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BB HA RN ERBEZRITHERER ) TRARETAETRE CHARSRA
HER o AR FBRA-FAZHA 1968 54T 52 B — ] B RRAS AR éﬁ“%%ﬁzﬁ%xé
CESAE TS ESHELRGOAEMSFUENZT  CELLE-ETEGHE & 2N

ol X AEHE o A5 H IR ABRASHE

S BERYRDARELBERR - Kin >
+ £ RAAGES S RTHRBRIEF ~ RE

BRAS AL S JE + A
SRR F o HAMEMHER

BTG & 2ttt - @R B RBELIBAERRBARH LR G4 - Ry bR

Bxsak o A ERRHRMBHA YLD
AR R @ AL -

FAEEE - BEFZHE (Renal transplantation)
FHEAEB#A (End-stage renal disease)

23E48B% (Organ donation)

5l

il

AR 1 1 B Mk B8 By P A o B+ IR i
AEE B AR E A (United States Renal Data
System , USRDS) 2 #ut5  » 18 A HA B s iy
ARG EALI476 A ﬁk”_*ﬁbtﬁ%
A13317 A - @& e fE it s mﬁW%
BErifat ekt 2 kg EiEf iR R ERE A
Y W Al 2R Lﬂﬁiﬁﬂlxlim&ﬁfﬂﬁi
R KK R BEPR » 181 B/ NERE & ~ =il
JBE fe 18 1 B VB R » RS BRI 1E 2001 4
FEL R e 1 P B/ NER B 48 B R PR B EE o2 T 1L iy
B 2 o BRI 1 A I S M 422 52 R WA AL LR

AL A Ik BE0 4% - — R AR £ 2 4

ARG A R B s A 4% » B AL
11.2 A > fF£ USRDS M4 s BIsesE =4t -
FE IR R o /5 10 R R A1) A 1 2% i 22
-

FESRAE

1954 4 I -+ 1H Peter Bent Brigham 5% 5%
(PBBH) ( HFiif# Ry Brigham and Women B3
Tl i RS B BE e 2 — ) 1Y Murray BERfiFT4E
R EBTER T AEE B — R E
i o Rk 2 RN EERu R MRy B A iE - KR
BHERN T8 - b — SRR EE T 21t
S Wi G KBRS EE - 1963 15

WA REAE WBHUE  EYThLEE YR K365 AR HREA
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KEEBTIRIE — i SR B Al R A0S i K 22
BRI - 2B AIE PBBH 22 BLiT 8 X &
BEASAE - HrhE ks A — R IE R S Ry
B IRISAE (1964 4F ) « FHEREHEIES : "4
A K ) 4 —E PRI SR T S
HEBEIVLIEER - THEREIEBAA > Bt
£ 1968 4 5 H 27 H58 A 7 iE N EE — s e
TEALHE - BE#RTE 1969 4 5 H 24 H5E R 7 RE M
5 — il e R B AL - KB - BB SR M
B AL T B ST o REURAE 1971 R/ R T ix
¥ 11 BB RS M A AE RS © - 58 11 BT 3 Bl
B RHE I 8 BIF B ALt - B Ry 3 &
30 H AN - ZHEIRAEE R CE AR T
FHE - REIHEIR R -~ itk PEEE
B AFIEARDL » BERE 518 J nn I @ RS fE B 2R R
RSB 1E - FilnyEE 9 iR = T
AR YR 0 FENHNZ 2R T EERN
JBR o [ Ry 5% 2 2% ek 5t 111 A5 7 0 o ITTLJBR 5 7 4 e
R BBl SR R R — R -
5 IRF P (5 F oz 50 9% 1 /il 751 By prednisolone & H
100-300 Z7% ¢ azathioprine KA T 4 H 5-7
2 - MR ERINZ EEE > BEATRH
g o tn] DURR R A TR B B RS HE R N 2
o B 19876 H 19 HAH " A E
TR | 8 0 BEA 1087 4E 9 H 17 HRIETEMN
FB o LR TEPEHIERS ) T o #BIANH
ARIZAE 1997 4 » 17 ¥ B 558 22 2000 44717
AR RIS TER S - 2002 4 3 H 7 HEE AT
TENEEMBEEER L L RESE
AU 4 R BRSO L I ERE A BRE - BE T
—ERNY - A BUEZZE SRS -
DU BERE AR 9] - B 7 — 2B EE AR S BL R R 4p
FEH M FE R E T EER - K TEE W
ZHEERFAE - AZEAMERGURE (human leukocyte
antigen, HLA) 7F &5 i ¥ ~ 5 B A g ~ 1m 2y
B CHARERAFEE - Ky 7 BUENE e &
Mgt - [RGB R ER AIMA —HIEE
BEEsr o Bl LG e B S - S8 uE
MR SR AT LU 4 43 - IRIBE —E§F0 %
o BEA AT E NS R - ERSEIT
RIZIE & KB W E SRS 2Bk i —

(VAESTE e Viy (G PN RN S T
B T ERSEER ) & T ERBEEA
B AT —EESAERTE - B R
o A B b RS & BT - R E AR
B LR e IR FR L L B
A LSRR B Al B s PR R il 25 — 44 DA
b HEDHERBHEER—4 - ZREES
FER AT NG HERRUE ®  Hpz—2
EDEAEE RIS 2E —Bh T3 20 Bl ke ffatk
A 20 1 - Ry bt - RS B RS
J& o FEHUIKA > HIESER - VIRl - &
—YEBRGE BRSO SR AR

IR IHIE 2 3R

NHHRAE 20 fHAC )RR S B e A Be Y
BASAE 10 AT APHEERAGEE "HER L, W
e AT eI ] LABE A © R -
FRrARERERRICT - AJEAYEE —REDIRY &
W% 1 S 7 1954 4 FH Murray '8 Bl FT 2835 A (5]
B% 1 22 B 37 - 15 Brigham and Women B fi¢ fit 5¢
B e SR H RN A RIS E RS - KL
WAEPRAIRTE o AKFEEERE - AR
TR THGEHNHIR] © AJRERR (cortisone) o FE/N
+44X > 6-MP (Mercaptopurine, Azathioprine) [

& OEESHEESLER
3 A

1968/5/27 F—PIE e B RS
1969/5/24 F—B e B RS tE
1984/3/22 F— Bt

1984/4/1 F— Bt

1985/8/15 GRS
1987/6/19 Ae s BB GREI A E i
1987/7/17 RO

1987/9/17 NEIEAERF

1991/7/10 SRR g e

1996/2/24 B EE g e

2002/3/7 S8 E BRI B Sk AT
2004/11/22 B AR B B A e

2007/10/27 FE—HIMEISTE
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RSB > OB EERIPE RAVEEY) o AOFGATI 0 B
1 AN B A BN DIE [E] B (prednisolone) Al
&S (Azathioprine, Imuran) B 3 BEAYHTHE R 5E
Yy o GHECERIEE (Cyclosporin A, CsA) Hy%E
BHE AJESY BRI R s T LR 12 - Sl
[ 1985 4-FH Sandoz 38k (& OF AFHHESER -
Novartis) 5 [{EERFHEE K7 (Sandimmun neoral oral
solution®) » WA 2001 45 [FEER U FE B HE (Sand-
immun neoral capsule®) ° Fij#& ARSI IKCRIZA TS
GE v R R R i - TR B E N B A S
PRI B - $28 Ry AURGEBUR (14
FLME » microemulsified) » TIKERIEISE - 5 FH#E
At LEHR fE B o S OF O B[S AE - IRAEE S
SIS E WA — R R
BESC AT RKETFTHREESZ =TI
JLH44% FK506 (Tacrolimus, prograf®) HiJg 5 &
ZEHE 14 P HAR FAYPIHE R R AR 28R
Y 1998 IR SERL (Fujisawa) (AKX
R TR ACEEN, - Astellas) 5 [ © BESEROILTY
2009 4E5 | HEAERER 2 FK506 (Advagraf®) o [hfE
PIBUR Ry — R HEE R — K - KIBLthok s TR
N BRUgEHEM: (adherence) © FrAMIIFZE 2R
{# F advagraf I H FK506 JE2EE & B E (vari-
ability) BHER MR - WHIHE R EY A0 5R f R 1M
R o S R K RIS M e RER e BT 20 - 3.
THESSSN—TEYTHEREEY) © FRIHEE (sirolimus) FY
T o th B BUEIAYARS I 1 - FK506 FIT Cs A BEAR
(BSR4 (E2EREE calcineurin HI
il » 1M calcineurin & T L ERIE (LAY ERE -
i EL B 8 14 U GRS (phosphatase) © Calcineurin
m] DU T MlERZIAIF (Nuclear factor of acti-
vated T-cells, NFAT) Em#ER(L. » {5 HA5 LATEANY
B AR - M BLHERE SR (40 Interleukin 2)
Z DNA F¢5 o Bl « 2 - it 28
ERIRIFFEER FK 506 Z HIHERBERET CsA »
I FK 506 ZMHLA CsA TRy £ iHE R g
Y1 B FK 506 fiks By e » K] PR S B oK
T H BB R R EREKR T B
GRS EBE RS — R L ORI A S
B o LTS Rt RN ek 18 -
H B AE 1998 - i IEERL S [ HESS —JEPiHE

ﬁAnnﬁ%IgI{gport 5%%@9iﬁ

FREEY) © Mycophenolic acid (MPA) » P&/ih% My-
cophenolate Mofetil® (MMF » |15 % ) » 2003 £
HIJ FH 35 3 2 g 5 | 53 —7FE MPA : Mycophenolic
sodium (Myfortic® » FEfEEE ) - MPA £ FH%HE
Disrgss - HZBR T PR L 2UEEY) (Anti-
metabolites) » FKIy A] LIS ER & 5 DNA i
RNA B FTRH Z 1% 1% (de novo pathway) 1A~
2 — R M 5 2 DNA R RNA B e st FE 69 5
— BRI (BB 1R - salvage pathway) » [K]EE
HA THEERE 1 SRS E SR R
HIHIA] - MPA HETE B WAV THERESE » ik
T HIHIR 55— E TR EEY) - SSH—KaEEY) -
mTOR (mammalian target of rapamycin) #5751 HIj
FH R R EE R (22l F ABEBRER ) 12 2002 4F5 |
J Sirolimus (Rapamune® » K% ) - Btk » 3
LR AL 2008 45 |3 Everolimus (Certican® »
ELE/HE) ° mTOR EMEERIS TG b s EE AR
AUEE P EZE ZEAE - mTOR {#R.Z 57
AT DU AT R HATE GL 3EA S H » i 3 DNA
AR e TR i R B2 B o RI
mMTOR 7 H HI I bk L BR 2 0 A S 2 HL T
HERAYRLER - mTOR HIH 2 Ja i —#& iy 70 9%
HIHIE 20 o BT A TUHERRE 240 - thE
EHUEBHEL (Anti-fibrosis)?® IR - HIA mTOR
PR AR B R o B3 R B VIR 4% » [RIE mTOR #11
Tt A DU TERE 2 - FRMIIRE—TE R
BRERITSE 22 » BB S HEE IAER AR
FHRY GR35 BT R KA [E B2 ~ FK506 52 MMF © fiE
FI mTOR #IHI7# t3EF] 23% % -

A Ry B W i8 M il 12 1 2 — E 2 S R HE R
HYEF 25 80+ IR AR Tl AT 4G TR A )
B o8 322 S0 A0 A B 38 T SR A HE L (induction
therapy) ° ¥ FIRYESEVIANEE —/r AR B850
P4 (interleukin-2 receptor antagonist) %% Basilix-
imab (Simulect®) k Daclizumab (Zenapax®) ° Hii
HEHEAHESERY 1999 5 [MERE - 25 Tk LG
BERg A FEE TR o A A REE SRR
YRR PURARERE B (antithymocyte globu-
lin) ~ FLAREEERERE 1 (Antilymphocyte globulin)
FIPT B MU EEARPLHE (Rituximb, MabThera®) e
F T H BRI | B B IR AR
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1985 Cyclosporine solution Calcineurin #IHI7

1998 Tacrolimus Calcineurin #IHI7

1998 Mycophenolate mofetil ARRv LY

1999 Basiliximab CE N e S TN
2001 Cyclosporine capsule (microemulsified) Calcineurin #IHI7

2002 Sirolimus m-TOR™* HIi]

2003 Mycophenolate sodium AR Y|

2008 Everolimus m-TOR HJIf7]

2009 Tacrolimus, prolonged-release Calcineurin HH3]

*mammalian target of rapamycin.

B ETEE®

B A EE Re] DLoyr R witd 5 H—2 W
ANTFER » SAMIEBHEE AR - IRIBEE
WA TS he s 2017 EE S EBEREHR S
AR AR LTS Ry 58.9% » A7 =R
Fy 35.3% BN A —FEFERR
97.7% » AF{F IR 1 923% @ HEFER R
80.7% - {REIREY » BE B IS AR A & mikRGE
2Pk - WG, ~ BEF - B EE
HIR AFEER B SR BITR A - ERBHEE
AR R R 93.7% » ARG R 85.3%
MHEZETER R 71.6% - JREHEE-LRRITHE A
ZREAE BT DU A DLE - AR 5 S5 B R e
$%2 % (USRDS) fL #ffiilly 2017 £ 1 » 35
— BB FEE R 96.1% » 114k 84.3% » 1
TRy 66.9% © fELL EAYEEE AT LUE H S E R RS
T2 AR LB E - EREBBEZEA
AEHR BN R BB RIG S
H AR ZIHAFEIE R R Ry 75.6% 5 87.6% *
PR B8 92.3% (HAFERAFEE Ko
BRI ) o FAMTATHT S HhARHE 1983 £ 2012 4F
HaFE 520 IR BRFEAE 2 A5 5L 2% > H e o A8
Fy 83 N o FEIRIZE — L2 B (44.6%) » HXZE
o M58 SR 975 (21.7%) J S 1 e 9 (12.0%) » 3%
1" [ BRE 53 A7 AN [ R A A A B 0 1 Rt [RL oz JA »
BEHLEGITIY 14 45 0 A5 P52 5 2 468 e i Jk

(18.2%) » T B By EEYIE IR A (27.3%) © R
FHEIR A SR U R — 2 U5 B R0 L
I 24 o BAMSHE—HHSE B HE 11 S0 R
WA e HEARENIRES (L5380 (coronary artery
calcium score) » # I $5{b 53 BAE 300 DL &3
27.3% » SHMEEEBIAEET =K (29.3%) HIE A
T AR ENEEEE (metabolic syndrome)?® - 1%
AE A FE s A LSt AR Bl S5 4 b oy S th SRS T
15 o Al LB AN A& O IMVE 0 & e
Fryiis

B RS E 2 FHEEIE

B TS A A R AR R 0 A
S e MG TT o KL - SMEHFSEE T
N% F o W1 OF 3% i A0 PR 5 B 0 R
FEfiE (lymphocele) @ ML - H 4 REL
1E 5% LU - I 3 ERH R IRE
Wz - BEIIRPEAS - B IR E SR - R
TR OF S AR S Ry B - EERIPFRE R
FEHER ~ BRH - R RS OHESE
F o R RIEEIHIER E S R - BRI
— PR R AR 10%!2 - i 58 —4EH
T AE B 1715 3R AE 90% LA & o SR e 35 s i o
J& o 181 HE R R B SR Z M o H R E S
o RIACEIREERZ FRIE YRS TEHE
% (antibody-mediated rejection) FiT 5[ 20 o I
B0 8 Ry 52 B G TR 2 RS MY T A B 1
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LR (alloantigen) &2 HII » 2 A A= fE 04 &
B E YIRS (donor-specific antibody) @ [ A%
BOBEE A G NIE - & R g NMINE & 38 4
(microvascular inflammation) » 3 [ J& i 7 Fe 1%
B/ NBRjE%E (transplant glomerulopathy) » B /NE
SEMRIMAE % (peritubular capillaritis) » RS HE L BIIR
Js%8 (transplant arteriopathy) 55 o B BgA% HERE A
IR ARG AT LA S e Db R 3 JRK A Ry
5, o BKIR B R T 2K BAFIRY A5 - HE
FT3RT]E 8%2" » BK By 48 Bl g 2 JI1 1 741 1 5t
FERE AR - FAMAIF IR BRI TRy 5.3% -
1517 41.2% Z 9% A K] I A JRK e i 3 e S 1
JHE 28 o TIAL ARG i B A BRI IEH A 5
HEFZ o BAM AT 28 HE 20 4 2 480 2
1E 756 s AP H 854 =Ry 3.8% » H il Fh
Al 23% » BEHGIE T RIE 12.9% » 2 AR EER
BRI OF R E - SR 2 53— R
WEHIF R E o H B8 28 42 3K Ry IR 7 AR 3-5
530 FFBRAERERTE IS - B4 RF 1 -
PE 5 NH 2 A i e DUR R e i i AL i I
DLW PR E Bz #H & (urothelial carcinoma) #x i
5o BAMIHEET G Th 588 730 17 BB RS AW A -
28 S5 R T R B A R GE 8.6%° o Horf
47.6% Ko bR b Rz AR - ASPT A REEZ
f7 o HXRAPRRFRE » 15 29% o £ DLE E R
BRHEFTEZ AT 8B %2 > B AER AN 2 &
PR 8 AR R Ny — M RO 3.75 15 ke 3%
EBRNLRIM » 735 R—#% A1 5.04 Eil 2.88
fi o Bl =44 781 e 98 % 2B A0 A e B ik (44.29
fi5) » BEDE (42.89 £%) » JeMFHEE (5.07 %) - HAlL
Al R, Y o JEE o3 0 BEPE T B R
A o HoAz AHHE & OFE 25 1 B 00 5 41
ZRIVEFIAHRA » BUFEAERE ~ SIER ~ BEPRIS

PO IS o %

BEERZERERRNIZ

o B R S TS B R R KRBk 0 S
HETGE AL EAGHEE 8 B A » SR
FH 7436 A % 1 2017 4F BR B RS EAEEOR 217
A o T S E R EMAC 2 - HRGHE
ik &y e FR I Y BRI AR A+ [RIBEIE AF A

RSB Z W JETT - 2017 4EFH 112 I35 fE & s
o KT E B AN =502 — © IRIBEIFR
o B TR Y B RS AE B kAR (IRODaT) 2 2012 4F
BRIERY FRBEEEEAGEERE
AR 19.8 A fEHAZBEBERE/ SR
FBE (154 N) RHZAR (141 N) » {HAK A 3
(40.1 A - HEFHEREE ) o IRBHETEIR 2016
RS SCHER ¥ L B RS S E RN EE
HH 2005 2 B H E A 6.7 ABINE] 2015 4.2
10.9 A » FyrniM 4B 2015 ey B B3R 2
i o {Eif e es B TRl /7t 2005 R 29 H &
A1 6.9 ABINE] 2015 42 25.1 A - FHEHY

EIPNEIRERANEZIEOPN (PR Sc N PR 2 72
HH Ryl » 2005 4 kb g AME R HE B B9 A 80 R
315 A -+ #2015 FEHI#EA 64 A - HEARIGIMNE T
B (MBRZ B AT KPR Z MU E ) » H
FIERATER S A 2 B IE 3037 R
B R ANRE 2 A EAE - SEIEIRRY 25 B 1
IRTFEET 2 B B m Bl T 5808 - L HF9E 3
N INE RS I AT T AR SRR
TEJREHIRER (21.5%) sEm AR L 2 B HE 2%
A (6.8%)% » [RIBLAESEE - {EHSEE Ak
1K » HIETSRE] 0.03%°8 - Miflits EEHE - 2
AR B = IR e RSB e 1 PR B e A g o -

{EFATE R B — i A 72 5L - AR AI i
FEHUR 3 ISR G R IR ORI R
ZJEBEERIERE A #5 0.2-0.5% -+ {HEE T
BHBARNE - KSR EERERZ
T HRRE R EE G R o 55—
] DN ES BRI EE B T R E

(expanded criteria donor * ECD) * Fti ECD &¥5
THIE #Z CAE =R - S R = e S P RE s
EEBIIREZ B MR FHESS E (standard
criteria donor) H 23 E B 2 - BIfEA1LL » £
% ECD W& g% 1 IR LLE AT IR I 15 R iR
4402 2017 4 12 H 26 H AL Tl
bii= 1 PE e 2n BV IR T E2E 2B 180 | » HEFTHE
FEL BB % (Non-Heart beating donor) HY2%
H o fEHESE  HERKEINRE » H3%
MESETIBE (primary nonfunction) AYRS &k » (H
R IERAEE 2R Y - BHh—En L
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B BRIE Y T R R AR B AN AR T B AR
MHC 23 #4508, (Paired-exchange donation) °
BRI A ER R IR I R A - A A SR a5 3
2 B HE Y 3 B 2 I 3 2 28 3 (cross match
test) #P 2 ARG LI FE - fERLIEDLZ T » AR HE
RS REE G T MEPE R - RE % A Hata g
BT LU AR AR E B R - RIS
R ARG B L O ANEZE » nfDIRg A HSE - [
T AB Y A 208 il (1S R 3T ] AR
MHETHEREN P E i - 5351 - 1RB T S E BN
&SR ) ER . 2BIGHEYE IS
Btk 36 22 » ZrHIf A AL 16 5% ~ Hil& 10 2% »
PRl 9 5K ~ BRI 15 » ART - H PR HE
Tt tE T AF H 2 RE A B —2F - IRIE—IH
B AL TEfaT 42 SRt B BB HR
N KT & BRI E R AR RS B B
ARG R 1A A F 3 i o 3 A R ARE - F%“f%
UERRETEERERTN ST (= Gk
RBEHEE K ER— » SRERKRARG ﬂ‘ﬁ@@
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The Past, Present and Future of Renal
Transplantation in Taiwan
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Renal transplantation is the best treatment modality for patients with end-stage renal disease, not only because
itimproves quality of life but also promotes long term survival. It has been 50 years since the first renal transplantation
in Asia performed by Professor Chun-Jean Lee in 1968. With the great efforts of transplant pioneers, Taiwan is the
leading country in Asia with regards to the legislation of laws in organ transplantation. Statistical analysis of both
patient and graft survival revealed an excellent results comparable with western developed countries. However,
renal transplant recipients are facing many challenges, such as rejection, infection, malignancy and cardiovascular
diseases. Currently, there is no effective treatment for chronic rejection. Taiwan ranks first in the incidence and
prevalence of end-stage renal failure around the world. On the contrary, only 4% of the uremic patients undergo
renal transplantation due to shortage of organ. The big discrepancy between supply and demand is a serious
problem in Taiwan and warrants effective solutions in the future. (J Intern Med Taiwan 2019; 30: 34-41)
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In this article, we review signal transduction pathways through which acupuncture treats nervous system diseases. We electronically
searched the databases, including PubMed, MEDLINE, clinical Key, the Cochrane Library, and the China National Knowledge
Infrastructure from their inception to December 2018 using the following MeSH headings and keywords alone or in varied
combination: acupuncture, molecular, signal transduction, genetic, cerebral ischemic injury, cerebral hemorrhagic injury, stroke,
epilepsy, seizure, depression, Alzheimer’s disease, dementia, vascular dementia, and Parkinson’s disease. Acupuncture treats
nervous system diseases by increasing the brain-derived neurotrophic factor level and involves multiple signal pathways, including
p38 MAPKs, RaffMAPK/ERK 1/2, TLR4/ERK, PI3K/AKT, AC/cAMP/PKA, ASKI1-JNK/p38, and downstream CREB, JNK, m-TOR,
NF-xB, and Bcl-2/Bax balance. Acupuncture affects synaptic plasticity, causes an increase in neurotrophic factors, and results
in neuroprotection, cell proliferation, antiapoptosis, antioxidant activity, anti-inflammation, and maintenance of the blood-brain

barrier.

