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Purpose: Warfarin is the most widely used anticoagulant drug for preventing cardiovascular diseases after ischemic stroke
and thromboembolism related to atrial fibrillation, artificial heart valves, deep vein thrombosis, and pulmonary embolism.
Warfarin is commonly used in combination with other drugs such as diuretics in order to treat the comorbidity. Although
several warfarin-diuretics interactions have been reported, the results are conflicting. Therefore, the initial aim of this study
was to identify the effects of diuretics on the warfarin response in patients with atrial fibrillation. Methods: One hundred
forty six patients with atrial fibrillation who were on anticoagulation therapy with warfarin and maintained INR levels of
2-3 for three consecutive times were followed up, retrospectively. Stable warfarin doses and INR per stable warfarin dose
were compared according to age, gender, comorbidity, and concurrent medication. The stable warfarin dose was defined as
the maintenance dose of warfarin of the measured patient whose INR was within the target INR range more than 3 times
consecutively. Results: The differences of stable warfarin doses in patients with (3.22+1.21 mg/day) and without (3.58+
1.14 mg/day) diuretics were marginally significant (P=0.069). On the other hand, stable warfarin doses were 2.97+1.10 mg/
day in patients with thiazide (n=36) and 3.58+1.14 mg/day in patients without diuretics (n=82), which was statistically sig-
nificant (p=0.009). INR values per stable warfarin dose in patients with diuretics and thiazide were 0.84+0.31 and
0.90+0.34, respectively, which were statistically different from those without diuretics (0.72+0.21, P=0.010 and P=0.006,
respectively). Age, gender, and concurrent use of thiazide diuretics were found to have significant influence on the war-
farin response from multivariate analysis. Conclusion: Our study showed that the concurrent use of thiazide diuretics could
increase the response of warfarin in patient with atrial fibrillation. Therefore, clinicians should be aware that warfarin dose
needs to be adjusted when it is used with thiazide diuretics concomitantly.
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Warfarin>- 419§ 8Ake] 77 &AM 71 4
o] H= oFEE W 3xllA 2 7|7F AR o] ghowm,
213} W 8okE, St o} AHAsle] Az 2RE-o] HA3F]
El}m 2 Fol7]7t 54t INR(international normalized ratio)S-
SA 3] BB sfof = oFEo|t

ACCP(American College of Chest Physician) 7}o] =24l
o w2 AWAFo] A= FAlA warfarin Fof A] WL
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HE target INRS 2-30]9?, @2 7Sl 2Jslo] INRO|
4 o)} = FY9| ¥ =rt FUhs AR HaEa 9]
o} INR > 231 3kztel] H]3led INR <231 AWAE 32 =
52 AT AP =7 F7HE AL, B8] INR<28] 3R
o] A3 HEFE APl Aol 22 AL I
g 7hsAd o] Bk oA F - T ARG S 7R gle
B2 warfarin 549 A= 32} 2§37 A F7]49 2
Bl o] aJsi =L it

W2 oFE5o] warfarin?} A AE-S 7HAL Qe AL E ¥
A qlem, o] o= warfarin®] AR FEEH= cytochrome
P450 (CYP) enzyme ©]1} vitamin K epoxide reductase complex
(VKORC)®| 14 T34 o] oheselst ¢ ok=s3tt
g Az agol] 3 T A o2 g glghtd

Hydrochlorthiazide, furosemide, torsemide, spironolactone
59 olm:AlE o8 AT AsA 7P "ol AubEE
FE F9] hteltl. INC 7 guidelineol] ©]5bH thiazide ©]
A= A A5l gl el 7 WA FHEE
ofEo|m, AFANME TR AT G Tl e B
E R A whE ghael AFsE s $lske] ®E
qA o ARS-E 4 9l ofEelu uhEhA] AWAE Zhalo
Al olxAl e}l warfaring W83 H= AUt 5w
o A= warfarin®] XA Bol| = o] A 9}o] A3 2HE- 7F
A Al AFVSH 9l o8] F3 Aol 2 7PsAel
& 71&3t ek 2 71322 = furosemide, bumetanide,
torsemide2} 22 loop ©|3A|9] 73-¢- 52 dF &Rl
A3she == Al warfarind} A st FF free
warfaring $7HA1A &3 B35 F7HE 7FsA el A
S AA S Y =37 chlorthalidones} warfaring ¥ -8-3)
W ATl M e o] =222 Qlet §aQIAL FFCE INRS
A 75 Aol Qe Alom Baslar gl

