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Oral anticoagulant therapy 

HiSTORY OF DEVELOPMENT AND PRESENT USE OF COUMARIN 
ANTICOAGULANTS 

The history of the discovery and development of coumarin anticoagulants 
started in the 1920s in North Dakota, USA and Alberta, Canada, when cattle fed 

moldy sweet clover were struck by a new type of serious, hemorrhagic disease. 
In 1939, Campbell and Link identified the hemorrhagic agent as dicoumarol 
and in 1941 it was studied as an anticoagulant agent in patients at the Mayo 
Clinic: its use reduced postoperative thrombosis. However, partly due to fear of 
unacceptable toxicity, it was not until the 1950s that coumarin derivatives were 

introduced into medicine(!). The use of coumarins was stimulated by president 
Eisenhower's treatment with warfarin alter a myocardial infarction. At present 

oral anticoagulation with coumarin derivatives is an established therapy for a 
variety of indications (2-8). Well-designed clinical trials have shown that oral 
anticoagulant therapy is clinically effective in the primary and secondary pre­
vention of venous thromboembolism, in the prevention of systemic arterial embo­
lism in patients with atrial fibrillation or tissue- and mechanical prosthetic heart 

valves, and in the prevention of stroke, recurrent infarction and death after 
acute myocardial infarction. Anticoagulants are also recommended in patients 
with rheumatic heart disease or dilated cardiomyopathy, although for these indi­
cations their efficacy has never been demonstrated in randomized trials. 

For the acute treatment of thromboembolic disease and for the prevention of 
postoperative thrombosis, heparin or its derivatives are also used since this drug 
has an immediate anticoagulant effect It increases the activity of antithrombin 
and consequently neutralizes several activated coagulation proteins. However, 

long-term therapy with heparin is associated with osteoporosis. In addition, daily 
injections are unpleasant for the patient Therefore, after the acute phase, ther­

apy with heparin is usually replaced by therapy with coumarins. Other drugs 

used for prevention or treatment of various thromboembolic disorders are drugs 
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CHAPTER 1 

which inhibit platelet aggregation and thrombolytics which promote the dissolu­

tion of thrombi by stimulating the activation of endogenous plasminogen to plas­
min (9). Therapy with heparin, platelet inhibiting drugs and thrombolytic drugs 

are beyond the scope of this thesis and will not be discussed further. 

MECHANISM OF ACTION OF COUMARIN ANTICOAGULANTS 

Coumarin anticoagulants induce anticoagulation by antagorllzing vitamin K. 

As a cofactor, vitamin K is required for the posttranslational carboxylation of 
glutamate residues on the N-termlnal regions of the vitamin K-dependent coagu­
lation proteins (factor IL VIL IX and X, protein S and protein C) into y-carboxy­
glutarnate (Gla) residues. The process of y-carboxylation allows the coagulation 
proteins to undergo a conformational change in the presence of calcium ions, a 
necessary requirement for binding to phospholipids on blood platelets and endo­

thelial cells at the site of injury. The carboxylation reaction is catalyzed by a 
carboxylase that requires the reduced form of vitamin K (vitamin KH

2
), molecu­

lar oxygen and carbon clioxide. During this reaction, Gla residues are formed 
and vitamin KH

2 
is oxidized to vitamin K epoxide (vitamin KO). Vitamin KO is 

recycled to vitamin K by a clithiol-dependent vitamin KO reductase and vitamin 
K, in turn, is reduced to vitamin KH

2 
by a clithiol-dependent vitamin K reduc­

tase. The vitamin K cycle is depicted in figure I. Coumarin anticoagulants inhibit 

vitamin KO reductase and vitamin K reductase, resulting in the accumulation 
of vitamin KO in the liver and plasma and the depletion of vitamin KH

2
. The 

decrease in vitamin KH2 impairs the y-carboxy!ation and thereby the biological 
activity of the vitamin K-dependent coagulation proteins (10). 

