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The correlation analysis of PM, ; mass concentrations with infectious diseases in China
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Abstract: Background, aim, and scope In the past two decades, voluminous epidemiological studies and clinical
literature have documented the harm of air pollution to human health, among which PM, 5 has been widely
considered as the main pollutant in the air. PM,; is closely related to various kinds of epidemics. The incidence
rate, mortality rate, pollutant emission, and health care resources display significant spatial heterogeneity across
China. The impact of PM,; on human health shows large discrepancies among different regions. Therefore, in
view of the spatial difference in disease incidence rate in China, high-resolution correlation analysis is conducted

using data of PM, 5 and infectious diseases in the sub-region scale. Materials and methods In this study, global
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surface PM, ; data from 2004 to 2016 and the annual incidence of infectious diseases in 31 provincial-level
administrative regions in China (excluding Hong Kong, Macao and Taiwan) are used. The correlation between
PM, s concentration and the incidence of 9 kinds of infectious diseases is explored by using Theil-Sen slope
estimation and empirical orthogonal function (EOF) analysis. In this study, the correlation between the incidence
of some infectious diseases and PM, 5 concentration was obtained by the linear fitting. Results In China, the PM, ;
mass concentration in the east is higher than the west, while the concentration in the north is higher compared
with the concentration in the south. EOF analysis reveals that the concentration rises in northern and eastern
China, whereas in southern and western China it shows a decreasing trend from 2004 to 2016. Discussion This
study defines three areas with high incidence of infectious diseases and PM, ; mass concentrations, and finds that
up to 5 types of infectious diseases are significantly correlated with PM, 5 concentration in northern China and
northeastern China. Of all the infectious diseases, the incidence of pertussis shows the strongest correlation with
PM, 5 concentrations. It is pointed out that for every 100 ug-m increase in PM, 5 concentration, the incidence of
infectious diseases that are significantly positively correlated with PM, 5 concentration will increase to varying
degrees. Conclusions The areas with close correlation between the incidence of infectious diseases and PM,
concentration are mainly concentrated in the areas with high PM, 5 concentration, among which the incidence of
pertussis has the most significant correlation with PM, ;. The rise in PM, 5 concentration can potentially lead to
an increase in the incidence of diseases, thus posing a certain impact on human health. Recommendations and
perspectives In future research, the meteorological factors, economic development level, and population density
can be taken into account to improve the reliability and accuracy of the study.

Key words: the concentration of PM, s; the morbidity of infectious diseases; Pearson correlation
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Tab.1 Pearson correlation between the incidence of infectious diseases and
PM, 5 mass concentration in northern China and northeastern China

B Pearson fH M BEE (UR) HES

Disease Pearson correlation coefficient Significance (two-tail) Number
B HIZ  Pertussis 0.582%* 0 104
fiZ54#%  Pulmonary tuberculosis —0.732%* 0 104
A% Rubella 0.254%* 0.009 104
Ak M PELS R Acute hemorrhagic conjunctivitis —0.269%* 0.006 104
WE  Influenza 0.236* 0.016 104
Wik Epidemic cerebrospinal meningitis 0.075 0.446 104
W% Measles 0.209%* 0.033 104
WATPENEAR % Epidemic parotitis 0.298** 0.002 104
FELTH Scarlet fever 0.010 0.917 104

0 7E0.01 ol (BUR ) oM *: 78 0.05 20 (OBUR ) HeME R

**: indicates a significant correlation at the 0.01 level (two-tail); *: indicates a significant correlation at the 0.05 level (two-tail).
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Tab.2 Pearson correlation between the incidence of infectious diseases and PM, s mass concentration in eastern China

st Pearson A1 BEM (UE) ==

Disease Pearson correlation coefficient Significance (two-tail) Number
HHZ  Pertussis 0.418%* 0 130
fili%5#%  Pulmonary tuberculosis —0.732%* 0 130
A Rubella 0.015 0.086 130
S IMPELEEAR  Acute hemorrhagic conjunctivitis —0.268%* 0.002 130
WA Influenza —0.105 0.234 130
Vihki  Epidemic cerebrospinal meningitis —0.095 0.280 130
W% Measles 0.188* 0.032 130
WATTENEAR R Epidemic parotitis —0.265%* 0.002 130
PRI Scarlet fever 0.376%* 0 130

e AE0.01 20 (U ) MSEPERE; *: 7£0.05 48] (XUR ) MHRPER .

