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B e st 28 722 Hojirh 24014t £ ATel E dHos gas 98 w1 5
Agsh @H ARS] 53 A5 Pxol Bl Goheth 3elME BPe) 4B )5 FHL 9
B 1 2 A T e ] 71 epiel B A 4Rl A A4
A o} g AR AR RIS AAST APAA 5EAAE AL Felsh B apel B

A3} Uolrlol & ke s Rk,

2. A8 27

B Rl ASH ARE 200895 E 20129709 BT shelnh W] AHow A 9d @
A 4ok B Ae] dHl Agelth. oW AelN ARZFE 22T Wae AR Fxol s Lo}

.

2.1. 99 Q9 #2 5

AARE 00835 E 20124749 BT shelnt B9 Ao R A% B4 Amolth A7
49 43t o], 22T A, HALel Aglov], B AT UY 4 UY B 5 7
sl Wm Agstech 49 B 29 AR FAE 27 99 azE T}, BEA 00] B

o
of A& H7] ¥E59 €9 AR ae=E It (Figure 2.1). ZefZoA AA
Holu], Aldol wg zpo] 3t AT 4 glth FFHOR oFole e FAE HolH, AL 7
B FAE BArh 23] A7EhA 54 AR A whE ol 24 ook, B A3 =
A3} gbA] ko m g AQstiet. HAGH £ 2 Aol AEg Wt ol B R A9 skt
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Figure 2.1 Monthly sums of hospitalized CAP patients
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X4w = (Taz192, - Tozorad)
Xazg = (Tazwi9a,- -, Tazegeraa)
Xguag = (Tamag, - Taazeraq)

Xyger = (Tyges194, -, Tygesraa)
Xopgax = (Toauxiaa ToeA27aa)

2.3. ©jn| ”

HE A} o} @] G FAA wE nEdrlede Fert meth dHE uid & HEE Ho
A ok W 99 A = UM FAIE Holed, ok ﬁil?éOH et FoAdo] A=A At
9] 9419 HZlE QIS Zelth. wEtA AxE Hv ‘ﬂT Foll F71skqdct. 71Ee 7
201235 7122 Tk B A7 A5 fddd

ol A719 & L1 7PFA AZsitirr SA4Fe) Als HX]f& BEs APt g

A7 s Aotk aejA, FLETh: ol dYFE 7
2l , e 7 AFE Hula I o dell
3o F71skqict. npx et g AFo] et viu] W =8k Fbskodrh IR e 2
AR g R0l B ¥ FAIE o fith AR e 1249, 1Y, 298 AL, 34,
9,592 &, 69, 79, 892 o1&, 9¢, 10€, 1192 72 7R3 T, Y B 71 7P w2
‘OlEE 71Eo R tu] WeE AT AxE on) g ), F JJrEM W 170, AE gn|
W 37lE 5 8709 tu] W 28] HE WSE 75 %Pﬁiv‘r.

e
]:o{[

o AelAt 4 AH YA BXF 5 5 AT Ak Yt Aekead Yo 712 ehns} 5
87 =gl ths) 2R atein gk WA )RR A 23] 2o ths) mefsh st

I, X = (uxa), T FREE 0 0 x ] Aol BES) $012, pE SYES
o olch), As1s) FAYL Aok, 2o 0. REWA 12 £EHASLD, Fu ye 2
o] 022 F415} (centered) Hoigt. A% W] B T WO 29 4 gon A A
1=
H

2 o] ZAAFE(= (y — ¥) (v — ¥) & Aastehe B9l
mation) o]t} ZHAA|lFFA (least squares estimator)2 H 2P EHFAZF (best linear unbiased
estimator) o] H& £2 A4E 7R Jou, SHWEFY a7 229 sHET B2 e ST F
273 (uniqueness) 1 MAE BAF] glon, 45U AAQE SHHSER st BF] B3
ol F7¥staL, oAl& ojxg7|x sirt. webA, AAgs SHHTES A9 FAY ATt