a2} o] A9} warfarin W4 Fol A9 vehd st
ol digt 7|E FAS FAEs] £ AF case reportt A
E S ez 3 AlgkHgl ATl 1 S
M2 AA3}A] kUl Warfarin} furosemide, torsemide,
metolazone ¥ -§-FoJo] #3F case report'™'? o A= INRE
771 AY ZEA 71 Adaksl A3E ol Al gl R|<4-4
22 warfaring Fo] W2 2x}ol| A metolazone Fo9 A2}
% INRe| 7.022 371319132, torsemide A28 A= INR
o] 622 F7F319l2H, furosemides A12Hsh At A= INR
o] 28% Z}A3lt 7 o2 X VE|git}. Bumetanide, furosemide,
spironolactonee]] 8t A7FR Hhe Ao s 7B
< 71743t AlEtollAl warfaring: L8O F 3] Foidt F
o] :A|E W83 & v prothrombin timeel] 31l 717} Q1A
v w3l gleo® B aslgio) o] ele] #|<4H 9l warfarin
FoIgtAlel] o] mAl W8 Al A] oA Fo A, F2] INR
W3lE Frog 33 39 Fol glgl ot o) 4
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Warfarin?} o] 524 8] H-8-Fod = of2] A3t 23t
3] B 4 odlou, oA gt A ATEeA dAFA
= AFE Holug oo figt Ax i A7t B
=3k warfarin®] oFE3HE 2 oFHsHA F el A1 Al
o] wo] 283l olggt FAHL> Q1F wet vl HoF
g Ae e o gEels e s g A7k dAsk A
Aol ™Y mheba B QdFelME AuAlE A iy
warfaring |4 02 E-88h = 315l Aol A o] A
4 Al warfarin WH-g-Adell o] wA7F v A& kS H7lsle
o] Al ¢} warfaring & Folsh= 3hxke] <Hddt e

o 7)ed5ka) shedeh.
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20094 149 ~ 20124 3971A] 7159 d
(o138t MRS whEste] AWM TR Ay
warfaring B8k 23 INRe] 3% o] A} target range
(2.0-3.00% TR 9 FAE WAL ZE s INRS
9o M EA 8 AxE 235193, INRo] A& 22 34 o]
2} target ranges A3 E¢F g 7150 9l #Al,
o] A ¥7do] AW A= Al 2Jsld et o] 2]l warfarin?}
Azbe A ake-S 7P ok S Wgsl A, WEe s
o] jotE]x] k= 3z}, Al7ZbEE 7HAlgto] 9l 3A), Hofes
SE7F e A= Al9slgdeh
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Target INR 2.0~3.0& A& o2 31 oA} FA3191S o
o] 8319 warfarin®] 9 435S stable warfarin dose 22
Aolslar, gxte] vheo], AW, 7|XA 3, o|wA|E E3S W
4 oF5o]] u}2 stable warfarin dose®} warfarin §-2F % INR
71 vlaEpsich A9 INR A2 <l W A A8
A AY F 2 FAAAAE vz o= = A 248%
warfarin §-3F 02 H=gie}). chHe 2Ae] A5 EdE
Aelgl gz} A QAo warfarin BF-g-AJol] 1] 2| od 3o
gt chA sk BAS A3k

