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H a5 A (Colhoun et al., 2004).
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—' Diabetes mellitus I—

Hyperglycemia, insulin resistance

A
Increased FFAs :
Statin

Decreased LPL activity |y
]
1

I Dyslipidemia ooy
Hypertension
Atherosclerosis | Oxidative stress
Decreased nitric oxide
Chronic inflammation

Oxidative stress
AGE accumulation
RAAS interruption | Inflammation
Oxidative stress,

Hypertriglyceridemia
Low HDL-C
Small, dense LDL-C particle

Increased Apo B

Lipid metabolism
abnormalities

Renal underperfusion
Renal ischemia

s Lt . (== ——mmmmm—— - = .
Chronic kidney disease ! { Cardiovascular disease
Hypertension L
Albuminuria/proteinuria Chronic inflammation Coronary heart disease
Reduced eGFR Endothelial dysfunction Cerebrovascular disease

Peripheral arterial disease
a9 5. B S o)X HEEF, A AES AdaAAste] #A.
<Z*]: Chen SC, Tseng CH. Rev Diabet Stud. 2013 Summer-Fall;10(2-3):88-
100.>
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A=ma B4

Z71%749 2 F(Immortal  time bias)® RE  iARZE A7)
A7 A AEE AlZrel thE7] wjie] WAlsE Lfolth. Aol
WAE A AE Aol whAlstE AlA7A] AEsj ol slr] wie] Aol
A OidAte] AEEo] wol HolE Qfoltt. x7] e o R{E
BAE7] 9 WyeReE dEwa B AR FH F2~ ovjE ¥

2 (Time-dependent Cox model)o] Jt}. #WE=Ewnfm FEAL ooz dE=ntr

717be AR v, dErka IS AW Aoy = wmETIRte R
sto] A=mba 7|kl ALY @S tdeR I 7|7 o] %o TRbEt A=
ofF-5 F4 dHEsk= Rt

Hoogto]l BAEAL SAS software version 9.4 (SAS Institute Inc., Cary,
NC,USA)E  Ab&3te]  Hdstien folgEe o, FodES
HRH(p<0.05)Y ™ FAIA o= Fogtor A osiqint.

<= 0.05
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1 AT ogate] dwrd 54

1.1.¥W=n3 717k @ 393

2
AA Agdda 8,727 5 2EE HEE&TS 6,213%8(71.19%) ©] 3L
2EE 5892 25149 (28.81%)0ltk. T el dHtd 5SS #® 59
A A8 T

HEe  Aplgl H|EgadA @A 03,7207 (59.87%) o A

2,493 (40.13%) 931, 2B EHg&olM A 1,3459(53.50%), 1A
1,169% (46.50%) 2.2 FAA o2 {5k ZFo]7b A ATH(p<0.0001).

Ad BXE 2etE v 5&70A 404 o)A} 504 mHe 1,662 (26.75%) ,
5041 ol 60M  wIRE2 1,9239(30.95%), 604 o] 704l mwh
1,715 (27.60%), 7041 ©o]4F 804 wwke 7659 (12.31%), 804l o]
1489 (2.38%0) = YERRTE.  2EEl HE&7olA = 404 o] 504 mIRES
7207 (28.64%), 5041 oA 6041 wIWkE 8259 (32.82%), 6041 o] 704l
v ke 6637 (26.37%), 704 oA} 804 wlmke 27274 (10.82%), 804 o]
349 (1.35%0) 0.2 YEgen ol BAHoR {3 Aozt ATt
(p=0.0014)..

