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Review of Gender Differences in Medicine and Primary Factors
Resulting in Gender Differences

Hyun Ju Kim, Jong Min Choi, You Jin Kim, Song Wha Chae, Jung Hyun Park, Ji Hyun Oh,
Kyung Hee Kim, Jung Sun Heo, Hye Sun Gwak*, and Hwa Jeong Lee*

Division of Life and Pharmaceutical Sciences and College of Pharmacy, Ewha Womans University, Seoul, Korea
(Received June 26, 2010 - Revised July 28, 2010 + Accepted August 2, 2010)

This review summarizes gender differences in pharmacokinetics, pharmacodynamics, and adverse drug reactions. Gen-
der differences in pharmacokinetics are categorized by four major factors: absorption/bioavailability, distribution, metab-
olism, and elimination. There are sex-based differences in gastric emptying time, gastric alcohol dehydrogenase activity,
apparent volume of distribution, a.1-acid glycoprotein level, phase I (CYP) and phase Il metabolizing enzymes, glomer-
ular filtration rate, and drug transporters. This review also reports gender differences in pharmacokinetics and pharma-
codynamics of cardiovascular agents, central nervous system acting agents and antiviral agents. In addition, it has been
reported that females experience more adverse reactions such as coughing, tachycardia, nausea, vomiting, rash, hyper-
sensitivity, hepatotoxicity, and metabolic disorder after taking cardiovascular, central nervous system acting and antivi-
ral agents. Therefore, in order to provide optimal drug dosage regimens both in male and female, gender differences in
pharmacokinetics, pharmacodynamics, and adverse drug reactions must be considered.

[1 Key words - gender differences, pharmacokinetics, pharmacodynamics, adverse drug reaction
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R AFAIZET oM 9] G i mao] S
A Agdztel7t vebd o 2] oo FollA SlelA Hy
Zhel| zpe] 7} viebd 4= Sleke Aol HAlE gl dAd Kt o
Aol 1 Al Rte] Aol okEe] {7t o] A E
o =2jm]) glell e dFg Ppar Tae] el FAdel
A o Z27] gl dlebde] YA o] 8-EL ANX S8t
Aoz dEA gleY

Exgxo] Z71E 7% FHL 8% F = (C o AL
3l A W] (4,7 S71El ] T d Skl = ozt
& Al7ke] Aol 4= gldl, A At SR A Aol
W) wol] X84 oFEe] A9 FAET efAoM AHfo R
o wWo] R¥3le] ofES] Bx LA 9l 248 A7F Fo| S}
& 4 ot ol & 59, diazepam¥} 2 A8 FE2] A5
Aol A BxLH o] FrIslaL A W7} AeiA = Ao
2 ¥ u=elehs? v alprazolam,® ethanol” Zo] =|utel] =
A Bxshs ofES] BX 3L ool ZAadie w3t X
4 2172 2ptAl el vecuronium % rocuronium ] & Wk
& A7 Aol A BolAlth= Zlo] Margl uf gl =
g 4714 oFECl SleiM = A atel 7t eld 4 gl
o] of| ~E2Al0] gl-acid glycoprotein®] glycosylationg
E3|A o] e S ZFAAF o2 Ao A5 7]
A oFEEo] T Adgo] 2kag FsAd o ekt

A}

o] SjAFE - FAd o] A K} o] FA|RE CYP3A4
o] AL oJHo] FAHT 20%-50% A= © AMD
cyclosporin,'  erythromycin,'”  verapamil,'®  nifedipine,'”
diazepam'? 2 alfentanil'®2] Ze]e]aiar} JA oA v =
37, St. John’s wortel] 2]8F o] TjAlEAe] B F7V} oA
AN o ZA Yepdels Aol Ba=gich” CYP2B6Y
A gk oA e] FAHET oF 1ol o =L, o] AR AS]
poor metabolizer B]- &2 FAlo] AR} v & HALFE B
=452

