor and Injury Prevention and Control,
Shanghai Jing'an District Center for Disease Control and Prevention, Shanghai 200072, China;
2. College of Architecture and Urban Planning, Tongji University, Shanghai 200092, China)
Abstract:

[Background] Diabetes mellitus is a major public health issue at present. Previous studies have
shown that ambient air pollution is a risk factor for diabetes.

[Objective] This study aims to explore the acute effects of ambient air pollution on diabetes
related death in Shanghai Jing’an District.

[Methods] Daily air pollution data, meteorological data, and diabetes related mortality data in
2013-2019 in Shanghai Jing’an District were collected. A generalized additive model (GAM) was
established to conduct time-series analysis on the short-term effect of ambient air pollution on
diabetes related mortality, and gender- and age-stratified analysis on susceptibility of various
groups to ambient air pollution exposures.

[Results] For every 10 pg-m™ increase of the concentrations of PM,s, PM,,, SO,, and NO,, the
diabetes related mortality increased by 2.47% (95%Cl: 1.56%-3.38%), 2.02% (95% CI:
1.29%-2.75%), 5.75% (95% Cl: 2.99%-8.58%), and 3.93% (95% Cl: 2.49%-5.39%) at lag05
respectively (P <0.05). In the stratified analysis, exposures to increased concentrations of PM,,
PM,,, SO,, and NO, raised the mortality risks from diabetes in male, female, and =65 years old
groups (P<0.05). However, the differences in mortality risks from diabetes due to air pollution
within gender and age groups were statistically insignificant.
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[Conclusion] In Shanghai Jing'an District, the elevated levels of ambient air pollutants, including PM,s, PM,,, SO,, and NO,, are
significantly associated with the increase of diabetes related mortality, and there are lag effects and cumulative effects. The =65 years
olds are more susceptible to the impact of air pollution on diabetes related deaths.
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PM, s« PM;o. SO,« NO, BV B8 H i f§ SR 73 5 1E lagd
lag3. lag3. lagl &x A, EXI N B ER e H 95% CI 73 5)
79 1.20%(0.64%~1.76%) « 1.05%(0.61%~1.50%) « 4.54%
(2.51%~6.60%) H] 2.44%( 1.45%~3.44%) (3K 3) o

BRHEERE R, PM,s. PMy SO, NO, 7E
lag01~1ag05 3 B H T F B X (P>0.05)6 PM,s. PMyg
SO, NO, R IITE 1ag05 &K, EXI AT

ER 2 H 95% C1 93 B 79 2.47% (1.56%~3.38%) . 2.02%
(1.29%~2.75%) . 5.75%( 2.99%~8.58%) #13.93%( 2.49%~
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1 2013—2019 & LSHHLXBRFEEXERET. X
SERMREKERSKZEZEN D6
Table 1 Daily diabetes related deaths, concentrations of air
pollutants, and levels of meteorological factors in Shanghai
Jing'an District from 2013 to 2019

Ei=ti Xts Min  Ps Py Pi Max
LT fEtT
ERRAAEERE T A 4274222 000 3.00 4.00 6.00 16.00
B 2.11#1.50 0.00 1.00 200 3.00 11.00
g3 2.15¢1.52  0.00 1.00 200 3.00 9.00
<65% 0.47¢0.69  0.00 0.00 0.00 1.00 4.00
>65% 3.80+2.08 0.00 200 4.00 500 15.00
KETEMIRE/(ugm™)
PMy, 68.12+42.60 7.00 40.20 57.17 82.54 561.32
PM, 5 47.16+34.23 4.67 23.63 38.38 59.55 505.78
SO, 14.09+¢10.96 1.74 7.50 11.04 16.84 105.70
NO, 46.29+21.67 5.08 30.57 42.17 57.64 157.63
[SLRIEMT
mE/C 17.4848.72 -6.10 9.80 18.40 24.40 35.00
HEXTEE/% 72.71#12.55 27.50 64.30 74.00 82.00 99.30

+R2 2013—2019 F LBETRERASSRERYESKER
LEPS ki)
Table 2 Correlation analysis between air pollutants and
meteorological factors in Shanghai Jing'an District from 2013 to

2019 (r)
izt PM, 5 S0, NO, mE SRR
PMyo 0.88 0.62° 0.64° -0.22" -0.32"
PM,5 1.00 0.61° 0.68" -0.27" -0.13"
S0, 1.00 0.61° -0.45 -0.41"
NO, 1.00 -0.51 -0.10°"
mE 1.00 0.12"

3] *: P<0.05
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KERFETRRASIERITEREX(P>0.05), 5
>65 5 ABERMEXERE AN ESRITFER X
BER. FIRABNYUNEERFHILERITFREX
(P>0.05) (% 5),
26 BBE-RNXRAML