2
o) 01,]. ‘j/K]-o] z]—& _%_

(least squares esti-

S
2 J2F (bias-variance trade off)2 12jsl= Zo] 39 Ao} o&H S =
4 £tk HAAFFAHY it v 5 shvbe 2RSS A
AR HAAFFAFE o 2ol 28 & 5 Ut
B= argmin (|ly - XA + pa(B))
714 pa(-)E Fo1R H]S (nonnegative) o] EH o]l A= & (regularization) Zo]t} (Kim
=, 2016a; Shim 5, 2016). pa(-)e] e ol we} FA ko] et A At 533]7 (ridge regression;

penalized least squares)©]™

—~~

(3.1)
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Hoerl?} Kennard, 1970)+= l» @33} (Al #33HE 7HA HAAFHoZ X7} full rank7}F obd 3¢
o=, ozl Aol wpet FE3 ZE AFsFTE PHOE 4% HY7F D= vk F4ke £49
&g FolE etk XU B tied SHAAME BE W4E AYEH e BEE 7
T 95 S3A FAFS et go) w8 4 9t

Briage = argmin (lly = X8| + XI8I*)

A714 1BI12 = 3, B3Itk
2}t (Lasso, Tibshirani, 1996)% & ASH(Arizk WASHE Lstel A4S F45hs ool
el FABE ofelo) 2tk

IBLasso = argngn (Hy - XﬂH2 + )\”ﬂ”l)

A7 (|8l = P, IB;]. B2 71WE A5 F4 (shrinkage) H7F ofUe} WS MEjo] AHEH O = o]
FolA d&HE Eolx Ao JAT, & 1A AFA AstEE 7HAE: (a) p >n W, 5 F
A3} 71" (convex optimization)e] /34 M7 H ) nl 7EA T AT 5 9lojA] Bl AH 75
o] Agte J Xt} (b) MLEZHY 4 A7 B2 250 oW IF Wl & 7o W47t Adst
A Aes = Aol Atk (c) n > poli, MFEY] w2 AFBAV EAT w] 5337 EHA o
£o o2 L 72T} (Zoush Hastie, 2005).

ol#3t 53 Y g 2o dHS A2 BAE 5 e dekaE Y (elastic net; Zoug}
Hastie, 2005) ©] A| k=] 9= o, Yol H A2AE Yl (naive elastic net)2 [ B3I} [, BHS} 25 &
st AGE FATE 7ol S thd 2ol & 4 Jth

Braiveny = argmin ([ly = X8I + A8l + Xe18]) -

vo]lH AZpAagul 2AFL F I RERFTE QS o]F F4 (double shrinkage) EAIHE 71X
o] that Zo] AH =3} (rescaling) ko] AekAEul A FE A2kl vk (Zoust Hastie, 2005):

N

¢

2el)

IBEN - (1 + )\Q)IBNaivcEN’
Betaeyl AP ek At ol W AHe] A5A0E Hol AAFAT e, 4E v
WAEe Yudon Adsin As 2ARESE vxel 24 A%l o} v 49 9 s
Stk Aol itk 4% Q98 WeEe] Bol 9w, We A9He sy Ayuct $U Aoz
o} ;q Oh;}.
= AN

hu v =2 R4 - h =
Auirsl AF3) 7] 2P A (3.1)00A ||y — X8|)? thAl detdoeg 2395340 28 F3 Fog
A ARSIt BEE QAP E YoM SEUTE S48 A gorzg [y EAEY, HA

S o2 FFAAEE B Rt A887] wiEel 4 (3.1)2 vt 2ol MAdh

A7A (B0, Biy) e ZASEGSoITh ol 37 BYS] 2a9ETSE

1(Bo, B;y) = D _ [wilog pi — pi — log(y:!)], i = exp(Bo + x;8)
=1
ol A ~H 39 230 2953 vy} 2ok

