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Abstract
In this study, we analyze the effect on the smoking status in the Seoul Metropolitan area using a multi-
level logistic model with Community Health Survey data from the Korea Centers for Disease Control and
Prevention. Intraclass correlation coefficient (ICC), profiling analysis and two types of predicted value were
used to determine the appropriate multilevel analysis level. Sensitivity, specificity, percentage of correctly
classified observations (PCC) and ROC curve evaluated model performance. We showed the applicability for
multilevel analysis allowed for the possibility that different factors contribute to within group and between

group variability using survey data.

Keywords: Multilevel analysis, multilevel logistic regression model, hierarchical data, community health

survey data.
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Lee 5 (2012)2 AAA 228 (AL 55 A7 A8 54, 4214 54, 745 2 494
7 B40] w0l A4 Aol Bl JgAe AL AT Jung B (0102 TEE £AS
o1 g3te] 9 57|® £ YABHOR AT A AIE WA AZRY B} lmFo] B2} 1A
3 GAEH A2, B3t 29) Aolst 92N Fehk BATA Aul2 Ao A&

TS AT E A 33Tt
Khan¥} Shaw (2011)= 348 53 Al2le] Adlo] AgFS mx= 2L oELo}Hy] gty ez
ZA2E 3FHEAES AAFHem Schabenberger (2005), Dai 5 (2006), Li 5 (2006), Flom %
(2006)-2 SASS] glimmix ZZAIAE ©]&3 t4-F ZA2d 37249 I:.%*é% &

1239k
HEE ARE BASE B4 BUe F e SRl &5 oo A M A $E0) das
Fastola] 49 £ B9 P4 AHOR ASASBAY BB seteht Rolw T AAE e
£ B A7 ABBAE ARARE Aolth heE B9 AL AFTAE AL ol ol
o theE RHS AYA o Fo] BAHOE AFFHE A9 ALl B £FE FL @A £EY B

:{
P A ol Byo] AAgrte o RE 3187] 1% F 7HA] Kol EAg
2005).

o] & ATINL ThE BYL BA AL F e By By o R 245k e o8t
o eAle 39 A e 74 YA FARY Aol E Fohus] Sl el 2} A r F
A 429 WEE BAG) DT 5 Yt TEE 2A2E AARAS QARG TeE 22

5 =
372 oll= SAS 9.39] glimmix ZEZAAE o]-§38}3ith.

B epe] 7S thew 2ol 240l theE 2ALY BYS e asjsigon, 33ME
o 01§ ZEIRe AL theE B4 ANE ANGon 4glr B BT
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logit(p;) = log ( b ) Bo + Brz1i + Bow2i + - - + Brki, (2.2)

= Ao o EEol By, B, ..., Bkt FAAST, i, T2y - -
]
21 (2.2)8] 2YPL EE poll B T2 4A AFE 5 lon 2 (2.2)0] IS FHed 4 (2.3)F

e(BotBrzrit+Bazait +BrTii)

b= 1 + e(Bo+Brzii+Baaa;++Bkwk) (2:3)
2 (2.2)8F A (2.3)2 AHHS 114, 204, .., 2 BA] FEATE S0 FLUT EX2E IFFRY o
A4 2% AZHT 49 ol 229 BR0IE2 AAAT A Aol olehgo] WAsel 4 (2.9)2
Fo) AWUSIL 54 G AL W] BE pE AZBOA LA HAjo] A HAHO R g
o) AHBE T Yok,

2.1.2. CkeE 22X A 2 tF 2XaH 282 944 x5 24
AARRS A7 Fe A 9 Sx2u vEsts dukd
o AT ez = Ay rﬂzurnqgoi A 7 W57HA neshe 2y

l1=s
AAH Ase 7H‘ﬂ —’Féﬂ ?S 29 W7t SAl EAlse FEolBR o]F T ¥ By ©
S3to] E4sk= 27 A1 éél?a Qlsh %‘H&ﬁ‘ﬂ FAREE A8AE & ] w2l vigtez o
SE YL o]ﬁrﬂ of &t} (Park¥} Ko, 2005).
TR 2ALE 2o AHEHE 2 A2 9 pye A (24)9) Lo AW 4 gt
pij = P(yi; = 1) (2.4)

AZNA, zije A FEAA G Aoy foj= BH, ;& AL FEAA SEHEl n A= 4
W] B UrEP‘ﬂiE‘r.