1. Introduction

Acupuncture is a form of therapy practiced for more than
3000 years in Asia. Medical doctors practice acupuncture
under the guidance of meridian theory to achieve “de
qi” status [1]. To perform acupuncture, doctors use thin
and sterile metal needles to penetrate specific stimulation
points termed acupoints. Both manual and electroacupunc-
ture (EA) are used in medical practice. Many studies have
reported the benefits of acupuncture for treating diseases
such as stroke, musculoskeletal disorders, chronic urticaria,
irritable bowel syndrome, overactive bladder, cancer-related
fatigue, and pain in humans [2-6]. Furthermore, few adverse
effects have been observed when acupuncture is performed
correctly, even in children and pregnant women [7, 8].
The widely known mechanism of acupuncture is that it
results in the secretion of endorphins that exert an analgesic
effect. With advances in understanding, more mechanisms of
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acupuncture have been determined, including the local seg-
mental effect, somatoautonomic reflex, immune system reg-
ulation, neurotransmitter modulation, the neuroendocrine
effect, and the functional connectivity neural network [9-11].

Nowadays, signal transduction has been applied for
explaining acupuncture mechanisms. The signal transduc-
tion pathway of acupuncture has been mentioned with
respect to many diseases, including neurological [12], car-
diovascular [13], metabolic [14], and gynecological [15] dis-
eases. Among the aforementioned diseases, nervous system
diseases are the most common complaints in daily practice.
When used to treat nervous system diseases, acupuncture
enhances cell proliferation and neuroblast differentiation by
increasing the levels of brain-derived neurotrophic factor
(BDNF) and phosphorylated cyclic AMP response element-
binding (CREB) protein [16]. Acupuncture was reported
to exert a neuroprotective effect on dopaminergic neurons
through anti-inflammatory and neurotrophic effects [17].
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PubMed/ MEDLINE
205 articles

ClinicalKey/ MEDLINE
340 articles

Cochrane
22 articles

China National Knowledge Infrastructure
14 articles

¥
581 articles |

Excluded 323 articles
1. No abstract

¥
258 articles

2. Not written in English or Chinese
3. Not related to acupuncture and signal
transduction in title

Excluded 159 articles
1. Not available for full text

Added 4 articles
via the reference list
of identified articles

¥
103 articles

A J

2. Identical articles from different databases

3. Not related to acupuncture and signal
transduction in the full text

4. Limited details of experimental methods or
results

FIGURE 1: Flow chart of the search processes. The 103 articles were summarized in Tables 1-7.

Other mechanisms, including antioxidation, antiapoptosis,
and improved energy metabolism in the brain, have been
reported [18-20]. Although many studies on the signal
transduction pathway of acupuncture have been conducted,
few reviews have been published on this topic. In the present
review, we discuss the involvement of the signal transduction
pathway as a mechanism underlying the effects of acupunc-
ture when used for treating nervous system diseases.

2. Method

We electronically searched the databases, including PubMed,
MEDLINE, clinical Key, the Cochrane Library, and the China
National Knowledge Infrastructure from their inception to
December 2018 using the following MeSH headings and
keywords alone or in varied combination: acupuncture,
molecular, signal transduction, genetic, cerebral ischemic
injury, cerebral hemorrhagic injury, stroke, epilepsy, seizure,
depression, Alzheimer's disease (AD), dementia, vascular
dementia (VD), and Parkinson’s disease (PD). In addition,
we used Boolean operators (“not,” “and,” ”or”) to narrow or
widen search results. All articles written in English or Chinese
were manually screened, and relevant studies were identified.
We included additional articles after performing a manual
review of the reference lists of identified studies or review
articles. Excluded articles included those with unavailable
full text, those written in other languages, those not mainly
related to the mechanism of the signal transduction pathway,
or those with limited details of experimental methods or
results. Flowchart of the search processes was as shown in
Figure 1.
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3. Cerebral Ischemic Injury

Ischemic injury of the brain, also known as cerebral
infarction, is a crucial health issue in the modern world
because of its associated disability and socioeconomic bur-
den. Acupuncture has shown beneficial effects on ischemic
stroke rehabilitation by exerting the antiapoptosis effect on
the ischemic area, promoting neurogenesis and cell pro-
liferation, and regulating cerebral blood flow [21, 22]. A
retrospective cohort study reported that acupuncture was
effective at reducing the stroke recurrence rate [23]. Ischemic
stroke causes neural cell damage related to excitotoxicity,
oxygen free radical injury, inflammatory status, and blood-
brain barrier (BBB) damage [24]. Experimental pathways
that can reverse apoptosis and improve cell proliferation and
differentiation have been proposed.

Acupuncture causes an increase in the expression of
neurotrophic factors, such as BDNF and glial-derived neu-
rotrophic factor (GDNF), in the central nervous system
(CNS), exerts a neuroprotective effect on hypoxic-ischemic
insults, and results in neurogenesis after the reconstruction
phase [25, 26]. In addition, acupuncture increased the vas-
cular endothelial growth factor (VEGF) level in the hip-
pocampus, promoting the proliferation and differentiation of
neuronal stem cells [27]. Thus, acupuncture can be used to
treat ischemic injury in the brain. Zhang et al. performed
manual acupuncture on GV20 and Ex-HN 1 to increase
GDNF and BDNF levels in a rat model [19]. The elevation
of the BDNF level was related to the increased expression of
BDNF/tyrosine receptor kinase B (TrkB) and the induction
of neurogenesis [28].
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The mitogen-activated protein kinase (MAPK) family
includes ERK1/2, JNK, and p38 MAPK proteins. In animals,
the MAPK family is triggered by growth factors, stress, or
an inflammatory environment and regulates cell functions,
such as proliferation, division, differentiation, survival, and
apoptosis. EA can trigger the MAPK family. ERK is believed
to mediate reperfusion injury by inhibiting inflammatory
reactions and promoting cell proliferation and growth [29].
However, equivocal results have been reported concerning
the protective effect of ERK on ischemic brain injury [30, 31].
Some studies have demonstrated that EA protects against
ischemic brain injury by reducing infarct volumes and
improving neurological outcomes through activation of the
ERK1/2 signaling pathway [29, 32-34]. EA is reported to
be effective in neuroprotection and neural cell proliferation.
The chosen acupoints in EA include GV20, GV14, ST36,
and LI11. The activation of the ERK pathway is combined
with an increase in BDNF and p-ERK1/2 levels [34]. Some
studies have demonstrated that the application of EA on LU5,
LI4, ST36, and SP6 was effective in reducing neurogenic
deficits and causing antiapoptosis in the brain cortex and
hippocampus [35, 36].

Environmental stresses and inflammatory cytokines acti-
vate p38 MAPKs and induce apoptosis and inflammation
[37]. In the acute phase of ischemic brain injury, the p38
MAPK signaling pathway induces neurotoxicity, whereas in
the subacute phase, this pathway serves as a proinflammatory
mediator in the neuroprotective antiapoptosis effect [38-
40]. Some studies have reported that EA exerts the anti-
apoptosis effect on the peri-infarct cortex by modulating
the ERK/JNK/p38 MAPK signaling pathway [41-44]. The
chosen acupoints include GV14, GV20, GV24, GV26, LUS5,
LILI4, LII1, ST36, and SP6. Liu et al. reported that EA
inhibits microglia-mediated neuroinflammation mediated
by nuclear factor kappa-light-chain-enhancer of activated
B (NF-xB) cells, p38 MAPK, and myeloid differentiation
primary response 88 (MYD88), as well as simultaneously
reducing cytokine tumor necrosis factor-alpha (TNF-«),
interleukin-1 beta (IL-1f3), and interleukin-6 (IL-6) levels
[45].

The p38 MAPK pathway activates the expression of
CREB protein and reduces the apoptosis of ischemic neural
cells. Acupuncture on GV16, GV20, GV24, ST36, and HT7
also triggered the CREB pathway in the hippocampus and
improved cognitive impairment in an animal model [46-
51]. The CREB pathway is related to BDNF, p38 MAPK,
and Ca®*/ calmodulin-dependent protein kinase (CaMK) [46,
50, 52]. Lin et al. reported that EA exerted antioxidant and
antiapoptosis effects by increasing superoxide dismutase and
glutathione peroxidase levels and reducing the malondialde-
hyde level in the hippocampus and improved the learning
and memory ability of rats [48]. A study reported that
laser acupuncture on GV20 and HT7 for 14 days excited
the cholinergic system and increased CREB, BDNE, and B-
cell lymphoma 2 (Bcl-2) levels, thereby improving cognitive
impairment in rats [51].

Being a cell cycle initiator, PI3K/AKT pathways are
essential for cell survival [53]. However, interactions between
transactivation of Raf/MAPK/ERK1/2 and PI3K/AKT
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systems were noted during ischemia and reperfusion
phases. During ischemia, Akt reduces Raf/MAPK/
ERK1/2 activity through phosphorylation of Raf-1. During
reperfusion, abrupt reactive oxygen species (ROS) increases
the phosphatase and tensin homolog and reactivates
Raf/MAPK/ERK1/2 signaling [54]. For the modulation of
the PI3K pathway, some studies have reported that EA on
GV12, GV20, GV24, GV26, KII, LIIl, and ST36 activates
the PI3K/AKT pathway and exerts antiapoptosis and
neuroprotective effects [12, 55-60]. The effect of EA on the
PI3K pathway can activate the downstream mTOR complex
1-UNC-51-like kinase 1 complex-Beclin-1 pathway, reduce
caspase-3, caspase-8, and caspase-9 levels, and inhibit the
autophagy process [61, 62]. EA also reduces nitric oxide
(NO), neuronal NO synthase (nNOS), and inducible NO
synthase (iNOS) levels by activating the PI3K pathway [58].
Xie et al. demonstrated that EA improved neurological
deficit scores and increased the expression of p-AKT protein
and bone marrow CD34+ endothelial progenitor cells in rats
[63].

Because of the balance between Raf/MAPK/ERK1/2 and
PI3K/AKT systems, some studies have included the pretreat-
ment protocol [64, 65]. EA pretreatment in a rat model
reduced the expression of p-Akt protein and prevented the
downregulation of tight junction proteins, namely, claudin-5
and occludin, attenuating BBB disruption and brain edema
[65].

NF-«B is another protein complex related to cell survival.
Some studies have demonstrated that EA regulates the NF-
xB-mediated apoptosis pathway and provides neuroprotec-
tion [66, 67].

Acupuncture improved neurogenic defects and cognitive
impairment in a cerebral ischemic/reperfusion animal model.
In summary, acupuncture not only increases the levels of
neurotrophic factors but also modulates signaling pathways,
such as Raf/MAPK/ERK1/2 and PI3K/AKT and downstream
CREB and NF-xB. Therefore, acupuncture results in cell
proliferation, antiapoptosis, neuroprotection, and BBB main-
tenance. The most frequently chosen acupoints include
GV20, GV14, and ST36. The mechanisms and main results
of identified articles are summarized in Table L.

4. Cerebral Hemorrhagic Injury

Hemorrhagic stroke is less common than ischemic stroke.
The causes of hemorrhagic stroke include high blood pres-
sure, brain trauma, aneurysms, arteriovenous malformations,
and brain tumors. In cerebral hemorrhagic injury, blood
vessel spasms and oxidative stress caused by ischemia and
reperfusion cause an injury to neural cells. Acupuncture
could improve the hypoperfusion status and hematoma
absorption, reduce brain edema, and promote neurogenesis
in the brain [68]. Thus, some studies have reported that
acupuncture is beneficial for treating cerebral hemorrhage
because it results in functional improvements [69, 70].
Acupuncture also regulates inflammatory factors, such as
IL-6, IL-13, and NF-«B, prevents apoptosis by reducing the
expression of p53 protein, and promotes neurogenesis by
increasing the levels of BDNF and nerve growth factors [71].
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Acupuncture increased the expression of endogenous
GDNF and inhibited the early expression of VEGE, thus
regulating nerve remodeling after cerebral hemorrhagic
injury [72]. At the level of molecular signal transduction,
acupuncture exerts a neuroprotective effect by increasing the
angiopoietin level and reducing TNF-« and NF-«xB levels
[73, 74]. Li et al. reported that EA on GV20 and GB7
could reduce BBB permeability and improve brain edema by
activating the caveolin-1/matrix metalloproteinase pathway
[75]. Antiapoptosis is also an important pathway for neural
preservation. Zhu et al. and Li et al. have demonstrated
that EA activated the Bcl-2 pathway to increase hematoma
absorption and antiapoptosis. This effect is combined with
the suppression of caspase-3 and Bcl-2-associated X (Bax)
proteins [76, 77]. However, the chosen acupoints were het-
erogeneous, including ST36, GV14, GV20, GV26, GB7, and
PCe.

Taken together, acupuncture could improve neurogenic
disability and reduce brain edema by increasing caveolin-
1/matrix metalloproteinase levels and inducing antiapoptosis
through the activation of the Bcl-2 pathway in a cerebral
hemorrhagic model. The mechanisms and main results of
identified articles are summarized in Table 2.

5. Seizure

Seizure is an abrupt, spontaneous, excessive, or synchronous
neuronal activity in the brain that leads to various uncon-
trolled shaking movements or loss of consciousness. Seizure
attack affects 8%-10% of the general population in their life-
times. The recurrence of seizure results in epileptic syndrome,
which affects 2%-3% of the general population [78]. Epileptic
seizures can be induced by metabolic imbalance, electrolyte
imbalance, encephalitis, traumatic brain injury, brain tumor,
stroke, and medication [78]. During the process of an
epileptic seizure, changes occur in molecular, anatomical,
or circuit development, including cell death, inflammatory
cytokine production, and neurotransmitter dysregulation.
This process is called epileptogenesis [79]. Involvement of
BDNF-TrkB signaling, the mT'OR pathway, and the repressor
element 1-silencing transcription factor pathway was consid-
ered to be the underlying molecular mechanism [79].

In addition to the use of medication, some studies
have reported that acupuncture reduced the frequency of
seizures and improved the quality of life [80-82]. Some
studies reported that acupuncture has effect on change of
anatomical, neurotransmitter, inflammatory cytokines and
molecular level. The augmentation of y-aminobutyric acid
neurotransmission, including the upregulation of glutamic
acid decarboxylase 67 (GADG67), is a self-protective and
anticonvulsive mechanism [83, 84]. Acupuncture reduced
seizure attacks by enhancing GAD67 mRNA production
in the dentate gyrus of epileptic rats [85]. Acupuncture
changed the brain structure and reduced the mossy fiber
sprouting in the dentate gyrus and exerted an antiepileptic
effect [86]. Inflammation can increase neuronal excitability
and result in the frequent onset of epilepsy, which is related
to epileptogenesis [87]. Acupuncture also contributes to the
antiepileptic effect accompanied by the anti-inflammatory

20

effect of reducing IL-18, TNF-a, and cyclooxygenase-2
(COX-2) levels in the hippocampus of an epileptic rat model
[88, 89]. Wang et al. and Wang et al. have demonstrated that
EA attenuated the seizure-induced increase in c-fos protein
and preproenkephalin messenger ribonucleic acid (mRNA)
levels in the hippocampus of a penicillin-induced seizure rat
model [90, 91]. Yang et al. reported that EA on GV16 and GV8
exerted an anticonvulsant effect combined with a reduction in
nNOS and iNOS levels [92].

With regard to molecular pathways, acupuncture on the
auricular acupoint suppressed transient receptor potential
ankyrin 1 (TRPAI) pathways by increasing the phosphory-
lated protein kinase C (pPKC)-« level and reducing pPKCe
and pERKk1/2 levels in a kainic acid-induced rat model [93].
Liao et al. used a similar rat model and reported that
acupuncture exerted an antiepileptic effect by inactivating the
Toll-like receptor 4 (TLR4) pathway, which was accompanied
by a decrease in pCaMKIl«, pERK, pp38, pJNK, and pNF«xB
levels [94]. Yang et al. demonstrated that acupuncture on
GV20 and GV14 reduced epileptic seizures by exerting a
protective effect on the pyramidal cells of hippocampal CA
1 and CA 3. This effect was related to the activation of
the PI3 K/Akt pathway [95]. The upregulation of glucose-
regulated protein 78 (GRP78) and the downregulation of
C/EBP homologous protein (CHOP) prevent neuronal cell
death induced by endoreticulum stress. Acupuncture on
GV20 and GV14 elevated the GRP78 level, reduced CHOP
and caspase-12 levels, and exerted an antiapoptosis effect
on the hippocampus, thus reducing epileptic seizure attacks
[96, 97].

Taken together, acupuncture exerts the antiepileptic effect
by changing anatomical, neurotransmitter, inflammatory
cytokines and molecular level. With respect to signal trans-
duction, acupuncture reduces seizure frequency by suppress-
ing TRPA1/pERK and TLR4/ERK pathways and activating
the PI3K/Akt pathway. Furthermore, acupuncture augments
the antiapoptosis process and provides neuroprotection by
increasing the GRP78 level and reducing the CHOP level.
The mechanisms and main results of identified articles are
summarized in Table 3.

6. Depression

Depressive disorders are common psychiatric disorders that
affect approximately 17% of people in their lifetimes. A study
reported that 12%-20% of depressed patients experience
treatment-resistant depression, resulting in a considerable
social burden [98]. In addition to medication and psychoso-
cial support, acupuncture serves as an alternative option for
patients with depression that exhibits promising effects and
fewer side effects [99]. The mechanism of depression includes
dysregulation of neuroinflammatory cytokines, neurotrans-
mitters, neuroplasticity, and the neuroendocrine system [100,
101]. At the molecular level, dysregulation of striatal-enriched
tyrosine protein phosphatase inactivates the neuronal sig-
naling pathway, including ERK1/2, p38, Src family tyrosine
kinases, and glutamate receptors. This process attenuates the
neurogenesis effect of BDNF and causes depression [102].