Glu Gla 

NAD(P)H + H+ NAD(P)+ 
H,o 

dithioi-(SH)z 

dithioi-(SH)> dithiol-5 2 

K 

Figure l. The vitamin K cycle. 
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Oral anticoagulant therapy 

Vitamin K can also be reduced to vitamin KH
2 
by a NADCP)H-dependent vita­

miD K reductase. Thts enzyme is insensitive to coumarins and is therefore of vital 
importance in situations requiring reduction of the effect of coumarins. Since 
NAD(P)H-dependent vitamin K reductase does not reduce vitamin KO, the vita­

miD K cycle will not be completed and vitamin K can only be used once. Hence, 
large amounts of vitamin K are required to reduce anticoagulation (10). 

The rate of disappearance from the plasma of the vitamin K-dependent coag­
ulation proteins is deterrrlined by their half-lives which range from 5 hours for 
factor VII to 96 hours for factor II (11). In patients on long-term oral anticoagulant 
therapy at therapeutic levels of anticoagulation. factor X is most strongly. and 
factor IX is least sirongly reduced (12-15). However, there are no reports which 
focus on the levels of these factors in overanticoagulated patients. 

PHARMACOKINETICS OF COUMARIN ANTICOAGULANTS 

Since the discovery of dicoumarol. several hundred derivatives of coumarin or 

the related compcund indandione have been synthesized. Today, mainly the 
4-hydroxycoumarin anticoagulants are in use. Because the toxicity of indandi­
one derivatives is greater than that of the coummin derivatives, their use is no 
longer recommended (9). Of the 4-hydroxycoumarin anticoagulants, warfarin 
is commonly prescribed in the Anglo-Saxon and Scandinavian countries. Aceno­
coumarol and phenprocoumon are mainly used in Western continental Europe. 
The structural formulas of warfarin. acenocoumarol and phenprocoumon are 

shown in figure 2. Whereas the mechanism of action of these three drugs is simi­
lar, their pharmacokinetics dlifer. Absorption from the gastrointestinal tract is 

rapid and complete. Plasma protein binding, primarily to albumin. is 98% for 
acenocoumarol and more than 99% for warfarin and phenprocoumon (16). Ail 

three drugs are metaloolized in the liver by the cytochrome P450 system, espe­
cially cytochrome P450 2C9, and the metabolites are predorrlinantly excreted 

via the kidneys. The relative contriloution of cytochrome P450 2C9 to the metabo­
lism dlifers between the three coumarins as a consequence of the dliference in 
structure. This enzyme plays a more important role in the oxidation of warfarin 

;?' 
0 

;?' 
NO, 

;?' 

"'- ::,... 

OH 0 OH 

Warfarin Acenocoumarol 
Phenprocoumon 

Figure 2. Structural formulas of warfarin, acenocoumarol and phenprocoumon. 
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and acenocoumarol, than in the oxidation of phenprocoumon. Phenprocoumon 
is also, for approximately one-third, eliminated as free or conjugated parent drug 

(!6-20). The elimination half-lives of the coumarins vary widely and thereby 
the duration and onset of effect. Acenocoumarol is a short-acting anticoagulant 
with a half-life of 8 to 12 hours. Phenprocoumon has a half-life of 65 to 170 hours 

and so is a long-acting drug and warfarin has an intermediate duration of effect 
and a half-life of 10 to 45 hours (9, 16). Studies have shown that the use of 
phenprocoumon or warfarin gives a more stable anticoagulation than the use of 
acenocoumarol (21-23). This may be explained by the wide fluctuations in the 

plasma levels of factor VII induced by acenocoumarol because of its short hali­
life (24, 25). However, it is not known whether the advantage of the long-acting 
coumarins also applies to the initiation phase of therapy. 

Patients may require diiferent doses of coumarins to reach the same level of 
anticoagulation. The daily maintenance dose of acenocoumarol ranges from l 
to 8 mg, of phenprocoumon from 0.75 to 6 mg and of warfarin from 2 to 10 mg 

(9). Besides an interindividual variation in dose, the required dose may also vary 

over time in an individual patient. Since underanticoagulation is ineffective and 
overanticoagulation may lead to hemorrhage, anticoagulant therapy needs to 
be monitored and adjusted to steer safely between the Scylla of thrombosis and 
the Charybdis of bleeding (26). 