W
iAol A AP Rfel 7k e o] fi 2 ALFAl ol e
3} f71pel & A Bl Felol 7% oo At
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TAH AL AFor HAS = FARG 10% A= 3
7) el digoxing] Ze|eiAAE o] PR 12%
~14% $F3 P F2 Ao 2 wjAEE A S Sl
2% G ET of A o] W} P20 gr) kol e A o] ST
‘FAH o} eJ4d o] vb7] vFel] amantadine®] =] 27) o
AellA 50% B solzlths Zlo] MarE g7

Zgroly okEo| MEX0| ¥ RULQ

% FAI RN FLATANLOR TR o opFol
Uehs Aale] 9 oo 2e Aol T el 29l
o via) Al n ehes R

AYRA 24 oFE

A RA 2HE oFEe] FEFElst FEFETHThH Y F
gl glolA] Afelsh ehke e AH Holst &
229] zpolof|A] 7]elshe AlR Hilnh AR F7]= oA
o] v zkent® F47] Aubsae Aol FA B 3~5 v]
E w20}’ Anbgae 371 PAe] v A, 4] 7
G A F7)el meh Aluke F717h g w3 QT
Z¥# o] 3o v A1, sinus node | FA|7ke] o e}
=3k, A F7], AL #7, AT 9A, T2E A 89
SJ3Al AR ko) ke, ok 9 Hakgel slolA 8
s} ek 4 9leh )

Beta-blockers®] 73-¢- ™ 7+ oF=5H3H Zpo|7} veht
o, ol A|2ERA Z2adle] Aol e p-
adrenergic 58412 243}7] wj¥el HAog Holg ¥ B
ES Fof W A X ] AFEEe] HA ol Blsl A3

)

== T
ZaEe Aoz B uEdeh S ACE inhibitors®] 73-$-
FA 2] Apkgo] Al A o we| ZRaslarl, Fakgo =
F2 vehbs 7132 oqAelA o] A vehde e
HuE ek " Digitalist A% 2] AN B oFE
= Folg A 2R 4 Al vl ApEe] v St
grohs Barh ek o) od Aol Qle] Na'pump] 2H4de]
7] di el A2 SUT S oFE Fol A AHA F
o] F7lsle] AbES S7HA1717] Wl ALz odulA
AT gk o3 Ad 2] A9 Aol vl AL Tl ® (
P 025 mg/day vs. 1Ad: 022 mg/day) EF F=7F AR
o =4 (24: 0.8ng/mL vs. <IA: 09 ng/mL) Yeh}= H o
2 Ryt b 5eEE Y T 0.8 ngmLe] 3t
A8k 2ol vhgA e} Rl ok (Antiarrhythmics)
o] =gl v, QT7H A% 52 Aol AR o &
o] ehbe Aoz Hasle] glont oS iy 3t B
7} A 7] wj el A R A3 At A9 o] Al o=
S| o Foll that AJHAlel= BEaIA| ek Angiotensin 1T
Type-1 (AT1) receptor antagonists o] losartan, telmisartan
ol slew, AqAelA FHd AF-s=rt FAHH 2w £
vepAmk el w2 s 2AL oA e
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Aoz ®WE9lthS”) Calcium channel blockers (CCB)Sl
nifedipine®] 7-$- CYP3A4 &4¢] oJAdol|A] ] Z =2 S
AT} Frlsle] FA M HF st TR A
Holu} ofE-gEstg o v = A Ae|7) Ao Yeh}A] =
o8 w72 Al okl amlodipine o Al FgPYst &
7k QA B 2A vdehds Aoz HuHge?
Statin A1g =59 A+ F TEE= FAl vla] Ao
o} A el 45 24 Ak g o &
Ao ARE A9 Al 79 ehA] = Aew
oA 9k (Table 1).