FE-2E Y AAA 35" 244 5 AP s 4
(2.6)0ll A2} o] -19] B fo; & % T-2 3 (covariate) Q1 z; 7k £
Hm A o] LAY do; = o]FolA Atk o] uf, A FE2 WLEY Fie LARAE thA] T
A, A FEe o3 fE ko] A o foll TS nAE AR THgste] Ryl A&t

Boj = Yoo + Y0125 + oy, Bij =70, Ooj ~N(0,03), (Het5F). (2.6)
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2R 2g Z3 a3} 23 (logistic mixed effect model)o]2tal & 4= Q).

30

2.2. 28 Y S A=

E Ao ARSE A GALS] AZFRAL AAR = AAIA 25709 Z Tl 3= F 203307 9] AL
2 )RR AFA Ago|BE 22 Fo o= MAL Aol EAsh e FEHSE MUY
FHRZE A FAE 3 JF FA FAE 3 JA G F AR YHAAE o]RF x|
o A= Kim (1999)9] Aol 2Ase] HEE Ao Fejd A, e85 dF, A4y H49
FERQ AT A5E o] &35t o] wl, XA A=A QA5 A= ATl A5 W FH o
U 2 AFoAEs dHUE ALY A& Lotz 3y Hao] JEj2 HEsnh

H AL teE Z2X2EH 3ABRAL 95te] SAS 9.39A4 A2d 2 9= PROC GLIMMIX

ZIZANAE ARSI o]+ GLMM(generalized linear mixed model)<
GLMM< GLM(generalized linear model) LMM(linear mixed model)& <1
23 Ame) A AR7 R Feh2 Dol AZH AR B AHST 4 Ack

thrE ZALE Yol thal 2400 A ARkl =AY 39 BYe Ago] AFAzT F5W
T hdY] FAoFoln Az s Al A, A%, 9T 45, Yol AgH e 2HL 4
(3.1)3} 2.

logit(pi;) = Po + B1X1j + B2Xoj + F3 X35 + BaXa; 3.1)
A7IA, Xy AE, Xoje 99, Xgv A 25, X+ 9 H4E dndn. 24 dae 449
At FEAe] AE & 7 don ox ARusrt F5HHEF FARe ou e o]
AEAE e 4= 9lth. Table 3.1 the 2AAE 3]9] #£49] Axjo|r}
Table 3.10|A19} Zro] WA g0l A AL 7|22 7} 224 (odds ratio) & W dt A7
Zgol ol gdell wisl o Wol FAL ste Ao vyttt dAFERE 704 oo A9t vhe d¥d
Hop Fd&o] Wae & 5 ey 70HE 7= 60, 10tH, 50t) 209, 40th, 30t <22 A&
o] FoHE Ze & 5 Atk
A 259 Aeole 250 ST FALS A4 sk Aoz yeigth 8o Afole tishd
o4& 71Eer 4dA i}, 2d/3dA i}, F3ha, e sa, 253, A, FI S0 A
Wol sk ez v Stejo] Wopd = g0l £ S & 5 Ut

3.2. Ox= 2X|AE 3
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Table 3.1. Results of traditional logistic regression model

Parameter Estimate  Standard Error  P-value Odds ratio (95% C.I.)
Intercept —5.2228 0.1411 <.0001 . .
Sex Male 3.1334 0.0558 <.0001  22.952  (20.598, 25.635)
Female . . .
10 0.7074 0.2206 0.0013 2.029 (1.303, 3.101)
20 1.5078 0.1061 <.0001 4.517 (3.675, 5.571)
30 1.7992 0.1013 <.0001 6.045 (4.965, 7.387)
age 40 1.5171 0.1009 <.0001 4.559 (3.748, 5.566)
50 1.0481 0.0998 <.0001 2.852 (2.349, 3.474)
60 0.3529 0.1029 0.0006 1.423 (1.165, 1.743)
>70 .
income —0.00348 0.000766 <.0001 0.997 (0.995, 0.998)
illiteracy 1.7262 0.1957 <.0001 5.619 (3.813, 8.217)
village school 1.6297 0.7486 0.0295 5.102 (1.004, 20.359)
elementary school 1.0959 0.1256 <.0001 2.992 (2.339, 3.829)
academic middle school 0.9813 0.1150 <.0001 2.668 (2.131, 3.345)
ability high school 1.0477 0.0909 <.0001 2.851 (2.389, 3.412)
college 0.8017 0.1005 <.0001 2.229 (1.832, 2.718)
university 0.4270 0.0869 <.0001 1.553 (