MONITORING OF ANTICOAGULANT THERAPY 

The laboratory test used most often to monitor the intensity of anticoagulant 
treatment is the one-stage prothrombin time test, introduced by Quick in 1935. 
This test is sensitive to the reduction of factor II, VII and X. It measures the clot­

ting time of citrated plasma after the addition of thromboplastin, a tissue extract 
which contains both the tissue factor and the phospholipid necessary to promote 
the activation of factor X by factor VII. Since the many thromboplastins in cur­
rent use are manufactured by diiferent methods, they vary in sensitivity to the 
reduction of vitamin K dependent coagulation proteins. As a result, a similar pro­
thrombin time may reflect very diiferent anticoagulant intensities when diiferent 

thromboplastins are used. In an atiempt to standardize the reporting of prothrom­
bin time in oral anticoagulant control, the International Normalized Ratio (!NR) 
system was introduced in 1983. This system is based on the first primary WHO 
international reference preparation of thromboplastin. against which every new 
thromboplastin is calibrated. This way, every prothrombin ratio measured by 

a calibrated thromboplastin can be converted into an INR. according to the for­
mula 'INR ~ observed prothrombin time ratio 15", where IS! is the International 
Sensitivity Index, a measure of the responsiveness of the thromboplastin prepa­
ration to the reduction of vitamin K dependent coagulation proteins (27). The 

optimal target range of oral anticoagulant therapy, as recommended by the 
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Oral anticoagulant therapy 

Federation of Dutch Thrombosis Centers, lies between an INR of 2.5 and 3.5, or 
between 3.0 and 4.0 (28, 29), depending on the indication for treatment. The 
necessary duration of treatment ranges from four weeks to lifelong. 

Adequate monitoring of anticoagulant therapy requires experience and 
specialization. To this purpose. anticoagulation clinics emerged as early as the 
1950s in the Netherlands and more recently in Italy, Canada and the United 
States. The Netherlands have a network of 65 independently operating clinics 

of which the areas of care cover over 90% of the Dutch population. A special­
ized system of monitoring has been developed (30, 31). in which nurses who 
are trained in anticoagulant therapy control play a central role. At the start of 
therapy, they instruct each patient about anticoagulant therapy. Among other 
things, the patient is told to iriform the clinic about changes in comedication. 
intercurrent illnesses and bleeding complications. At several outpatient facilities, 
or when necessary at the patient's home, they collect blood samples. After pro­
thrombin times are assessed at the clinic, dosing of the coumarin is performed 

by a team of specialised physicians, often with the aid of a computerized dosing 
program. This program evaluates the stability of the INR and, when possible, pro­
poses a dosing schedule (i.e. in nearly 50% of the patients). In the other patients, 
dosing is done by the physician according to a standard operating procedure. 
The dose is printed on a dosage list which the patient receives by mall the next 

day. If necessary. the patient is telephoned the same day for dose adjustment 
or vitamin K prescription. The control period depends on the stability of the anti­
coagulant level and is six weeks at a maximum. Routine audit of the quality of 
oral anticoagulant therapy, such as the percentage of patients within the target 
range, is performed at monthly intervals. 

OVERANT!COAGULATION 

Despite monitoring of anticoagulant therapy, overanticoagulation may occur. 
The response to coumarins may be enhanced by factors influencing the absorp­

tion, distribution or elimination of the anticoagulant or vitamin K. or affecting 
the synthesis. function or clearance of the vitamin K-dependent coagulation pro­
teins (32). Based on case reports and small-scale experiments, a considerable 
number of drug interactions with coumarin anticoagulants have been reported 
and summarized (32-35). Critical periods are when a patient stabilized on an 
anticoagulant commences treatment with an interacting drug or when a patient 

stabilized on a regimen of an interacting drug and an anticoagulant has the 
interacting drug withdrawn. in addition, a number of comorbid conditions, 
among which hepatic dysfunction, hyper metabolic states and congestive heart 

failure, have been postulated as interfering with oral anticoagulant therapy 
(33, 36-38). Furthermore, increasing age and female gender have been associ­
ated with an enhanced response to coumarins (39). Overanticoagulation after 
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a dietary moclliication reducing the intake of vitamin K has been described (40, 
41). Large epidemiological studies on the incidence of and risk factors for overan­

ticoagulation in a non-selected population under everyday circumstances, how­
ever, are scarce. 