A

YRS
A, A, A9, 714 A F 8 olmAlS] e 4,

o]z A o] 2]o]] ¥ 83l k& stable warfarin dose, stable warfarin
doseT FoIWH= E)F A8 INR A4S 331800 3xp]
-2 ZA}e] 7753} ACS (anticoagulation consult service)s
= Aol ol A= A Al AL 23S PMP (patient
monitoring profile, EA A=} )E A FFH o= T3
of 2 Ad7= AMSAZH A2 IRB (institutional review boards)
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szte] EAEE A, 5, 71-A K}, T, A,
A7 a3k 7]949), W8 2FE(angiotensin I receptor
blocker, channel blocker, HMG-CoA reductase
inhibitor) ZZ}el] W= stable warfarin doseS- ] 3L, o] A4
AGHZ stable warfarin doseE |23} T} Stable warfarin
doseol| A 83 <= L FoFo= FU)3I9H

Warfarin ¥H-3-ol] i3t 91725 7}517] 18l warfarin §-
% & INRO F7F&(NRiwarfarin®] 4 &3S stable
warfarin dose H]aof| A9} o] AW A3 7|xAshd,
v -g-obEo) whel vl L, o) A Al GEE v wslic).

Stable warfarin dose2} warfarin -3 & INR Z7}&-ol| A
vehd A3 viete R 3kxte] s Q] 89le] warfarin BE
Aol P 2= oS EAE

calcium

A 24

dlo|El Fa+FFAAE ep ol B 3ixke] A=,
AW, Auf BEE oA Fi, 713 HE FE AN
w2 stable warfarin dose®} warfarin 8% INRZ7}E 24
< SHEE AL ol 83

Stable warfarin doseZ} warfarin £-%% INRZ7}E-ol A
p<0.10]3d 7PHA ] g<l(tel, A, 23S, thiazideH] o
A W8 o5 AdeEdle] o]Eo| stable warfarin dose$}
warfarin 8% INRE7HEol| v|X| & S 53734 o
2 Jrksksd.

BE EA 2A2 SPSS® version 20.0(SPSS Inc., Chicago,
USA)S o831, frol5 pakel <0.05 o o) BAIEH 2
2 ool ol Aoz sk
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20095 19~20121 3974 A4 2 ol ARAlEL
Z AT warfaring B85} target INRS dA&5Ho=2
33] oAk §-A13F 9= A} 3039 = target INRS A8}
Et st Aol ol AL 171, o] mAl W] AU 3
2 8, warfaring} A Zbet AFEARg-o] 9lE e dES F
43t kA 1217, Bk rt wekd 3at 59, WEokE
o] sjotE]2] ¢k 3z} 39, A7kt 7P 3k $ka} 32 A €]
3laL 1467 9] A} B AT 7| FS wHEsksd.

EkAL 14679 vho], A, 7]A A3, W E-oFE o ol

2 stable warfarin dose 2Z}+S Table 19 A=lslsich. 9
W2 AA 3x} 7o HF o] 67345 23l 654
o443t 654 mIRte 2 rlS o vpebid stable warfarin
dose= Z+7} 3.16+1.01 mg/day, 3.87+1.31 mg/day=- == 3
ol A w2 8RS Hdek(P<0.001). A2 Apolel] Sleix =
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Table 1. Stable warfarin doses in study population.
Stable warfarin dose
(mg/day)+SD p-value
Age <0.001
>65 years (n=92) 3.16+1.01
<65 years (n=54) 3.87£1.31
Gender <0.001
Male (n=83) 3.77+1.26
Female (n=63) 2.96+0.88
Comorbidity
Hypertension 0.075
Present (n=65) 3.23£1.10
Absent (n=81) 3.58+1.22
Diabetes mellitus 0.804
Present (n=27) 3.4710.95
Absent (n=119) 3.41£1.23
Heart failure 0.754
Present (n=31) 3.36%1.50
Absent (n=115) 3.44£1.09
Valve replacement 0.439
Yes (n=9) 3.72+1.49
No (n=137) 3.40+1.16
Comedication
Diuretics 0.069
Yes (n=64) 3.22+1.21
No (n=82) 3.58+1.14
Angiotensin II receptor blocker 0.569
Yes (n=84) 3.37+1.24
No (n=62) 3.49+1.10
Calcium channel blocker 0.147
Yes (n=18) 3.20+0.55
No (n=128) 3.45+1.24
HMG-CoA reductase inhibitor 0.905
Yes (n=55) 3.44+1.37
No (n=91) 3.41£1.06

A oA Zrztel| A2 stable warfarin dose:= 3.77+1.26 mg/
day, 2.96+0.88 mg/dayZ. oJAdol|A #A|3] F S5 HY
oH(P<0.001).

