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Abstract This study analyzed the effect of the number of deaths of circulatory system diseases according
to 12-day short-term exposure of carbon monoxide from January 2010 to December 2018, and
predicted the future treatment cost of circulatory system diseases according to increased carbon
monoxide concentration. Data were extracted from Air Korea of Korea Environment Corporation and
Korea Statistical Office, and analyzed using Poisson regression analysis and ARIMA intervention model.
For statistical processing, SPSS Ver. 21.0 program was used. The results of the study are as follows. First,
as a result of analyzing the relationship between the impact of short-term carbon monoxide exposure
on death of circulatory system diseases from the day to the previous 11 days, it was found that the
previous 11 days had the highest impact. Second, with the increase in carbon monoxide concentration,
the future circulatory system disease treatment cost was estimated at 10,123 billion won in 2019, higher
than the observed value of 9,443 billion won at the end of December 2018. In addition, when
summarized by month, it can be seen that the cost of treatment for circulatory diseases increases from
January to December, reflecting seasonal fluctuations. Through such research, the future for a healthy
life for all citizens can be realized by distributing various devices and equipment utilizing [oT to
preemptively respond to the increase in air pollutants such as carbon monoxide.

Key Words : Carbon Monoxide, Circulatory System Disease, Medical Expenses, Poisson Regression
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(Table 1) Diseases of the Circulatory System by
Classification Number

o] diaghe A&

_/,:_z‘z]-ﬂli ;(1§]..9_ —_.‘{-xﬂ Xll:ﬂ]iﬂ_—?ﬁ _EL?]_Q Xltgtg_% o]
8ot =S Aee] AFgAEE AE WARAL AR
FE BRI, £8E A8 IaHE2 <8AF 2
= A= E 53U

& Aol A EHE QAEkEA, 8T A AT
A, £8HAE A3 2lgH8o] 20109 1€5H 20184
12970 AAE A== (Table 2)9F Zo] AlXstgct

Classification No Name of Disease
100-102 Acute rheumatic fever . .
- - - (Table 2) Carbon Monoxide, Circulatory System Death,
105-109 Chronic rheumatic heart disease . . . .
Medical Expense Time Series Analysis
110 Essential (primary) hyper-tension Results
111-115 Other hypertensive diseases -
o - Carbon Monoxide | Circulatory System C|rcu|at9ry System
121-122 Acute myocardial infarction Year Concentration Disease Death Disease
- - - Treatment Cost
120, 123-125 Other ischaemic heart diseases (ppm) (persons) Billion won)
126 Pulmonary embolism 2010 5386 56,118 5,839
144-149 Conduction disorders and cardiac arrhythmias 2011 6255 56,877 6,136
150 Heart failure 2012 56210 57,181 6,375
127-143, 151-152 Other heart diseases 2013 5336 57814 6,106
160-162 Intracranial haemorrhage 2014 5217 59,543 7m
163 Cerebral infarction 2015 5163 59,543 7615
— 2016 4969 60,388 7,987
64 Stroke, not specified as haemorrhage or
infarction 2017 4832 61,266 8,707
165-169 Other cerebrovascular diseases 2018 4699 62,947 9.443
170 Atherosclerosis
173 Other peripheral vascular diseases
: : : 3.3 g7t 74
174 Arterial embolism and throm-bosis
[71-172. [77-179 Other diseases of arteries, arterioles and = O:];T_LQ] £z q?_] 021&:‘_7}\_—/1\—9] 120&1 %?_} 11_’_]'7] =
’ capillaries = =
. i _ o I £3AE AR AL B35, 108719
180-182 Phlebitis, thrombophlebitis, venous embolism ] —= = ° -
and thrombosis =019] YAlgletAs =k Zrlo] W= A FgH| 82 o|=35}
183 Varicose veins of lower extremities 1A o2t e 7HEAE ARISHIC
o Foemortos - 7M1 sk @] ol U <B4
185-199 Other diseases of the circulatory system
i A% AL 717l wet Zol7k Y A m.
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FHEZ A&ty fIste] 2010WFE 201874
1087049 HAF =9 S12ppme HEFOR
ARIMA 70 230 7HYAIA 20199 1€5H 12¢7}
A9 AmH8-Z A5ttt

EA A= SPSS Ver. 21.0 T2 o]835to] &

4593, foEL 95% Tlhos steirh

4. 4 Z
4.1 LisiEta BY| 2N fEs 2E A

ArgaE BAo] AlY w2 7I7HE A7l

datsiets A LE2HE FAH HaPe fEFe
2 H&3to] £3AT Ae AFTY IFEE YEhle
Exp®)7} 1289 717t Sl 7H &2 A7 o2 A1
9] JFY Aolg EAokqirt