FA7AA 28 FE

4wl A| Q] thiopental®] 74-%- o34d o] I He} 20% -
ol A whH Ao =depAt A gt AEoE HA
Al A z}olel 28k oJ ke A 2] AT Propofole] 73
F ofde] RELH3} AL o] AN HF ot ARG
10% B S5 Aol 2] 2] 52| 7ke] of Aol A et 40% v
A7) Wl oFEe) qhiat A Sl FA Fol &
S 30-40% W& F et ek

ofeF 215414l morphine®] 7% ACsZk(Z15<] 50% 4
D W] effect site =)o) FART}F oI Aol A] 40% o}t
oJAe] o mIZEM uhgslEe FUst A% EE el
7] flirs B o] el ofAdH T oF 30~40% ©] etk
8l 7O oj o] v WIzFely] wite] oA, FE T ¥t
go] Aol v o] AYZIE™) Fentanyl®] 7 F43 ]
Ze]eldart o a1 A4 M Aol F o 2] WE
of FUat AT &3s el G fS A ne
25% ¥ st YotV shagAl AgAle) AeE oA
AN AFE} B E Aoz vehykont 711 g
kL7 =4 wFAQ lidocaine®] 75 AAJANA EE
4Ao] v] 23 24 HE)7E v AARE FE Feof A2l
T4 o] Aol FEEH ] FRe| S FA o] o

Table 1. Gender differences in cardiovascular agents and primary factors resulting in gender differences
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Foll §% 24 FashA] Fehs”

o] ghA| 9] vecuronium®] 735, EEE2 o] FAA o] =
T 7R o] Aol M B B oAe) LS Aol nls]
20~30% A7) Aol F 28 Atracuriume] - o
Ae] 24 Wizt)7h o A3 FElej# 2t o] el Ear)
oJ Aol A o] ZA Yeh 7 Rocurium®] A% oJAd el 41 <)
FE Aol o 7] widel FA R 30% W S
LT7=Y (Table 2).

—_

afo|E A o (dlo]= X =A)

ghute| g A o F FollA 53] A W9 AP F(AIDS) A
A A Rte|7} eh s o2 HuEH. of o] =%
x]83}7] $ler= FZ Highly Active Antiretroviral Therapy
(HAARTY} A= &0, o= &f/7F v antiretroviral %] &
A =S W83t 1 83 T X887 elH ole]=
X 8A = 2 71wl 2 oAbl = JAALE A AA|
(Nucleoside reverse transcriptase inhibitor, NRTI), B]f+28] &
Abo] = AR A A A (Non-nucleoside reverse transcriptase
inhibitor, NNRTI), ZZ #]o}Al] <A Al (Protease inhibitor, PI),
%3 A Al (Fusion inhibitor) 522 E7F3 4 9lxd,”
HAARTo M= 7|22 0 2 FEd e Ato]| = AHALE A AAA)
T 7HA 2} vl g e ate| = AR A AAA] B T2
obxl] AAA| FollA 3 7HAE AdEsle] WL Foiie. &
A 2l GAAT Aol = AubH o oA dF
OFE FEUF =3 vlelExel gt oFE vk = ZA e}
U kg 3 EE o Eoial geA gloho)

FEFEH A A B, AAH R A4 A o]F
oFEe| SElojzlavt o Aal g4 F AR FA g A
H(AUC)| o ZA Yehdt ¥ o B Expd, z2c=og
2k g3l pE eate]| = JAALE A JAAIQ] zidovudine
2 g4 ALl zidovudine triphosphate?] 57} of Aol A
23w =A Jelhdb ¥ zidovudine phosphate?] AUCE ¢34

38-61)

A ato] fritacl Agvdzte] oFE 3}, ofa gl Fahdol glejAe] A}

NAERA 9 T2 A A= o]gk g <o o1 Adol| A metoprolol, propranolol 5 B-blockers®] EF5 =7} ol 2 &3t &7} v
B1-adrenergic 84 =4 AR Apdg-o] Aol vl sl 48] 2H4F

5 Digitalis®] 73-f- 5 & -85 Fof A] eJAel| M A4 FA 9 o] Flsled AFEES F7H

+ o] 3}A] 1tF 4 T 7o G
Na’ pump} T F2 e ek A s FolalE 855w} 2 e,
Q-T2H4 w<o A R Antiarrhythmics)e] F-xkg-2] Wl Q-T7H] A7t 5-& ojAd o] A B} o] o)
Sinus node 3| E-A| 7} Yo Jehd.
CYP3A4 A F <ol Eﬁﬁ‘i{’g—eﬁ w57 FA M 71 ks Bolut ofR oA o] A ate] & 72 vt
ACE inhibitors®] 73-% A5 3kx1e] Abge] @A el A v gho] Zhadhe vk, 2184l