1.294, 1.820)
Graduate or higher .

Table 3.2. Estimates of variance and ICC for random effect

Parameters Subject Estimate Standard Error P-value Icc
null model Intercept(52) health center 0.0118 0.0056 0.0336 0.0035
modell Intercept(6%) health center 0.0054 0.0046 0.2425 0.0016
model2 Intercept(62) health center 0.0074 0.0057 0.1937 0.0022
BE A sl L4ED 24 WSE TS e ANVL EPIIE |2EHS 4R
Zoltt. A, 712RYS vtz 4 (2.5)9 Zo] A9 1A AL ALl do Twe 23s)
T (1 UL e 2PAI 28) AFEF 1) tisiA 453 Aot
QTR Lo] A4 WEE FEUSE ) Foloiiolr] AEsE 152 Wl ] 520 5
Qele A, A9, A7 25, FS o8tk vATes A7RAle Ao s5e 14 GE
PN G0l 252 UAE 2hslel A (27)7 do] ATEY2E TEAGOH 247 Wi
£ Ao Gl wg, AE AW, A7 A0 25, 7 3 WL o8 ol 0, 252 We
£ 15e 45 AR 4Y, 9%, A7 45, oY WeE olgale] 2 Aoy ug W FES AL
3 golch
320 R 22 % A7 AN AN o]t e AEe] S8 o) Aol oia
A

o
EAbs 24311 Gl A A4 (ICC; intraclass correlation coefficient) S F4 31321 Table 3.22}
7

Table 3.2¢] 712 239 B4 34 278 Solo] O A4S DejehA) Qe Wl FAolo o)
A RS RAFORH, ATEFIT AFRP20|N b APESSe] 9L AsnA |
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A2 001182 VERER %2 24H= 0.0056 28 VFERGTE o] uf,
o]-g3te] p-Fte ALkste] FHE Fhol 0ETH F8HA I FAA R PP B4 &
Al = o §4 AT Hdce e FA7Y BALS} FAEY Ao
Holths AL oujsity. 99 Ao AE p-gre] 0.03362.2 0H T} §o3HA vty & 4 glom

me N O oo fr o 2o
>
o

Azl N1ZEHME AY $F FAake] 0.0118% ICC Fto] oF 0.00352 YERoH o]& 53

Al A SolA A 2] ko] AA| s HlEol 0.35%F = A= AT = A

TEPLNAL] 2t P 2ke] WEAPE S0k Haae] 2(67) F4 234 Table 3.291 o] B
o 12 0.005401% £E A= 0.0046 02 LERT o] o, p-gro] 0.24252 7

OXTH oAl Avkal & = glenz 7 A7 7 FAE A7k EAHA] devtal &

2Rt HALY 25 (63) 34 A7) Table 3.28)F o] B
®E A= 0. 0057; Uetsith ol & ]85t p-3he AL
A vt & 5 JongE 7F YA T FAES] Ao

-

P eg% Aoz vt
L AT Y FOIF Areh IS

3 QUER] olr 7] $15te] Ao
4 mssl A9 14 ETE TIA 2YA A
213} ATRYP2E 4 (3.3)3 4 (3.4)9 2

logit(pi;) = Poj + P15 X145 + B2j Xoij + P35 X3i5 + BajXaij, (3-3)
logit(ps;) = Yoo + Y10 X135 + Y20 X255 + 130 X345 + Va0 X4i5 + V01215 + Yo2Z2; + Y03 Z3;
+ 704245 + do; (3.4)
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Table 3.3. Parameter estimates for fixed effects for two types of model