1(Bo, Bsy) = Z [yilog pi + (1 — i) log(1 —pi)], pi = lixifzﬁrfg)ﬁ)-
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WARST G ASE AF PEWSE AU e FRFoIH B RS Yol Ak Eo}
S APl BA A A 2L AL AARY, APSEREY By, 5 ANF
Y Brigger 2HE AANFRF By, ol Aekagldl AAFAY Buaeen & A2 THET o] B
a8 & ot

fuy PN

2 Y B2 5, SYPASEEL A vv ¥ 40, AZE on ¥ 34, §E
e 135712 & 143709 SYHSLE 13t SPHSE SolA A= ad
A ER defAEYl M AEHS A8t B, HAAFSFEH, ST,
L3t S Adsteia st

AbEE 2008\ d7E 201213704 5 S9ke] ARE AREShalth T 2008\ 14 1945E 14 274
7MA 9] A s 27Y A7FA Y GAARE AL = glo] BA A ALt As 5 FAH=E 2
360 (59 208 E) A5 & Ak, 22, 53 39, HAaAEY 2¥Y HAEASE ARS8t
23 geh aEA, AA 18279 F A 27Y, HIAEAE 3609 AlL)Eha 1,44099] ARRE #A
< AAIEA T

G o] e 499 HF 49 B JFE v A= IH HE A8 ) xoks
3 By AFAI7IL, HES) R, g -, 53 HAE, Aoy U HA
ALt FrHHo R, 4d H9E A FRE olE3lete] REXAE ARG E A
t}. A5 Fxpeo] vlE = Table 4.19] Ut
Table 4.1 Numbers of hospitalized patients by year

Year  Total 0 1 2 3 4 5 6 7 8 9 10 11 12
2008 318 150 105 55 17 8 4

2009 699 73 96 84 56 26 19 9
2010 860 40 89 86 78 33 22 6 2 1 2
2011 1174 18 53 7Tt 70 72 36
2012 1039 16 34 61 66 44 41

ofr
ol
N
2.
k1
)
o
»

[Erg—y
©
[Ergy—y
s o ON
FNgeN
—
IS
-

k- ki d £ AR v vt A9E 2R GEbA] Ha 29
o= Aed wess @R Aok olEw dodE aHshy] s AE AR 2 (post-selection
o < 3l v} (Hastie 5, 2015). 2 oM+
S 21,0008 whEste] ZF A3} g HEote] Al FASL 5, ¥
1,44070¢) 2At5E YO= 59 FE38t0] RAE A8 A4ste] As FA8HAL o A2 1,000
HRE o] AHE3E 1,000709) AlGz wR

B
) IE E‘E HO]—HQ]
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L RAE A, F, WL AR A0 90, Figure LI Figuwe dit Zols D03 4
Fuago] P 7%, detadyl A1, 59 71, TEA N (FANSERA)S 47 A8ste] fo
222 094 05714 \awmoﬂrﬂr W4 Aee] WEE Jehigh musd A 7he golaF
(= 1)) w217} ARG, folsgel U FF, s Aol HolAA A
= SA felpElA AsFde) 08 TN Godl o & folpsolie 08 T @A 9
U % 5% Gelsrdld Hesl 4] ARG O 2 foleEolAE 1 B MEA Ao

A A5 29014 A5 et 1%01@

g2 7|93 defagy o s AEE WaeE2 vt A Aty detagyl vy 2F
o B Wese] AddgEs &+ AUtk %‘éﬁl, AUl BYoX = froE 07E 0.57kA] Kok
S =9 A Fels 0.38fE1 174 A =7 AT FolaE 0435 19 A S271H A
gt dx e Fo7E 0.195H 22 4 A dxgo] Ad H, F45E 0315 199 A &
Z3, Fo4F 0375 109 A 923, F95F 04178 19 A, 249 A dx2%, F9J5F 0.489
ARE 269 A dxe] AHF I duibs oE 01378 239 A duxrt A= FH9x, F
o 03158 229 A duxt, {945 0388 H 39 A duxprt JAdEdot. 2=+ Fol
0. 01TE1 0.57kA] A== 2] ekgiet. WUM FEE FY5E 0425 H 99 A vAWA] s=7 A
g Hd1, FY5FE 04488 29 A vAWA] w27t AdEdnt. AR Hujdes 20129 Ve
2011d W= Ammx] SFSEIT, 2008, 20094, 2010d W+ 4 0.015E A=t &
o B3 B4 =3 FolE 0.017H AgEqdct. AZ tv] W 04% 71E B, 7 W 7Y
$F 0.0258 8 A=A, AL HeE FI5E 0.185E AEH ailﬂr S FEAE e
FAlAE B F2 FFFoARE WpEo] Wol AEE e AES Btk B AFoA 1" 7y
ozl ful HEE Qo= AMEEo] 7ZeHR] 4SS B 4~ 9lth. Table 4.2.904 AdgAgy 7|Ho=w