! 7132 ARl o AsHA el

Statin Al ¢FE-E., Angiotensin II Type-1 (AT1) receptor antagonists®] HF5 X ool A

o 70 ek} gakede A g
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Tabel 2. Gender differences in central nervous system acting agents and primary factors resulting in gender differences
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62-78)

P E R Py oF5 e}, oFR 9 $-4-80l SloiAle] A

FE4H 5 A F<e]  oJ4elA propofole] FEEET L AR 10% ot FAdel| A 2] 3] 5A ko] o34 et 40%

327} wW>el v A7) wliel HA Feol £8S 30~40% HE Dok oS

PR Morphines] 734 513 3152 v 9130 2] 842 o) o 30-40% 271
o (18 %o A P> o FAokgh. 3}t oA o] v ®IZks)7] witel] 241, &, respiratory depression 5-2] F-2H8-0] o] ©
2l w9 effect site 5-=) o] uay

= 2 A =

Selolsles TZ Fentanyil A9 5URAE FAS vhehiei v o) $9L by e 25% o bl
=] o H

L 8H o  Lidocaine®] F ol 2] 574 Fof Al LELA o] offol| Y 4] ghom 2 gof 24

) T e

$E4H >

E21:17‘%7—] 3 i :j 343l A vecuronium, rocuronium=} -2 o] $hAl 2] G2 71 D8 (OF 20%~30% A=)

R fulg =g

74 <4

A 45% =7 Jebdeh® Lamivudines} carbovir =3 1
QlAks} 3HA HlAMA 7} AA AN o A depde ) bR
S At | = AT A AAAE AP e G R o
Aol et v A3 84 F 5(C, )7 =4 W
bt 3 81210k nevirapine] U} efavirenz®] 74 9FE5H4
L7 Azte|7} YA A 238 dAde] oA K
AUC7} Zikar Mgl vhe Qo)) & o 77} F g3}
o} Z2EokA] JAA Y] ASell= o FEEET 9 3}
olo] gl =Ae] ogx]7} w-2d], ritonavirs: &5 EFZ1A|
2 W83l= A saquinavir?] AUC, C,,% C./F FAE
o} Aol A o] EA e A ritonavirs: §H Fo
312 = 7folle @y zbelr) Bl Y §3F A
el enfuvirtides= A F5 HAT SeljA2r}t YR A4
A7l 20% SA| epeet

FE-EHIH WA A K, oJ A o] FAH e} s uk
S0 Fopr] ulol A oA WHSE I3 w2 A vepde P
T}, oJ Aol A antiretroviral X] 8.8 &%5o] & wbd, F=hg
=AM FHEG o] oF S-S Fol 3l XEE
Fatsle 747 9ok six|nt g o 2= Wl o Ao ¢
e Fol] Fedgt & R ATl dY A7) wln|Eet
I 9H A =A 9] A7} el

oe]= A z:ell glejA] A7} 7MY el vehbe A
2 pake Zmeld], WAl (rash), %S (hypersensitivity), 7
544 (hepatotoxicity), THAF ©]AHS (metabolic disorder) & ©3
2 Fago] FA NG AAelA o vlEHA vehdt oA 3
7o) Bof =gxrt FA 3AME T "elx] = Aol gt
HAART®]| glo}A] o3Ad-& i} =k 2277} 2)u}
©]§ %% (lipodystrophy)™e] gko] vfehl= b, A2 A
W 9153 (fat atrophy)o] Bo] vpehde} %100 wat F77)
A FeF (bone mineral content)?] ZrAE F=2 FAA
ERar ) A7 ZAke oJ Aol A wo] Yehdt) {2
SAlo]l= JAAEA JAANZE X B Al HAY (pancreatitis),

