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Impact of atmospheric particulate matter on daily hospital admissions of patients with chronic kidney disease:
a time series analysis

WU Ruikai', ZHANG Ying’, MA Long', YANG Haofeng’", SU Deqi'"
1. School of Public Health, Xinjiang Medical University, Urumqi 830011, Xinjiang Uygur Autonomous Region, China
2. Urumgqi Center for Disease Control and Prevention & Urumgqi Health Supervision Institute, Urumgqi 830026, Xinjiang Uygur

Autonomous Region, China

[ Abstract | Objective To investigate the correlation and lag effect between atmospheric particulate matter and the
risk of hospitalization for chronic kidney disease (CKD). Methods The daily hospitalization data for CKD in 9 hospitals
in Urumgqi from Jan. 1, 2019, to Dec. 31, 2020, and the air pollution and meteorological data during the same period were
collected. The relationship between PM, 5 and PM,, concentrations and CKD incidence was analyzed after controlling for
long-term trends, meteorological factors, and potential confounding factors such as the “day of the week effect” by using the
generalized additive model (GAM). The effects of single-day lag of 0-7 d (lag0-lag7) and cumulative lag of 0-7 d (lag01-lag07)
were analyzed, and subgroup analyses were conducted for gender, age, and season. On the basis of the single pollutant model,
other pollutants were included (at most 2 pollutants were included at a time), and a double pollutant model was constructed
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to evaluate the stability of the model. Results For every 10 pg/m’ increase in PM, 5 concentration, the highest risk of CKD
hospitalization occured when lagged alone at lag2 (relative risk [RR] =1.014, 95% confidence interval [ CI] 1.006-1.023)
and lagged cumulatively at lag04 (RR=1.018, 95% CI 1.007-1.029). For every 10 pg/m’ increase in PM,, concentration, the
risk of CKD hospitalization was highest when lagged alone at lag0 and lagged cumulatively at lag07 (RR=1.012, 95% CI
1.007-1.017; RR=1.024, 95% CI 1.016-1.032). In gender stratification, for every 10 ug/m’ increase in PM, s concentration,
the cumulative lag at lag04 indicated that males had the highest risk of CKD hospitalization (RR=1.023, 95% CI 1.008-
1.038); for every 10 pg/m’ increase in PM,, concentration, the highest risk of CKD hospitalization was observed in males when
lagged alone at lag0 (RR=1.013, 95% CI 1.006-1.020), and in females when lagged alone at lagl (RR=1.013, 95% CI 1.006-
1.020). In age stratification, for every 10 pg/m’ increase in PM, 5 concentration, the risk of CKD hospitalization was highest
in people 65 years old with single-day lag at lag3 and cumulative lag at lag04 (RR=1.016, 95% CI 1.007-1.026; RR=1.022,
95% CI 1.010-1.035); for every 10 pg/m’ increase in PM,, concentration, the cumulative lag at lag07 indicated that individuals
aged <65 years old and =65 years old had the highest risk of CKD hospitalization (RR=1.027, 95% CI 1.017-1.037; RR=1.015,
95% CI 1.001-1.028). In seasonal stratification, for every 10 pg/m’ increase in PM, s concentration during the cold season, the
risk of CKD hospitalization was highest when lagged alone at lag3 and lagged cumulatively at lag07 (RR=1.020, 95% CI 1.011-
1.029; RR=1.025, 95% CI 1.011-1.038). For every 10 pg/m’ increase in PM,, concentration during the cold season, the risk of
CKD hospitalization was highest when lagged alone at lag2 (RR=1.013, 95% CI 1.007-1.019). For every 10 pg/m’ increase in
PM,, concentration during the warm season, the risk of CKD hospitalization was highest when lagged alone at lag7 (RR=1.015,
95% CI 1.006-1.024). In the dual pollutant model, the effects of PM, 5 adjusting PM,,, SO,, O, and CO, and PM,, adjusting NO,,
SO,, O;, and CO on the risk of CKD hospitalization were still significant (P<<0.05). Conclusion The increase in atmospheric
particulate matter concentrations of PM, 5 and PM,, can lead to an increased risk of CKD, and there is a lag effect. Men, people
under the age of 65 years old, and those in cold seasons (heating periods) are more sensitive to exposure to PM, s and PM,,.