In the absence of life-threatening hemorrhagic complioations, the usual way 
to achieve a reduction in anticoagulant effect is to discontinue the drug for two 
or more days and, depending on the intensity of the INR, administer 1 to 10 mg 

of vitamin K, orally. Anticoagulant therapy is resumed at a lower dose and the 
INR is measured again within a week (36). Detailed iniormation on changes in 
the INR in response to vitamin K, is not availalcle as INR-values usually are not 
measured daily. Since reversal of anticoagulation by vitamin K requires synthe­
sis of fully carboxylated coagulation proteins, 24 hours may be needed for a sig­
nificant reduction of the INR. In case of a serious hemorrhage, the patient should 
be transfused with prothrorribin complex concentrate, supplemented with vita­
minK, in order to rapidly reverse the INR (36, 42). 

ADVERSE EFFECTS OF COUMARIN ANTICOAGULANTS 

Inherent to the mode of action and narrow therapeutic index of coumarin anti­
coagulcmts, hemorrhage is the most common adverse reaction and may cause 
serious morbidity and mortality. It has been reported in virtually every body 
cmnty or organ, the commonest sites being the gastrointestinal tract, the urinary 
tract, the soft tissues and the oropharynx. The bleeding rate is 7. 6 to 16.5 per 
!00 patient-years of treatment. Major or life-threatening hemorrhage occurs at 
a rate of 1.4 to 3.6 per 100 patient-years. The duration of anticoagulant therapy 
and the intensity of anticoagulation are critical determinants of the risk of antico­
agulant-associated bleeding. The most important patient-specific risk factors for 
bleeding are comorbid illness (especially heart-, kidney-, liver- and cerebrovas­

cular disease) and the use of drugs which interfere with hemostasis, e.g. plate­
Jet aggregation inhibiting drugs such as the salicylates (29, 43-45). In addition, 
hepatic injury is a serious, but probalcly uncommon adverse effect. The first 
report on coumarin-associated hepatic injury appeared in the German literature 
in 1963 (46). In the intervening period to date, several case reports have been 
published, mostiy in relation to use of phenprocoumon or warfarin and rarely 
to acenocoumarol (47-52). liver damage, mostly hepatocellular damage, mani­
fested two to six months after the start of therapy. This long interval might be 
compatible with the accumulation of a toxic metabolite in the liver. Other rare 
but serious complications of coumarins are skin cmd soft tissue necrosis cmd the 
'purple toes' syndrome (53, 54). Skin and soft tissue necrosis may appear from 
day three to six after beginning treatment. It occurs in approximately 0.1% of 

patients, mostly women. The affected site often concerns fatty areas such as 
breasts, thighs and buttocks. Both heterozygous- and acquired functional protein 
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C and S deficiency as well as antithrombin Ill deficiency are risk factors for cou­
marin-induced skin necrosis (53). The 'purple toes' syndrome has been thought 
to result from cholesterol embolization (54). Furthermore, since vitamin K is also 
involved in bone metabolism, the use of coumarin anticoagulants may affect 

bones (55). A substantial effect of coumarins on young, rapidly growing bone 
has been proven (56, 57). In adults, the use of coumarin anticoagulants is asso­
ciated with an increased concentration of undercarboxylated bone proteins 
(58-61), but the effect on bone mineral density is controversial (62). Use of cou­

marins during pregnancy poses teratogenic and hemorrhagic risks for the fetus. 
Warfarin embryopathy, a syndrome characterized by nasal hypoplasia or stip­
pled epiphyses, may result from maternal use of coumarins during the first lri­

mester of pregnancy. Central nervous system abnormalities have been reported 
following exposure to coumarins at any time during pregnancy (63, 64). In a 

large cohort study among school-age chlldren the long-term effects of in utero 
exposure to coumarins were examined. The risk for minor neurological dysfunc­
tion was increased and behavioural development was negatively influenced 
(65, 66). Cognitive functioning and growth in the absence of warfarin embryopa­
thy, were not affected (67, 68). A positive side effect of coumarin anticoagulants 
which has been postulated is the anti-tumor action. Coumarins appear to reduce 
the size of small-cell carcinoma of the lung and consequently prolong survival 

times (69, 70). 