HES 3,8357(62.53%), I=v< 1,75478(28.23%0) %k, Z~EME HE&ao A =
1

A2EFE Y22 2017H(8.00%), REL

‘O‘I
<o
1
ok
>
=
()
(@)
=
=i’
dlo
rlo
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7784 (30.95%) 0.2 EIon EAHOR Fold zo]lE HTH(p=0.0158).
g, AN AES, CC1e E¥o o] LolH k.
2EFEl B &Ego nE8et 9l 3,7939H(61.05%), ¥ Y

2,42078 (38.95%) o]l 2EFE H&oA ¥ ¢SS 1,574 (62.61%),

offt
rE
i)
riet
lo
fu
K

B Ry Ao 9407 (37.39%) o= EAHoR H93% 2}o] =
A THp=0.1829). 2~EHel B Eg 5 of] A] 318 A A3 g oo
5,837 (93.95%),  sldAEASE A5 3768(6.05%)° L ~EHE
BagoA FEAGE Qe 2,3567(93.72%), SEAFAESL gL
1589 (6.28%0) 0.2  EAAo® §9% olx  YATH(p=0.6816). Z~EIE

flo

v E-g&ao A CCI 08-S 2,116 (34.06%), 18-S 1,9419(31.24%), 28
1,315%(21.17%), 3% o] 8419 (13.54%)°]1 L, 2EE H&Fo A (CI
072 7859 (31.23%), 18-S 7979(31.70%), 27L& 5609 (22.28%), 34
o] A8 37278 (14.80%) 0. EAH R F93 Aol A THDP=0.0572).

4,8707 o] a1, 4350l AT. ko] debd SAS E 5ol
A A sFA T

e 2~ E}E H] 3580l A 22,7339 (55.94%) of 2}
2,153 (4

06%)01JaL,  2Etel EggtolA  Jb 1,345 (55.06%), oA}
2 SAAHSE Fos Aole glATh(p=0.4902).

A= BEXT Z2ElE v &4 404 o] 504 wRke 1,45178(29.70%) ,
504 o] 60A  WwR 1,503%(30.76%), 60A ©]%F 704 mRk
1,356% (27.75%), 70A1 ©]% 80Al mIRkE 5139 (10.50%), 80A o]/
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639 (1.29%) = YEtsth. 2l H&3lA = 404 o] 5041 H vk
70178 (28.69%), 5041 o] 60A mRF 77378 (31.64%), 6041 ©]% 70A]
nRke 6637 (27.14%), 704 oA} 8041 wlwke 2727 (11.13%), 804 o]A+&
349 (1.39%) 0.2 UElgon EAHo R o8k ol I THp=0.749).
2B H[ BTN A5SFE WSS 3567 (7.29%), KT
3,112%(63.69%), =& 1,418%(29.02%)°]tt. 2EE  EQ oA =
S 2 2017(8.23%), RE 1,524(62.38%), @Eo<
71878 (29.39%) 0.2 UEt o FAA R #Fo% Aol= fIATH(p=0.2986).
2Bl v EET A ¥ gl 2,974 (60.87%), 1S U
1,912 (39.13%) 0] 2~Ed Zgoa nde 913 1,504 (61.56%) ,
et NS 9397 (38.44%) 0. = FAHSR ol Aol
A TH(p=0.5819) . 2~EHd H] -85 o] A Sl S
4,579 (93.72%),  dAFAT UASS 307 (6.28%) 0N L

Bagoa FdAAAds &S 2,289 (93.70%), IIEALAE JSe
1549 (6.30%) 0.2  SAACRE  Fod Aol=  YATH(pP=1.0000). Z=EE
H &g to Al OC1 0" 1,563 (31.99%), 18-S 1,54778(31.66%), 2%

>s:
[>
o
[

1,04278(21.33%), 338 o] 7349 (15.02%) 093, 2EFE H2o A (CI
042 7609 (31.11%), 142 7894(32.30%), 24 52594 (21.49%), 3%
o]L 369 (15.10%) 0.2 EAF oz f9o3 zto]l= ¢t (p=0.8892).
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5]