LinShin Medical Annual Report 2019

Evidence-Based Complementary and Alternative Medicine

10

10300 [)MOI3 [RI[2Y)OPUD IB[NISBA (JDT A Bydle-10100] s1so1dou towny :o-IN [, el £opme(q andedg :ex s A[rep :q [P0 g pareande Jo Iouequa-ureyd-1ydi-eddey 1010y responu :gx-IN
©mmjpundnoe [enuew (YA 8eyIIowaY [erueIORNUI (H{D] ‘10)0e] o1ydorjoinau paALtap-Ter3 ;NGO @anpoundnoeondafa 1y g ewoydwA] [[20- :z-[0g <X paienosse g-[og xeq cunarodorduy :3uy ‘pauonuaur jou :--

SUOTIRIARIqqQY

sisoydode-nue

VN HOI paonpui-poo[q
(££]107 T8 Z 1T xegjo uorssaxdop  Xeq pue g-Dg JO 2dUe[Rq urwy ZHY Vi 9ZAD ‘9Dd SnapNU ajepned snoSojojne
VNI ‘SJRI TeISTA OTBA
7-TD4 JO UOTIBADJD
sisoydode-njue
pue ewojeuway
Jo uondiosqe aseardur sonpur-uireds
[9z]102 sutjoid Aemyed sAep $1 ‘@O urw ZHE VW[ ¢ uaureind Hore Sw@mw.a:o.wm om
Te 39 g nyz Xegq pue ¢-asedsed 7-°d Jo uoTjeATIO®R P ¥1°Q0 ‘ol He vVWivd FIAD 0CAD ayepned Jysu P . . Il
S1eI (S TN
Jo uortssaxdap
urajoxd
7-179 JO UOTIRAd[d
Aymqesuriad 1arireq Kemyyed
ureIq-poojq aompar - Aiqesaurtad Jatireq ureiq HDI
. «_mw_ﬂfom 6/¢-oseurajordofrelowr  -poojq/aseurdjordofelawr  sLep /¢ ‘O UIWOE  ZHZ VWL 0V 29D ‘0TAD SNa[ONU 2Jepned IS padnpur-aseuddeod
1232 OH I XIIJeW [-UT[02ARD XLI)eT/T-UT[09ARD ‘S)eI (S OTeN
JO UOTJBAD[D JO UOIeATIOR
(hL]2102 UOIJBW WEJUI-T)UR femyged HDI paonpur-pooiq
: gx-N pue skep /£ ‘qO ‘urwpg urws ‘zZHp-¢ VN 29D ‘0TAD snapNU 2jepned 1Y snoSojojne
Te 30 ‘g nry ANLI, JO UOTjeAT)ORUT . .
0-INL1, JO uorssardop 1T (S TN
uonoajordomau HDI
[eL]¥10T i z-8uy o e i
1 {5 N0z 7-Suy pue pue [-8uy jo uoReARSL skep $1 ‘qO urw(g ZHO0Z-2'Vda 9¢1S snpryred snqoyS jySix @ou:vﬂb ommzuwmzou
-Suy jo uonjesdd )BT (JS QTN
Surepowar
UOINAU )B[NPOTU
[cL]Troe (o3e1) [PAS] ADHA dre[npowt skep OTL€TT ’ ‘
T3 MD Sueyz  JDFA Jo uotssaxdop  pue [2Ad] JNJD) 2se2I0UT 10J O UTWOE VN 48D 0TAD e STELIEISIM TP
(Axe0) IDTA
YIND JO UOTJeAd[d
90UdI9J21 TOYINY S)[NSaI TR Aemyed [eudig UOT}UAIIIUI JO JWIL], UOTUDAIANU] jurodnoy uore’07] $)02(qng

‘A (ur o1deyrIoway [e1qa19d uryean) ur arnjoundnoe Jo skemyed uononpsuern [eusig :7 14V],

21



LinShin Medical Annual Report 2019

1

Evidence-Based Complementary and Alternative Medicine

T unrfojue [enuajod 10)dasar Juarsuer) (L, ‘eyd[e-10)0e] SIs01U Jown) 0-IN I, F 103d2531 1]
-[oL P T 9ex Aopme(q ondexds nex g Aep 110 L1242 :qOO Arep :qO D aseuny urejoxd D)) @seuny-¢ ayeydsoydsiq-gp-joysourdpneydsoyd )¢ seseuny urajoxd pajearoe-uadoywr ged VI 8¢d ‘s[[eo
g pajeande jo Ioueyud-ureyd-jydi-eddey 10)oe) 1RIPNU (gx- N QIMoUNdNOL [ENURW JYIA SISRUD| [BUTULIA)- N Un[-d N[ Un[naprajur 1 gz urajoxd pajenSar-asoon(S :g/dyo L9 ase[Ax0qIessp proe oruren(d
/9 VD seuny payenSaI-reuds reneoenixa HNYH 2rmoundnoeor}ddpe 1yy @seuadixoodso :x ) urejord snoSojowoy Jg9-/D :dOHD @seun| urdjoxd juspuadap-urnpowures/+ze)) AR g aseuny urejord yy

SuonerAdIqqy
sisoydode-nue womalur
[£6]L10T ¢1-asedseo dOHD Q@coeom%&
Te 19 ‘H Sueyy dOHD MM“MM%E% pue 8/J¥D JO dueRq sdep £ 10} 4D VN PIAD ‘0TAD snduresoddry ﬁonbBu:uTC.c@m AES.
o/ mmwmo woneAdpd s uI10q-A[mau QeI
uoroajordonau [ozenajous[fiuad
) . JOHD Jo uorssaxdap dOHD . uorgax J0 uotafur
[96]¥107 ‘e 12 4 Buex urajoxd pue 8/J¥D JO ddue[Rq uruoe VIN PIAD 0CAD 1 vD redureooddry [esuojrradenur
84 YD Jo uoneAs[d ‘S1e1 dS 9EIN
ondanida-nue sfemyed
[¢6]¥10C z/gad eoMd 7/ergad pue 2oy dd M9 2HZ Ve Jutodnov emoumy seare uonda(ut proe
Te 19 ‘MXA Ury TVAYL Jo uorissaidop OONdd TVddL 10J YMm/sAep ¢ uruog 1vD redweooddry  orurey ‘sjex (s OreN
0D JO UOTIeAd[d JO uoneAnORU]
[ozenajous[fjuad
e s ¢ S[[22 Kemyyed Py /3 . € yO pue Jo uondafut
[s6]cT0T T8 39 ¢ Bueg [epruresid aseazour €1d JO UOTIRATIO® sfep ¢ 10} QO VIN FPIAD ‘0CTAD [ V) [eduresoddry [eauoyuadenur
‘s3I (JS OleN
ondaqida-nue
INd SIN(d ‘ggdd Kemyyed SYM ¢ 10 ZHSIT X21103 A10sussojeuros uonoafur proe
T&a_wSN m dN . BN . jurodnoe renorme pue ‘sndwresoddiy MDA
Te 32 L 0er] ydd IDINEDd Y11 Jo uoneAndeur ym/skep ¢ ‘qO ‘UMWOZ - pue ‘v Jenouny P R

Jo uortssaxdop

ondanda-nue

skep 09°GH°0¢€

uondafur

[s8]800T Te 12 [ onD VNYgW L9 VD jo uoneanose 10§ (O “ur ZHOZ/¥ ‘VWOZ-1 Vd 9¢1S sn143 ejusp surdresoyid-wnryyr
£9AVD JO UOTJBAI[D } d rHoe ‘syeI (IS OTeIN
90UAIJRI TOYINY S)[NSIT UTRIA Aemyyed Teudrg UOTJUIAIDIUIT JO SWIL], UOTJUIAIIIUT jutodnoy uoned’0 s302[qng

*21nz1as Juryean) ur aanjoundnoe jo skemyyed uononpsuern) [eudig :¢ A19V],

22



LinShin Medical Annual Report 2019

12

Acupuncture treats depression by regulating neu-
rotransmitters, neuroinflammatory cytokines, the hypo-
thalamus-pituitary-adrenal axis, and the hypothala-
mus—-pituitary-sex gland axis [103]. Furthermore, acu-
puncture plays a role in molecular signaling pathways.
Acupuncture elevated BDNF production and excitatory
amino acid transporter levels and maintained neural
regeneration of the hippocampus in a depressive rat model
[104, 105]. The chosen acupoints include GV20, EX-HN3,
and PC6 [104, 105]. Fan et al. demonstrated that acupuncture
on LI4 and LR3 regulated the expression of soluble N-
ethylmaleimide-sensitive factor attachment receptor protein,
a fusion mediator, and promoted depression remission
[106]. NO is a small molecule that freely diffuses across cell
membranes and serves as a neurotransmitter in the CNS.
NO initiates the NO-cyclic guanosine monophosphate (NO-
c¢GMP) pathway and activates protein kinases. Acupuncture
regulates the NO-cGMP pathway by increasing nNOS and
c¢GMP levels, which contribute to its effect on depression
relief [107]. Shao et al. demonstrated that acupuncture on
GV20 and PC6 inhibited the proinflammatory pathway of
depression by reducing NF-«xB protein and COX-2 levels
[108].

Antidepressants alleviate the symptoms of depression by
activating the MAPK/ERK pathway, which increases ERK1/2
and p-ERK1/2 expression. Many studies have reported that
acupuncture activates the MAPK/ERK pathway and down-
stream CREB pathway and elevates BDNF production [109-
114]. The most commonly chosen acupoints include GV20
and GV29, followed by EX-HN3, GB34, and PCé6. The
MAPK/ERK pathway induces neurogenesis and antiapopto-
sis of hippocampal neurons and eliminates the depression
state. EA on GV20 and EX-HN3 also enhances the p-
p38MAPK pathway [111]. Some studies have reported that
EA on GV20 and GV29 reduced the hippocampal neural
apoptotic rate by downregulating the hippocampal p-JNK
pathway in depression rat model [115, 116]. Acupuncture
also activated the adenyl cyclase (AC)-cyclic adenosine
monophosphate (cAMP)-protein kinase A (PKA)-CREB
signaling pathway and elevated the BDNF level [117-120].
In the AC-cAMP-PKA-CREB signaling pathway, heteroge-
neous acupoints were chosen, including GV20, EX-HNI, EX-
HN3, ST36, ST40, LI4, and LR3.

Molecular studies have reported that acupuncture plays
a role in the neuroendocrine model of depression. Lu et
al. demonstrated that acupuncture could relieve the symp-
toms of depression and increase cortisol, PKA, and PKC
levels [117]. Oh et al. reported that acupuncture on HTS8
elevated the serum corticosterone level and hippocampal
mTOR phosphorylation, Akt, ERK, p70S6K, p4E-BP1, and
CREB enhanced the effect of BDNF on neuroprotection and
synaptic plasticity. Furthermore, acupuncture elevated the
levels of synaptic proteins (e.g., PSD95, Synl, and GluRl),
which are crucial for neuronal synaptic plasticity [121].

The results of the Gene Ontology functional term
and Kyoto Encyclopedia of Genes and Genomes database
analysis indicated that the regulation of the Toll-like
receptor signaling pathway, nucleotide-binding oligomeriza-
tion domain-like receptor signaling pathway, MAPK/ERK
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pathway, PI3K/Akt pathway, neurotrophin signaling pathway,
TNF pathway, and NF-«B pathway is the mechanism through
which acupuncture treats depression. The aforementioned
pathways cause cell survival, differentiation, antiapoptosis,
and synaptic plasticity of neurons, thus alleviating depres-
sion symptoms and improving learning/memory dysfunction
[122-124].

In summary, acupuncture can treat depression by upreg-
ulating MAPK/ERK and AC-cAMP-PKA-CREB pathways
and downregulating JNK and NF-«xB pathways. Because of
the aforementioned mechanism, we observed an increase in
neuron growth factor levels, neurogenesis, and antiapoptosis
accompanied by the alleviation of depression symptoms.
The mechanisms and main results of identified articles are
summarized in Table 4.

7. Alzheimer’s Disease

AD is a progressive neurodegenerative disease that is pre-
sented with dementia, memory loss, disorientation, person-
ality disorder, mood swings, behavior disturbance, and lan-
guage problems. Because of patients’ cognitive decline, they
withdraw from their family and society [125]. Risk factors
for AD include genetic factors, a history of head trauma,
depression, and hypertension [126]. The progression of AD
is associated with the formation of amyloid plaques and neu-
rofibrillary tangles in the brain [126]. Treatment of AD should
be started immediately after the diagnosis to prevent cog-
nitive decline. Both patients and their families are involved
in administration of medication and psychosocial therapy
for AD. Medication for AD includes cholinesterase inhibitors
(donepezil, rivastigmine, and galantamine), N-methyl-D-
aspartate receptor antagonists (memantine), atypical antipsy-
chotics, antidepressants, and anticonvulsants [126].

In addition to medication, acupuncture has been reported
to improve cognitive function and the global clinical status
of patients with AD without causing major adverse effects
[127,128]. Mechanisms through which acupuncture improves
cognitive impairment in AD include attenuation of Af
deposits, upregulation of BDNF expression, and regulation of
cell proliferation and neural plasticity in the brain [129-131].
Acupuncture also regulates cytokine and growth factor levels
associated with survival, proliferation, and differentiation
of neural stem cells in the brain to promote the repair of
damaged cells [130, 132].

Ap deposits in the brain disturb BDNF signaling path-
ways, such as Ras/ERK, PI3K/Akt, and PKA/cAMP, which
regulate BDNF expression and cause AD development [133,
134]. Acupuncture on GV20 reduces Af deposits in the
brain, elevates the BDNF level, and exerts a neuroprotective
effect on CNS cells [135, 136]. Lin et al. reported that the
signaling pathway of BDNF elevation is mediated by the
BDNF-TrkB pathway, which exerts an antiapoptosis effect
[136]. The central cholinergic pathway is important for
learning acquisition and synaptic plasticity in the mammalian
limbic system; thus, increasing the acetylcholine level is a
type of treatment strategy for AD. Lee et al. reported that
acupuncture enhances the cholinergic system-CREB-BDNF
pathway and exerts a neuroprotective effect [135].
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The p38 MAPKs are activated by environmental stresses
and inflammatory cytokines and induce apoptosis and
inflammation. In an AD animal model, acupuncture could
improve cognitive impairment by reducing p38 MAPK lev-
els, thus reducing neuroinflammation in the CNS [18, 137,
138]. Some studies have reported using Sanjiao acupunc-
ture, which uses CV17, CV12, CV6, ST36, and SPIO0, as a
standard regimen for AD [18, 139, 140]. A DNA microar-
ray analysis demonstrated that Sanjiao acupuncture could
reverse gene expression profiles related to aging in the
hippocampus of senescence-accelerated mouse prone 10
(SAMP10) mice and reduce oxidative stress—induced damage
[18]. Luo et al. reported that Sanjiao acupuncture attenu-
ated cognitive deficits by regulating the G-protein/inositol
triphosphate/Ca®* amplitude pathway and signal homeosta-
sis [140]. In an Ap-induced AD model, acupuncture on
GV20 and BL23 reduced the level of peroxisome proliferator-
activated receptor-y (PPAR-y) level and the deposition of Tau
protein, thus reducing neuroinflammation [138].

Acupuncture regulated cell cycle and aging in an AD
model. N-myc downregulated gene 2 (NDRG2) encodes a
cytoplasmic protein that may play a role in neurite outgrowth.
Wang et al. demonstrated that EA on GV20 suppressed the
astrocyte NDRG2 expression and glial fibrillary acidic pro-
tein level, thereby treating memory impairment of amyloid
precursor protein/presenilin-1 double transgenic mice [141].
P130, known as retinoblastoma-like protein 2 (RBL2), is a
protein encoded by the RBL2 gene in humans and serves
as a tumor suppressor signal. Acupuncture on CV17, CV12,
CV6, SP10, and ST36 elevated the pl130 level, caused cell
proliferation in the brain, and treated dementia and aging-
related diseases in SAMP10 mice [139]. Telomerase is a critical
enzyme involved in aging and apoptosis. Lin et al. demon-
strated that acupuncture on ST35 of telomerase-deficient
mice activated the BDNF-TrkB signaling pathway along with
elevating BDNF, TrkB, Akt, and ERK1/2 levels, which resulted
in an increase in telomerase activity [142]. Acupuncture also
modulates the balance of Bcl-2/Bax to regulate the cell cycle of
neurons. However, the chosen acupoints were heterogeneous,
including L120, EX-HN3, GV20, BL23, and KI1 [143-145].

Metabolic stress modulates [3-secretase gene transcrip-
tion and f3-site amyloid precursor protein-cleaving enzyme
1 (BACE]) protein levels in AD through the sirtuin 1 (SIRT1)-
PPARy-proliferator-activated receptor y coactivator 1 (PGC-
1) pathway [146]. Af 25-35 suppresses mitochondrial bio-
genesis by inactivating the AMP-activated protein kinase
(AMPK)-SIRT1-PGC-l« pathway in hippocampal neurons
[147]. Therefore, brain energy metabolism impairment is
considered an underlying pathogenesis of AD progres-
sion. Acupuncture on GV20 elevates glucose transporter
(GLUT1 and GLUT3), p-AMPK, p-AKT, and mTOR levels
in the hippocampus and cortex. Through regulation of brain
energy metabolism, acupuncture has effect on decreasing
A deposits, suppressing autophagy process and relieving
cognition deficits [148]. Acupuncture improved the spatial
learning and memory ability of AD mice by increasing
blood perfusion and glucose uptake in the bilateral amygdala,
hippocampus, and left temporal lobe [149, 150]. For the
molecular signaling pathway, Dong et al. demonstrated in two
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series studies that acupuncture in GV14 and BL23 exerted
AMPK expression, activated SIRT1-PPARy- PGC-1 pathway,
and elevated ATP level. Because of the aforementioned mech-
anism, acupuncture balances brain metabolism and improves
cognition impairment of AD mice [20, 151]. Furthermore,
the upregulation of SIRT1-PPARy-PGC-1 suppresses BACEL
expression, thus reducing A production in the hippocampus
and improving cognitive decline in SAMP8 mice [152].

In summary, acupuncture treats AD by regulating neu-
rotransmitter release, elevating the neurotrophic factor level,
and exerting anti-inflammatory effects. Thus, many molecu-
lar signaling pathways involved in acupuncture were reported
in the AD model, including the BDNF-TrkB pathway, the
cholinergic system-CREB-BDNF pathway, G-protein reg-
ulation, and the p38 MAPK family. The aforementioned
pathways are believed to exert antiapoptosis and anti-
inflammatory effects and reduce Af deposits in the brain,
thereby improving learning ability and memory in AD
models. The most commonly chosen acupoints were GV20
and the Sanjiao regimen (CV17, CV12, CV6, ST36, and SP10).
Acupuncture regulates cell cycle and aging by modulating
NDRG2 and P130 expression, telomerase activity, and Bcl-
2/Bax balance. Many studies have reported that acupuncture
on GVI14 and BL23 modulates brain energy metabolism
impairment and treats cognitive impairment. The mecha-
nisms and main results of identified articles are summarized
in Table 5.

8. Vascular Dementia

VD, which accounts for 15% of dementia cases, is the
second most common cause of dementia after AD. Multiple
and recurrent ischemia of the brain caused by ischemia
or hemorrhage has been found to be the main causes of
VD [169]. Although the pathophysiology of VD remains
unclear, approximately 15%-30% of patients develop demen-
tia three months after the occurrence of stroke. Further-
more, approximately 20%-25% of patients develop delayed
dementia [170]. Because of intricate coordination in the brain
and, sometimes, the presence of other brain damage causes,
the cognitive changes and declines in VD can be variable,
including impairment of attention, information processing,
and executive function [169]. Few medications have been
approved specifically for the prevention or treatment of VD.
Thus, treatment strategies for VD are similar to those for
AD and include the use of cholinesterase inhibitors and
memantine and providing psychosocial support.

Acupuncture can improve the scores on the Mini-Mental
Status Examination, the revised Hasegawa’s dementia scale,
and activities of daily living examination for VD patients [171,
172]. From the molecular viewpoint, acupuncture on GV20
and KI3 regulates the MAPK/ERK pathway by elevating the
PERK level and reducing ionized calcium-binding adaptor
molecule 1 (Iba-1), TLR4, and TNF-« levels [153]. Acupunc-
ture reduced relevant proinflammatory factors, thus attenu-
ating neuroinflammation and increasing neuronal synaptic
plasticity.

Acupuncture exerted antioxidant and antiapoptosis
effects in VD models. Zhu et al. reported that acupuncture on
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GV20 and ST36 inactivated the apoptosis signal-regulating
kinase 1 (ASK1)-JNK/p38 pathway and elevated thioredoxin-
1 and thioredoxin reductase-1 levels [154]. The p38 MAPK
pathway activates the expression of CREB and reduces
the apoptosis of ischemic neural cells. Some studies have
reported that acupuncture activates the cAMP/PKA/CREB
pathway and elevates the CREB level [47, 48, 50, 51].
The elevated CREB level upregulates Bcl-2 activity and
downregulates Bcl-2x1 and Bax activities, consequently
preventing the apoptosis of neurons injured by vascular
events [48, 51]. The most discussed acupoint was GV20,
followed by GV24. Scalp and Sanjiao acupuncture techniques
(CV17, CV12, CVe6, ST36, and SP10) have been reported to
affect the balance between Bcl-2 and Bax expression and
antiapoptosis [155, 156]. VD rats had lower expression
of mTOR and eukaryotic translation initiation factor 4E
(eIF4E) in CAl accompanied with decreased spatial memory
[173]. Zhu et al. demonstrated that EA on GV20, GV14, and
BL23 activates the mTOR pathway and increases mTOR and
eIF4E levels, thus modulating cell growth, proliferation, and
synaptic plasticity [157].