A3l (gastrointestinal intolerance), &2 AW &
(peripheral neuropathy), +AFAFS (lactic acidosis) 5 &
7HA] HAgo] vpeh=d], o]Elgt HA8-2 F2 A7
vehdel %) o) 2 So], didanosinee] E&E HAARTE Al
Y3k 75, FAET AANA FAREe] deld gEol 3
W ol of $5FE FolAy o B-&& Fshe Aot
ARG oJAdo] o B2 Aog ¥auHaY e e}
o] = AHALE A A Al &gt FAMEE 83%2] 44 3t
Al Al SR, olle]= A& F AL APEE 2071 Sl
A FARAEEC 2 AbeE A9t 85%4 "k AT A
AeE!Y vl eatel = M E A ARl Rlel
7t 543 e F2g-S F2 JOo7|=d|, £3| nevirapine
o] 3td A& WS ARESE oA Ao g FAEH
A 98] 7~ B2 Zlo R Yehg a1
FA R 35 w2 o34 A7) nevirapine AHE-S TS}
91} Nevirapine £]oll = efavirenz= A Al E o} o34
Al Al 2t BAE doa FFo] o ¥ul' 3 Z=y)
obx] AAAE AT ANIF, vAAH AEE, WA
o] F Y FAEES FEskedl, oA, TR 2L AR
T A FAE2 ARG A A A Vel ar, dafet
EgggAgE S 238 FA A v vlisHl ekt
o+ (Table 3).

o] 8} ko] of o] = X A F2| F2Hgell sleiA A ato| 7t
el o] oFA Al whezl vzl glAINE L A}l
o] 71A& F54 Bl g3 2ok AA, dAT 342 Al
Z3} AA| 84 A 4x(body mass index) Y AW} BE Hxo] 3}
o7} H-2}-g- Wbl lelo] FQ3F HEgS & 4 ik =A,
AE|F7Iv A7l oJgt 32 E W3} 9l Aol ofE HANE
H3A7) = 8Qlos 288§ gloeme ofF 2ABA7} o
Aol o 2 FA4-S Jepled 9 e v S e '?
AR, F3ZE A1 zpelel o8t ofE YA} Ape| = oIS
uld 4 glh & Eel, efavirenzt} nevirapine 22 ol ¢]
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Table 3. Gender differences in pharmacokinetics, pharmacodynamics, and adverse drug reactions of antiviral agents
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79-109)

5 SFE AR SrEEate]  FAlgol A19] Aol e
e 2 ko] = JAALE A HAA] (Nucleoside Reverse Transcriptase Inhibitor)
: . Zidovudine triphosphate 8% 5=
o
Zidovudine 4 <o 230, AUC 45% 27}
Lamivudine Y <o HE 2T | e 27}
: o} Ad el Al ute] 2]
Carbovir <o 3 sx=2~8 57 o] 7h4 27}
FA g2 alo] o4
Didanosine ¢t <] Babge] 919 3u) A hg wE ok 34 A
4 7.

v FEH eAto] = JAALE A A4 (Non-nucleoside Reverse Transcriptase Inhibitor)

HEET 20%, C,p 4%,

Nevirai
evirapine <o AUC,.,, 27}
= == — 0,
Efavi g—b_lg_—‘— 30 A)a
avirenz <] AUC,,, 25% %7}
. g 1E]'<°:] C0u11‘8HH%7]-
Delavirdine d>o gér_‘,}gl%ﬂ SEIES

kx93 7~11.7 ¥R
15 FAAL A B7F A0 2 QlE) ofAdellA
T FA] AH 3 ~5u) S

g 7 2] A3k
ohgfzd Bug

=2 H| oA AA|A| (Protease Inhibitors)

T < Cpuao Ciiny AUCq 15, AUCy o 57}

Ritonavir F > of AEnA Zojoyei
Amprenavir 3> OFE- - Z0] 31% =7}
. <o Cinaw Comin 381, AUC,) 1, 25%,
Saquj_naVlr max A[{IJHCO,M o) =71
Ritonavir g0 AZRA Zelolai A

ool A] whole)

