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Analysis of Factors Affecting the Smoking Rates Gap between Regions and
Evaluation of Relative Efficiency of Smoking Cessation Projects
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Background: Based on the importance of ceasing smoking programs to control the regional disparity of smoking behavior in Korea,
this study aims to reveal the variation of smoke rate and determinants of it for 229 provinces. An evaluation of the relative efficiency
of the cease smoking program under the consideration of regional characteristics was followed.

Methods: The main sources of data are the Korean Statistical Information Service and a national survey on the expenditure of public
health centers. Multivariate regression is performed to figure the determinants of regional variation of smoking rate. Based on the
result of the regression model, clustering analysis was conducted to group 229 regions by their characteristics. Three clusters were
generated. Using data envelopment analysis (DEA), relative efficiency scores are calculated. Results from the pooled model which put
229 provinces in one model to score relative efficiency were compared with the cluster-separated model of each cluster.

Results: First, the maximum variation of the smoking rate was 16.9%p. Second, sex ration, the proportion of the elder, and high risk
drinking alcohol behavior have a significant role in the regional variation of smoking. Third, the population and proportion of the elder
are the main variables for clustering. Fourth, dissimilarity on the results of relative efficiency was found between the pooled model
and cluster-separated model, especially for cluster 2.

Conclusion: This study figured regional variation of smoking rate and its determinants on the regional level. Unconformity of the DEA
results between different models implies the issues on regional features when the regional evaluation performed especially on the
programs of public health centers.
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Variable

Source of data

Population

Ratio of male by female

Population rate over 65 yr (%)

Independent rate of finance (%)

High risk drinking rate (%)

Smoking rate (%)

Expenditure on smoking cessation program (million won)
Enrollment of smoking cessation program

Statistics Korea: vital statistics

Ministry of the Interior and Safety: statistics of residence registration population
Ministry of the Interior and Safety: statistics of residence registration population
Ministry of the Interior and Safety: independent rate of finance

Ministry of Health and Welfare: Community Health Survey

Ministry of Health and Welfare: Community Health Survey

Health Center Expenditure Survey

Integrated smoking cessation service information system
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Table 4. Descriptive statistics by clustered regions
Cluster Variable Meanzstandard deviation Min Max
Cluster 1 (N=101) Population 333,652.8+121,108.8 151,778.0 605,220.0
Population rate over 65 yr (%) 13643 7.0 216
Expenditure (million won) 340141334 1330 901.0
Enrollment 2,595.6+1,016.9 1,08.0 6,023.0
Cluster 2 (N=114) Population 64,154.1+33 422 98710 143,929.0
Population rate over 65 yr (%) 25564 95 38.2
Expenditure (million won) 257.2460.7 300 453.0
Enrollment 758.1+366.2 127.0 1,880.0
Cluster 3 (N=14) Population 840,516.2+194,853.9 646,678.0 1,225493.0
Population rate over 65 yr (%) 11.2¢1.7 84 14.4
Expenditure (million won) 641.6+321.3 194.0 11720
Enrollment 5432.32,051.5 1,791.0 8,347.0
Table 5. Input-based modeling under the assumption of VRS (based on total 229 provinces)
DEA analysis of all regions (input-based model)
Input-based Efficiency of scale
Scale CRS VRS : - :
High-ranking Low-ranking
Al 0.82 0.25 0.30 Gangseo-gu, Seoul Sancheong-gun, Gyeongsangnam-do
Wonju-si, Gangwon-do Ulleung-gun, Gyeongsangbuk-do
Songpa-gu, Seoul Cheongsong-gun, Gyeongsangbuk-do
Gumi-si, Gyeongsangbuk-do Muju-gun, Jeollabuk-do
Seongbuk-gu, Seoul Hwacheon-gun, Gangwon-do
Cluster 1 0.94 0.36 0.38 Gangseo-gu, Seoul Pyeongtaek-si, Gyeonggi-do
Wonju-si, Gangwon-do Pohang-si, Gyeongsangbuk-do
Gumi-si, Gyeongsangbuk-do Suyeong-gu, Busan
Seongbuk-gu, Seoul Anseong-si, Gyeonggi-do
Nowon-gu, Seoul Gwangmyeong-si, Gyeonggi-do
Cluster 2 0.71 013 0.18 Jecheon-si, Chungcheongbuk-do Sancheong-gun, Gyeongsangnam-do
Gangseo-gu, Busan Ulleung-gun, Gyeongsangbuk-do
Jung-gu, Seoul Cheongsong-gun, Gyeongsangbuk-do
Boryeang-si, Chungcheongnam-do Muju-gun, Jeollabuk-do
Jung-gu, Incheon Hwacheon-gun, Gangwon-do
Cluster 3 0.76 0.43 0.60 Songpa-gu, Seoul Changwon-si, Gyeongsangnam-do