A 3kxke] 71 - A skl S, B, A, AR ght A
3 of ol u}2 stable warfarin doseS HA15153S o] 128
qte] f-Foll wel 27 A 323+1.10mg2} 3.58+1.22 mgs
yehle] AAA 24 (P=0.075)S BT o2 T2 3
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5 - 2.97+110 mg 3.58+1.14 mg
4.5

4 4
3.5 A

3
2 | M stable warfarin

5 ] dose (mg/day)
15 1 p=0.009

1
0.5

0 T ]

with thiazide without diureitcs
(n=36) (n=82)

Fig. 1. Stable warfarin doses in patients with thiazide diuretics
and without diuretics. Data are expressed as the meantS.D.

ol w3l M e 2 BAIA A ] ik

W43 oFEe] w2 stable warfarin doseZ M| A
angiotensin II receptor blocker, calcium channel blocker, HMG-
CoA reductase inhibitor F-§ -5l w= stable warfarin dose
oA FAA ol sldch b, WEokE 5 o mA W
T3 vHET F 2FolA FAIg S INRS A 238,
2392 ARl -2 (P=0.802), ©] | U stable warfarin dose
= Z}zb 3224121 mg, 3.58+1.14mgo & ZAA Al FeAS
B eHP=0.069).

W43t o|mAE AGEE BAE 2 A, thiazideAd ©]
A W87 36T o] Al S WA A I 827 ol A
9] stable warfarin dose B]X A] Z+ZF 2.97+1.10 mg/day,
3.58+1.14 mg/day=. thiazide ©]3A] H-EollA A*]3] F-&
42FS B AThP=0.009)Fig. 1). ¥FH loop ©]5=A] HWE- o Foj]
9l ME loopel Al S W 2593} o A1 485
oke 3 mel| A ZHzb 3.54+1.35 mg/day, 3.58+1.14 mg/day =
Eht stable warfarin doseel] 9leA frolAd Sl Afel& H
o] A] oksket.

w7k Aol whel o)Al W4 Fold w48
S o FAelME 22 3.70+1.19 me/day$} 3.81+1.32 mg/
dyE F4 G Aolst gdent AMelME 2zt

45 q

4 2.67+0.99 3.23+0.69
35 1
3 4 M stable warfarin
25 4 dose (mg/day)
2
15 A p=0.012
1
0.5 4
0

women with diuretics ~ women without diuretics
(n=30) (n=33)

Fig. 2. Stable warfarin doses in women with and without
diuretics. Data are expressed as the meantS.D.
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Table 2. INR per stable warfarin dose in study population.

INR/stable
warfarin dosexSD P~value
Age <0.001
>65 years (n=92) 0.83£0.27
<65 years (n=54) 0.68+0.21
Gender <0.001
Male (n=83) 0.70+0.24
Female (n=63) 0.87+0.27
Comorbidity
Hypertension 0.086
Present (n=65) 0.82+0.28
Absent (n=81) 0.74+0.24
Diabetes mellitus 0.240
Present (n=27) 0.724+0.20
Absent (n=119) 0.78+0.27
Heart failure 0.198
Present (n=31) 0.83£0.30
Absent (n=115) 0.760.25
Valve replacement 0.942
Yes (n=9) 0.7740.33
No (n=137) 0.7840.26
Co-medication
Diuretics 0.010
Yes (n=64) 0.84+0.31
No (n=82) 0.7240.21
Angiotensin II receptor blocker 0.301
Yes (n=84) 0.79£0.28
No (n=62) 0.75+0.24
Calcium channel blocker 0.880
Yes (n=18) 0.7740.15
No (n=128) 0.78+0.28
HMG-CoA reductase inhibitor 0.486
Yes (n=55) 0.7940.30
No (n=91) 0.76+0.24

2.67+0.99 mg/day3} 3.23+0.69 mg/day 2. stable warfarin dose®l|
A8 2po] S BATHP=0.012)(Fig. 2).