**: indicates a significant correlation at the 0.01 level (two-tail); *: indicates a significant correlation at the 0.05 level (two-tail).
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WK, MU AT AR %, ME KBRS ) « P=
0.0126 X PM, ;—0.2064; R=0.1189X PM, ;+0.8067;

#1114

1=0.1634 X PM, +2.1346 ; MU=0.1633 X PM, +11.83;
ME=0.0724 X PM, ;+3.1336.

3 PM,s R ALY AR5 PM, s BRI Y Pearson A5G

Tab.3 The Pearson correlation between the incidence of infectious diseases and PM, ; mass concentration in the

area with high PM, ; concentration

PN Pearson AH&1: BEE (WE) =S

Disease Pearson correlation coefficient Significance (two-tail) Number
H HI%  Pertussis 0.416%* 0 143
fifiz5#%  Pulmonary tuberculosis —0.651%* 0 143
A Rubella 0.056 0.508 143
Sk TEZERR 4 Acute hemorrhagic conjunctivitis 0.153 0.069 143
iE  Influenza 0.130 0.123 143
Wil Epidemic cerebrospinal meningitis —0.061 0.471 143
¥ Measles 0.165% 0.049 143
WATHENEAR K Epidemic parotitis 0.130 0.121 143
JRLII Scarlet fever —0.256%* 0.002 143

7R 0.01 i) (XUR) AHXKMERE; *: 78 0.05 0 (XUR ) MG,

**: indicates a significant correlation at the 0.01 level (two-tail); *: indicates a significant correlation at the 0.05 level (two-tail).
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B, EH, KB, R AT AR R LR
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16.33% VA2 7.24%, AT ULAEARJUAIZRALHBIX, PM, 5
Jo R 8 A A R BRI A T IR R 5% 0 SR )
M d A, ORISR, X H I 5200 ) i
VN3 v BN VAR = S U Rt VT B 0

(2) HEAREHIX, ZHFES PM, kKEZ
XA N (PR EHE, ME NKE, S WL
# ) . P=0.0095XPM,,—0.1634; ME=0.0669 X
PM,,+2.3865; S=0.1079 X PM, ,—0.4792,

RIGIAALER, 24 PM,s W BTt 100 pg-m™
B, B H M R DL 2T 3R ) R0 26 43 ) 1
T+ 0.10 %. 6.69% LA K 10.79%., 0] W PM, ¥k /&
FA) A A v ] 2 50 s DX X T A 0 R 1 52 W) e
K, HUCHRRZ, WX E H SR

(3) PM, s fHIX, A3 PM, s WBEZ [H] 1)
XKFEHK (PRHEHZ, ME N ) : P=0.0107X
PM,.—0.2796; ME=0.0613 X PM, +1.9869,,

RAEILA LR, 2 PM,; W L7t 100 },tg'l‘n73
I, EOH RZFURRZ B9 AR Z2 5 T 0.11% il
6.13%. T ULYE PM, s mi{EIX, PM, s ¥k A8 fb X
RIS AR SE N B R, TN A H RZ R 520 fe /)

=X, RS H HIZRHRFES PM,; ik
FEA S W TE ARG, (H BT AS B A0 41K
HCTE PM, 5 W BE AR AL A H 0% &0 R AR e/
BRI I A R A PM, s YR IR AL TEAR DL FAR
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PP AL GBI iA o

4 g
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[ SR N = R 1O [ A= e (0 W 11 7 4
JE AR Ak B 2 BB e s ) AR AL R AIE . EOF 43t
B RITAER T E PM, 5 [ty 2 23 I R AL Oy
T EE OIS, FLARRVR BRI, P ek b
IRFAIE

(2) JURAEYYih, JRFIR LT AR B0 %
HA LT3, Mgk, ik FURRE ) & 6 R 2
RS, SARBEINNT, A H LR
I ELA B MR AR 9 3, b A% 1 08 SR AR e 1 o

(3) TEARILAAEIL X, YR LR RS
PM, VR BE ARG E S, SE H% . KB ik,
JBRIZ LA B A TR AR AR L ARG Y A1 45 B 8 1 IE
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B R BAE TR PM, s MRS S A X, e H
1R FE S PM, 5 2 (8] HAG 5 il 2 A OC . IRt
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a, b, ¢, d, e: northern China and northeastern China; f, g, h: eastern China; i, j: the area with high PM, 5 concentration.

K6 =ZRHIXYH PM,s B IEARCHIE R A5 PM, s Bk BE AL S 4521
Fig.6 Linear fitting results of the incidence of infectious diseases and PM, s mass concentration in three regions with significant
positive correlation with PM, s
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