Cheonan-si, Chungcheongnam-do
Namyangju-si, Gyeonggi-do
Jeonju-si, Jeollabuk-do
Mokpo-si, Jeollanam-do

Seongnam-si, Gyeonggi-do

Goyang-si, Gyeonggi-do
Suwon-si,Gyeonggi-do

Yongin-si,Gyeonggi-do

Values are presented as mean.
VRS, variable returns to scale; DEA, data envelopment analysis; CRS, constant returns to scale.
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Table 6. Input-based modeling under the assumption of VRS (analyze the relative efficiency between clustered regions)

DEA analysis of each clusters (input-based model)

Input-based

Efficiency of scale

Scale CRS VRS - - :
High-ranking Low-ranking
Cluster 1 0.72 0.36 0.50 Gangseo-gu, Seoul Suyeong-gu, Busan
Wonju-si, Gangwon-do Anseong-si, Gyeonggi-do
Gumi-si, Gyeongsangbuk-do Gwangmyeong-si, Gyeonggi-do
Seongbuk-gu, Seoul Guri-si, Gyeonggi-do
Dalseo-gu, Daegu Gijang-gun, Busan
Cluster 2 0.66 0.22 0.36 Gyeryong-si, Chungcheongnam-do Sancheong-gun, Gyeongsangnam-do
Yanggu-gun, Gangwon-do Jecheon-si, Chungcheongbuk-do
Inje-gun, Gangwon-do Gangseo-gu, Busan
Hamyang-gun, Gyeongsangnam-do Jung-gu, Seoul
Imsil-gun, Jeollabuk-do Boryeang-si, Chungcheongnam-do
Cluster 3 0.68 043 0.64 Cheonan-si, Chungcheongnam-do Mokpo-si, Jeollanam-do

Songpa-gu, Seoul
Hwaseong-si, Gyeonggi-do
Ansan-si, Gyeonggi-do
Namyangju-si, Gyeonggi-do

Changwon-si, Gyeongsangnam-do
Seongnam-si, Gyeonggi-do
Goyang-si, Gyeonggi-do
Suwon-si, Gyeonggi-do

Values are presented as mean.

VRS, variable returns to scale; DEA, data envelopment analysis; CRS, constant returns to scale.

sk
FHAIRION A2 A 2712 A custer 1,2,3 22}
i 342}, 269, 642090, FAFLIAY $54 75 247}

B 264 3, 087 9, 547 1.0 2 sjet=lglt

Table52} Table 62 VRSE 71431 5291 7| &= & & o] T}, Table 5=
A 2297) AHA] AlHE Tl = AR Aol SRl = Zh TR sk
Ao 7Ho] A AadS ARt Atolek

2297 AFA| A5 B 3 o] FQJste] A A aeds
A5t AT}, AA| 72 &84 (scale efficiency, SE) 2] Hat-20.82,
CRS 71 &8/ 49| -2 0.25, VRS A5/ 2] H1#20.30
o]t SEXE 71202 W, A EHA A e ¢
AEEEA Fa 02 a&4o] otom, AdEE AT 7
AEE S5 AAEE AT 5 SO0 B84
Cluster 19] -9 A25HA7F 7P a8
7} 713 vl 2841 A0) %1 AL, cluster 22
7P a2, A= AP Ttol 7 HlAEA] 0|3l Cluster 39]