AIM AND OUTLINE OF THIS THESIS 

Most of the extensive research on oral anticoagulant therapy has focussed on 

its pharmacological- and biochemical action, prothrombin time calibration, opti­
mal therapeutic intensity and hemorrhagic complications. However, whlle the 
risks of overanticoagulation are clear, its treatment and determinants have 
received little attention. Therefore, the aim of this thesis was to study aspects of 
overanticoagulation on coumarin anticoagulants among outpatients of an anti­

coagulation clinic. Overanticoagulation was defined as an INR ;:>6.0, since at this 
INR-value the risk of hemorrhage sharply increases (28, 41). Chapter 2 relates 
to the treatment of overanticoagulation and describes the course of the INR 
in response to oral vitamin K

1 
in overanticoagulated patients. Chapter 3 con­

cerns the incidence of and risk factors for overanticoagulation and includes five 
studies. Chapter 3.1 focusses on characteristics of anticoagulant therapy and 
comorbidlty associated with overanticoagulation, chapters 3.2 and 3.3 on drug 
interactions as a cause of overanticoagulation, and chapters 3.4 and 3.5 on life­
style and diet as risk factors for overanticoagulation. The levels of the vitamin 

K-dependent pro- and anticoagulant proteins in overanticoagulated patients 

are evaluated in chapter 4. In chapter 5, several measures of the quality of oral 
anticoagulant therapy, among which the occurrence of overanticoagulation, 
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are compared between phenprocoumon and acenocoumarol. Finally, in chap­
ter 6 the main findings are presented, methodological issues and implications 
for oral anticoagulant therapy are discussed. and recommendations for future 
resecuch cue given. 
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TREATMENT OF 

OVERANTICOAGULATION 





Course of the International Normalized 
Ratio in response to oral vitamin K

1 

in patients overanticoagulated with 
phenprocoumon 

ABSTRACT Oral vitamin K, is used for the treatment of excessive anticoagu­
lation. Detailed information on changes in the International Nor­
malized Ratio (INR) in response to vitamin K, is not available. We 
therefore measured the INR on the first seven days following the 
oral intake of 1 to 5 mg of vitamin K, in 24 patients routinely 
treated with phenprocoumon who had an INR 26.0 at presentation. 

The first two days after administration of vitamin K, the mean INR 
decreased by 40% and 23%, respectively. Alter day 2, the day-to­

day proportional change in the mean INR depended on the dose 
of vitarrrin K

1 
cm.d varied from a decrease of 12% to an increase of 

21%. On day 7, the mean INR was higher than on day 2 in three 
out of five treatment groups. Between day 2 and day 7, in general. 
32% of the patients had an INR within the therapeutic zone. 25% 

had an INR 26.0 and 8% had an INR <2.0. These findings suggest 
that our routine treatment of overanticoagulation in patients on 
phenprocoumon should be intensified to improve its efficacy. 
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CHAPTER 2 

INTRODUCTION 

Coumarin anticoagulants have a narrow therapeutic index (1). The optimal 

target range of oral anticoagulant therapy. as recommended by the Federa­

tion of Dutch Thrombosis Centers, lies between 2.5 and 3.5 Internalional Normal­

ized Ratio (INR) or between 3.0 and 4.0 INR (2, 3), depending on the indicalion 

for treatment. When the INR is 2:6.0, the risk of bleeding, the most common 

adverse reaction to coumarin anticoagulants, sharply increases (3). Hence, such 

an excess anticoagulant effect should be treated promptly and adequately. 

In the absence of life-threatening hemorrhagic complicalions, the usual way 

to achieve a reduction in anticoagulant effect is to discontinue the drug for two 

or more days and, depending on the intensity of the INR, administer l to lO mg 

of vitamin K
1 

oraliy (4). Detailed information on changes in the INR in response 

to vitamin K 1 is not available since INR-values are usually not measured daily, 

but only after a week. The literature provides limited informalion: two studies 

have been performed on the response of the INR to oral vitamin K, (5, 6). In one 

(5), the INR was measured twice: one or two days after adminfstration of vitamin 

K
1 
and four to seven days after warfarin therapy was resumed. In the other study 

(6) the INR was determined after one, two and nine days. These studies both 

focussed on efficacy and expressed the results in the number of patients with an 

INR below or above 5.0. No data were given on changes in INR over time. Har­

rell and Kline (7) reported on five palients in whom oral vitamin K
1 

was used to 

treat overanticoagulation. Nter one or two days the INR had decreased by 58% 

to 89%. 