Modell Model2
Parameter Estimate Standard Povalue Od(.is Estimate Standard Povalue Od(.is
Error ratio Error ratio
Intercept —5.220 0.142  <.0001 . —4.998 2.434 0.0538
Sex Male 3.133 0.056  <.0001 22.936 3.131 0.056  <.0001 22.907
Female
10 0.707 0.221 0.0014 2.028 0.707 0.221 0.0014 2.027
20 1.505 0.106 <.0001 4.503 1.502 0.106 <.0001 4.490
30 1.797 0.101  <.0001 6.029 1.794 0.102  <.0001 6.013
age 40 1.515 0.101  <.0001 4.550 1.512 0.101  <.0001 4.536
50 1.050 0.100 <.0001 2.856 1.049 0.100 <.0001 2.855
60 0.353 0.103 0.0006 1.423 0.353 0.103 0.0006 1.423
>70
income —0.003 0.001  <.0001 0.997 —0.003 0.001  <.0001 0.997
illiteracy 1.721 0.196 <.0001 5.592 1.709 0.196  <.0001 5.521
village school 1.600 0.749 0.0327 4.952 1.582 0.749 0.0346  4.865
elementary school 1.086 0.126 <.0001 2.962 1.070 0.127  <.0001 2.916
academic middle school 0.976 0.115 <.0001 2.654 0.963 0.116  <.0001 2.620
ability high school 1.042 0.091 <.0001 2.834 1.030 0.092  <.0001 2.801

college 0.800 0.101  <.0001 2.225 0.789 0.101  <.0001 2.202

university 0.426 0.087 <.0001 1.531 0.422 0.087  <.0001 1.524

Graduate or higher

ave(age) . . . . —0.002 0.029 0.9566  0.998

ave(income) . . . - —0.003 0.010 0.7815 0.997

ave(academic ability) . . . - —0.039 0.263 0.8851 0.962

prop(male) . . . - 0.427 1.394 0.7629 1.532
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Table 3.4. Health center profiling

Modell Model2
Label . Standard exp . Standard exp
Estimate Pr > |t| . Estimate Pr > |t .
Error (estimate) Error (estimate)
Gangnam-gu —0.026 0.060 0.662 0.9739 0.006 0.073 0.932 1.0063
Gangdong-gu 0.084 0.059 0.168 1.0874 0.106 0.067 0.126 1.1115
Gangbuk-gu 0.007 0.058 0.901 1.0073 —0.007 0.068 0.919 0.9931
Gangseo-gu —0.010 0.059 0.873 0.9905 —0.007 0.067 0.918 0.9931
Gwanak-gu —0.011 0.057 0.854 0.9894 —0.025 0.074 0.740 0.9755
Gwangjin-gu 0.050 0.058 0.393 1.0514 0.062 0.070 0.389 1.0636
Guro-gu —0.041 0.058 0.492 0.9602 —0.051 0.067 0.449 0.9501
Geumcheon-gu 0.025 0.056 0.658 1.0255 0.012 0.071 0.871 1.0117
Nowon-gu 0.020 0.058 0.735 1.0201 0.027 0.068 0.699 1.0271
Dobong-gu 0.022 0.058 0.709 1.0222 0.019 0.067 0.782 1.0189
Dongdaemun-gu 0.005 0.058 0.936 1.0047 —0.015 0.069 0.828 0.9850
Dongjak-gu —0.011 0.058 0.847 0.9888 —0.012 0.065 0.859 0.9885
Mapo-gu 0.030 0.059 0.620 1.0301 0.041 0.067 0.548 1.0414
Seodaemun-gu —0.008 0.058 0.888 0.9917 —0.014 0.066 0.832 0.9860
Seocho-gu —0.017 0.059 0.775 0.9832 0.011 0.071 0.878 1.0110
Seongdong-gu —0.003 0.058 0.958 0.9969 —0.009 0.064 0.895 0.9915
Seongbuk-gu 0.016 0.058 0.787 1.0160 0.010 0.065 0.880 1.0100
Songpa-gu —0.074 0.059 0.219 0.9285 —0.078 0.071 0.286 0.9250
Yangcheon-gu —0.085 0.059 0.160 0.9186 —0.097 0.066 0.156 0.9073
Yeongdeungpo-gu —0.042 0.058 0.480 0.9591 —0.042 0.066 0.531 0.9587
Yongsan-gu 0.100 0.059 0.102 1.1053 0.113 0.069 0.110 1.1204
Eunpyeong-gu —0.002 0.058 0.978 0.9984 —0.004 0.065 0.946 0.9955
Jongno-gu 0.036 0.058 0.546 1.0363 0.050 0.068 0.466 1.0515
Jung-gu —0.002 0.058 0.971 0.9979 —0.012 0.066 0.862 0.9884
Jungnang-gu —0.063 0.058 0.291 0.9391 —0.083 0.067 0.225 0.9201
Table 3.5. Example of comparison of observed value and two types of predicted values
Predictive probability Predictive probability
Observed value
by random effect by fixed effect