A

A9 AGEUA $H7E 1 TR AOI9L, AATE YA

Jo

iy

oM,

204 https://kshpa.jams.or.kr/co/main/jmMain.kei

7}
BAIR SAEE A L om, 7H Bl aEA A A2 242t At
W AP Hebd = A Gl

Table 7-& 7} 2297} A|w-712] IRS, CRS, DRS2] AF
£ HolEth AR Al o= A 584
2297 Al 5 3k 2] S 9F CRSO]| 34 AL, DRSO 3 6h= A
237) 2 10.0% X551 C.m, IRSO)| allsl= 2] ¢ o] 2057} 2| <
89.5%= x| 8}S3 ). Cluster 12] 101 7] A]l<-2] DRS, IRS 35 #|
2 Z¥7F 1271, 88712 21219 HIE-2 11.9%, 87.1% St} Cluster 29]
147} AlStHe Bs A 2o] TRSO]| s sk 2 02 afotE|gle
cluster 3] 147} 2|9 % 117} %] %(78.6%)©] DRS, 37 %] 4(21.4%)°]
IRSZ 245 9lck

Hh, 7 R 22 A 8840 E4RE AaK(Table 8),
cluster 12] 1017]) A]==7-2] DRS, IRS 3|5 X &-& 72} 127, 8871 0]
31, Z}ZFO] | F-2 11.9%, 87.1% = AA| A5 £ et w3 o A7}