To obtain detailed insight into the course of the INR after oral adminfstralion 

of vitamin K 1 and to test the efficacy of our routine treatment of overanticoagula­

tion, we determined the INR on the next seven days in patients on phenprocou­

mon who had an INR 2:6.0 at presentation. 

METHODS 

Palients treated with phenprocoumon (Marcoumar®) by the regional Red Cross 

anticoagulation clinfc The Hague who were prescribed oral vitamin K 1 because 

of an INR 2:6.0 between June 9, I997 and June 27, 1997, were asked to par­

ticipate in this prospective study. Patients treated with vitamin K
1 

because of a 

subsequent medical intervention or whose prothrombin time had to be checked 

within seven days were excluded. 

On day 0 palients suspended phenprocoumon therapy and took an oral dose 

of vitamin K
1 
(Konakion® Cremophor EL based drop solution 20 mg/rnl). This dose 

was determined by the INR and the target range of anticoagulation, according 

to an algorithm employed at the anticoagulalion clinfc (table l). Because of indi­

vidual factors, the algorithm could be deviated from. The required number of 
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drops were taken with about half a cup of water. The day at which the patient 

restarted phenprocoumon, as well as the adjustment of the dosage, depended 
on the patient's individual circumstances: standard practice was to restart phen­

procoumon on day 2 and to lower the dosage by about 15%. On the next seven 
days after taking vitamin K,. day I to day 7, venous blood samples were col­
lected in 3.2% sodium citrate Vacutainer tubes. 

The patients were visited at home between 8.00 a.m. and 12.30 a.m. Within 
five hours after collection the blood samples were centrifuged at 3000 rpm for 
10 minutes and plasma was frozen at -20"C. Prothrombin times were measured 
after the one-week follow-up in order not to affect treatment. 

All measurements were done at the same time on an automatic coagulation 
analyser (Electra 1600C). The thromboplastin used was a human recombinant 

tissue factor (Ortho® RecombiP!asTin) with an International Sensitivity Index of 
1.05 (batch RTF-159).To confirm the assumption of no effect offreezing on the pro­
thrombin time measurement, two blood samples were taken on day 7. Of one 

of these samples plasma was frozen and the prothrombin time was measured 
afterwards. Of the other sample the prothrombin time was measured directly. 
The mean difference in the INR-value between both samples was -0.1 (95%CI 
-0.5-0.3), indicating that freezing did not affect prothrombin time measurement. 

To control for other factors that may affect the INR patients were asked about 
their health and changes in co-medication and alcohol intake during the study 
period. Besides. the intake of vitamin K, and phenprocoumon were verified with 

this questionnaire. 
The course of the INR is described in terms of the proportional change in the 

mean INR between two consecutive days. Baseline INR and dose of vitamin 
K, are highly correlated: more vitamin K, is prescribed when the INR is higher 

(table 1). Therefore, we also analysed patients separately according to the dose 
of vitamin K, (1, 2, 3, 4 or 5 mg), starting from the patients being compliant. To 
test the efficacy of the routine treatment of overanticoagulation, the frequency 
of INRs ::=c6.0, INRs within the therapeutic zone (2.0- 3.5 INR or 2.5- 4.0 INR) and 

INRs <2.0 was calculated. 

Table 1. Algorithm for the administration of vitamin K, in patients on phenprocoumon. 

INR 

6.0- 7.9 
8.0- 8.9 
9.0-11.9 

12.0-14.9 

Target range of anticoagulation 

2.5- 3.51NR 

optional 
2mg 
3 mg 
5mg 

3.0-4.0 INR 

optional 
1 mg 
2mg 
4mg 
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RESULTS 

The number of patients treated with vitcnnin K
1 
and fulfilling the inclusion criteria 

in the three-week study period was 41. Of the 34 patients we were able to con­
tact 24 (71 %) were willing to participate, 10 men and 14 women. One patient 
was lost to follow-up after day 2. The mean age of the patients was 70 years 
(range, 42 to 87 years). They had been using phenprocoumon for 3 days to 
19 years, with a median duration of use of 2 years and 4 months. Indications 

for anticoagulant therapy were: cardiac disease (13 patients), cerebrovascular 
thromboembolism (4 patients). peripheral arterial disease (3 patients), venous 
embolism (2 patients) and prophylactic venous treatment (2 patients). The INR 
at presentation ranged from 7.3 to 14.2, with a mean of 9.3. The mean dose of 
vitcnnin K

1 
prescribed was 2. 7 mg (range, 1 to 5 mg). In 17 out of 24 patients 

the dose of vitcnnin K
1 

was according to the algorithm; seven patients were pre­
scribed a higher dose. 