A=vka 717 3de) Addatel duby 54
e Sl e R R B
2EH" 2Ed" 2etgl .
B B
SERE N megw D TET
(N=6,213) (N=2,514)  PTVEEE (N=4,870) ’ prvatte
g (%) g (%) g (%) g (%)
) 3,720(59.87)  1,345(53.50) 2,733(55.94)  1,345(55.06)
k- <.0001 902
o 2,493(40.13)  1,169(46.50) 2,153(44.06) 1,098(44.94)
40-50 4] 1,662(26.75)  720(28.64) 1,451(29.70)  701(28.69)
50-60 A1 1,923(30.95)  825(32.82) 1,503(30.76)  773(31.64)
@9 60-70 41 1,715(27.60)  663(26.37)  ( gop4  1,356(27.75)  663(27.14) | 749
70-80 41 765(12.31)  272(10.82) 513(10.50)  272(11.13)
80 A1
o] At 148(2.38) 34(1.35) 63(1.29) 34(1.39)
& 574(9.24) 201(8.00) 356(7.29)  201(8.23)
E2EFE BE  3,885(62.53) 1,535(61.06) 0.0158  3.112(63.69) 1,524(62.38) 0.2986
¥ 1,754(28.23)  778(30.95) 1,418(29.02)  718(29.39)
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3,793(61.05)

1,574(62.61)

2,974(60.87)

1,504(61.56)

o] o
238 s 0.1829 0.5819
9] e 2,420(38.95) 940(37.39) 1,912(39.13)  939(38.44)
o] o
Hgggag N 5,837(93.95)  2,356(93.72) 06816 4,579(93.72) 2,289(93.70) 10000
9] & 376(6.05) 158(6.28) 307(6.28) 154(6.30)
s ccl 0 2,116(34.06) 785(31.23) 1,563(31.99)  760(31.11)
(Char Ison 1 1,941(31.24) 797(31.70) 1,547(31.66)  789(32.30) -
s 0.0572 0.8892
Comorbld)lty 2 1,315(21.17) 560(22.28) 1,042(21.33)  525(21.49)
Index
3 0] 841(13.54) 372(14.80) 734(15.02) 369(15.10)
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1.2.9=wnlm 717 43

1.2.1. 4885 wjd d AFgdate] duby 54
A AFAA 8,565 T 2EFE M| EE&TS 5,691 (66.44%) 0] AL,
S-S 2,8749(33.56%) 01Tk, T o] Awkd EAS ¥ 69

e 2Etel H] -850l A] G2} 3,417 (60.04%) o] 2}
2,2747(39.96%) 1AL, 2EFE H&TolA] @AF 1,543 (53.69%), <IAF
1,331 (46.31%) 0.2 EAZAH o2 F93% 2o]7F AATHp<0.0001).

Ay BEx= ~ehe v EE7o A 404 o)A 504 mivke 1,531 (26.90%) ,
5041 oA 604 mIWRES 1,781 (31.30%), 6041 o] 704 mwhe
1,553%(27.29%), 7041 ©o]4F 804l wwk 6969 (12.23%), 804l o]
1309 (2.280) =  YERRTE.  2EEl H&arolA = 404 o] 504 mIREE
83778 (29.12%), 5041 o] 60Al mIRF 94978 (33.02%), 6041 ©]’d 70A]
nRke 7577 (26.34%), 704 oA} 8041 wlwke 29474 (10.23%), 804 o]+
377 (1.29%) 0. = LR o ol BAACE S L S
AR TH(p=0.0002) .
~“ERlE 9, 58Efle HBE, 91089

0
wellal AEE H[EEToA ASTFE WSS 5187 (8.87%),

1
nES 3,574 (62.80%), =52 1,599 (28.10%) ©] A T} . 2~E}E]
B ol AESLE 8o 2409(8.35%), HELS  1,751%(60.93%),
=52 88394 (30.720 o2 YEWer  EAFHe= fod  zolE

%
Emdgtor  wger, FIAAAS, (C1Y EF e LolmE ko).
2B HEE A 18 e 3,4729(61.01%), ¥EY U

flo



2,2199(38.99%) 01 YL 2EFEl B&grol A md 1S 1,802 (62.70%) ,
g Jee 1,072 (37.300 0.7 BAFow {93 AolE
A TH(p=0.1346) .