PM, s« PMyo SO, NO, ARE (1ag05) SHERFBILT
RS REE-R N * R 2RI M@, BRIR
HEER. T KE T, BTE-RNEZERETE(E 1),

R 3 2013—2019 F EBEHHEEAKTSRYIXIHERFBIEX
FERIE TR ERERE [ER(95% C) /%)
Table 3  Excess risk of diabetes related mortality in association
with air pollutants in Shanghai Jing'an District from 2013 to 2019
[ER (95% CI)/%)

&5 2013—2019 F LBHHLXASSRYI TR,
FH N BEVERFAE X ERIE CRVEB BB E [ER(95% CI) /%]
Table 5 Excess risk of diabetes related mortality stratified by
gender and age groups in Shanghai Jing'an District from 2013 to
2019 [ER (95% CI)/%]

it PM, 5 PMyo SO, NO,

B 2.03(0.73~3.34)" 1.79(0.75~2.84)" 6.31(2.38~10.39)" 3.62(1.59~5.69)

TEERE PM, PMy, S0, NO,

lago  0.78(0.22~1.35)" 0.63(0.17~1.10)" 0.89(-1.26~3.08) 1.04(0.06~2.04)'
lagl  1.11(0.55~1.68)" 0.90(0.44~1.36) 3.32(1.23~5.47)" 2.44(1.45~3.44)'
lag2  0.73(0.16~1.31)" 0.55(0.09~1.01)" 3.53(1.48~5.62)" 2.43(1.44~3.42)'
lag3  1.17(0.61~1.73)" 1.05(0.61~1.50)" 4.54(2.51~6.60) 2.18(1.20~3.17)"
lagd  1.20(0.64~1.76)" 1.02(0.57~1.47)" 4.20(2.18~6.26) 1.84(0.86~2.83)'
lags  0.86(0.29~1.42)" 0.66(0.21~1.12) 2.92(0.89~4.99)" 1.45(0.46~2.44)'
lagol  1.26(0.61~1.92)" 1.03(0.50~1.57)" 2.69(0.33~5.11)" 2.18(1.07~3.29)'
lago2  1.46(0.72~2.19)" 1.17(0.57~1.77)" 3.72(1.23~6.28)" 2.93(1.72~4.15)'
lago3  1.87(1.08~2.68)" 1.56(0.92~2.22)" 4.84(2.25~7.50)" 3.45(2.15~4.76)'
lagod  2.26(1.41~3.12)" 1.89(1.20~2.58) 5.55(2.87~8.30) 3.77(2.40~5.16)'

lagds  2.47(1.56~3.38)" 2.02(1.29~2.75)" 5.75(2.99~8.58)" 3.93(2.49~5.39)"

E] *: P<0.05

&4 2013—2019 F LiBHH#HLXARSRITERFHEXE
FRFE T XU RIS R4 R
Table 4 Double-pollutant model of diabetes related mortality in
association with air pollutants in Shanghai Jing'an District from

2013 to 2019
SR =EHEHE BERAR ER(95%CI)/%

PM, 5 lag05 = 2.47(1.56~3.38)"
S0, 2.77(1.78~3.77)

NO, 2.49(1.50~3.48)"

PM, lag05 = 2.02(1.29~2.75)"
S0, 2.34(1.53~3.16)"

NO, 2.03(1.24~2.82)"

S0, lag05 = 5.75(2.99~8.58)"
PM, 4.19(2.14~6.27)"

PM,o 4.16(2.10~6.25)"

NO, 4.27(2.19~6.39)"

NO, lag05 = 3.93(2.49~5.39)°
PM, 3.85(2.25~5.48)"

PM,o 3.84(2.25~5.46)"

S0, 4.51(2.92~6.13)"

[5¥] *: P<0.05

M 2.89(1.63~4.16)" 2.24(1.22~3.26)" 5.24(1.42~9.21)° 4.23(2.21~6.30)"
<65%  2.50(-0.19~5.26) 2.11(-0.07~4.33) 1.32(-6.66~9.98) 2.76(-1.52~7.22)
>65%  2.46(1.51~3.43)" 2.01(1.24~2.78) 6.30(3.38~9.31)"  4.07(2.55~5.62)"
[3E] *: P<0.05,
0.5 0.5
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« 03 « 03 ==
£ 4 £ 4 '
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-0.2 o2l . . .
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1 2013—2019 F biEH#HLEXKRSRYSHERFEX
ERFET NP RE- R X RS
Figure 1 Exposure-response relationship between diabetes
related mortality and air pollutants in Shanghai Jing'an District
from 2013 to 2019

3 g
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180 10pg-m™, FE T XL B 53 B3 A0 2.47%(95% CI:
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S INKERFAXEFIET XK, ERESHEMN
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