Taken together, acupuncture treats VD by activat-
ing MAPK/ERK and ASKI1-JNK/p38 pathways; increasing
CREB, mTOR, and Bcl-2 levels; and reducing the Bax level. In
addition, through the aforementioned mechanism, acupunc-
ture exerts an effect on antioxidant activity, antiapoptosis, and
synaptic plasticity. The most commonly chosen acupoints
were GV20, GV24, and ST36. The mechanisms and main
results of identified articles are summarized in Table 6.

9. Parkinson’s Disease

PD is a chronic neural degenerative disorder that mainly
affects the motor system. Patients with PD experience
shaking, rigidity, and walking difficulty. In advanced stages
of the disease, behavioral disturbance, depression, poor
sleep, and cognitive dysfunction are noted [174]. Treatments
such as the administration of L-dopa, dopamine agonists,
catechol-O-methyl transferase inhibitors, and monoamine
oxidase inhibitor and deep brain stimulation are suggested
for treating motor problems of patients with PD. However,
dyskinesias and motor fluctuations that develop after a long-
term use or high dose use of L-dopa and nonmovement-
related symptoms, such as sleep disturbances and psychiatric
problems, become problems for patients with PD [174].

Both manual acupuncture and EA help alleviate some
motor symptoms in patients with PD and some nonmotor
symptoms, such as psychiatric disorders, sleep disorders,
and gastrointestinal symptoms. Acupuncture also improved
the therapeutic efficacy of levodopa, lowering the necessary
dosage [175-177]. Reducing dopaminergic neurons in the
substantia nigra (SN) results in PD. Acupuncture has been
reported to exert neuroprotective effects that increase the
levels of endogenous neurotrophins and modulate the apop-
tosis and neuroinflammation of dopaminergic neurons in the
SN [178, 179]. Neuroimaging findings of the human brain
showed that acupuncture on GB34 and the scalp significantly
increased glucose metabolism bilaterally in the frontal and
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occipital lobes and improved motor dysfunction in patients
with PD [179, 180].

In light of signal transduction, EA at 2 Hz on GV16
and LR3 inactivate the ERK 1/2 signaling pathway and
p38/MAPK signaling pathway, causing an increase in tyro-
sine hydroxylase-positive neurons and a decrease in COX-
2, TNF-a, and IL-18 levels. The regulation of cytokines
reduces the neuroinflammation of the SN and alleviates
PD symptoms [158, 159]. Acupuncture also activates the
PI3K/Akt pathway, which elevates the Bcl-2 level and reduces
dopamine- and cAMP-regulated phosphoprotein of 32 kDa
and Fos B. Through the activation of the PI3K/Akt pathway,
acupuncture increases the dopamine turnover rate and avail-
ability in the synapse of the SN and striatum and regulates
the tyrosine hydroxylase—positive cell cycle, thus improving
motor function [160-162]. Lu et al. demonstrated that EA on
KI3 inactivates pPKA/pPKC/CaMKIl« signaling pathways
and reduces neuronal excitotoxicity in the hippocampus
[163].

Rapamycin, an inhibitor of mTOR, is a potent inducer
of autophagy and has an effect on PD [181]. However,
rapamycin-based treatments for PD show adverse effects,
including dyslipidemia, proliferative dysregulation, and renal
dysfunction [182]. Acupuncture on GB34 affected the down-
stream autophagy-lysosome pathway through the m-TOR-
independent pathway; this effect was comparable to that
observed in the rapamycin treatment group [164]. Acupunc-
ture induced autophagic clearance of a-syn, caused recovery
of DA neurons in the SN, and improved motor function of an
animal model without any notable adverse effect [164].

Oxidative stress and inflammation both contribute to
the neural toxicity and development of PD [183]. Many
studies have indicated the use of high-frequency EA for
treating PD motor symptoms in animal models [184, 185].
Kim et al. reported that high-frequency EA on GB34 and
GB39 increased tyrosine hydroxylase-positive neurons and
cytochrome ¢ oxidase subunit Vb and reduced cytoso-
lic malate dehydrogenase, muncl8-1, and hydroxyacylglu-
tathione hydrolase levels, thus exerting an antioxidative
effect on the SN [165]. Lv et al. demonstrated that EA
at 100 Hz on ST36 and SP6 exerted a neuroprotective
effect on PD mice and reversed the increase in the levels
of Iba-1 and proinflammatory cytokines, including TNF-
«, IL-6, and IL-1B, induced by 1-methyl-4-phenyl-1,2,3,6-
tetrahydropyridine (MPTP), thus suppressing the neuroin-
flammatory process [166]. The nuclear factor erythroid
2 -related factor 2 (Nrf2)-antioxidant response element
(ARE) pathway regulates oxidative stress and inflammatory
responses. EA enhances the Nrf2- ARE pathway and regulates
the expression of antioxidants, such as the ARE-driven
reporter gene, nicotinamide adenine dinucleotide phosphate
quinone oxidoreductase, and heme oxygenase-1 (HO-1), thus
relieving PD symptoms [166]. Similarly, Deng et al. reported
that EA at 100 Hz on ST36 and SP6 elevated HO-1 and
glutamate—cysteine ligase modifier subunits and reduced
astrogliosis and neuroinflammation through the Nrf2-ARE
pathway [167].

PD symptoms were relieved through the modification of
TLR/NF-xB and Nrf2/HO-1 pathways [186]. EA on GV16 and
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FIGURE 2: Summary of signal transduction pathways through which acupuncture treats nervous system diseases. Acupuncture is applied
on acupoints and results in de qi, evoking excitation of cell membrane receptors, such as the Trk and TLR/ligand, and subsequently
producing signal transduction. AC: adenyl cyclase; Akt: protein kinase B; AMPK: AMP-activated protein kinase; ASK-1: apoptosis signal-
regulating kinase 1; Bad: Bcl-2-associated death promoter; Bax: Bcl-2 associated X; Bcl-2: B-cell lymphoma 2; Bcl2-x1: B-cell lymphoma-
extralarge; CaMK: Ca2+/calmodulin-dependent protein kinase; cAMP: cyclic adenosine monophosphate; CREB: phosphorylated cyclic AMP
response element-binding protein; ERK: extracellular signal-regulated kinase; IP3: inositol triphosphate; JNK: c-Jun N-terminal kinases;
MEK: mitogen-activated protein kinase/extracellular signal-regulated kinase kinase; mTOR: mammalian target of rapamycin; MyD88:
myeloid differentiation primary response 88; NF-xB: nuclear factor kappa-light-chain-enhancer of activated B cells; NO: nitric oxide; PI3K:
phosphatidylinositol-4,5-bisphosphate 3-kinase; PKA: protein kinase A; PKC: protein kinase C; PPAR-y: peroxisome proliferator-activated

receptor y; TLR: Toll-like receptor; Trk: tyrosine receptor kinase.

LR3 upregulated NFxB protein expression and downregu-
lated 26S proteasome protein expression in rotenone-induced
PD rats [187]. P53 plays a role in DNA repair or cell death
depending on the nature and extent of stress and damage
[188]. P53 dysfunction was reported in neurodegenerative
diseases and cancers [189]. Park et al. demonstrated that
acupuncture on GB34 activated the p53 signaling pathway,
protected dopaminergic neurons in the SN and striatum, and
treated PD symptoms [168].

At the gene level, Choi et al. demonstrated that EA
regulated gene expression in the striatum and exerted a
neuroprotective effect on MPTP parkinsonism mice [190,
191]. Yeo et al. performed a microarray analysis study of

acupuncture on GB34 and LR3 in an MPTP mouse model
of parkinsonism and reported that acupuncture reversed the
downregulation of five annotated genes and upregulation of
three annotated genes through MPTP intoxication [192].

In summary, acupuncture improved motor dysfunction
and memory of PD. These effects were accompanied by the
regulation of gene expression. Acupuncture modulates neu-
roinflammation by inactivating ERK 1/2 and p38/MAPK sig-
naling pathway and reduces neuronal excitotoxicity through
the pPKA/pPKC/CaMKIl« signaling pathway. Acupuncture
also regulates apoptosis by balancing the Bcl-2 and m-TOR-
independent pathway. The most chosen acupoints include
GB34, LR3, and GV16. Moreover, high-frequency EA (100
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Hz) on ST36 and SP6 reduces neuroinflammation through
the Nrf2-ARE pathway. The mechanisms and main results of
identified articles are summarized in Table 7.

10. Conclusion

Acupuncture treats nervous system diseases through many
signal transduction pathways. Besides increasing the neu-
rotrophic factors level, acupuncture influences pathways
including p38 MAPKs, Raf/MAPK/ERK1/2, TLR4/ERK,
PI3K/AKT, AC/cAMP/PKA, ASK1-JNK/p38, and down-
stream CREB, JNK, m-TOR, NF-«B, and Bcl-2/Bax balance.
We summarized the common signal transduction pathways
through which acupuncture treats nervous system diseases
(Figure 2). Through the aforementioned pathways, acupunc-
ture affects synaptic plasticity, elevates neurotrophic factors,
and results in neuroprotection, cell proliferation, antiapopto-
sis, antioxidant activity, anti-inflammation, and maintenance
of the BBB.
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Abstract

Background

Few studies have evaluated whether people infected with human immunodeficiency virus
(HIV) are at an increased risk of stroke in an Asian population. We investigated the associa-
tion between HIV infection and the risk of developing stroke by age, calendar year of HIV
diagnosis, and follow-up duration in Taiwan.

Methods

Using the claims data of a universal health insurance program, we identified 5,961 patients
with HIV and 23,844 matched non-HIV subjects without previous stroke from 1998 to

2005 and followed them up until the end of 2011 to measure the incidence of stroke.

Cox proportional hazards models adjusted for potential confounders were used to
estimate hazard ratios (HR) and 95% confidence intervals (Cl), with the non-HIV group as
reference.

Results

During a median follow-up of 8 years, the incidence rates for total, ischemic, and hemor-
rhagic stroke per 1000 person-years were 2.12, 1.22, and 0.60, respectively, in patients with
HIV infection, and 1.98, 1.14, and 0.54, respectively, in the comparison group. HIV infection
was associated with an elevated risk of developing total stroke (adjusted HR [95% Cl], 1.57
[1.15-2.14]) and ischemic stroke (1.91 [1.25-2.91]) in patients aged less than 45 years, but
no association was observed in other age groups (P for interaction with age, p = 0.048 and
0.024, respectively). Patients diagnosed with HIV infection in 1998-1999 had a greater HR
for total stroke and ischemic stroke than those diagnosed in 2000—2002 and 2003-2005 (P
for interaction, for total stroke p = 0.034, for ischemic stroke p = 0.056). The HRs did not dif-
fer by follow-up duration.
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Conclusions

HIV infection among a young age group is associated with increased risk of developing over-
all and ischemic stroke. The findings highlight the importance of screening and correcting
risk factors for young stroke prevention immediately and aggressively.

Introduction

Human immunodeficiency virus (HIV) infection largely affects sexually active young adults.
With the development of the combination antiretroviral therapy (cART) regimen, used for
people living with HIV/AIDS (PLWHA) since 1996, HIV replication was effectively inhibited,
leading to a reduction of the risk of developing an AIDS-defining complication and prolong-
ing the lifespan of patients with HIV [1]. However, the health of effectively treated patients
with HIV is not fully restored and has led to a higher prevalence of the disease than in those
without HIV infection [2].

Stroke is a significant cause of death and disability worldwide [3]. Acute or chronic infec-
tion is well recognized to be a contributing factor in strokes and can influence the outcome of
strokes [4]. Several studies have reported the association between HIV infection and the risk of
stroke [1, 5-17]. However, most of these studies have been confined to Western populations
[1,5-12, 15-17]. Little is known regarding the association between HIV infection and the risk
of stroke in Asian people [6, 13, 14]. Multiple factors, including age, sex, family history, the
effect of HIV itself, the effect of antiretroviral therapy, traditional cardiovascular risk factors
etc., influence the risk of stroke in HIV-infected individuals. Genetics in different populations
also play a role. Epidemiology data have been revealed to be different in Western and Asian
countries due to the influence of population-specific phenotypic effects and gene susceptibility
on the progression of HIV infection [18, 19]. Black people have shown more prominent cere-
brovascular endothelial dysfunction leading to an elevated risk of stroke compared with other
race/ethnic groups after adjusting for several traditional vascular risk factors in an ART-treated
PLWHA group [20]. A recent multiethnic study revealed that the incidence rate of stroke was
greater in non-Hispanic Black people than in other ethnic groups in persons living with HIV
infection, but only 2% of the study subjects (n = 116) were Asian/Pacific Islanders [15]. Fur-
thermore, studies of the US population have shown a greater risk of stroke in women and in
younger people [8, 12, 15, 16], but limited data is available for other ethnic groups. A recent
population-based cohort study in Taiwan reported that patients that are HIV-positive had an
increased risk of stroke, as compared with individuals who are HIV-negative [14]. The inci-
dence rate of stroke among individuals that are HIV-infected in that study [14] was lower than
that in previous reports in Western countries [5, 7-9, 11, 12]. However, data by types of stroke
and whether the HIV-related risk of stroke differs by age and sex was not reported in that
study [14]. Furthermore, little is known regarding the risk of stroke in association with HIV
infection by calendar years of diagnosis [21] and the duration of follow-up. Using a national
database from Taiwan, we explored the risk of overall and different types of stroke in patients
with HIV infection by age, sex, calendar year of diagnosis, and follow-up years.

Methods
Study design and data source

We conducted a retrospective cohort study using claims data of a universal health insurance
program in Taiwan [22]. The National Health Insurance (NHI) program is a mandatory
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single-payer national health insurance program providing comprehensive healthcare coverage
to more than 99% of the 23 million people in Taiwan [23]. The NHI claims data is provided to
scientists for research purposes, and all personal identification information was encrypted for
the protection of patient privacy [6]. This study was approved by the Institutional Review
Board of China Medical University & Hospital (CRREC-106-074).

Identification of patients living with HIV infection and the comparison
group

Fig 1. shows the flow chart for the subject selection process. We identified a cohort of patients
diagnosed with HIV infection for the first time during the period of 1 January 1998 and 31
December 2005, according to the International Classification of Diseases, Ninth Revision,
Clinical Modification (ICD-9-CM) codes 042 and V08 listed in the Registry for Catastrophic
Illness Patient Database. Taiwan’s NHI defines 31 categories of catastrophic illness, including
HIV infection. When patients are diagnosed and confirmed as having such definite cata-
strophic illnesses, they are qualified to apply for catastrophic illness certificates by their attend-
ing physician, and thus become exempt from copayments. To apply for the catastrophic illness
certificates for HIV infection, patients’ infectious disease physicians must provide pertinent
medical records and data for formal review, including clinical histories, the definite positive
results of the HIV antibody and antigen combination assays in the laboratory tests, and the
results of viral load and CD4 count examinations to validate the diagnoses. An expert commit-
tee composed of infectious disease physicians issues catastrophic illness certificates of HIV
after a review of the applications. For each of the patients with HIV, the date on which he or
she was registered for the catastrophic illness served as the index date. Individuals who had
received stroke diagnoses before the index date were excluded from the data analysis.

Using a dataset containing NHI claims of one million subjects randomly selected from the
insured population during 1996-2000 (the Longitudinal Health Insurance Database [24]), we
randomly selected patients without an HIV diagnosis to form a comparison group. Subjects in
the comparison group were frequency matched with those in the HIV infection group at a 4:1
ratio based on age (every 5 years), sex, and the calendar year of the HIV diagnosis and were
randomly assigned index dates in the same year of the HIV diagnosis in the HIV infection
group. Individuals previously diagnosed with stroke were excluded.

Follow-up for stroke development

Subjects in the HIV infection group and the comparison group were observed for the occur-
rence of stroke, defined as a hospital discharge diagnosis with stroke (ICD-9-CM codes 430-
438). We classified patients with stroke into three categories: hemorrhagic stroke (ICD-9-CM
codes 430-432), ischemic stroke (ICD-9-CM codes 433, 434, and 435.9), and undetermined
type of stroke (ICD-9-CM codes 435-438 exclude 435.9). The follow-up period started on the
index date and ended at the earliest of the following dates: stroke occurrence, withdrawal from
the NHI program, or 31 December 2011.

Baseline comorbidities

Comorbidities including diabetes mellitus (ICD-9-CM codes 250), hypertension (ICD-9-CM
codes 401-405), hyperlipidemia (ICD-9-CM codes 272), chronic kidney disease (ICD-9-CM
codes 580-587), cancer (ICD-9-CM codes 140-208), coronary heart disease (ICD-9-CM codes
410-414), and atrial fibrillation (ICD-9-CM codes 427.31), which are known risk factors of
stroke, were considered as potential confounders (S1 Table). All comorbidities were identified
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Subjects in Catastrophic lliness Dataset in 1996-2011 A cohort of subjects randomly selected from insured population
(N=2,060,591)

in 1996-2000 (N=1,000,000)

.

6,078 patients with a diagnosis of HIV infection in 1998-2005

Excluded:
Excluded: * 83,565 people died before the 1998 ° or with
* 48 patients with missing data > missing data on date of withdrawal from NHI

on date of withdrawal from NHI « 119 people with previous HIV infection diagnosis
* 69 patients with previous stroke

¢ 11,756 patients with previous stroke diagnosis

diagnosis
h 4 JV
5,961 patients with HIV infection 23,844 subjects in the comparison group matched at a 4:1 ratio
: }
Number of outcome event until the end of follow-up Number of outcome event until the end of follow-up
¢ 103 (1.73%) patients developed stroke: 59 with ischemic ® 425 (1.78%) subjects developed stroke: 245 with ischemic
stroke, 29 with hemorrhage stroke and 15 with stroke, 116 with hemorrhage stroke and 64 with
undetermined stroke undetermined stroke
* 878 (14.73%) patients died * 448 (1.88%) subjects died
® 585 (9.81%) patients withdrew from NHI ¢ 1,740 (7.30%) subjects withdrew from NHI

Fig 1. Flow chart of study subjects’ selection. “Death was defined by using hospital discharged records and registry of catastrophic illness dataset. NHI indicates
National Health Insurance Program; HIV, human immunodeficiency virus.

https://doi.org/10.1371/journal.pone.0217147.g001

by the presence of diagnosis codes in at least two outpatient claims or one hospital inpatient
claim within two years before the index date.

Statistical analysis

We compared the baseline characteristics of patients with HIV and the comparison group
using t-tests for continuous variables and chi-squared tests for categorical variables. For each
group, the incidence density rates of stroke were calculated by using the number of patients
with incident stroke events divided by total follow-up person-years. We used Cox proportional
hazards models, which yielded hazard ratios (HR) and 95% confidence intervals (CI), to assess
the risk of developing total, ischemic, and hemorrhagic stroke in association with HIV infec-
tion. The models were adjusted for age, sex, and the comorbidities to control for potential con-
founding factors. The Cox models were performed in patient subgroups stratified by age, year
of HIV diagnosis, and follow-up period to observe whether the risks differ between the stratifi-
cations. Interaction effects of age and year of diagnosis with HIV were examined by using like-
lihood ratio tests comparing Cox models excluding and including the interaction terms. The
proportional hazards assumption, i.e., whether the risk differs by follow-up time, was also
tested by including interaction terms between the HIV infection and a function of follow-up
time in the models. We used the SAS 9.4 software package (SAS Institute, Cary, NC USA) to
perform all data management and analyses.

Results
Characteristics of subjects in the HIV-infected group and the comparison
group

There were 6,078 patients with HIV infection identified from 1998 to 2005 (Fig 1). We
excluded subjects with missing or invalid data on the date of withdrawal from the NHI
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program, and those with a previous diagnosis of stroke. The remaining 5,961 patients in the
HIV infection group were included in the analysis. A total of 23,844 subjects without HIV
infection who met the inclusion criteria were selected in the age-, sex-, and calendar year-
matched comparison group.

The ratio of male to female subjects in the HIV-infection cohort was nearly 11.8 (crude
number 5495 vs. 466; 92.2% vs. 7.8%) (Table 1). The mean (standard deviation, SD) age at
HIV diagnosis was 34.2 (10.9) years for male patients and 36.4 (12.7) years for female patients.
Of patients living with HIV infection, 61% had their first diagnosis at age 35 years or younger.
The median follow-up time to occurrence of stroke was 8.1 years for the HIV group and 8.4
years for the comparison group (interquartile range, 4.2 years vs. 5.6 years). The mean (SD)
age of diagnosis with stroke in the HIV infection cohort was younger than that in the compari-
son group (50.8 [15.3] years vs. 57.3 [14.3] years, p<0.0001). Relative to subjects in the com-
parison group, patients with HIV infection were more likely to have comorbid diabetes (3.1%
vs. 2.2%), chronic kidney disease (1.6% vs. 0.7%), and cancer (1.0% vs. 0.4%).