A TE S
RIS ulE 20 o)}

AA| wlE 7}

Z A8AE F= A= CYP2B62] 414 Wel7t AW
o mwa} zhel7} Qlehe AFAR7E Qo) A, kg A
Aol &Fell Z FFE v|AE= Aoz duAl EpFAal
P-2 = A (P-glycoprotein)®] W&l 2t Aol glefAle] Hy
Aol oo]= A BE 93 5 Y AArpx] LAl
ol o]atm p-ebfde] A2 oJo] FA] 1/3~1/24
=2 gony ! popchuze) WS AAs= MDRI A
A= dAdo] AAET A 2u) A= FA T gk 3t
p-gehif A o)) g ofE FEA| oAM= A }e] 7 et
2zt FZ=g.1

HAEH2E HAARTe SlolA A E G 4] dF 5=
7} Eobr o wWell M AAeA el 4 9l o), Rk
AR A EE Fol dA R oAe] oFS FHE A5
7} gomz® FA9 o§x]7} 9le}. vlS OARAC (Office of
AIDS Research Advisory Council)!'¥e]] ¢]3}4, nevirapine>
AR A Al A HEAS do 9gle] Feme Y CD4
TH 27} 2507 /mm’e] 4+l o14) 3kAkZ #]& HAARTE A%}
= Aol Al 9 digte] Sl AT flelle FoishA] T

AL AR} Ik =3t HAARTS W1 9l oA 3kx)

oA FAAEES) ATl s AT sot kL, o4 @
Aol 2k Eae} Asld e F71402 mIE st o)
A0 B4} o) 4ol SloiAe] el 2 Qg Az =
Ao BasiA) sheh 200249 o] Fo] 2T FARR w2
R R L D s & CEEALURE:
A} ol -4 o] Avhe A97) gol 44 A
B2 Fobe Foshs 49w e B slgle we
A ollo)= 5ol vgk AERtel & v AFSolo} & U
8ol QL ssle] WS Tl E HET B}
oleha AbgHe,

[0

4 £

2 ATE TE AERA 8l FFUEA A ke e
Falolgs ofESelA FEEEE, R (ke H) B
2ol leia A Abel 7t vebdS e o s Al
A 2 ool A oo} 22 AHAtel7t vl A
W A Al 32E zpelelA 7]QlEke HoE
Holu, J M= A5, A, A7, A79] A, =28
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HA gxjel oM APRA FE2] FEFHIS, FR(FE
FHsh 9 23R8l sleiA Wt vebd 7hsA o] s+
FFA1734) =14 <FE-¢] morphine, fentanyl, vecuronium 5-2]
FE-Z Aol A2 FHpAde] F o Z7] Wl Y3 AF
BIE vehlEg G0 89S AANEH Y FeUt 3l
©m, 53] morphine®] 7% 2A4l, TE 52 F2Hgo] oA
oAl o el WAL FulolH A GEE FellAM 53
FAHA WAZFPF(AIDS) A BA N AE2te]7F Yep =
7oz RuEqded, Aoz QAedA 5 oE T
7F 3L vpelg| 2ol Hit oFF X A vehde Rzt
4 HEE o 34

FEE s, EIh(FEEHsh F FEEell Qleix el A At
ol veksh Agle e MAE 4 gled], o] T UF=
QA 9 9l FEEe] ] 7k ApolellA] 7QlEhs Aoz
Heloh e, o okEe] A xbel= A 1 AHA| wfErte]
opet EAgt EA IS 54, 7 A3 A E, HE Fo of
=, T 29 22 F3H9 =T} 5 AellA =7
= 2 vehy] witel] A S gl wlehA] ofefdt
cheFst QlAbEe] o= A oFEe] AW T, kR F 2R
°J &S W= 7l Higk Sl AL 85}

et Sl M= o= A7 R FeATFHA EE
o] oFE-Fe}, FE(F=EH) E FAHEel aleixe] A
Zfeolof| gt AT-F AlePsle], I FU3} §7F FA=
sl AN vebd ol FAHE E o= Qs FoF
T FAIE Faselar, 2] A Fou A7 e 2
= oA A A X ofE Tt HHH AT
AT I Yo, ZRALRI AERA 5o AXNA F=
AREE 1 oFEel A8 AT Al FoZH] oA elA Mt
oE Fol AFE AL 40 A7 st /fAlE
of & d 87} vl Akm gl

HAfe] g
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