2EHEl v E-&toll A PGS gle2 5,352%(94.04%), S HAGH S
Ao 3397 (5.96%) 01 ~EFRL EErolA FEAGEE flee
2,696 (93.81%), G AE AFS 178 (6.190) 02 SAX R Folgt
Apol= AU TH(p=0.6993) .

2BFel Bl E-&tol A CCI 0%-& 1,933%8(33.97%), 18-& 1,785 (31.37%) ,

F

278 1,206 (21.19%), 34 o]AL 7679 (13.48%) 0|9 3L, ZEFEl B2 o] A
CCI 0L 9299 (32.32%), 18-S 9099 (31.63%), 24 635%(22.09%), 34
ol A 4017 (13.95%) 0.2 EAH o7 §93 Afol= 19T p=0.4534).

A Al 8 Th
A2 > E}E H] 8- of] A] 2} 1,542 (53.65%) , o =}
1,332 (46.35%) 0| Qar, At B8&to) A WA 1,543 (53.69%), oA

1,331 (46.31%) 0.2 SAIH o2 fFolst 2ko]7F ¢l tH(p=1.0000).
Ay By AglE v B A 404 oA 504 w2 8497 (29.54%) ,
504 ©]AF 604 wHFS 932 (32.43%), 604 ©]AF 704 w]NFS 7579 (26.34%)

|

704 o]AF 8041 mWFE 2089 (10.37%), 804 o]A& 389 (1.32%)0. =
et 2EFE E&Tol A= 404 o]/ 504 wlwke 837WH(29.12%), 504
olA} 604 WRFE 9497 (33.02%), 6041 o] 704 WwkS 7579 (26.34%),
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704 o)A} 804l mwke  2947(10.23%), 804 o]A& 379 (1.29%) 0 =

UElgton SAH R folg ate]= AATHp=0.9911).
2EE BRI A5FE W 222%(7.72%),  HE
1,757 (61.13%), ¥ 8957 (31.14%) 01Uk, 2g¥  HE39
25T 92 2409(8.35%), KB 1,7517(60.93%), =<
H(30.72%) 0.2 YEgon BAHoR fodt ol fIATHp=0.672
2Bel v EETol €Y &2 1,800%(62.63%), 1Y dS
2ete &7l udEg 9l 1,8023(62.70%),

flo

R
rir

flo

o
~

flo

1,074 (37.37%) ©] L 3L

a1t AL 1,029 37.300 o2 BEAHem {3 Aol
A THp=0.9782).. 2~E}El ] B8 o] A 59 A2 A 5 Qoo
2,726 (94.85%),  FIAFEAE d&e  148W(5.15% 0l XEHE
oo sEANgET 9SS 2,6961(93.81%), JFIAMNFEAI Jee
1784 (6.19%) 0.2 EAH oz  Fo)3 ol UrH(p=0.0982). E}El

HEgto Al CCI 08-S 9399(32.67%), 18-S 9013(31.35%), 28L&
645 (22.44%), 3% o4 389 (13.54%) )L, ZEtE E&ol A (CI
08-S 9297 (32.32%), 18-S 9099 (31.63%), 28-S 63594(22.09%), 3%
o] A& 4019 (13.95%) 0.2 EAH o R F93% Aol 1A THp=0.9505).
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6. HEwka VIRE ad e Agdigate] kA 54

Rl HgAF A &
2 e 2 eHdl = 2l
H B8 547 H| 587 2oz
(N=5,691)  (N=2,874)  p-value (N=2,874)  (N=2,874) Dp-value
(%) (%) (%) (%)
% 3,417(60.04) 1,543(53.69) 1,542(53.65) 1,543(53.69)
| <.0001 1.0000
o] 2,274(39.96) 1,331(46.31) 1,332(46.35) 1,331(46.31)
40-50 A1 1,531(26.90)  837(29.12) 849(29.54)  837(29.12)
50-60 A1 1,781(31.30)  949(33.02) 932(32.43)  949(33.02)
=E 60-70 Al 1,553(27.29)  757(26.34) ¢ 0002 757(26.34)  757(26.34) (9911
70-80 A1 696(12.23)  294(10.23) 298(10.37)  294(10.23)
%3:1‘ 130(2.28)  37(1.29) 38(1.32)  37(1.29)
o]
ey 518(9.10) 240(8.35) 222(7.72) 240(8.35)
ASSFE HE  3,574(62.80) 1,751(60.93) 0.0326 1,757(61.13) 1,751(60.93) 0.6728