ARAF SR}l A o] A HI-E-A] warfarin 8-3Fo] INRe|
v A= JeE H7kel7] 8l warfarin % INRF7HE
(INR/stable warfarin dose)S #3913, ZA3}E Table 20|
A=kt

AgHE vehd warfarin 83 INRS7HE-Z 654 o))
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Fig. 3. INR per stable warfarin dose in patients with thiazide
diuretics and without diuretics. Data are expressed as the
meantS.D.

o] A 0.8310.27, 654 mIqkell A 0.68+0.212 W2 1ol A]
W S BT(P<0.001). A3 w2 Aol M dAd ol
Al 0704024, Ao A 0.87H0272 AA ¥ =
warfarin £ INR Z71-8-& 2.9 5H(P<0.001).

71#] A 3bo]| wheli]E= stable warfarin dose 2 3}ol| A2} 7+
o] 1&gt ol whet zhzt 0.8240.289) 0.74+0.24% EA|
oz AAAQ F2l4 (P=0.086)= HePA A T TEA
3] ol Wt 25 frold S HelA] st

g ke F olmAl WEof el wE warfarin &%
INRZ7HE-2 o] A -8l A 0.8420.31, o] wA| & w43}
A 9 ol M 07240212 o)A HEFolA EA et

Hom, o] EAZo R foldt Azl vh(P=0.010). ¥kd,
ShE g obEe] o] HebaE BAA o4 vebiA
ket

W43t oAl AdHE A A thiazideA o] A -8
A A3 ¥L warfarin £H% INRZ7HES 29
ThiazideZ] o)A W42} o] w2 w8514 Qb FolA]
Z+7} 0.9040.34, 07240212 thiazided] ©] A ¥ -8l A
3] 2 2k& e oH(P=0.006)(Fig. 3). Loop ©]xA] =
& frFol meMe 2 078028, 07240212 24 c;,l
= Afe] & HelA] ot

=3} stable warfarin doseol| A&} Zro] o Ao|A] o] A S

0.98+0.31 0.78+0.18

1.2 A

14

HINR per stable

0.8 A warfarin dose
06 p=0.003
04
0.2

0

women with diuretics ~ women without diuretics
(n=30) (n=33)

Fig. 4. INR per stable warfarin dose in women with and
without diuretics. Data are expressed as the mean=tS.D.
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Table 3. Multivariate analysis of variables responsible for the
stable warfarin doses.

Variables Parameter estimate (95% CI) p-value
Intercept 4.988 (3.698, 6.277) <0.001
Age -0.026 (-0.045, -0.008) 0.006
Gender 0.653 (0.290, 1.016) 0.001
Hypertension -0.144 (-0.508, 0.221) 0.437
Thiazide diuretics -0.387 (-0.807, 0.032) 0.070

CI: confidence interval

Table 4. Multivariate analysis of variables responsible for the
INR per stable warfarin dose.

Variables Parameter estimate (95% CI)  p-value
Intercept 0.425 (0.138,0.713) 0.004
Age 0.006 (0.002, 0.010) 0.007
Gender -0.138 (-0.218, -0.057) 0.001
Hypertension 0.024 (-0.057, 0.106) 0.553
Thiazide diuretics 0.118 (0.025, 0.212) 0.013

CI: confidence interval
H&sl= 3 WasA 4 el A 0.98+0.31,
0.7810.18 2 2]A A& ZAHE B HP=0.003)(Fig. 4).