1 0.57733 (1) 0.58376 (1)

0 0.03808 (0) 0.03906 (0)

1 0.49643 (0) 0.50303 (1)

0 0.48990 (0) 0.50560 (1)

o] & o]g3te] &S AA HEXAY FAAF AS F X BYY AEF A 5 LFE Table
3.52 Lbebict.

Table 3.55 AHEH 3 HA &9 FAL 3= /Nl thte] &3S s 2

A&k BF 0.5 oJAe g e} 9 3= A0 oo FF3] Fon T WA S0 Al F
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Table 3.6. Results of prediction performance for various suggested models

Observed Logistic model
Total
value 1 0
1 1624 2690 4314
0 1123 14893 16016
Total 2747 17583 20330
Observed Random effect (modell) Observed Fixed effect (modell)
Total Total
value 1 0 value 1 0
1 1643 2671 4314 1 1621 2693 4314
0 1111 14905 16016 0 1123 14893 16016
Total 2754 17576 20330 Total 2744 17586 20330
Observed Random effect (model2) Observed Fixed effect (model2)
Total Total
value 1 0 value 1 0
1 1641 2673 4314 1 1641 2673 4314
0 1115 14901 16016 0 1133 14883 16016
Total 2756 17574 20330 Total 2774 17556 20330
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Table 3.7. Result of sensitivity, specificity and PCC
Random effect Fixed effect Random effect Fixed effect

Logistic model

(modell) (modell) (model2) (model2)
Sensitivity 0.3764 0.3808 0.3757 0.3803 0.3803
Specificity 0.9298 0.9306 0.9298 0.9303 0.9292
PCC 0.8124 0.8139 0.8122 0.8136 0.8127

ROC Curve for Model
Area Under the Curve = 0.8424

Sensitivity

0.50 /

025 J

0.00 /

0.00 0.25 0.50 0.75 1.00
1 - Specificity

Figure 3.1. ROC curve for logistic model
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ROC Curve for Model ROC Curve for Model
Area Under the Curve = 0.8432 Area Under the Curve = 0.8410

1.00 1.00

075 0.75

0.50 0.50

Sensitivity
Sensitivity

0.00 0.00

0.00 0.25 0.50 0.75 1.00 0.00 0.25 0.50 0.75 1.00
1 = Specificity 1 - Specificity

Figure 3.2. ROC curve for modell

ROC Curve for Model ROC Curve for Model
Area Under the Curve = 0.8425 Area Under the Curve = 0.8424
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Figure 3.3. ROC curve for model2
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£ 29 Az thew 2ol Uedth. R4 AR olgslel 24 WA WAL FASL
W 23 ATRYPIT PRI BE FAROR §o)8 ol§ Mot HRT WAL 24
A ot A0 Ueh} AeA AT RAs 2 FA Aol7h EAA e AL & 4 vk

A EAARE T A BY ) 5FS ol 3te] el 53 AT ROC curved A4 E 23t
che = ol ulsh AUCY} B A tehd 9o 292 E@she ATRY10] T Ry uls) o F2
mgolet & 4 glrk.