Figure 1 shows the course of the INR (mean ± SE) during the first week fol­
lowing administration of vitcnnin K 1 for all patients combined. The first two days 
after administration of vitcnnin K 1 the INR decreased. On day 0, the mean INR 
was 9.3±0.3. On day l and day 2, the mean values were 5.6±0.5 and 4.3±0.4, 

respectively. The proportional decrease in the mean INR was 40% on day l and 
23% on day 2. After day 2, the mean INR did not decrease further, but slightly 
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Figure 1. Course of the INR (mean ± SE) during the first week after administration of vitamin 
K1 in patients overanticoagulated with phenprocoumon. The grey area indicates 
the therapeutic zone. 
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increased instead. The day-to-day proportional increase ranged from 2% to 8%. 
On day 7, the mean INR was 5.5:t0.8, 28% higher than the mean value on day 
2. Remarkably, the mean INR did not reach the therapeutic zone at any of the 

seven days. The pattern of a decrease in the INR during the first two days follow­
ing the intake of vitamin K1, was observed for all doses of vitamin K, (figure 2, 
upper panel) and for each of the patients (figure 2, bottom panel). The extent 

of the response to oral vitamin K1 varied greatly between patients: the range in 
INRs on day 0 was much smaller compared to the range on day 1 and day 2. 
In a few patients. the INR did not decrease immediately but only after one day. 
The course of the INR after day 2 was not consistent. The day-to-day proportional 
change in the mean INR depended on the dose of vitamin K

1 
and varied from a 

decrease of 12% to an increase of 21%. On day 7, the mean INR was lower than 
on day 2 in the 1 mg and the 5 mg group and was higher than on day 2 in the 

2, 3 and 4 mg group. 

0' 
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days after administrntion of 1 mg of vitamin K1 
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& 110 
§ ' ~ 

0-
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days after administration of 1 mg of vitamin K1 
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j " 
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~ 8 
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I 

0 

days after administration of2 mg of vitamin K1 

0-
0 

days after adminrstralron of 2 mg of vitamin K1 

0 
0 

days after administratron of3 mg of vitamin K1 

0 -
0 
days after administration of 3 mg of vitamin K1 

Figure 2. Course of the INR during the first week after administration of 1. 2 and 3 mg of 
vitamin K

1 
in patients overanticoagulated with phenprocoumon (six. six and five 

patients respectively), The upper panel shows the mean INR ± SE. The bottom 
panel shows the course of the INR for the individual patients. The grey area indi­
cates the therapeutic zone. 
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In addition to determining the effect of vitamin K
1 
administration on the time­

course of the INR, we also looked at its effectiveness in reducing the excess anti­
coagulant effect to lower and safer levels, preferally in the therapeutic zone. Of 

24 patients with an INR ;:>.6.0 on day 0 who received 1 to 5 mg of vitamin K 1, eight 
(33%) still had an INR;:>.6.0 on day l, five (21 %) on day 2, 3 and 4, seven (29%) on 
day 5 and day 6 and six (25%) on day 7. It concerned 12 individual patients, five 

of whom had an INR ?:6.0 on at least five days. All patients had taken less than 
5 mg of vitamin K 1 . The number of patients with an INR within the therapeutic 
zone was five (21 %) on day l, eight (33%) on day 2 and day 6, seven (29%) on 
day 3, day 4 and day 7, andnfne (38%) on day 5. Twelve dtiferent patients were 
involved. In three of them the INR was In the therapeutic zone for only one or two 
days. An INR <2.0 occurred in two patients (8%) on day 2, 3 and 4. 

DISCUSSION 

To obtain detailed insight into the course of the INR after oral administration of 
vitamin K 1 in doses of I to 5 mg, we measured the INR on the next seven days 

in patients on phenprocournon with an INR ?:6.0 at presentation. The first two 
days after administration of vitamin K 1 the mean INR decreased; afterwards it 
slightly increased agafn. On all days, the mean INR was above the therapeutic 
zone. After a week, 25% of the patients were still overanticoagulated (INR ;:>.6.0), 
only 29% had an INR within the therapeutic zone and none were underantico­
agulated. 