R o3t W) HaRoFFE (least significant level), FHZH(R2ERY F47E2] Hv,
Estimate), & 22 5FolA 21877 (C.1)E A8

Table 4.2 Least significant level

Least significant level Estimate (C.I.)
Humidity 1-day lag 0.43 0.0237 (0.0002,0.0408)
17-days lag 0.38 -0.0318 (-0.0571,-0.0013)
Sunlight 1-day lag 0.41 -0.0214 (-0.0380,-0.0004)
10-days lag 0.37 0.0248 (0.0004,0.0437)
19-days lag 0.31 0.0270 (0.0005,0.0498)
22-days lag 0.19 0.0292 (0.0006,0.0578)
24-days lag 0.41 0.0213 (0.0003,0.0367)
26-days lag 0.48 0.0217 (0.0004,0.0365)
Diurnal 3-days lag 0.38 0.0261 (0.0005,0.0463)
Temperature 22-days lag 0.31 0.0300 (0.0002,0.0548)
Range 23-days lag 0.13 -0.0423 (-0.0847,-0.0002)
Particulate 2-days lag 0.44 0.0286 (0.0008,0.0497)
Matter 9-days lag 0.42 -0.0303 (-0.0533,-0.0005)
Z4H5E olR3ete] RALY AARIL AT ¢ AN WEES 23 O AFS R
oh Az HARAYL O BB AudoR 29 ABAS RolT 91 SR, A
A leE37] o, AF "yl s Fo] o5l viste] dujFor ddAol w1 sk folaE
0.05901 4 A== = tH 7F @itk 2008\, 2009, 2010d A% HMEEL 2L fFo|sEolA A9 7
AAsch, Aedow BAe SR dxgol} sARAL Ao ABgol Eon Bae
270 Qu, Yz, BAEA wow Aol Fom o 4 Qe dA MeET dudel 2
ok & 4 ok
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Figure 4.1 Variable selection by significance level using lasso for Poisson regression
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Figure 4.2 Variable selection by significance level using elastic net for Poisson regression
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Figure 4.3 Variable selection by significance level using Ridge for Poisson regression
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Figure 4.7 Variable selection by significance level using ridge for logistic regression
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Figure 4.8 Variable selection by significance level for logistic regression
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Abstract

The number of hospital admissions for pneumonia tends to increase annually and
even more, pneumonia, the fifth leading causes of death among elder adults, is one
of top diseases in terms of hospitalization rate. Although mainly bacteria and viruses
cause pneumonia, the weather is also related to the occurrence of pneumonia. The
candidate weather variables are humidity, amount of sunshine, diurnal temperature
range, daily mean temperatures and density of particles. Due to the delayed occurrence
of pneumonia, lagged weather variables are also considered. Additionally, year effects,
holiday effects and seasonal effects are considered. We select the related variables that

influence the occurrence of pneumonia using penalized generalized linear models.
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1 Researcher, Medical Research Collaborating Center, Seoul National University Hospital, Seoul 03080,
Korea.

2 Researcher, Korea Statistical Information Institute, Daejeon 35203, Korea.

3 Associate professor, Department of Mathematics, Kyonggi University, Gyeonggi-do 16227, Korea.

4 Corresponding author: Associate professor, Department of Statistics, Kyungpook National University,
Daegu 41566, Korea. E-mail: artlee@knu.ac.kr