Health Policy Manag 2020;30(2):199-210



A ddlA B
& A% 9¥e 24 % T
;Oﬂ‘g =

A9 7§

ox
ot
3
.
oN
1o
[
o

A o]
= 917H 79.8%
N AT 5 E
IO LY, cluster 22 1147 BEEro AA| AT E &
7]’ ‘PT/\]—O]VM—_ 0:]0] IRS X]Oﬂ OE 64 3%)
= (19.3%) %1} 297 2]}
_ 227 o] 147}
DRS, 39
= = S &1} 2}o] & H gt Cluster
_ g 2 = et Afolg 6%)0] IRS2 24|34tk
g = 3 - o] DRS, 47} %28,
g § g g S _ L 7z
S| i 3 AETEDS 7)1 mEo|th HAle A
- = = 2) M= SHALZ 7|2 g
= = & O VRSE 7145k Ak = B AT}
8 &3 2 | em E—C’, 9Q].Table 10:=VRSS _6_X]_1____€.7]<:}7]T|:TL""1 =
25 - > AN 2970 A AR 71 o
= uD_l = = 94 SEQ‘] e
© = = = A LN
= = = = ofet. &7 BABI, BE AR G840
=12 = = A AT WY B 2025, VRS 7| &4 A4~
= — ] 4o > 2}
= = 8, CRS 7|& A&/ A2 B+t S 7|%20 8 a8A W57
=) = =] 078, SAtH(Table 9). SE 45 Wl AAEE 92
S = = Bt-20.340] P, AR Rt A 21
g = o~ - e Ao B A - B71E 8 7
~ = z & = A TRAEE AT, A 7}
S z 3 = glom, A7|E 2], 248 O NS EMA AT}
% s g2 N ka ’oox]OﬂO] SAc. Cluster 1 7 E:O Skl E 1L,
|2 N o . aegol A 71 vl EEA9 A o EN
g 5 o o, =z} 2IE AF
S @ 2 Zo|lom, 7P aE4, S _
= & 2w = X]’E - X_]_._Q_O] }‘o 7]_;(]__§‘_
- & ] = 20] Ao AXH T 2RI A7} 71
@D b < >
5 = % clustr AT Qe 38 7 542 Sl et
= =5 g 2 a8 ae2el Ao g
E | E A1 W7} vl
fan) % g :g s Z_Iolgi—]—l’ 75]7]E_|__1__ oo
= — A agds s
= =) (Table 9). Sho] R 2k A A o
S E AL dlods}o] 0.36,0.530]¢]
=} g =2 A9 54& 271+ 0.69,
= = = <, A% SE, CRS, VRS=7] ol o
K= = — = st A}, cluster 12] 73-9- SE, }0.46, 0.22, 0.470]91.©
= = = A5t A3t d VRSE Z¥z} 0. =
Bl E . = - Cluster 29} 73-9- SE, CRS, Cluster 1,2, 30]A 7P 7+
- = o us . Clus > - -
3 - 5 3 = luster 39] 74 3 FAEE
ol & s — = clus oEl:H/\]/KELF‘)‘F 3% A=A,
= 3 . 5 & oo 7 7M1 ZE‘ZHX]'X]E T
: P ol 2 g adAAe Sl
5 & 2 =5 o £ o, 71 1R H| ESA
% e = B < ® ZQTAI G YA 2 TpelE] i o}
= (i 2 = 7:]715 zE]_/\‘] X] il
s|S o £ £ = 2 L, A5
5 £ = 2 Aepde 2 A3t 2297 Al
= B = g S giafo 2 BAgk A 10.0% 223+
Sisl o £ B - E AR AETE 2 Sk 2|oto] 23742 oot
= = 8 5 = S - 2} 2] 8] .
- 2 Sggg & CRS= w2t 9{T}. DRSC] o2 87.8%E 2|51
= £ 2| |1.|888 & = 3fgshe #|eje] 2017 A} o 7171 127), 8870 =
SEISEl = 3 H-=ciE 4 <0, IRSef| sfigsh ©] DRS, IRS 3 4|92 212} 2 RS 3]
¢ | _E8 g8 « g ges= = luster 12] 1017] A]<-2] DRS, 29] 1147] Al 5 IR
9 S===2| = - g r
g lg = i = i=) 8 5 @& = o =3 = C us ° 90/ 87'1%53\]:]—. CIUSte 0—]0“E]' CluSter3
g N = E s\ = 8f] = 2}k ¥l E2 11.9%, Ik A 6l
s f, = g F|fanx oo = A4 o0 2 DRSO 49%)0] RS
Q815 ==3 = 2 3|5 E|= 8= g 21107 A% 37) X1 94(21.4%
N8 58 ] 5 (R g A (78.6%)°] DRS,
- HEEE Z g |a @ 8 o 5 17 A (78
£ T 88z« S ¢l SZ_ 8¢ o 147H 2% 5 ol 101
3 |5 sl € 2 SESE= o - 5 & oict o B45} A}, cluster 19]
N = N N B B A AT, A aede 24 o
B = w|a =o 2 =5 o "ZS =2 tﬂiﬂ-ﬁ'“ﬂ']“' = 72 ZFZke) v|EL
- RN Ey & Ssoo |E5 sk, 25 =A% 1), 86712 7] Sholct
ARSI g2 S| |s N - El - b = DRS, IRS 3ffg 2] &2 2} 3} A7} Gk
5 |8 s S| 2328 A ST TS EQe waat 1(193%)
. » = == = E
ol Els =oolf: U |E 23 9%, 85192, A A= 8%) X|%°] DRS, 227
g‘ :; % : *E g— % g S 11. ’ 7H /\]—7—?—‘6‘917}](79
5| F 1 558 Custer2giie
c sg 9 | Eg 2Eg s < inkd 205
< = T~ Y7 s X 2 = = = 3 = =E /main/jmMain.kci
':; g5 g % g %%5 2 e https://kshpa jams.or.kr/co
= =555(28
[
[
1199210
HIZISBIS|X| 2020;30(2):199-2



Km H, et al * Analysis of Factors Affecting the Smoking Rates Gap between Regions and Evaluation of Relative Efficiency of Smoking

Cessation Projects

Table 9. Output-based modeling under the assumption of VRS (based on total 229 provinces)

DEA analysis of all regions (output-based model)