HIV infection and the risk of stroke by age and sex

Table 2 shows the incidence rates and HRs for stroke overall and in subgroups stratified by age
and sex. During the follow-up period, the incidence rates for total, ischemic, and hemorrhagic
stroke per 1000 person-years were 2.12, 1.22, and 0.60, respectively, in the patients with HIV
infection. The corresponding rates in the comparison group were 1.98, 1.14, and 0.54. In the
multivariable-adjusted models, overall we did not observe a statistically significant association
between HIV infection and the risk of developing total stroke (adjusted HR [95% CI], 1.21
[0.98-1.51]), ischemic stroke (1.23 [0.93-1.64]), and hemorrhagic stroke (1.18 [0.78-1.78]).
The adjusted HR for total stroke was greater among women than in men (adjusted HR [95%
CI], 2.25 [1.15-4.41] and 1.15 [0.91-1.44], respectively), but the sex difference was not statisti-
cally significant (for the interaction with sex p = 0.085).

The age-stratified analyses showed that HIV infection was associated with an increased risk
of total stroke and ischemic stroke in subjects <45 years of age (adjusted HR [95% CI], 1.57
[1.15-2.14] and 1.91 [1.25-2.91], respectively), but not in other age stratifications (for interac-
tion with total stroke p = 0.048, for interaction with ischemic stroke p = 0.024). Similarly, the
HRs differed significantly by age among men. Increased risk was found in men <45 years of
age but not in older subjects (for interaction with total stroke p = 0.056, for interaction with
ischemic stroke p = 0.034). Elevated HRs in young patients were also noted among women,
but the interaction effect with age was not statistically significant. However, we did not observe
associations between HIV infection and the risk of developing hemorrhagic stroke.

HIV infection and the risk of stroke by year of diagnosis

Table 3 shows the association between HIV infection and the risk of developing stroke in anal-
yses stratified by year of diagnosis of HIV infection. The adjusted HR for total stroke was
greater in patients diagnosed with HIV infection in 1998-1999 (HR = 1.51, 95% CI = 1.08-
2.10) than those in 2000-2002 (HR = 0.75, 95% CI = 0.48-1.18) and 2003-2005 (HR = 1.44,
95% CI = 0.98-2.11) (p for interaction, p = 0.034) (Table 3). Similar results were observed for
ischemic stroke but not for hemorrhagic stroke. Patients diagnosed with HIV infection in
1998-1999 had an increased risk of ischemic stroke (HR = 1.73, 95% CI = 1.13-2.65), but no
significant association was observed in those diagnosed in 2000-2002 (HR = 0.68, 95%

CI =0.39-1.28) and 2003-2005 (HR = 1.33, 95% CI = 0.80-2.20) (p for interaction, p = 0.056)
(Table 3).
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Table 1. Characteristics of patients with HIV infection and subjects in the comparison group.

Variable Patients with HIV Comparison group p-value
(n =5961) (n=23844)
Sex® (n (%)) N.A.
Male subjects 5495 92.2 21980 92.2
Female subjects 466 7.8 1864 7.8
Age at HIV diagnosis, years (n (%))* N.A.
0-25 1101 18.5 4404 18.5
25-35 2534 42.5 10136 42.5
35-45 1468 24.6 5872 24.6
45-55 491 8.2 1964 8.2
55-65 248 4.2 992 4.2
>65 119 2.0 476 2.0
Median (mean + SD)®
All 32.3(34.3+11.1) 32.4(34.3+11.3)
Male subjects 32.2(34.2+10.9) 32.3(34.2+11.1)
Female subjects 33.9(36.4+12.7) 33.9(36.3+12.9)
Comorbidities®
Diabetes 183 3.1 514 2.2 <0.0001
Hypertension 245 4.1 1060 4.5 0.26
Hyperlipidemia 137 2.3 626 2.6 0.15
Chronic kidney disease 97 1.6 170 0.7 <0.0001
Cancer 60 1.0 101 0.4 <0.0001
Coronary heart disease 99 1.7 339 1.4 0.17
Atrial fibrillation 9 0.2 20 0.1 0.14
Duration of the follow-up, years (median, (interquartile range))*
Male subjects 8.1 (4.1) 8.4 (5.5) <0.0001
Female subjects 7.6 (4.9) 8.4 (5.6) <0.0001
All 8.1(4.2) 8.4 (5.6) <0.0001
Age at diagnoses of stroke, years (median (mean * SD))®
Male subjects 48.6 (50.3 + 15.7) 56.8 (57.2 + 14.5) <0.0001
Female subjects 51.1 (54.3 +12.4) 61.0 (59.2 +11.3) 0.22
All 49.1 (50.8 + 15.3) 58.1 (57.3 + 14.3) <0.0001

Abbreviations: HIV, human immunodeficiency virus; N.A., not applicable; SD, standard deviation.
*Chi-squared test.
T test.

“Wilcoxon Rank sum test.

https://doi.org/10.1371/journal.pone.0217147.t001

HIV infection and the risk of stroke by follow-up period

Fig 2. shows the analyses of the association between HIV infection and the risk of developing
stroke stratified by 1-year intervals of follow-up duration. The adjusted HRs were slightly
increased in the first year and in years 5-6 after HIV diagnosis than in other time periods, but
the difference in risk was not statistically significant (p = 0.94). The HRs for ischemic stroke
and hemorrhagic stroke also did not differ over follow-up time (p = 0.38 and p = 0.90,
respectively).

The models were adjusted for age, sex, and comorbidities including diabetes, hypertension,
hyperlipidemia, chronic kidney disease, cancer, coronary heart disease, and atrial fibrillation.
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Table 2. Risk of stroke in relation to HIV infection by age and sex.

Age group, Total stroke® Ischemic stroke Hemorrhage stroke
years HIV group Comparison HR (95% HIV group Comparison HR (95% HIV group Comparison HR (95%
group cnb group Ch)° group CD)°
No. Rate® No. Rate® No. Rate® No. Rate® No. Rate® No. Rate®
event event event event event event
All
<45 55 1.29 155 0.84 | 1.57 (1.15- 31 0.73 73 0.40 | 1.91 (1.25- 16 0.38 66 0.36 | 1.07 (0.62-
2.14) 2.91) 1.84)
45-65 34 6.36 196 7.23 | 0.82(0.57- 20 3.74 121 4.47 | 0.76 (0.47- 10 1.87 45 1.66 | 1.09 (0.54-
1.19) 1.23) 2.18)
>65 14 23.57 74 20.84 | 1.08 (0.60- 8 13.47 51 14.36 | 0.91 (0.63- 3 5.05 5 1.41 | 3.07 (0.66—
1.94) 1.96) 14.3)
All 103 2.12 425 1.98 | 1.21(0.98- 59 1.22 245 1.14 | 1.23(0.93- 29 0.60 116 0.54 | 1.18(0.78-
1.51) 1.64) 1.78)
Male subjects
<45 49 1.23 146 0.85 | 1.47 (1.06- 27 0.68 67 0.99 | 1.80(1.15- 15 0.38 64 0.37 | 1.02(0.58-
2.04) 2.82) 1.80)
45-65 28 6.09 179 7.71 | 0.77 (0.52- 16 3.48 110 4.74 | 0.70 (0.41- 8 1.74 41 1.77 | 1.00 (0.47-
1.15) 1.19) 2.13)
>65 13 24.15 69 21.28 | 1.09 (0.59- 8 14.86 48 14.80 | 0.98 (0.45- 3 5.57 5 1.54 | 3.07 (0.66—
2.00) 2.11) 14.3)
All 90 2.00 394 2.00 | 1.15(0.91- 51 1.13 225 1.14 | 1.17 (0.86- 26 0.58 110 0.56 | 1.12(0.73-
1.44) 1.58) 1.72)
Female
subjects
<45 6 2.16 9 0.69 | 3.57 (1.24- 4 1.44 6 0.46 | 3.29(0.93- 1 0.36 2 0.15 | 4.19(0.30-
10.3) 11.7) 58.2)
45-65 6 7.98 17 4.39 | 1.57 (0.56- 4 5.32 11 2.84 | 1.82(0.54- 2 2.66 4 1.03 | 1.35(0.13-
4.40) 6.10) 13.8)
>65 1 17.97 5 16.19 | 1.79 (0.19- 0 0.00 3 9.71 NA 0 0.00 0 0.00 -
17.3)
All 13 3.63 31 1.81 | 2.25(1.15- 8 2.23 20 1.17 | 2.16 (0.93- 3 0.84 6 0.35 | 2.11(0.41-
4.41) 5.01) 10.8)

Abbreviations: CI, confidence interval; HIV, human immunodeficiency virus; HR, hazard ratio.

“Patients with undetermined stroke were excluded in the analysis by stroke subtypes (n = 79).

*Incidence rate per 1000 person-years.

“Adjusted for age, sex, and comorbidities including diabetes, hypertension, hyperlipidemia, chronic kidney disease, cancer, coronary heart disease and atrial fibrillation.
P values of test for interaction effect between age and HIV: all subjects, 0.048 for overall stroke, 0.024 for ischemic stroke and 0.386 for hemorrhage stroke; male patients,
Interaction p 0.056 for overall stroke, 0.034 for ischemic stroke and 0.354 for hemorrhage stroke; female patients, 10.610 for overall stroke, 0.344 for ischemic stroke and
0.990 for hemorrhage stroke. P values of test for interaction effect between sex and HIV: 0.085 for overall stroke, 0.214 for ischemic stroke and 0.306 for hemorrhage

stroke.

https://doi.org/10.1371/journal.pone.0217147.t1002

Patients with undetermined stroke were excluded in the analysis by stroke subtypes (n = 79).
HR indicates hazard ratio; CI, confidence interval.

Discussion

The investigation of HIV infection as an independent risk factor of stroke incidence in differ-
ent countries is worth noting. Our findings provide information for Asian subjects that indi-
viduals with HIV infection among a younger age cohort had increased risk of overall and
ischemic stroke, and HIV infection-related risk of stroke was higher among subjects diagnosed
in the early cART era.
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Table 3. Risk of stroke in patients with HIV infection according to calendar year of diagnosis.

Year of diagnosis of

HIV infection

1998-1999

2000-2002

2003-2005

HIV group

No. | No. |Rate®

Event
1302 | 45 321

1786 | 22 1.40

2873 | 36 191

Abbreviations: No., Number CI, confidence interval; HIV, human immunodeficiency virus; HR, hazard ratio.

“Patients with undetermined stroke were excluded in the analysis by stroke subtypes (n = 79).

®Incidence rate per 1000 person-years.

Total Stroke® Ischemic stroke Hemorrhage stroke
Comparison group | HR (95% | HIV group | Comparison | HR (95% | HIV group | Comparison | HR (95%
CI)© group CI)* group CI)©
No. | No. |Rate” No. |Rate®| No. |Rate® No. |Rate®| No. |Rate®
Event Event Event Event Event
5208 | 160 | 2.44 1.51 28 2.00 89 1.36 1.73 11 0.78 | 47 0.72 1.18
(1.08- (1.13- (0.61-
2.10) 2.65) 2.27)
7144 | 155 | 2.21 0.75 11 0.70 87 1.24 0.68 8 0.51 42 0.60 0.95
(0.48- (0.39- (0.45-
1.18) 1.28) 2.04)
11492 | 110 | 1.39 1.44 20 1.06 69 0.87 1.33 10 0.53 27 0.34 1.52
(0.98- (0.80- (0.72-
2.11) 2.20) 3.18)

“Adjusted for age, sex, and comorbidities including diabetes, hypertension, hyperlipidemia, chronic kidney disease, cancer, coronary heart disease and atrial fibrillation.

P values of test for interaction effect between HIV infection and year of diagnosis: 0.034 for total stroke, 0.056 for ischemic stroke and 0.643 for hemorrhage stroke.

https://doi.org/10.1371/journal.pone.0217147.t1003

Epidemiological studies in different areas and with different ethnic groups revealed varia-
tions in the incidence of stroke among people with HIV infection. In general, studies from
Asia yielded lower incidence. Chow et al. reported that the incidence rate of ischemic stroke
per 1000 person-years was 5.27 in the HIV cohort and 3.75 in patients without HIV [8], and
the incidence of hemorrhage stroke per 1000 person-years was 2.29 in the HIV-infected group
compared with 1.23 in non-HIV group [12] in a local US health care system. One recent study
in Taiwan showed the incidence rates of total stroke, ischemic stroke, and hemorrhagic stroke
were 2.53 vs. 1.4; 1.87 vs. 1.01; 0.66 vs. 0.39 per 1000 person-years in the HIV cohort compared
with the non-HIV cohort [14]. Another recent study found 2.2 cardiovascular events per 1000
person-years in the TREAT Asia HIV Observational Database [25]. Our observations revealed
that the incidence rate of overall stroke per 1000 person-years was 2.12 among patients with
HIV infection and 1.98 among the comparison group, which is lower than the studies reported
in Western countries [5, 7-9, 11, 12], but similar to those in Asia [14, 25]. The reasons for the
lower incidence rate of stroke in HIV-infected individuals in Asia remain unclear. Explana-
tions may include the differences in study methods such as data sources, survey methods, time
periods, the inclusion criteria for subject selection, and different population genetics.

The strength of the associations in our analyses, which showed an adjusted HR of 1.21 (95%
CI 0.98-1.51) for total stroke and 1.23 [95% CI 0.93-1.64]) for ischemic stroke, was weaker
than that observed in a Danish study [5] and a recent study in Taiwan [14] (HR [95% CI] for
total stroke, 1.60 [1.30-1.95] and 1.83 [1.58-2.13], respectively), but similar to findings in a US
study (HR [95% CI], 1.21 [1.01-1.46] for ischemic stroke) [8]. The statistical non-significance
may reflect insufficient statistical power to detect the moderate association because of the rela-
tively lower incidence of stroke and the smaller number of outcome events in our analysis than
in the US study [8]. Furthermore, our study suggests variability of the association across
patient subgroups of age and calendar year of diagnosis of HIV infection, which warrants fur-
ther investigation.

Few studies have reported the association between HIV infection and risk of stroke by age
and sex. Our observation was in line with the finding of Chow et al. [8], which showed a
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Years of follow-up : LA 5 Comparison -
No. atrisk Eventno. Rate? No. at risk  Event no. Rate?® HR (95 % CI)®
All stroke
0-1 5961 18 3.17 23844 38 1.60 P 2.02 (1.14-3.56)
1-2 5556 6 1.09 23530 33 1.41 * 0.88 (0.37-2.10)
23 5436 8 1.49 23278 32 1.38 ° 1.17 (0.53-2.56)
34 5322 7 1.33 23071 45 1.96 P 0.74 (0.33-1.65)
4-5 5226 8 1.55 22892 39 1.71 ° 1.07 (0.50-2.29)
5-6 5125 13 2.56 22707 31 1.37 P 2.05 (1.07-3.94)
6-7 4994 8 1.82 22410 45 2.45 P 0.84 (0.39-1.80)
7-8 3910 8 231 17649 26 1.75 P 1.48 (0.67-3.29)
89 3062 3 1.11 14038 37 3.01 P 0.42 (0.13-1.37)
9-10 2395 7 3.37 11196 29 2.96 P 1.23 (0.53-2.82)
10-11 1812 5 3.22 8613 25 3.22 P 1.14 (0.43-3.04)
11-12 1319 3 2.74 6405 17 2.90 o~ 1.04 (0.30-3.55)
12-13 915 5 6.86 4587 17 3.91 P 1.75 (0.64-4.82)
13-14 575 4 9.27 2936 11 3.95 P 2.20 (0.69-6.98)
Ischemic stroke
0-1 5961 7 1.23 23844 24 1.01 o 1.22 (0.52-2.85)
1-2 5556 4 0.73 23530 18 0.77 P 1.11 (0.37-3.28)
23 5436 4 0.74 23278 17 0.73 - 1.06 (0.34-3.32)
34 5322 4 0.76 23071 27 1.18 ° 0.73 (0.25-2.10)
4-5 5226 4 0.77 22892 20 0.88 P 1.10 (0.37-3.26)
5-6 5125 9 1.77 22707 21 0.93 - 2.14 (0.98-4.70)
6-7 4994 5 1.13 22410 23 1.25 P 1.00 (0.37-2.69)
7-8 3910 5 1.44 17649 14 0.94 P 1.70 (0.61-4.74)
89 3062 0 0.00 14038 18 1.47 NA
9-10 2395 4 1.93 11196 16 1.63 P 1.26 (0.41-3.87)
10-11 1812 4 2,58 8613 19 2.44 P 1.19 (0.39-3.61)
11-12 1319 3 2.74 6405 7 1.20 PY 2.49 (0.64-9.77)
12-13 915 3 4.11 4587 13 2.99 o 1.22 (0.34-4.42)
13-14 575 3 6.96 2936 8 2.87 ° 2.22 (0.57-8.57)
Hemorrhage stroke
0-1 5961 6 1.06 23844 8 0.34 ° 3.44 (1.18-10.0)
1-2 5556 1 0.18 23530 10 043 o 0.45 (0.06-3.52)
23 5436 2 0.37 23278 6 0.26 ° 1.58 (0.32-7.85)
34 5322 2 0.38 23071 12 0.52 - 0.74 (0.16-3.29)
4-5 5226 3 0.58 22892 16 0.70 P 0.92 (0.27-3.18)
5-6 5125 3 0.59 22707 7 0.31 o 1.81(0.45-7.22)
6-7 4994 0 0.00 22410 13 0.71 NA
7-8 3910 3 0.86 17649 6 0.40 ° 2.54 (0.63-10.3)
8-9 3062 3 1.11 14038 13 1.06 o~ 1.11 (0.32-3.92)
9-10 2395 2 0.96 11196 11 112 *— 0.94 (0.21-4.26)
10-11 1812 1 0.64 8613 3 0.39 ® 1.61 (0.17-15.5)
11-12 1319 0 0.00 6405 6 1.02 NA
12-13 915 2 2.74 4587 3 0.69 ° - 4.25 (0.71-25.6)
13-14 575 1 2.32 2936 2 0.72 ® — 277 (0.25-30.7)

79 Undetermined stroke is not listed in Fig 2.
4Rate, per 1000 person-years.

bAdjusted for age, gender, diabetes, hypertension, hyperlipidemia, chronic kidney disease, cancer, coronary heart disease and atrial
fibrillation.

03 6 912152530

Fig 2. Risk of stroke in association with HIV infection according to time of follow-up.

https://doi.org/10.1371/journal.pone.0217147.g002
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greater HIV infection-related risk of ischemic stroke in young people and women. However,
their study did not report the results of testing for interaction [8] with age and sex. We found
that the difference in the risk of total stroke and ischemic stroke associated with HIV infection
was statistically significant by age but not by sex. Previous studies have also indicated that the
risk of hemorrhagic stroke associated with HIV infection increased particularly in younger
patients and with more advanced disease [11, 12, 14, 26]. However, it may not be appropriate
to make conclusions about the risk of hemorrhagic stroke in our analysis because the number
of events was very small in the age and sex stratifications.

The potential mechanisms of ischemic stroke and hemorrhagic stroke in patients with HIV
infection are multifactorial. HIV-related causes of ischemic stroke include aneurismal forma-
tion, vasculitis, accelerated atherosclerosis, HIV-associated cerebral blood vessel disease,
opportunistic infection or neoplasia, cardioembolism, coagulopathy, and HIV-associated
hyperviscosity [1, 27]. Possible HIV-related causes of hemorrhagic stroke include HIV-associ-
ated aneurysmal vasculopathy [28], vasculitis [29], immune thrombocytopenia [30], AIDS
associated tumors, or infection [31, 32].

Our observations showed that the mean age diagnosed with stroke was 7-years younger in
the HIV infection cohort than in the comparison group. This result is consistent with previous
studies, which reported that patients with HIV developed stroke younger than those without
HIV infection in individuals without traditional risk factors [33], even with good immune
function [34], both in ischemic stroke [8, 33] and in hemorrhagic stroke [12, 26]. In Africa,
patients with HIV that developed stroke were younger with a median age of 33.4 years in
South Africa [33] and 39.8 years in Malawi [35]. Stroke incidence is usually low in young indi-
viduals and rises exponentially with age [36], because the vascular risk factors of stroke do not
occur frequently in young individuals [37]. The remarkably high risk of stroke association
with HIV infection in young people, and the younger age at diagnosis of stroke in the HIV
infection group than in the comparison group implies that HIV infection plays an important
role in young stroke.

Our finding in the analysis stratified by calendar year of diagnosis is consistent with the
study by Alvaro-Meca et al., which revealed a decline in the stroke risk among HIV-infected
individuals in more recent years after the introduction of HAART (highly active antiretroviral
therapy) [21]. There may be a number of reasons for this decline. First, the adverse side effects
of older antiretroviral regimens or more effective treatments in the recent era has led to seeing
a higher stroke risk in the early HAART epoch than in more recent periods. Second, limited
tools for making a stroke diagnosis in the earlier period might have resulted in an overesti-
mated misdiagnosis [38, 39]. For example, HIV encephalopathy [40] or an HIV-related CNS
opportunistic infection can mimic stroke [41].