[ Key words | atmosphere pollution; meteorological factors; chronic kidney disease; hospitalization; time series
analysis; generalized additive model
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Tab 1 Influence of atmospheric particulate matter on daily hospital admissions of CKD patients with different lag days

RR (95% CI)

Single-day lag

Cumulative lag

Lag day PM, 5 PM,, Lag day PM, s PM,,
lag0 1.008 (0.999, 1.017) 1.012 (1.007, 1.017)° lag0 1.008 (0.999, 1.017) 1.012 (1.007, 1.017)
lagl 1.008 (0.999, 1.016) 1.011 (1.006, 1.016)" lag01 1.010 (1.000, 1.019)°  1.014 (1.009, 1.020)"
lag2 1.014 (1.006, 1.023)" 1.009 (1.004, 1.014)" lag02 1.014 (1.004, 1.024)"  1.017 (1.011, 1.023)"
lag3 1.012 (1.004, 1.020) 1.007 (1.002, 1.012)" lag03 1.016 (1.006, 1.027)"  1.019 (1.012, 1.025)"
lag4 1.009 (1.001, 1.018)" 1.008 (1.003, 1.013)" lag04 1.018 (1.007, 1.029)°  1.020 (1.013, 1.027)"
lag5 1.002 (0.994, 1.010) 1.004 (0.999, 1.009) lag05 1.017 (1.006, 1.028)"  1.020 (1.013, 1.028)"
lag6 0.998 (0.990, 1.007) 1.007 (1.002, 1.012)" lag06 1.015 (1.004, 1.027)"  1.023 (1.015, 1.031)"
lag7 0.997 (0.988, 1.005)  1.004 (0.999, 1.009) lag07 1.014 (1.002, 1.026)"  1.024 (1.016, 1.032)’

*P<<0.05. CKD: Chronic kidney disease; RR: Relative risk; CI: Confidence interval.
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Fig1 Risk effect of PM,; and PM,, concentrations on daily hospital admissions of CKD patients with different genders
A, B: PM,;; C, D: PM,,. A, C: Single-day lag; B, D: Cumulative lag. 'P<<0.05. CKD: Chronic kidney disease; RR: Relative risk; CI:

Confidence interval.



WERERFFR 202546 A, H 46 4%

e 779 -

SRS A3 2 43 M 45 R R, PM, s il PM X 4F
<65 % ABECKD %& i 50 B 0 W] 5B . PM, 5 Y&
BT 10 pg/m’, SIS AE lag3 . BB SA1E
lag04 I}, <65 % A#E CKD 1E B M i 7 (RR=
1.016, 95% CI 1.007~1.026; RR=1.022, 95% CI
1.010~1.035) ; =65 % A #f CKD i g M & 5
PM, s ¥ J [ 56 R LG 3T 2% B L. PM,, W ¥ 5

Tt 10 pg/m’, B S 7E lag0 . R FLA S 7E
lag07 I, <65 % A CKD 1E Bi KUK 5% & (RR=
1.013, 95% CI 1.007~1.019; RR=1.027, 95% CI
1.017~1.037) ; Z U5 7E lag07 B, =65 % A
T CKD B XU fieiss ( RR=1.015, 95% CI1.001~
1.028) . LK 2.

1.04r
¢ <<65 years old
& =65 years old
1.03f Y 1.03f I B .
* £
%
* * *
1.02F 1.02¢ « *
1.01f 6 1.01f
2 L]
X ® = L d [ ]
L | 1.00}
5 1.00 ® ‘ & ‘ ° §
& (]
0.99F 0.99r
0.981 0.98f
0.97 L L L L L L L L A 0.97 L L L L L L L L B
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
Lag day/d Lag day/d
1.041
%
3
1.02¢ * I
oy 1.03 "
* * *
*
* *
S1o2f «
< 101} <
O o Ps
g S 101t
=
S 100t ‘ I | I |
1.001
L L L L L L L L D
0.99 0.99 0 1 2 3 4 5 6 7

0 1 2 3 4 5 6 7
Lag day/d

Lag day/d

B2 PM,s. PM, iREXMAEFHK CKD BE HER AN RBIRERM
Fig2 Risk effect of PM,; and PM,, concentrations on daily hospital admissions of CKD patients with different ages
A, B: PM,s; C, D: PM,,. A, C: Single-day lag; B, D: Cumulative lag. "P<<0.05. CKD: Chronic kidney disease; RR: Relative risk; CT:

Confidence interval.

TR SRR, B ZEPM, W BT
10 pg/m’, SRS 7F lag3 . BRFUHE 7E 1ag07 1,
CKD fE B XU 5 5 (RR=1.020, 95% CI 1.011~
1.029; RR=1.025, 95% CI 1.011~1.038) ; IE 7%
PM, 5 ¥ X CKD 3= e KU 52 i) i) SRR I 268 iz 1)
TG E L ¥ % PM,, BT 10 pg/m’,
BAOPH T IS TE lag2 . BB IS 7E lag07 B, CKD fE
B XU B (RR=1.013, 95% CI 1.007~1.019;
RR=1.023, 95% CI 1.014~1.033) ; BEZ=PM,,

JE BTt 10 pg/m®, R S FE lag7 B, CKD fE
GBS e (RR=1.015, 95% CI1.006~1.024 ) ,
M S AR FE RN o242 . WA 3,