YASHERA(CO) ©7] 129 k& =315 A A
ol thgt IF BAQ) 1wy AA A3= (Table 3)
Zo] 2y9] go4 AF AFlA 7Fek H] FlolAF
(likelihood ratio chi-square)°] 745.813(p=.000)2.
2 Tgo] et AoF et

met|E AEgHB)2 TU(ag=0)°] -.217, 1¥4
(lag=1)°] -.282, 2¥A(lag=2)°] -.279, 3¥A(lag=3)°]
-.387, 494 (lag=4)°] -.375, 5¥H(lag=5)°] -.359, 6
AAH(ag=6)°] -.400, 7¥H(lag=7)°] -.306, 8L (ag=8)
o] -328, 9¥#(lag=9)°] -.262, 10¥H(lag=10)°]
-.2403} Zo] Yttt B 1194 (lag=11) A7} H|
ato] FFo] Wt Ao yEpyth

=, 11¥9%(ag=11) Al™A Exp(B)7} 1.000°.2
AP 3ol AIY =A UEhd Z o= gelE
ojmf AlslEld BFF FrE 901ppmOE UERLTE
7] 129 5919 AABlErA: &L &3AE Hgl A}
Folls e AFA fogt dFHo] AE AeE U
B, 1194 (lag=11) AL o2 AFES =4 U
12574

mu

A 9jlo] A ke 6YH(ag=02] Exp(B)7H
67022 Ay 1%l AL L 110 8(ag=11)7}
ulLsto] 6708 WA Ak Sile] ARk 3 4= 9]
o QiksiEe B w370 A4S «8AE A%
Apey upg g19lo] EobnkL & % 9tk

(Table 3> Model Test Results
Category

Statistic P

likelihood ratio chi-square 745.813 .000

(Table 4> Results of Short-Term Exposure to Carbon

Monoxide and Risk of Death from
Circulatory Diseases
Day Caégagetlﬂt(r)gt(i);:]de B ch\'\*/\fc:‘Sare o | Exp(B)
(ppm)

lag=0 .661 =217 145.672 .000| .805
lag=1 .662 -.282 237.890 .000| .754
lag=2 454 -.279 232.596 .000| .757
lag=3 .b87 -.387 421.610 .000| .679
lag=4 .394 -.375 397.5612 .000| .687
lag=b .384 -.359 367.381 .000| .699
lag=6 .628 -.400 446.517 .000| .670
lag=7 617 -.306 275.853 .000| .736
lag=8 .391 -.328 312.144 .000| 721
lag=9 .859 -.262 207.113 .000| .770
lag=10 1.07 -.240 176.663 .000| .786
lag=11 901 0 176.663  |.000| 1

* Set to 0 because it is a duplicate parameter
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23 UEs=AE ZAF ACF, ZA} PACFS] Auto]3
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B =% dck E3F [Fig. 119 2} ACF}F 22} PACF
AL Amto]d(spike)7t Yol RPS THEDIT

(Table 5) Carbon Monoxide and Circulatory Disease
Medical Expenses Prediction ARIMA Model

Results
Predicted
Estimate SE ‘ p
Constant -.047 503 -.093 926
Difference 1
Seasonal 1
difference
MA, Season 815 178 4.574 .000
Intervention 1.099 790 1.391 .168

Ljung-Box Q(18)=5.471(p=.996), R-square=.989

Residual ACF Residual PACF
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[Fig. 1] White Noise Identification Result of Residual

dalslerd F7lo) 2 +3A1%F 3 IgHES o
Z317] 913t ARIMA 232 (0,1,00(1,1,00 22 (Table
6>} Zo] YeRgT
(Table 6) Result of Estimation of Circulatory Disease

Treatment Cost According to Carbon
Monoxide Increase

Circulatory System Disease
Treatment Cost

Category (Billion won)
o | UL |
January 2019 832 851 813
February 2019 837 863 810
March 2019 840 872 807
April 2019 841 879 804
May 2019 842 884 800
June 2019 843 889 797
July 2019 844 894 794
August 2019 845 898 792
September 2019 846 902 790
October 2019 847 906 788
November 2019 851 914 789
December 2019 855 921 790
Total Medi;aééxpenses in 10123 10,673 9,574

Model Type=ARIMA(0,1,0)(1,1,0)

A=HE W2 20199 AiEgte] 10,1234z
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