In a stratified analysis by follow-up duration, we observed greater HRs for stroke in the first
year after the diagnosis of HIV infection, but the interaction effect with follow-up time was not
statistically significant. However, the number of stroke events in the HIV infection group in
the stratifications of follow-up time was small. Further studies with larger sample sizes may
help clarify this issue. From a prevention point of view, the importance of earlier risk factor
correction and stroke prevention should still be emphasized once the definite diagnoses of
HIV infection are established.

Our study has some limitations. First, patient characteristics including smoking history and
status, BMI, and laboratory data, are not available in the claims data. Therefore, we were
unable to assess the extent to which the confounding effects by these factors, if they exist,
could explain the observed association between HIV infection and the incidence of stroke.
However, such a confounding effect is unlikely to fully account for all the observed associa-
tions, particularly for the subgroups of young patients and those diagnosed in earlier years, in
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which the associations were relatively strong. Further studies that collect these variables could
help clarify this issue. Second, our necessary reliance on administrative claims data recorded
by physicians and hospitals to establish diagnoses of HIV infection and stroke are less accurate
than those designed in prospective settings. To minimize bias and strengthen the reliability,
only patients with Catastrophic Illness Certificates of HIV infection were included. Issuing the
certificates requires approval by an expert committee after review of the medical records.
Stroke events were defined as hospitalized patients whose first major diagnoses were stroke.
Third, information on the treatments of HIV infection is not available in this study. Thus, we
were unable to evaluate the association between the treatments and the stroke risk in patients
with HIV infection in this post-cART era. Fourth, our study based on observational claims
data analysis cannot establish the mechanism of developing stroke in association with HIV
infection. Finally, the non-significant results may be due to insufficient statistical power to
detect the moderate association or the small number of events in the analyses of hemorrhagic
stroke.

Conclusions

This nationwide population-based study in Taiwan reveals that young individuals with HIV
infection have an elevated risk of subsequent stroke. Ischemic stroke risk was higher in the
early stage of antiretroviral therapy and declined in the more recent era. An etiology survey
and risk factor control for stroke prevention should be provided to young HIV-infected indi-
viduals aggressively and as early as possible.
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Objective: The standard treatment for endometrial cancer is surgery with hysterectomy. However, this
procedure will cause infertility in young women who desire to preserve pregnant ability. Conservative
management with hormone therapy has been shown to be satisfactory in both tumor control and fertility
preservation. Recently, hysteroscopic tumor resection followed by progestin therapy has been reported
to be an alternative strategy. In this study we present our experience with this approach.
Materials and methods: Six young patients (30—36 years old) diagnosed with grade 1 stage IA endo-
metrial cancer who wished to preserve fertility were enrolled for this treatment procedure. The patients
underwent hysteroscopic tumor resection followed by oral progestin therapy with either megestrol
acetate or medroxyprogesterone acetate for at least 6 months. Interval hysteroscopy with biopsy was
performed during the treatment course to evaluate disease response.
Results: All of the six patients had complete tumor remission after hysteroscopic resection and progestin
therapy (five in 6 months, one in 9 months). In a median follow-up of 32 months (range 4—49months),
one patient became pregnant spontaneously and delivered a full-term healthy baby via cesarean section.
She received a definite surgery 3 months later, and the pathology confirmed no tumor existence. The
other five patients were also free of disease at the last follow-up.
Conclusion: Hysteroscopic tumor resection followed by progestin therapy for early-stage and well-
differentiated endometrial cancer is a safe conservative treatment strategy. It could be an option for
young patients who wish to preserve fertility.

© 2018 Taiwan Association of Obstetrics & Gynecology. Publishing services by Elsevier B.V. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

Endometrial cancer is the most common gynecological cancer in
developed countries. It mainly affects women of postmenopausal
age, however, approximately 4—5% of patients are younger than 40
years and most of them have stage [, grade 1 disease. In addition,
these patients usually have a better overall 5-year disease-free
survival than older women [1].

Although most stage I, grade 1 endometrial cancers are curable
with surgical resection and a favorable outcome can be expected,
sacrificing the uterus is often unacceptable for young patients who

* Corresponding author. Department of Obstetrics and Gynecology, Show Chwan
Memorial Hospital, No.542, Sec.1, Chung-Shang Rd.Changhua, Taiwan.
E-mail address: fsliufsliu@yahoo.com.tw (E.-S. Liu).

https://doi.org/10.1016/j.tjog.2018.11.017

wish to preserve fertility. A conservative and feasible approach to
treat this specific group of patients is therefore an important issue.
Because endometrial cancer is well-known as an estrogen-
related neoplasm, treatment of this disease with progestins was
described as early as decades ago [2—4]. Currently, high-dose pro-
gestin therapy has been proved effective in treating early-stage and
well-differentiated endometrial cancer [5—9]. This approach meets
the requirement of successful disease control while preserving
fertility, and it has widely been accepted for the management of
young patients whose disease status is suitable for such therapy.
Hysteroscopic tumor resection is another treatment strategy for
early-stage endometrial cancer. It was first reported in single case
trials [10,11]. This procedure may provide a direct and targeted
approach for endometrial lesions. Several subsequent series re-
ported that hysteroscopic tumor resection followed by progestin

1028-4559/© 2018 Taiwan Association of Obstetrics & Gynecology. Publishing services by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://
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therapy revealed satisfactory oncologic outcomes. A previous
literature review included four studies with a total of 36 patients
who were treated with hysteroscopic surgery followed by progestin
therapy. The complete response rate was 88.9% with tumor recur-
rence in four patients. Nine patients had a successful pregnancy
after achieving complete remission with a pregnancy rate of 25%
[12]. Other later studies also reported similar oncologic outcomes
and even better fertility rates [13,14].

In this report, we present six young patients with stage I, grade 1
and solitary endometrial carcinoma who were treated with hys-
teroscopic tumor resection followed by progestin therapy.
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Table 1

Clinical characteristics of patients (n = 6).
Patient 1 2 3 4 5 6
Age (yr) 34 36 30 31 36 35
BMI 28.2 29.9 35.9 23.6 24.6 36.9
EM thickness (cm)? 2.2 1.8 23 1.2 2.2 2.6
MRI staging IA 1A 1A 1A 1A 1A
ER/PR +[+ +/+ +/+ +/+ +/- +/+
Hormone therapy MPA MA MA MPA MPA MA
Disease monitoring hys hys hys hys hys D&C
Biopsy number” 4 3 2 2 2 2
Time to CR (mo) 9 6 6 6 6 6
Follow-up (mo) 39 49 44 25 21 4
Fertility desire yes yes no yes yes yes
Child bearing 0 1 0 0 0 0

Materials and methods

From 2013 to 2017, six nulliparous women under 40 years of age
were diagnosed with stage IA, grade 1 endometrioid endometrial
carcinoma. The tumors were positive for estrogen and or proges-
terone receptors by immnohistochemical studies, and all of the
patients wished to preserve fertility. These patients were recruited
for the conservative treatment strategy after being counseled about
the procedures and the possible risk of tumor recurrence, and all
provided informed consent.

The histological type and tumor grading were confirmed by two
pathologists from hysteroscopic biopsies. Magnetic resonance im-
aging (MRI) examination was performed after the pathological
diagnosis had been made to evaluate if there is myometrial inva-
sion. The patients then received hysteroscopic tumor resection
under general anesthesia with the uterine cavity distended with
normal saline under gravity inflow of 70 mm Hg pressure. The
outflow fluid was collected and the amount was monitored. A 5-
mm cutting loop electrode with 100 W of power was used to
resect the tumor lesion and the nearby endometrium until the
myometrium underlying the lesion was visualized.

When the tumor histology and grading were further confirmed
as endometrioid carcinoma with grade 1 differentiation and there
was no lymphovascular space invasion noted in the final patho-
logic examination, the patients received postoperative progestin
therapy of either megestrol acetate (MA) 160 mg daily or
medroxyprogesterone acetate (MPA) 500 mg daily for at least 6
months. To monitor disease status, the patients underwent a
hysteroscopic biopsy or uterine curettage during follow-up with
an interval of 3—4 months depending on the previous patholog-
ical findings. A complete response was defined as the absence of
any degree of endometrial hyperplasia. The patients were then
encouraged to prepare for pregnancy. If the patient did not plan to
become pregnant at that time, levonorgestrel IlUD was used as
maintenance therapy, and the patients were followed up at
outpatient department every 3 months. A diagnostic hystero-
scopic or uterine curettage biopsy was performed if abnormal
uterine bleeding or an endometrial lesion was suspected in an
ultrasound examination. The patient was shifted to a complete
staging operation if persistent disease was noted after hormone
therapy for 6 months or tumor recurrence was confirmed by pa-
thology at follow-up.

Results

The clinical characteristics of the six patients are summarized in
Table 1. The age of the patients ranged from 30 to 36 years, and their
body mass index ranged from 28.2 to 36.9. Three patients received
MPA and three patients received MA as hormone therapy
after hysteroscopic tumor resection. Three patients received two
hysteroscopic biopsies, one patient received three hysteroscoic bi-
opsies, and one patient received four hysteroscopic biopsies during
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BMI = body mass index; EM = endometrium; MRI = magnetic resonance imaging;
ER/PR = estrogen receptor/progesterone receptor; hys = hysteroscopy;
CR = complete response.

2 Measured by ultrasound examination.

> Number of biopsy during follow-up.

follow-up. The other patient (case 6) received uterine curettage
alone twice to monitor the tumor response.

The median follow-up time from the date of complete remission
was 32 months (range 4—49 months). The tumors regressed to
atypical endometrial hyperplasia in five patients, and complex
atypical endometrial hyperplasia in one patient (case 1) after hor-
mone therapy for 3 months. A complete response was confirmed in
five patients after 6 months of hormone therapy, while case 1
needed 9 months to reach a complete response.

No intrauterine adhesion was noted among the five patients
who received hysteroscopic examinations during follow-up. How-
ever, severe endometrial atrophy with cystic change was noted in
one patient (case 1). No other side effect associated with the hor-
mone therapy was noted.

One patient (case 2) became pregnant spontaneously, and she
received a cesarean section and delivered a healthy baby at 38
weeks of gestation. A complete staging operation was performed 3
months later, and no evidence of disease was confirmed. Four
women are still trying to get pregnant but only two are receiving
artificial reproductive technology. The remaining patient has no
plan to conceive at present, she is using levonorgestrel IUD as
maintenance therapy. All of the six patients were free of disease at
the last follow-up.

Discussion

Conservative treatment for early-stage endometrial cancer in
young women has widely been accepted as an alternative to
definitive surgical management, as it can both treat the disease and
preserve fertility. Currently, the most commonly used strategy is
selecting suitable candidates who are diagnosed as stage IA grade 1
endometrioid carcinoma with tumor confined at the endometrium
by either MRI or transvaginal ultrasound [15]. High-dose progestin
with either MPA at a dose of 400—600 mg/d or MA at a dose of
160—320 mg/d for at least 6 months is recommended [16]. Tumor
response rate to conservative therapy has been reported from 50%
to 75% [5—9]. A previous systematic review and meta-analysis re-
ported that the pooled live birth rate was 28% in 325 women
treated with progestins [5]. However, the reported tumor recur-
rence rate after conservative management ranges from 30% to 40%
[5—9]. Moreover, a Taiwanese series reported that the 5-, 10-, and
15-year cumulative recurrence-free survival rates were 51%, 51%,
and 34%, respectively [17]. The high recurrence rate and relatively
low long-term survival rate should not be underestimated. There-
fore, patients should be encouraged to get pregnant as early as
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possible when complete remission of disease is confirmed by pa-
thology examination. A definite surgery is strongly indicated after
childbearing to avoid tumor recurrence. In patients with no im-
mediate desire to conceive, maintenance therapy with the insertion
of levonorgestrel IUD is recommended [16,18].

Direct tumor resection via hysteroscopy can remove the tumor
quickly and effectively. It is reasonable to assume that the tumor
control rate with hormone therapy after hysteroscopic resection of
the main tumor will be higher because of a reduction in tumor
volume. It would also be interesting to investigate whether the
duration of postoperative progestin therapy can be shortened after
hysteroscopic resection.

Intraperitoneal spread of tumor cells through the fallopian tubes
during hysteroscopy has been challenged when making a hyster-
oscopic diagnosis of endometrial cancer. The increase in intra-
uterine pressure during perfusion of distention media may increase
the risk of dissemination of malignant cells into the peritoneal
cavity. Two previous meta-analyses reported that patients who
underwent hysteroscopy had a higher rate of malignant peritoneal
cytology compared to those who did not undergo hysteroscopy
[19,20]. However, another controlled randomized study reported
that diagnostic hysteroscopy did not cause an increase in pelvic
recurrence rate compared to the non-hysteroscopy group after
more than 5 years of follow-up. In addition, no differences in overall
survival and disease-free survival were noted between the two
groups of patients [21]. At present, hysteroscopy is still regarded to
be a safe diagnostic procedure for endometrial cancer [20,21],
however, whether the therapeutic use of hysteroscopy would affect
the patients’ prognosis deserves to observe.

In a review study by Alonso et al., four of 36 cases receiving
hysteroscopic resection of endometrial cancer had tumor recur-
rence, but all the recurrences were either hyperplasia or atypical
hyperplasia [12]. A long-term follow-up study included 28 pa-
tients with stage IA, grade 1-2 disease who received hystero-
scopic resection and postoperative oral megestrol acetate or
levonorgestrel IUD insertion. In that study, two patients (7.1%) had
persistent disease, one patient (3.6%) had progressive disease and
underwent definitive surgery. Another two patients had recurrent
disease after a median follow-up of 92 months (range, 6—172
months) [22]. Both of the two patients with recurrence had syn-
chronous ovarian endometrioid carcinoma after staging surgery
(stage IIB grade 1 and stage IA, grade 1). Whether the ovarian
cancers were related to the previous hysteroscopy could not be
clearly confirmed.

A recent meta-analysis compared the effects of three fertility-
preserving treatment modalities (oral progestin only, hystero-
scopic resection followed by progestin therapy, and levonorgestrel
IUD combined with gonadotropin-releasing hormone therapy) on
complete remission rate, recurrence rate, and pregnancy rate [23].
The results showed that the hysteroscopy group had the highest
complete remission rate (95.3%), and that the oral progestin group
had the highest recurrence rate (30.7%). The pregnancy rate was
similar among the three groups (52.1%, 47.8%, and 56.0%, respec-
tively). Therefore, hysteroscopic tumor resection followed by pro-
gestin therapy seems to be a promising option in treating young
patients with early-stage grade 1 endometrial cancer who desire to
preserve fertility.

Despite the positive effects of therapeutic hysteroscopic tumor
resection, some problems still need to be elucidated. For example,
the possibility of the spread of cancer cells into peritoneal cavity
still should to be concerned. In addition, whether the injury to the
basal layer of endometrium or underlying myometrium by thermal
effect or mechanical destruction would bring negative impact on
the pregnancy outcome also awaits answer [24]. At present,

hysteroscopic tumor resection plus progestin therapy remains a
topic of debate, and further data are needed to confirm its safety
and feasibility [25].

In conclusion, hysteroscopic tumor resection plus progestational
therapy could be considered as a safe treatment strategy with re-
gard to oncological concern. Its pregnancy rate seems not inferior to
the hormone therapy. However, careful selection of the candidates
and a thorough counseling about tumor treatment and fertility plan
are absolutely necessary before starting the treatment.
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Abstract: To investigate the association among lower urinary tract infection (UTI), the type and
timing of antibiotic usage, and the subsequent risk of developing cancers, especially genitourinary
cancers (GUC), in Taiwan. This retrospective population-based cohort study was conducted using
2009-2013 data from the Longitudinal Health Insurance Database. This study enrolled patients
who were diagnosed with a UTI between 2010 and 2012. A 1:2 propensity score-matched control
population without UTI served as the control group. Multivariate analysis with a multiple Cox
regression model was applied to analyze the data. A total of 38,084 patients with UTI were included
in the study group, and 76,168 participants without UTI were included in the control group. The result
showed a higher hazard ratio of any cancer in both sexes with UTI (for males, adjusted hazard ratio
(aHR) = 1.32; 95% confidence interval (CI) = 1.12-1.54; for females, aHR = 1.21; 95% CI = 1.08-1.35).
Patients with UTI had a higher probability of developing new GUC than those without UTI. Moreover,
the genital organs, kidney, and urinary bladder of men were significantly more affected than those
of women with prior UTI. Furthermore, antibiotic treatment for more than 7 days associated the
incidence of bladder cancer in men (7-13 days, aHR = 1.23, 95% CI = 0.50-3.02; >14 days, aHR = 2.73,
CI = 1.32-5.64). In conclusion, UTT is significantly related to GUC and may serve as an early sign
of GUC, especially in the male genital organs, prostate, kidney, and urinary bladder. During UTI
treatment, physicians should cautiously prescribe antibiotics to patients.

Keywords: urinary tract infection; genitourinary organs cancer; retrospective cohort study

1. Introduction

Urinary tract infection (UTI) is one of the most common infectious diseases and the main cause of
community-acquired and nosocomial infections at admission [1]. Patients with UTI usually present
with acute clinical UTI or chronic uncomplicated or complicated UTL. Complicated UTI involve
individuals with a condition or more resistant pathogen that increases the risk of failing treatment
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with functional, metabolic, or structural abnormalities [2]. Moreover, the UTI incidence in women is
much higher than that in men, but the majority are simple or uncomplicated UTI that occur in healthy
or nonpregnant women [3]. In women, the urethra is close to the vagina and rectum, which can lead to
the unintentional introduction of fecal flora into the urinary tract, the most common cause of frequent
occurrence of UTI. Furthermore, the risk of bacteria colonization increases in postmenopausal women
because of the loss of vaginal pH physiological tuning ability [4].

Lower UTI includes cystitis and prostatitis, and upper UTI include pyelonephritis. The Infectious
Diseases Society of America observed a UTI prevalence of 1%-5% in healthy and premenopausal
women and 1.9%-9.5% in pregnant women. Symptoms of lower urinary tract are common in men,
and the prevalence increases with age. Up to 90% of men aged 50-80 years may suffer from troublesome
lower urinary tract symptoms [5].

Inflammation is a main factor in cancer development, but studies on the relationship between
UTI and cancer risks are scant [6]. A recent study demonstrated a relationship between UTI and
genitourinary cancers (GUC) and confirmed that recurrent UTI are a risk factor for urinary bladder
cancer [7]. Moreover, the relationship between UTI and other tumors is important because UTI-caused
inflammatory response is a systemic symptom. In addition, UTI can be diagnosed on the basis of a
combination of symptoms and a positive urine analysis or culture [8]. Thus, multiple antimicrobial
therapies, including treatment with cephalosporin, quinolone, ampicillin, beta-lactam, amoxicillin,
nitrofurantoin, sulfamethoxazole, and trimethoprim, can be prescribed [9,10]. Thus, using antibiotics
is necessary for UTI treatment. Although evidence for the relationship between UTI and cancer risks
is rare, it is reasonable to hypothesize that UTI disorders may still lead to cancers, especially GUC.
Therefore, using a nationwide database, this study investigated the association between UTI and
antibiotic usage influencing the risk of cancer.

2. Materials and Methods

2.1. Data Source

A national large-scale database, the Longitudinal Health Insurance Database (LHID), was used in
this study. The 2010 LHID is a subset of the National Health Insurance Database, which is released by
the National Health Research Institutes in Taiwan. The 2010 LHIRD, in which 1 million beneficiaries
are randomly sampled from National Health Insurance (NHI) system, comprises the claims data
of outpatient, admission, and prescription from 2009 to 2013. The NHI system is a single-payer
social insurance system, and the coverage was approximately 98% in 2010. To protect the privacy of
patients and care providers, the personnel identification numbers are scrambled for de-identification.
The study was approved by the Ethical Review Board of Chung Shan Medical University Hospital
(CSMU No.: 18096).

2.2. Patient Selection (Exposure of UTI Infection)

This was a retrospective cohort study. We identified patients (n = 140,308) who visited a
hospital or were hospitalized for UTI (ICD-9: 599.0, 595.0, 595.9, and 590) and had antibiotic therapy
(cephalosporins, quinolone antibacterial, sulfonamides and trimethoprim, ampicillin, amoxicillin,
and nitrofurantoin) in the same visit during 2009-2013 as the exposure group. To ensure that only
newly identified UTI was included, prevalent cases of UTI in 2009 were excluded. Furthermore,
patients newly diagnosed with UTI in 2013 were excluded because they were only followed up for less
than 1 year. The index date was the first date of UTI visit or admission; additional exclusion criteria
included patients aged less than 20 years old, those having any cancer, those who died, and those who
underwent urine examination within 6 months after the index date. A total of 38,084 patients were
diagnosed with UTI in this study.
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2.3. Propensity Score Matching (PSM)

A potential confounding bias exists in the observational study design. Propensity score matching
(PSM) was used to diminish this bias. We used a logistic regression model to estimate the probability
(propensity score) of UTI, using such predictors as age, the Charlson Comorbidity Index (CCI),
and other comorbidities (hypertension (ICD-9: 401-405), diabetes (ICD-9: 250), dyslipidemia (ICD-9:
272), rheumatic diseases (ICD-9: 714, 710, 720, 696.0, and 696.1), coronary artery disease (ICD-9:
410-414), chronic obstructive pulmonary disease (COPD, ICD-9: 490-492, 493-496), and chronic kidney
disease (CKD, ICD-9: 585)). The control (non-UTI exposure during 2009-2013) and study groups were
1:2 propensity-score-matched on the basis of sex because of the specific cancer sites in different genders.
The greedy algorithm of PSM was applied using SAS macro [11].