24 MREAFTEHERSH  PM,s I PM,,.
SO,. 0,. CO, PM,, {# SO, NO,. O;. COJ5,
TE— 2 B[] (8 BRoph s I AN BB IS S 0L R, X CKD
A e RS B 2 A5 B e L (P<0.05)
BUNARLIR BEARRXTANAE o L3R 2,



< 780 - BEER RSN 202546 A, #46%
L151 ¢ Cold season (May-Oct.) L15p
¢ Warm season (Nov.-Apr.)
* *

1.10f 1.10F

81-05' 61'05- * * * # ¢
*

g MEEERREE
[7e) *
R R N gl 3 4 o ont
& 1.00f ‘ I .I + 5 1.00f [ : i

0.95F [ T 0.951

090 1 1 1 1 1 1 1 1 A 090 1 1 1 1 1 1 1 1 B

0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
Lag day/d Lag day/d
103 1.04¢
. . .
. 1 103} A B
1.02F « * %
* *
N _Lo2f s
%

St 3 )
3 o 1.01F
vy (=)
) l ; [
& 1.00f | > f
< | N Loo] |

0.991 099} [

. C . . . . D
098 0 1 2 3 4 5 6 7 0-98 0 1 2 3 4 5 6 7

Lag day/d

3

Lag day/d

AREET PM,,. PM,, iREY CKD $35 B B AR RS 8

Fig3 Risk effect of PM, ; and PM,, concentrations on daily hospital admissions of CKD patients in warm and cold seasons

A, B: PM,5; C, D: PM,,. A, C: Single-day lag; B, D: Cumulative lag. "P<<0.05. CKD: Chronic kidney disease; RR: Relative risk; CI:

Confidence interval.
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Tab 2 Risk effect of daily hospital admissions of CKD patients with dual pollutant model

Atmospheric Regulatory Single-day lag Cumulative lag
pollutant factor Lag day RR (95% CI) Lag day RR (95% CI)

PM, PM,, lag2 1.012 (1.003, 1.020) lag04 1.011 (0.999, 1.022)
lag3 1.011 (1.002, 1.019)’ lag05 1.010 (0.999, 1.022)

lag4 1.009 (1.001, 1.018)" lag06 1.009 (0.997, 1.021)

SO, lag2 1.013 (1.005, 1.021)° lag04 1.015 (1.005, 1.026)"

lag3 1.012 (1.003, 1.020)" lag05 1.015 (1.004, 1.026)"

lag4 1.010 (1.002, 1.018)" lag06 1.014 (1.002, 1.026)"

NO, lag2 1.003 (0.994, 1.012) lag04 0.997 (0.984, 1.009)

lag3 1.004 (0.995, 1.012) lag05 0.996 (0.983, 1.008)

lag4 1.003 (0.995, 1.011) lag06 0.995 (0.982, 1.008)

0, lag2 1.015 (1.007, 1.024)" lag04 1.019 (1.008, 1.030)"

lag3 1.013 (1.005, 1.021)" lag05 1.018 (1.007, 1.029)"

lagd 1.010 (1.002, 1.019)" lag06 1.017 (1.005, 1.029)"

CcO lag2 1.010 (1.001, 1.019)" lag04 1.008 (0.995, 1.022)

lag3 1.008 (0.999, 1.017) lag05 1.007 (0.993, 1.020)

lagd 1.007 (0.999, 1.016) lag06 1.005 (0.991, 1.019)

PM,, SO, lag0 1.010 (1.004, 1.015)" lag05 1.019 (1.011, 1.025)"
lagl 1.009 (1.004, 1.014)" lag06 1.021 (1.013, 1.029)"

lag2 1.008 (1.003, 1.013)" lag07 1.023 (1.014, 1.031)°

NO, lag0 1.004 (0.998, 1.010) lag05 1.012 (1.004, 1.020)"

lagl 1.006 (1.001, 1.011)" lag06 1.014 (1.006, 1.023)"

lag2 1.005 (0.999, 1.010) lag07 1.015 (1.006, 1.024)°

O, lag0 1.011 (1.006, 1.016)° lag05 1.019 (1.012, 1.027)"

lagl 1.010 (1.005, 1.015)" lag06 1.022 (1.014, 1.030)"

lag2 1.009 (1.004, 1.014)" lag07 1.023 (1.014, 1.032)"

CO lag0 1.009 (1.003, 1.015)" lag05 1.018 (1.010, 1.026)"

lagl 1.009 (1.003, 1.014)° lag06 1.020 (1.012, 1.028)°

lag2 1.008 (1.002, 1.013)" lag07 1.021 (1.012, 1.030)"

*P<<0.05. CKD: Chronic kidney disease; RR: Relative risk; CI: Confidence interval.
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