A9 2 ANE B thrE 2P 482 Bolo] By YD £E2 AR U BEAS
QEstgon HeAel A A7 AR A% 2 7o BAsEY BUE A F70% 257 7o BA
& BRI W% 4TS Holt Aoz ekt

B A7 E Quel teE BYH teE 2AAY 2ES 83901 o8 B sef ijd =
A AQE s AGAE AR BAS 01§68 A s By AL 304 AR BT
37 Tz 299 de) Baie) AVHon BF AT A Fol ek

References

Dai, J., Li, Z. and Rocke, D. (2006). Hierarchical Logistic Regression Modeling with SAS GLIMMIX, Western
Users of SAS Software 2006.

Flom, P. L., McMahon, J. M. and Pouget, E. R. (2006). Using PROC NLMIXED and PROC GLIMMIX to
Analyze Dyadic Data with Binary Outcomes, Northeast SAS Users Group 2006.

Guo, G. and Zhao, H. (2000). Multilevel modeling for binary data, Annual Review of Sociology, 26, 441-462.

Jung, J.-H., Kwon, S.-M., Kim, K.-H., Lee, S.-K. and Kim, D.-S. (2010). Impact of health insurance type on
the quality of hemodialysis services: A multilevel analysis, Journal of Preventive Medicine and Public
Health, 43, 245-256.

Khan, H. and Shaw, J. (2011). Multilevel logistic regression analysis applied to binary contraceptive preva-
lence data, Journal of Data Science, 9, 93—110.

Kim, C.-H. (1999). Factors related to smoking among male smokers in Seoul, Inje Medical Journal, 20,
699-704.

Kim, D.-S., Hwang, J.-H. and Hwang, J.-l. (2012). A multi-level analysis of injection requests and associ-
ated patient characteristics in the Korean acute-care outpatient setting, Korean College of Clinical
Pharmacy, 22, 13-20.

Lee, H., Lee, S. and Lee, E. (2012). Characteristics and factors related to problem drinking of the elderly in
Korea, Journal of The Korea Society of Health Informatics and Statistics, 37, 34-75.

Li, J., Alterman, T. and Deddens, J. A. (2006). Analysis of Large Hierarchical Data with Multilevel Logistic
Modeling Using PROC GLIMMIX, SAS Users Group International 31.

Park, W.-W. and Ko, S. (2005). Procedures and methods of multilevel analysis: With a focus on WABA,
Seoul Journal of Business, 39, 59-90.

Schabenberger, O. (2005). Introducing the GLIMMIX Procedure for Generalized Linear Mized Models,
SUGTI 30.

Seoul Metropolitan Government (2013). http://health.seoul.go.kr/archives/825

WHO (2013). http://www.who.int/mediacentre/factsheets/fs339/en/index.html



102 Ji Hye Lee, Tae-Young Heo

wl
4>
BN
Al
Pal
| >
J
ka
02
fj0
T o
0to
rol
il
|-O
2
1c
=

Ol Xlofl* - ofEf !

ssUstn LSt

(20134 11 15 &4, 20144 12 1 £, 20143 12 62 A EH)

2o

2 AT DIRIREAA B ZART e AGNS AZEA ARE o 85] AL AL ez
AQle Fel olRol Bie FF 291E WABTL A7 Aol g Lol WAL hE ALY 2HL o83
o B3 e By At B4 By 28 AA3}7] 98] ICC(intraclass correlation coeffi-
cient)% T8 B4, 28 229 ASAHEES o180k AR LASS 452 AR 99 UpE,
Solx, LS TH2 ROC curve 430 AT AN AZZA ARsh 2ol T e s
€ SAlel 2E ¢ ok el o 239 A8 7hseh &840 Brke e € & At

FQ20: Tz 24, USE SAIAL 8171 28, 90 K12, K0IAIS] HUZAL

o] EEL 20124E AR (LA &) ALoR AFATATY A AL wo} 29F S 2
NRF-2012R1A1A1040358).

LR AR 2L (361-763) S8 JFA TYF MAS, FERSw AR EATT, W4, E-mail: theo@cbnu.ac.kr