QOutput-based

Efficiency of scale

Scal CRS VRS
cale High-ranking

Low-ranking

Al 0.78 0.25 0.34 Gangseo-gu, Seoul
Cheongsong-gun, Gyeongsangbuk-do
Ulleung-gun, Gyeongsangbuk-do
Hwacheon-gun, Gangwon-do
Sunchang-gun, Jeollabuk-do

Cluster 1 0.75 0.36 047 Gangseo-gu, Seoul
Jongno-gu, Seoul
Gangdong-gu, Seoul
Yangcheon-gu, Seoul
Hanam-si, Gyeonggi-do

Cluster 2 0.83 0.13 0.17 Cheongsong-gun, Gyeongsangbuk-do
Ulleung-gun, Gyeongsangbuk-do
Hwacheon-gun, Gangwon-do
Sunchang-gun, Jeollabuk-do
Gurye-gun, Jeollanam-do

Cluster 3 057 043 0.77 Cheonan-si, Chungcheongnam-do
Songpa-gu, Seoul
Bucheon-si, Gyeonggi-do
Mokpo-si, Jeollanam-do
Hwaseong-si, Gyeonggi-do

Suwon-si, Gyeonggi-do
Cheongju-si, Chungcheongbuk-do
Yongin-Si, Gyeonggi-do

Jeju-si, Jeju

Changwon-si, Gyeongsangnam-do
Jeju-si, Jeju

Pohang-si, Gyeongsangbuk-do
Gumi-si, Gyeongsangbuk-do
Paju-si, Gyeonggi-do

Wonju-si, Gangwon-do
Gyeryong-si, Chungcheongnam-do
Yeonggwang-gun, Jeollanam-do
Muan-gun, Jeollanam-do
Jecheon-si, Chungcheongbuk-do
Yeongwol-gun, Gangwon-do
Suwon-si, Gyeonggi-do
Cheongju-si, Chungcheongbuk-do
Yongin-si, Gyeonggi-do
Changwaon-si, Gyeongsangnam-do
Goyang-si, Gyeonggi-do

Values are presented as mean.
VRS, variable returns to scale; DEA, data envelopment analysis; CRS, constant returns to scale.

Table 10. Output-based modeling under the assumption of VRS (analyze the relative efficiency between clustered regions)

DEA analysis of each clusters (output-based model)

QOutput-based Efficiency of scale
Scale CRS VRS - - -
High-ranking Low-ranking
Cluster 1 0.69 0.36 053 Seongdong-gu, Seoul Jeju-si, Jeju
Jongno-gu, Seoul Pohang-si, Gyeongsangbuk-do
Gangseo-gu, Seoul Gumi-si, Gyeongsangbuk-do
Gangdong-gu, Seoul Paju-si, Gyeonggi-do
Yangcheon-gu, Seoul Wonju-si, Gangwon-do
Cluster 2 0.46 0.22 0.47 Gyeryong-si, Chungcheongnam-do Yeonggwang-gun, Jeollanam-do

Yeongdong-gun, Chungcheongbuk-do
Uljin-gun, Gyeongsangbuk-do
Sunchang-gun, Jeollabuk-do
Gwacheon-si, Gyeonggi-do

Cluster 3 0.57 043 0.77 Cheonan-si, Chungcheongnam-do
Songpa-gu, Seoul
Bucheon-si, Gyeonggi-do
Mokpo-si, Jeollanam-do

Hwaseong-si, Gyeonggi-do

Muan-gun, Jeollanam-do
Jecheon-si, Chungcheongbuk-do
Yeongwol-gun, Gangwon-do
Okcheon-gun, Chungcheongbuk-do
Suwon-si, Gyeonggi-do
Cheongju-si, Chungcheongbuk-do
Yongin-si, Gyeonggi-do
Changwaon-si, Gyeongsangnam-do

Goyang-si, Gyeonggi-do

Values are presented as mean.
VRS, variable returns to scale; DEA, data envelopment analysis; CRS, constant returns to scale.
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Figure 1. A scatterplot showing the number of population and proportion of over 65 years old of three
clusters. Y-axis: the number of population. X-axis: percentage of people over 65 years old in the population.
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