Stable warfarin dose®} INR/stable warfarin doseol] 332
T 3 A 57 HSE Gl 9s dEI AR
A& A A8l e}. Stable warfarin dose®} INR/stable warfarin
dose?] t-74A Ao A P<0.1 o]l o], A, 18]t of
5, thiazide ©]%A] WM& 55 57 ¥H|E 3l v ql
252 BAIEES W /N QA7) warfarin ¥H-8-Ad (stable
warfarin dose, warfarin dose@ INRZ7}&)ol v X]&= oJ3kS
718kt

B A3} stable warfarin doseel] ¢33 T QQALEA]
3z} ol e} Aol f-o)A 9l At =EE L@
P=0.006, 0.001), thiazide] ©]xA] W-§& ofF-oAM= AAH
914 & B TH(P=0.070)(Table 3).

INR/stable warfarin dosedl] ¢332 F= QX A =
2xpe] o], A3} 34 thiazideAdl o)A WE AHE
oA gl= AFZ HYTh(P=0.013)(Table 4). o] = A|o2 %
b o537 2ok

INR/stable warfarin dose=0.425+0.006x(-}°] (years))-0.138x
FA31,09 43 0)+0.024x (2 3 £-1,5-0)+0.118x(thiazide ] ©] =
A WL LR[S 0)

=}

il =

2 Q7oie
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warfarin dose®} INR/stable warfarin & 7}X] 5 AR&-sle] Az}
2 =Z3}%t) o] 3 INR/stable warfarin dose:= warfarin £
F3 INR®] F7F AEE FA 3 24 22 warfarin
L3l g8l INRS S7HA7 1= A Yepi 2z 3318
o] A EE el A<l A eluh 1 A, stable
warfarin dosedl| A= 34x}e] A3, A, thiazided] ©] %A
4 oo frolA ol A Har, ISt oA AL
Lod ol mEt= AAA oS THRIE Al B3
=3} INR/stable warfarin doseol| A= A3, A, o] A W&
7, thiazideZ] ©]=A] ¥4 f-Fol ol F204 e Aol
£ vl o, Estel| A AAAH FoAdE Bl

Warfarin 88430l 3&FS X 32} 7 89l 5 1o
off W2 Aol FETEHIHH R AF7t €A ko) o]
A% F7kel e CYP I FE diAL 4= deiA 9l
o} 29 Aol whE warfarin -F-A] 252 o] ] F3e)A]
A HuF I 9l AR vrol o} AIglo] Aol A
= AAgFelvt 7ke] A F=F -2 warfarin HjAFS] EA1A
ol Apo] 2 A= 1 gle} >

712 A3 e ATl AT SRl A AR ofste}
volume’J el 72 AFA| 7} warfarin®] 883 2H8-8- WstA|Z
Aok dA L, A T XS 2 SR M=
warfarin F-7]-8-3e]l ko] gl Ao B ralg] 002,
E A7 AelM= 1243t 7|A &3 o] 57} stable warfarin
doseel] -F-2]3t edgo] 9l A o= vebytc)

W8 oFEo] 93t ¥R cardioselective calcium
channel blockerg!l verapamil, diltiazem2} HMG-CoA reductase
inhibitorol] ] bleeding riskE =Y 4 gl A2 B g )
o) W gojHo) wa} stable warfarin doseell #A3k 3L
Ho|x] okgket.

o] oJekS ALt o] Al B§- o Fof] w2 Ao]E

7] 8 A= oA el A o)Al WS of Hof wlE
stable warfarin dose®} INR/stable warfarin doseS %43t 2
oA FA oAM= oAl HE ofFl ue} BAHSE F
A 9= ARy} gldid ¥ AAdA = FAJE 2ol & 1}
Rl 28y o] mAlE WSS oJAoA sixfke] AE Al

f9lof] 9lo] 714 A 2O E heart failureZ E3F5h= ¥]-&(303
% 10M8)°] o] xAlE B831A] o= A (33H 5 49)elA
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