Hir
o

1,599(28.10)  883(30.72) 895(31.14) 883(30.72)
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) S 3,472(61.01) 1,802(62.70) 1,800(62.63) 1,802(62.70)
k- L 0.1346 0.9782
gle 2,219(38.99) 1,072(37.30) 1,074(37.37) 1,072(37.30)
S 5,352(94.04) 2,696(93.81) 2,726(94.85) 2,696(93.81)
L5 e R ot gty 0.6993 0.0982
A= 339(5.96) 178(6.19) 148(5.15) 178(6.19)
FurAs
0 1,933(33.97)  929(32.32) 939(32.67)  929(32.32)
CCI
1 1,785(31.37)  909(31.63) 901(31.35)  909(31.63)
C(Chatr).lz‘?n 0.4534 0.9505
0"11°fd 1 )1ty 2 1,206(21.19) 635(22.09) 645(22.44)  635(22.09)
naex
3014 767(13.48)  401(13.95) 389(13.54)  401(13.95)
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Abstract

Statin treatment and all-cause mortality in

patients with type 2 diabetesover 40 years old

-using 2002-2013 National Health Insurance Service(NHIS) sample cohort-

Ji Eun Lee
Department of Biostatistics
Graduate School of Public Health

Yonsei University
(Directed by Professor Sohee Park, Ph.D.)

Background

Diabetes is a representative chronic disease and it is the fifth leading
cause of death in Korea. Diabetes directly or indirectly causes various
complications such as hypertension, cardiovascular disease,
cerebrovascular disease, and kidney disease. And diabetes patients have
a much higher morbidity and mortality from cardiovascular disease than
the general population. Several large clinical studies have reported that
statins reduce mortality in patients with type 2 diabetes. Therefore, I
investigate the association between statin treatment and all-cause

mortality in patients with type2 diabetes over 40 years old using National
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Health Insurance Service sample cohort.

Methods

The subjects of this study were those over 40 years old, diagnosed with
type 2 diabetes, and had a history of prescribing oral hypoglycemic agents
based on 2002-2013 National Health Insurance Service sample cohort. The
subjects were classified into statin(+) and statin(-) groups according to
the prescribing records, and followed-up for survival analysis using
Kaplan-Meier survival curve and Cox’ s proportional hazards model.
Propensity score matching was conducted to identify similar baseline
characteristics in the two groups. And landmark analysis was used to
adjust immortal time bias. Sensitivity analysis was performed by setting

two landmark periods.

Results

7,305 subjects were analyzed through 1:2 propensity score matching from
8,727 subjects when landmark period was 3 years. 5,748 subjects were
analyzed through 1:1 propensity score matching from 8,565 subjects when
landmark period was 4 years. There was no significant difference in
baseline characteristics between the two groups after propensity score
matching. Statin treatment significantly reduced all-cause mortality(HR,
0.72; 95% CI,0.60-0.87) as a result of Cox’ s proportional hazards model
after adjustment for covariates when landmark period was 3 years. Statin
treatment significantly reduced all-cause mortality(HR, 0.72; 95% CI,

0.58-0.90) as a result of Cox s proportional hazards model after
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adjustment for covariates when landmark period was 4 years.

Conclusions

In conclusion, statin treatment is associated with lower all-cause
mortality in patients with type 2 diabetes over 40 years old. In addition,
the higher the age, the lower the income level, the higher the risk of
all-cause mortality for men than for women. The effects of these variables
on the risk of all-cause mortality showed the same results in the two

landmark periods.

Keywords: Diabetes, Statin, Propensity score matching, Survival analysis,
Cox’ sproportional hazard model, Landmark analysis
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