2.4. Outcome Measurement of Cancer Event

Subsequent cancer events were identified according to ICD-9: 140-208 for >2 outpatient visits or
>1 admission. Major cancer sites reported in Taiwan were considered for subevent analysis, including
colorectal (ICD-9: 153-154), liver (ICD-9: 155), lung (ICD-9: 162), and breast (ICD-9: 174), bladder
(ICD-9: 188), kidney (ICD-9: 189), male genital organs (ICD-9: 185-187), female genital organs (ICD-9:
179-184), and prostate (ICD-9: 185) cancers. All individuals were followed up from the index date
until diagnosed with any cancer, death, or end of study (31 December 2013).

2.5. Statistical Analysis

All analyses were performed after stratifying the data by sex because gender-specific cancer
sites were analyzed in this study. Chi-squared test was used to analyze the homogeneity of category
variables, and univariate and multivariate Cox regression models were conducted to estimate the crude
and adjusted hazard ratio (aHR) (95% confidence interval (CI)). All statistical analyses were performed
using SAS (version 9.4; SAS Institute, Cary, NC, USA). p less than 0.05 indicated statistical significance.

3. Results

We identified 38,084 patients diagnosed with UTI from 2010 to 2012 and a total of 76,168
propensity score-matched controls to explore their sequential cancer risk after the index date (Figure 1).
The baseline characteristics among the UTI and non-UTI groups stratified by sex are listed in Table 1.
After PSM, no significant difference was observed in the distributions of age group, CCI group,
and comorbidities (hypertension, diabetes hyperlipidemia, rheumatic diseases, coronary artery disease,
chronic obstructive pulmonary disease (COPD), and chronic kidney disease (CKD) in both genders.
More female UTI cases (the sex ratio, F:M = 31,172:6,912) were observed, especially in women aged
2044 and 45-65 years. The median of follow-up time was 25 months (Max: 42), because the index
date (start point of follow-up) was 6 months after UTL

The age—sex stratified incidence rate (per 10,000 person-months) and adjusted hazard risks of
specific-site cancer (colorectal, liver, lung, genital organs, bladder, kidney, male prostate, female breast
cancer, and any cancer) in patients with UTI are presented in Table 2. For men aged 20-64 years,
significant aHRs were observed in any cancers (aHR = 1.37, 95% CI = 1.02-1.86), bladder cancer
(aHR =12.10, 95% CI = 2.70-54.19), and kidney cancer (aHR = 5.20, 95% CI = 1.01-26.82). For men
aged >65 years, the associations were observed in any cancer (aHR = 1.29, 95% CI = 1.08-1.54),
colorectal cancer (aHR =1.59, 95% CI = 1.01-2.52), genital organ cancer (aHR = 2.37, 95% CI = 1.55-3.64),
bladder cancer (aHR = 28.60, 95% CI = 6.80-120.28), kidney cancer (aHR = 3.85, 95% CI = 1.42-10.42),
and prostate cancer (aHR = 2.44, 95% CI = 1.59-3.74). For women aged 20-64 years, the significant
aHRs were estimated in liver cancer (aHR = 2.44, 95% CI = 1.59-3.74), bladder cancer (aHR = 30.02,
95% CI = 3.97-227.28), and kidney cancer (aHR = 2.90, 95% CI = 1.24-6.78). For women aged >65 years,
the significantly increased aHRs were observed in any cancer (aHR = 1.30, 95% CI = 1.11-1.53), liver
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cancer (aHR = 1.54, 95% CI = 1.02-2.33), bladder cancer (aHR = 2.33, 95% CI = 1.01-5.42), and kidney
cancer (aHR = 3.40, 95% CI = 1.34-8.64).

2010 LHIRD, = 1,000,000

| l

Controls from 2009 to 2013, n= Had UTI from 2009 to 2013, and treated with
859,692 antibiotics when diagnosis, n = 140,308
Excluded

1. Index date before 2010, n= 38,646

2. Index date after 2012, n= 21,495

3. Age less than 20 years old, n = 6,938

4. Had any cancer before or within 6 months

after index date, n = 2383

5. Dead within 6 months after index date,
= 1,738

. Without general urine examination or
urine culture within 6 months from index
date, n= 29,862

. Cannot be propensity score matched, n=
1,162.

(=2}

~1

A v

1:2 propensity score matched Exposure of UTI, n= 38,084
controls, 7= 76,168

Figure 1. Flow chart for patient selection.

Table 1. Baseline characteristics of the study population.

Male Female
Non-UTIN = p Value Non-UTIN = UTIN = p Value
13,824 UTIN =6,912 62,344 31,172

Age 0.8332 0.4579

2044 4355 (31.5%) 2201 (31.84%) 31112 (49.90%) 15513 (49.77%)

45-65 4411 (31.91%) 2209 (31.96%) 20540 (32.95%) 10212 (32.76%)

>65 5058 (36.59%) 2502 (36.20%) 10692 (17.15%) 5447 (17.47%)
CClIs 0.8214 0.1808

0 6503 (47.04%) 3260 (47.16%) 37784 (60.61%) 18906 (60.65%)

12 5215 (37.72%) 2604 (37.67%) 20116 (32.27%) 9961 (31.95%)

3-4 1670 (12.08%) 846 (12.24%) 3765 (6.04%) 1921 (6.16%)

>5 436 (3.15%) 202 (2.92%) 679 (1.09%) 384 (1.23%)
Co-morbidity

Hypertension 5270 (38.12%) 2661 (38.50%) 0.5993 13847 (22.21%) 6963 (22.34%) 0.6605
Diabetes 2484 (17.97%) 1248 (18.06%) 0.8781 7391 (11.86%) 3730 (11.97%) 0.6221
Hyperlipidemia 2842 (20.56%) 1414 (20.46%) 0.8648 10363 (16.62%) 5189 (16.65%) 0.9258
Rheumatic diseases 399 (2.89%) 207 (2.99%) 0.6619 2650 (4.25%) 1317 (4.22%) 0.8544
Coronary artery disease 1943 (14.06%) 957 (13.85%) 0.6814 4702 (7.54%) 2367 (7.59%) 0.7795
COPD 2083 (15.07%) 1047 (15.15%) 0.8801 4970 (7.97%) 2594 (8.32%) 0.0645
CKD 470 (3.40%) 231 (3.34%) 0.8279 723 (1.16%) 397 (1.27%) 0.1312
Pneumonia 254 (1.84%) 628 (9.09%) <0.0001 388 (0.62%) 716 (2.30%) <0.0001

UTT: urinary tract infection; CCI: Charlson Comorbidity Index.
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Table 2. Age stratified cancer incidence rate (per 10,000 person months) and adjusted hazard ratio
(95% C.I) tin patients with UTI exposure by cancer site.

20-64 y/o >65ylo
Incidence Rate aHR Incidence Rate aHR
Non-UTI  UTI Non-UTI  UTI
Male
All cancer 5.05 6.93 1.37 (1.02-1.86) 27.70 35.40 1.29 (1.08-1.54)
Colorectal 0.58 0.77 1.32 (0.54-3.23) 3.78 5.96 1.59 (1.01-2.52)
Liver 0.72 0.77 1.05 (0.44-2.47) 4.04 2.61 0.65 (0.36-1.19)
Lung 0.67 0.77 1.46 (0.75-2.86) 5.98 4.10 1.13 (0.75-1.70)
Genital organs 0.48 0.48 1.05 (0.36-3.09) 3.52 8.39 2.37 (1.55-3.64)
Bladder 0.10 1.15 12.10 (2.70-54.19) 0.18 5.03 28.60 (6.80-120.28)
Kidney 0.10 0.48 5.20 (1.01-26.82) 0.53 2.05 3.85 (1.42-10.42)
Prostate 0.43 0.38 0.96 (0.29-3.15) 3.43 8.39 2.44 (1.59-3.74)
Female
All cancer 3.52 3.95 1.13 (0.97-1.32) 14.49 18.96 1.30 (1.11-1.53)
Colorectal 0.45 0.32 0.70 (0.42-1.17) 2.76 291 1.06 (0.71-1.57)
Liver 0.21 0.36 1.75 (1.00-3.04) 1.94 3.06 1.54 (1.02-2.33)
Lung 0.25 0.47 1.22 (0.86-1.71) 2.56 2.52 0.75 (0.43-1.32)
Genital organs 0.46 0.36 0.79 (0.49-1.28) 0.74 1.38 1.86 (0.98-3.56)
Bladder 0.01 0.24 30.02 (3.97-227.28) 0.39 0.92 2.34 (1.01-5.42)
Kidney 0.07 0.21 2.90 (1.24-6.78) 0.27 0.92 3.40 (1.34-8.64)
Breast 1.16 1.04 0.90 (0.68-1.21) 1.51 1.68 1.10 (0.65-1.85)

t adjusted for age (per 1 year), CCI score, and co-morbidities (including hypertension, diabetes, hyperlipidemia,
rheumatic disease, coronary artery disease, COPD, CKD, and pneumonia. Bold font indicates statistical significance
(p <0.05).

The significantly increased HRs of any cancer for UTI exposure in men (crude HR = 1.27,
95% CI = 1.09-1.48; aHR = 1.32, 95% CI = 1.12-1.54) and women (crude HR = 1.21, 95% CI = 1.09-1.36;
aHR =1.21, 95% CI = 1.08-1.35) are indicated in Tables 3 and 4. Additionally, we also demonstrated
that in individuals aged >65 years, a CCI score of >5 indicated higher risk of cancer incidence.

Table 3. Adjusted hazard ratio of all cancer in males.

Crude HR  95% C.L p Value aHR * 95% C.I. p Value
UTI (Ref: No)
Yes 1.27 1.09-1.48 0.0023 1.32 1.12-1.54 0.0007
Age (Ref: 20-44)
45-65 5.21 3.50-7.76 <0.0001 4.69 3.14-7.03 <0.0001
>65 16.37 11.26-23.79 <0.0001 12.32 8.29-18.31 <0.0001
CClIs score (Ref: 0)
1-2 2.34 1.94-2.82 <0.0001 1.28 1.03-1.58 0.0230
34 3.87 3.11-4.81 <0.0001 1.50 1.13-1.99 0.0046
>5 5.42 3.92-7.49 <0.0001 1.88 1.24-2.84 0.0027
Co-morbidity
Hypertension 2.69 2.31-3.14 <0.0001 1.12 0.94-1.34 0.1901
Diabetes 1.76 1.49-2.09 <0.0001 0.90 0.73-1.10 0.2867
Hyperlipidemia 1.38 1.16-1.64 0.0002 0.93 0.77-1.12 0.4413
Rheumatic diseases 1.31 0.89-1.94 0.1747 1.00 0.67-1.48 0.9981
Coronary artery disease 2.44 2.06-2.89 <0.0001 1.25 1.04-1.49 0.0165
COrD 2.02 1.70-2.40 <0.0001 1.05 0.86-1.27 0.6569
CKD 2.21 1.62-3.03 <0.0001 0.98 0.70-1.37 0.8845
Pneumonia 2.15 1.61-2.88 <0.0001 0.95 0.70-1.29 0.7612

t adjusted for UTI infection, age group, CCI score, and co-morbidities (including hypertension, diabetes,
hyperlipidemia, rheumatic disease, coronary artery disease, COPD, CKD, and pneumonia.
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Table 4. Adjusted hazard ratio of all cancer in Female.

Crude HR  95% C.L p Value aHR * 95% C.I. p Value
UTI (Ref: No)
Yes 1.21 1.09-1.36 0.0007 1.21 1.08-1.35 0.0009
Age (Ref: 20-44)
45-65 4.68 3.94-5.57 <0.0001 441 3.68-5.27 <0.0001
>65 10.78 9.09-12.78 <0.0001 9.00 7.37-11.00 <0.0001
CClIs score (Ref: 0)
1-2 2.16 1.92-2.44 <0.0001 1.24 1.08-1.43 0.0023
34 3.86 3.27-4.57 <0.0001 1.40 1.13-1.74 0.0024
>5 5.47 4.02-7.44 <0.0001 1.54 1.03-2.29 0.0349
Co-morbidity
Hypertension 3.08 2.76-3.43 <0.0001 1.11 0.97-1.26 0.1444
Diabetes 2.39 2.10-2.71 <0.0001 0.95 0.81-1.11 0.4982
Hyperlipidemia 1.94 1.72-2.19 <0.0001 0.88 0.78-1.01 0.0774
Rheumatic diseases 1.28 1.00-1.63 0.0478 0.93 0.72-1.18 0.5332
Coronary artery disease 2.51 2.18-291 <0.0001 1.05 0.90-1.23 0.5270
COPD 1.63 1.39-1.93 <0.0001 0.91 0.76-1.09 0.3035
CKD 3.76 2.84-4.97 <0.0001 1.51 1.09-2.10 0.0141
Pneumonia 2.18 1.52-3.13 <0.0001 0.97 0.67-1.41 0.8892

t adjusted for UTI infection, age group, CCI score, and co-morbidities (including hypertension, diabetes,
hyperlipidemia, rheumatic disease, coronary artery disease, COPD, CKD, and pneumonia.

In Table 5, no interaction effect between UTI and pneumonia on cancer incidence was observed.
We demonstrated the dose response of antibiotic prescriptions on cancer incidence in men; the
significant p for trend was observed in any cancer (p = 0.0130) and bladder cancer (p = 0.0066).
However, no significant p trends were observed in women (Table 6).

The Kaplan—-Meier curve for specific cancer risk among the study groups are shown in Appendix A
Figure Al. Any cancer risk was under proportional hazard assumption; however, bladder and kidney
cancer risks were modified after 24 and 18 months, respectively, in the elder (>65 years old) population.

Table 5. Adjusted hazard risk T of cancer in patients with UTI or Pneumonia.

Non-UTI and Onlv UTI Only UTI Combined p for
Non-Pneumonia y Pneumonia Pneumonia Interaction
Male

All cancer Reference 1.35 (1.15-1.59) 1.24 (0.75-2.06) 1.14 (0.80-1.64) 0.2270
Colorectal Reference 1.54 (0.99-2.38) 1.90 (0.58-6.19) 1.76 (0.75-4.16) 0.4963
Liver Reference 0.86 (0.52-1.41) 1.12 (0.27-4.65) 0.23 (0.03-1.69) 0.2585
Lung Reference 0.79 (0.50-1.24) 1.32 (0.48-3.68) 0.78 (0.31-1.93) 0.6723
Genital organs Reference 2.23(1.49-3.35) 0.60 (0.08-4.36) 1.25(0.49-3.17) 0.9541
Bladder Reference 21.64 (7.71-60.77)  Can not estimate  7.63 (1.37-42.42) 0.9879
Kidney Reference 4.10 (1.72-9.80) Can not estimate  3.84 (0.78-18.87) 0.9908
Prostate Reference 2.29 (1.51-3.45) 0.61 (0.08—4.45) 1.28 (0.51-3.26) 0.9426

Female
All cancer Reference 1.20 (1.08-1.35) 0.85 (0.42-1.72) 1.24 (0.81-1.90) 0.6554
Colorectal Reference 0.92 (0.68-1.26) 0.68 (0.10-4.93) 0.35 (0.05-2.50) 0.6741
Liver Reference 157 (1.12-221)  072(0.10-5.19)  1.76 (0.70-4.41) 0.6862
Lung Reference 1.26 (0.91-1.75) 2.13 (0.676.79) 1.95 (0.78-4.85) 0.6684
Genital organs Reference 1.03 (0.70-1.52) Can not estimate 1.63 (0.39-6.77) 0.9735
Bladder Reference 4.84 (2.39-9.80) Can not estimate ~ 4.60 (0.58-36.22) 0.9944
Kidney Reference 343 (1.81-6.51) 6.44 (0.83-50.19)  Can not estimate 0.9768
Breast Reference 0.96 (0.75-1.24) 0.79 (0.11-5.66) 0.43 (0.06-3.08) 0.6890

t adjusted for age group, CCI score, and co-morbidities (including hypertension, diabetes, hyperlipidemia, rheumatic
disease, coronary artery disease, COPD, CKD, and pneumonia
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Table 6. Adjusted hazard risk T of cancer for dosage (days) trend of antibiotics prescriptions in patients

with UTL
Days of Antibiotics Prescriptions within 6 Months before Index Date
p for Trend

1-6 days 7-13 days >14 days

Male n=17241 n =1940 n = 1555
All cancer Reference 1.02 (0.75-1.40) 1.45 (1.09-1.91) 0.0130
Colorectal Reference 1.16 (0.54-2.46) 1.05 (0.49-2.23) 0.8669
Liver Reference 0.93 (0.32-2.72) 1.35 (0.51-3.56) 0.5874
Lung Reference 1.43 (0.60-3.41) 1.39 (0.58-3.30) 0.4213
Genital organs Reference 0.81 (0.37-1.77) 1.44 (0.78-2.66) 0.2860
Bladder Reference 1.23 (0.50-3.02) 2.73 (1.32-5.64) 0.0066
Kidney Reference 0.68 (0.18-2.55) 1.14 (0.37-3.54) 0.8995
Prostate Reference 0.82 (0.38-1.78) 1.36 (0.73-2.54) 0.3822

Female n = 80515 n=9014 n = 3987
All cancer Reference 1.08 (0.88-1.32) 1.10 (0.87-1.40) 0.3605
Colorectal Reference 1.00 (0.54-1.85) 1.31 (0.68-2.54) 0.4775
Liver Reference 1.19 (0.67-2.10) 1.12 (0.58-2.19) 0.6352
Lung Reference 1.53 (0.87-2.69) 1.49 (0.78-2.85) 0.1511
Genital organs Reference 2.06 (1.10-3.85) 0.33 (0.08-1.41) 0.7254
Bladder Reference 0.41 (0.12-1.44) 2.30 (1.01-5.25) 0.1283
Kidney Reference 2.34 (0.97-5.66) 1.73 (0.58-5.20) 0.1741
Breast Reference 1.13 (0.70-1.83) 1.42 (0.81-2.49) 0.2356

* adjusted for age group, CCI score, and co-morbidities (including hypertension, diabetes, hyperlipidemia, rheumatic
disease, coronary artery disease, COPD, CKD, and pneumonia.

4. Discussion

Per the analysis results presented in Figure Al, risk significantly increased not only in GUC but
also in any-cancer development. Males older than 65 years exhibited a negative association between
UTI and lung cancer risk (Figure Al). In previous reports, cephalosporins and quinolones were
associated with antitumor properties [12,13]. The incidence of lung cancer in middle-aged men with
UTI may be reduced through antibiotic treatments, and this hypothesis requires more evidence before
it can be confirmed.

UTI and pneumonia are clinically common complications, and the results of this work also
showed a high correlation between UTI and pneumonia (p < 0.001) (Table 3). Some reports have
revealed that pneumonia has a high correlation with lung cancer, and Marcus et al. provided
evidence of increased lung cancer risk among history of pneumonia rather than immunodeficiency [14].
The association between pneumonia and any cancer is rarely reported. The incidence of association
between pneumonia and any cancer was low in both men and women in this study (p > 0.05).

UTI is particularly associated with the bladder and kidney cancer in both men and women
(Table 2). The significant and large relative risk was found whether in young (20-64 y /o) or elderly
(>65 y/o) population. This evidence reinforces the study hypothesis that UTI directly increase the risk
in bladder and kidney cancers, which is consistent with Anderson-Otunu’s 2016 report [6]. Vermeulen
(2015) revealed that UTI are associated with a high risk of urinary bladder cancer in postmenopausal
women, especially in women who smoke or had smoked [7]. In males, the obstructive urinary
symptoms induced by benign prostatic hyperplasia include difficulty in urination and urine retention,
resulting in UTI caused from urinary stasis [15].

Similarly, Table 6 indicates that the use of antibiotics in the course of UTI treatments increases
the risk of bladder and kidney cancers. We analyzed the tumor incidence risk between UTI
and pneumonia after antibiotic treatment (Table 5). The correlation coefficient between antibiotic
treatment and tumor incidence was considerably low. However, a significant increase was
observed in the incidence of bladder cancer in men after antibiotic treatment for more than
7 days (Table 6). These results are contrary to many research conclusions, and most antibiotics
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such as cephalosporins, quinolones, and ampicillins are considered as a kind of cancer treatment
drug rather than a carcinogen [12,13,16]. However, no report has clarified whether beta-lactams,
amoxicillin, sulfamethoxazole, and trimethoprim are carcinogenic or have antitumor properties.
Only nitrofurantoin is a possible carcinogen due to its genotoxic and carcinogenic potential structures,
despite its antimicrobial property [17-20]. In Kimura’s report (2016), nitrofurantoin does not exert
sufficient renal carcinogen responses even after 28 days of administration [21]. In a recent study on the
structure-related genotoxicity of nitrofurantoin, a new evidence revealed that nitrofurantoin does not
increase the mutation frequency in the experimental mice. Nevertheless, nitrofurantoin presents no
genotoxicity without oxidative stress [22]. This report provided a safe basis for nitrofuran compound
development. The gold standard for UTI diagnosis is isolation and quantification of pathogens in
the presence of symptoms and obtaining the antibiotic sensitivity pattern to allow specific treatments.
However, in this observational study, we cannot provide the evidence of carcinogen from antibiotics.
The length (days) of antibiotics usage also correlated with the severity of infection, that might be
the risk factor of cancer. However, the appropriate drug dosage should be based on the severity,
characteristics and treatment of the infection situation. Therefore, we should consider antibiotic doses
in the treatment of UTI under the premise of controlling infection and avoiding drug resistance. Thus,
further research needs to clarify this issue in the future. Women after UTI have higher liver cancer
risk as reported in this work, especially approximately 30 months after infection. UTI infection is
positively associated with GUC, which is consistent with previous findings. Therefore, this study
posits a nonpathogenic causal relationship with UTI symptoms.

Our research has some limitations. First, the database used does not contain information on
patients’ clinical presentation, for example, the severity of UTI, personal behavioral information such
as drinking, smoking habits, and body mass index, and microbiological culture data that might affect
UTI occurrence. Second, the NHI system is limited to the population of Taiwan. Our findings reflect
the situation in Taiwan, but it may not be applicable to Western populations. These confounding
factors might have influenced the results.

5. Conclusions

In conclusion, UTI are highly correlated with the incidence of all tumors. Clinicians should
therefore refer to tumors screening in UTI patients, especially older patients, and not just patients
with GUC. In UTI treatment, especially when multiple pathogenic factors are entailed, antibiotics
must be used cautiously, and the time and dose of antibiotics should be minimized. Because UTI may
increase the incidence of genital organ, bladder, kidney, male colorectal, prostate, and female liver
cancer, knowledge about preventing UTI such as proper drinking water, exercise, and toilet habits
should be enhanced in educating the general public.
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Use of Movement Observation and Analysis in
Designing Intervention Methods:

A Case Report With Acute Ischemic Stroke
Jing-Ling Wang, Pei-Yu Chen

Background and Purpose
Recently, the Academy of
Neurologic Physical Therapy in
America has promoted developing
movement system diagnosis (MSD). It
IS because that medical diagnosis is
insufficient to guide physical therapy
intervention. To establish MSD,
standardized examination is needed.
Standardized examination includes
tests for specific impairments and
observational analysis of critical tasks.
The aim of this case report is to use
observational analysis in designing

intervention methods.

Methods

The case is a 75-year-old male
with acute ischemic stroke. The task
chosen in observational analysis was
based on the motor function of the
case. Movement continuum was used
in observational analysis, including
initial condition, preparation,
initiation, execution, and termination.
Intervention was designed according
to the problem found in observational

analysis.

89

Results

The case is an acute ischemic
stroke with left hemiparesis. He could
maintain sitting position 2 weeks after
onset, but he still could not sit to stand
independently. Therefore, sit to stand
was chosen as observational task. At
initial condition, he sat on the
therapeutic mat with hands on the mat
and feet on the floor. During initiation,
he inclined his trunk slightly. During
execution, he tried to extend his legs
without buttocks lift-off. During
termination, he fell backward and was
failed to standup. According to
observational analysis, the case lacked
forward and upward weight transfer,
and he lacked hip extension during
execution. The timing to lift the
buttock of the mat could be a problem.
Hence, the intervention should include
weight transfer and hip extension

training.

Conclusion

Observational movement analysis
is convenient to apply in clinical
settings, and the results can directly
use in task training.
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Table 1. Movement continuum of sit-to-stand task

Initial Condition Initiation Execution Termination
* Hands on mat * Minimal pelvis or * Extension of knees * Buttocks back to mat as
* Mat lower than tibial trunk movement before hips during first | trunk, hips and knees
tuberosity * Both hands pushed half of execution flexed
* Buttocks not at edge, mat and moved * Weight transfer * Hands on mat
feet on floor, less than | trunk forward slightly forward. then
hip width, pelvis backward to buttocks
posteriorly tilted,
trunk flexed
Clinical Relevance 2. David A. Brown, Kathleen Gill
Observational analysis is an Body, Lois D. Hedman, Myles
essential part of MSD and it can apply Quiben, Lori Quinn, Nora Riley,
in movement control and learning. & Patricia L. Scheets. (2017).
Movement System Diagnosis in
Reference Neurologic Physical Therapy:
1. Hedman, L. D, etal. (1996). Where Are We? Paper presented
“Neurologic Professional at the APTA Combined Sections
Education: Linking the Meeting 2017, San Antonio, TX.
Foundation Science of Motor 3. Scheets, P. L., Sahrmann, S. A., &
Control With Physical Therapy Norton, B. J. (2007). Use of
Interventions for Movement movement system diagnoses in
Dysfunction.” Journal of the management of patients with
Neurologic Physical Therapy neuromuscular conditions: a
20(1): 9-13. multiple-patient case report.

Physical therapy, 87(6), 654-669.
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Effect of Approximation on Tension Inhibition of
Affected Lower Extremity in Patient With Left
Middle Artery Infarction: A Case Report
Chiaoan Yang, Chia-Hsun Hung, Jing-Ling Wang

Background and Purpose
Approximation is a basic principle
for facilitation in proprioceptive
neuromuscular facilitation (PNF). It
can be used to facilitate motion and
stability. The patient with hemiplegia
usually has flaccid extremities and
cannot ambulate due to the inability to
maintain knee extension in stance
phase. Therefore, a gaiter is commonly
used to maintain the affected knee in
extension for bearing weight in stance
phase. The purpose of this case report
was to investigate the effect of
approximation with a gaiter in a
patient with left middle artery
infarction and right hemiplegia.

Methods

This case was an 82-year-old
female with right hemiplegia and
aphasia. She was afraid of weight
bearing over the affected side and did
not dare to stand without hand support
after 15 weeks of stroke onset. A gaiter
was used to maintain knee joint in
extension. First, the therapist brought

the affected leg forward. Then, the
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therapist gave approximation to the
affected leg when the patient moving
the sound leg forward. At the same
time, the therapist needed to keep the
affected leg in a toe-out position to
avoid ankle joint inversion during
stance phase. Ambulation training was
15 minutes per day. The ambulation
function, walking distance during
training, and muscle tone of the right

ankle joint were recorded.

Results

Before ambulation training, her
Brunnstrom’s stage over the right side
was Il in the upper extremity and Il in
the lower extremity. Balance was good
in static sitting, fair in dynamic sitting,
and poor in static standing. The right
ankle plantar flexor was hypertonic,
and the Modified Ashworth Scale was
1+. This case completed 14 training
sessions. At the 12th training session,
the ankle joint excessive inversion
during stance phase was improved,
and the therapist did not need to keep
the toe-out position. At the last training
session, she could walk 30 meters with

quadricane, but she still needed a
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gaiter, and the therapist had to assist
the affected leg weight-bearing and
moving forward. Also, she needed
assistance on the sound hand to give
the timing to advance. The Modified

Reference

1.

Adler, S. S., etal. (2014 ). PNF in
Practice: An Illustrated Guide,
Springer Berlin Heidelberg.

Ashworth Scale of right ankle plantar 2. Bierman, J. C., etal. (2016).
flexor was lowered to 1. Neuro-Developmental Treatment:
A Guide to NDT Clinical Practice,
Conclusion Thieme.
Approximation for facilitation is 3. Horst, R. (2008). PNF, Thieme.
possible to regulate muscle tone of the 4. Fell, D. W., etal. (2018).
ankle plantar flexor which could be LIFESPAN
applied to ambulation training. NEUROREHABILITATION: A
Patient-Centered Approach from
Clinical Relevance Examination to Interventions and
It is efficient to integrate the basic Outcomes, F.A. Davis Company.
principle of PNF in a task-oriented
training.
Table 1. Movement continuum of sit-to-stand task
Initial Condition Preparation Initiation Execution Termination
* Standing: more Stimulus * Her body * P’t moved the left | * PT brought right leg
weight on R > L | Identification weight shifted leg forward forward
* Her left hand * PT brought her to the right leg | * Then, P’t moved (approximation)
held a right leg while weight- a quadricane while her body
quadricane forward bearing over forward weight shifted to the
* Her right leg with | Response right leg left side
gaiter Selection
* Level surface *P’t step left leg
indoor forward
*P’t moved left
hand forward
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The Availability of Weight Bearing Training on
Spontaneous Intracerebral Hemorrhage Combined
Cognitive Impairment: A Case Report
Jing-Ling Wang, Jung-Chuan Tsai

Background and Purpose

As the progress of cognitive
impairment, the ability of activity of
daily living will decrease. It is possible
to interfere with language and produce
emotional problems. A patient with
cognitive impairment occurred
cerebrovascular accident will
significantly interfere with
rehabilitation training. Clinically,
physical therapy applies weight
bearing training to facilitate muscle
firing and relaxation. The patient can
be positioned passively to achieve the
training. The purpose of this case
report was to investigate the
availability of weight bearing training
in post intracerebral hemorrhage (ICH)

patient with cognitive impairment.

Methods

The case was a 73-year-old female
with right hemiplegia, dysphagia, and
aphasia. She was able to eat and walk
independently before this episode. She
cannot communicate with others due
to aphasia and cognitive impairment.

The weight bearing training began at
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six weeks post onset. The intervention
was weight bearing training in
different positions, including
side-sitting, all four, prone on elbows,
and prone on hands (Figure 1). Each
position was maintained at least 1 min
and up to 5 min. Each training session
was 15 min. The position used in
training would depend on patient’s
ability, and it would gradually change
as the patient progressed (Table 1).

Results
The case was ICH

temporal-occipital region and ICH was

in the

removed. The case received nine
training sessions. Before intervention,
Brunnstrom’s stage was IV in the right
upper extremity and Il in the right
lower extremity. Balance was fair in
static sitting and poor in dynamic
sitting. Transfer needed maximal
assistance. The legs of the patient were
curled up during transfer. After
intervention, Brunnstrom’s stage was
IV in the right upper extremity and IV
in the right lower extremity. Balance
was good in static sitting and fair in
dynamic sitting. Transfer needed
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minimal assistance. The feet of the
patient slight touched the floor during
transfer.

Conclusion

It is available to apply weight
bearing training in patients with
aphasia and patients hard to active
participation.

Clinical Relevance

Clinically, it is hard to instruct
patients with aphasia and cognitive
impairment in exercise and movement
control. Patient positioning can
facilitate muscle activation in weight
bearing position and muscle relaxation
after training.

Side-sitting position

All-four position

On elbows and on knees

Prone on elbows

Prone on hands

Figure 1. Progression of positioning in weight-bearing training
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3. Horst, R. (2008). PNF, Thieme.
Reference 4. Fell, D. W., etal. (2018).
1. Adler, S. S, etal. (2014 ). PNF in LIFESPAN
Pra(_:tice: An I_Ilustri':lted Guide, NEUROREHABILITATION: A
Springer Berlin Heidelberg. Patient-Centered Approach from

2. Bierman, J. C., etal. (2016). Examination to Interventions and
Neuro-Developmental Treatment: Outcomes, F.A. Davis Company.
A Guide to NDT Clinical Practice,

Thieme.

Table 1. Content in daily training

Sessions  Positioning Content

1 Side-sitting, both legs hanging ~ WB on hand of left upper extremity
outside the side of the mat WB on hand of right upper extremity

2 Side-sitting, both legs hanging =~ WB on hand of left upper extremity
outside the side of the mat WB on hand of right upper extremity

3 Side-sitting, both legs bending ~ WB on elbow of left upper extremity
on the mat WB on elbow of right upper extremity

4 Side-sitting, both legs bending ~ WB on elbow of left upper extremity
on the mat WB on elbow of right upper extremity

5 On elbows and knees Transition from side-sitting

WB on elbows and knees

6 All-four Transition from side-sitting

WB on hands and knees

7 Prone Transition from WB on elbows and knees

WB on elbows in prone

8 Prone Transition from all-four
WB on hands
9 Prone WB on hands

Transition back to all-four
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Consideration of Intervention in Fracture Post-Acute
Care: A Case Report with Femoral Neck Fracture
Wei-Jing I, Ai-Hsiang Hsiao, Jing-Ling Wang

Background and Purpose
Unintentional injury is one of the
top 10 causes of death. In 2017,
according to the Ministry of Health
and Welfare, it was the 9th of the top
causes of death in 75-84 years old
people. The falls would cause a hip
fracture in the elderly, and following
reduced walking ability would affect
the quality of life and increase fall risk.
The purpose of this case report was to
investigate the considerations of
intervention in patient with femoral
neck fracture participated in post-acute

care.

Methods

The case was a 77-year-old female
with the right femoral neck fracture.
She was independent in activities of
daily living before this episode. The
first time she came to the rehabilitation
center of Lin-Shin Hospital, she could
walk with a walker under supervision.
She felt pain at operative area when
the right hip joint was passively
moved near the end range of extension
and external rotation. The patient’s
goal is to walk independently and to

climb up and down the stairs by
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herself. The first step is to reduce the
amount of support by assistive device.
Following, the next step is to reduce
the fall risk. Intervention began six
days s/p right hemiarthroplasty.
Regular intervention included two
modality therapy and one movement
therapy, and each item is 15 min. The
motor function, Barthel Index and
Harris Hip Score (HHS) were

measured.

Results

Two treatment sessions a day. Total
18 treatment sessions were completed.
She walked first with a walker, then
with a quadricane, and following
without assistive devices. Initially, she
climbed up and down the stairs with
one hand on the handrail and the other
hand supported by the therapist. After
5 days of training, she could climb up
the stairs without support, but she went
down the stairs still needed one hand
on the handrail. Rocker Board training
was used to enhance even
weight-bearing of both legs and
weight-transfer during steps after her
motor function was achieved. Barthel

Index was improved from 50 to 80.
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HHS was improved from 63 to 91.

Conclusion

Post-acute care program can
provide a chance for elderly patient
with hip fracture to participate in an
aggressive rehabilitation program, and

Reference

1.

Beling, J., & Roller, M. (2009).
Multifactorial Intervention with
Balance Training as a Core
Component Among Fall-prone
Older Adults. Journal of Geriatric
Physical Therapy, 32(3), 125-133.

the patient can improve motor 2. Lloyd, B. D., Williamson, D. A,
functions through the program. Singh, N. A., Hansen, R. D.,
Diamond, T. H., Finnegan, T.
Clinical Relevance P., ... Fiatarone Singh, M. A.
Elderly patients with hip fracture (2009). Recurrent and injurious
have more opportunity to return to falls in the year following hip
one’s regular life through post-acute fracture: a prospective study of
care program. incidence and risk factors from
the Sarcopenia and Hip Fracture
study. J Gerontol A Biol Sci Med
Sci, 64(5), 599-6009.
Table 1. Daily Progression
Pre- PAC She received walking training with walker for 3 days in VGHTC.

supported by the therapist

PAC: 1* day Under therapist’s mstruction, she walked with a quadricane, and climbed

up and down the stairs with one hand on the handrail and the other hand

5% day

PAC: 1** day to | She received walking training with a quadricane.

PAC: 6% day She could walk with a cane, and even walk without an assistive device.

7% day

PAC: 6™ day to | She received walking training with contact guarding.

9 day balance for fall prevention.

PAC: 8% day to | She received step exercise and rocker board exercise to improve dynamic

PAC: 9 day She could walk independent, climb up the stairs without support, and go

down the stairs with one hand on the handrail.
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Using proprioceptive neuromuscular facilitation (PNF) techniques improve reaching

movement in stroke patient-case report

Shu-Chun Chiang, Chia-Chieh Li

Background and Purpose

Reaching is an important
component of many tasks of daily
living. Reaching movement is
composed of transportation phase and
grasp phase. The transportation phase
is bringing the hand to the target, and
during this phase, the finger open to a
maximum grip aperture. And in the
grasp phase, the finger starts to close
in anticipation of contact with an
object. The two-phase is separately
controlled but work coordinate to get
smooth reaching movement. However,
lots of stroke patients are failed to
open their fingers due to agonist
muscle weakness and strong flexor
synergy. According to studies showed
movement deficits in hemiparetic
upper extremity may be more a
problem of agonist muscle weakness
than antagonist muscle spasticity. The
purpose of this case report is using
proprioceptive neuromuscular
facilitation (PNF) pattern and timing
for emphasis to enhance finger
extensor to improve reaching

movement.
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Methods

The case is a 27-year-old male
with right hemiplegia, who was
diagnosed ICH in 2015. Bruunstrom
stage of hand is IV and arm is IV to V,
able to shoulder flexion overhead and
side horizontal position but unable to
pronation and supination with the
elbow fully extended. Before
intervention, check the stability of the
proximal part, including scapula and
shoulder, which is not from spasticity.
Considering arm reaching needs
shoulder flexion and elbow extent, the
intervention was blocking stronger
shoulder and elbow motion in shoulder
flexion-abduction-external rotation
with elbow extension pattern to
exercise finger extent using repeated
stretch reflex (timing for emphasis)
(Figure 1).Total procedure is also

repeated for 3-4 times.
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Figure 1. In shoulder
flexion-abduction-external rotational
with elbow extent pattern using timing
for emphasis to enhance finger
extensor.

Results

Assessing thumb active range of
motion (AROM) of abduction and the
time of performing a functional
activity to evaluate the maximum grip
aperture and the coordinate of the
transportation phase and grasp phase.
Functional activity is the patient in
sitting position and taking a peg from
pegboard to the box on the right side
of the pegboard (the hemi-side)(Figure
2). Before and after intervention
thumb AROM of abduction doesn’t
have too much different (from 300 to
350). The time of functional activity
gets significantly improved (from 50
sec. to 30 sec.). The patient felt
extending finger became much easier
and got faster on second time(15sec.).
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Figure 2. Take a peg from pegboard to a

box on patient’s hemiside.

Conclusion

For chronic stroke patients, using
PNF techniques enhance finger
extensor to improve reaching
movement is available.

Reference

1. A. Henderson and C. Pehoski,
Hand Function in the Child:
Foundations for Remediation.
2" Ed., Missouri: Mosby,
2006, chb.

2. C.A. Trombly and M.V.
Randomski, Occupational
Therapy for Physical
Dystunction. 5. Ed.,
Lippincott Willams & Wilkins,
2002, ch24, ch38.

3. S.S. Adler, D. Beckers and
M.Buck, PNF in Practice: an
illustrated guide, 4™ Ed.,
Heidelberg: Springer Medizin,
2014,ch2-3, ch7.
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Quality of medical services, patient
satisfaction and their usage intention of
medical service: A cross-sectional study

Yen-Hung Chu !, Shu-Wen Chen
1.Director of Nursing Department, Lin-Shin Medical Corporation Lin-Shin Hospital;
Master student, Central Taiwan University of Science and Technology.
2.RN, Associate Professor, Nursing Department, Central Taiwan University of

Science and Technology.

Introduction

Medical institutes are competed with
each other. Patient satisfaction of
medical service is a key concept in
hospital management.

Purpose

The purpose of this study was to
examine the relationship among medical
service quality, patient satisfaction, and
their usage intention of the hospital
service in the future.

Methods

A total of 630 randomly selected
subjects participated the study
Participants were aged from 11 to 70
years old, with 59.5% were female.
Questionnaires were used for data
collection, from January to March, 2018.
Confirmatory factor analysis was used to
examine the validity of questionnaires.
Higher scores indicated better quality of
medical service, better patient
satisfaction, and more intention to use
medical service in the hospital.
Pearson’s correlation coefficient was

used to evaluate the relationship among
the quality of medical service, patient
satisfaction, and usage intention of
medical service in the future.

Results

The result showed that the medical
service quality was significantly, positive
related with patient satisfaction
(r=0.962, p<.05). Patient satisfaction
also demonstrated a significant, positive
relationship with the usage intention of
medical service in the future. (r=0.182,
p<.05). However, usage intention of
medical service was positive related
with medical services, but not
significantly. (r=0.207, p>.05).

Discussion

This study has found that usage
intention of the hospital service in the
future was not significantly related with
the quality of medical service. Medical
institutes should not limited to treating
illness, but also should provide
multi-purpose services.
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Conclusion

Increasing medical service quality may
enhance patient satisfaction, and
patients’ satisfaction may strength their
intention to use the medical service in
the future. Further studies should be
conducted in examine the mechanism of
patients’ usage intention to hospital
services.

Key words : medical service quality,
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patients satisfaction, usage
intention
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