The routine treatment of overanticoagulation employed at the anticoagula­
tion clinic has not been tested extensively before and is an empincal one. There­
fore, one afm of this study was to test its efficacy. Starting from a duration of effect 
of oral vitamin K 1 of two days, as discussed below, the efficacy of the treatment 
can be judged on the INR between day 2 and day 7. Overall, just 32% of the 
patients had an INR within the therapeutic zone, 25% had an INR ?:6.0 and conse­
quently were at increased risk of bleeding. An JNR <2.0, and so an increased risk 
of thromboembolism, only occurred on day 2, 3 and 4 in two patients (8%). These 

figures indicate that the treatment is not sufficiently intense and an adjustment 
is recommended. Increasing the dosage of vitamin K

1 
is one possibility. Another 

option would be to administer another small dosage of vitamin K
1 

on day 1 or 
day 2. Although this study was only performed at the anticoagulation clinic of 
The Hague, the conclusion regarding the efficacy of the treatment of overantico­

agulation in patients on phenprocournon most probably also applies to many 
of the other anticoagulation clinics. Most clinics prescribe comparable doses of 
vitamin K1 and some even lower doses. 

This study was performed in a setting of routine medical care. As a conse­

quence, in six patients. three of whom had just started oral anticoagulant ther­
apy, the standard practice of restarting phenprocournon on day 2 and lowering 
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the dosage by about 15% was deviated from. However. the course of the INR in 
these patients was comparable with that observed in the patients in whom the 
standard practice was applied. 

Most effect of vitamin K 1 was seen in the first two days. Considering the hali­
life of vitamin K1 of approximately llf2 to 3 hours (8, 9), a duration of effect 
of two days is plausible. The extent of the response to oral vitamin K

1 
varied 

greatly between patients. A clliference in the degree of overanticoagulation is a 
plausible explanation. However, serum levels of phenprocoumon were not deter­
mined. The clliference between the dose of phenprocoumon at presentation and 
the dose in a stable condition later on, as a proxy of the degree of overantico­
agulation, was available for only a limited number of patients. We did not find 
a relation between the dose of vitamin K

1 
and the proportional decrease in INR 

between day 0 and day 2. Sex or age also were not related to this decrease. 
Other factors that may atfect the INR were not substantially present and can not 
have had an appreciable effect on the results. 

Our study was restricted to patients on phenprocoumon, since at the anti­
coagulation clinic of The Hague vitamin K

1 
is only incidentally prescribed to 

patients on acenocoumarol, namely when the INR is 2'15.0. Because of a clli­
ference in hali-life between coumarin anticoagulants, the course of the INR in 

response to oral vitamin K1 would be clliferent for other anticoagulants. This 
aspect should be taken into account when comparing our study with the stud­
ies of Weibert eta!. (5), Pengo eta!. (6) and Harrell and Kline (7), who were per­
formed in patients on warfarin. The former two studies both focussed on efficacy 

and gave no data on changes in INR over time. In the study of Pengo eta!. (6), 
nearly all patients had an INR below 5.0 on day 1, 2 and 9. The INR at presenta­
tion, however, was much lower than in our study. Weibert et a!. (5) found that 

one or two days alter administration of vitamin K
1

, 73% of the INRs fell within the 
target zone of 2.0 to 5.0. 10% exceeded 5.0 and 17% was less than 2.0. Four to 
seven days after warfarin therapy was resumed these percentages were 83%, 
1% and 16%. respectively. So, compared to our study, fewer patients had an INR 
above the target zone, but more patients had an INR below this zone. A higher 

dosage of vitamin K 1 in proportion to the INR at presentation by Weibert et a!. 
is a plausible explanation. In a report on five patients by Harrell and Kline (7), 

the INR had decreased by 58% to 89% alter one or two days. In our study, the 
maximum decrease in INR on an individual patient level was 77% on day I and 
43% on day 2. 

in conclusion, in this study among 24 patients on phenprocoumon with an INR 

2'6.0, the INR decreased during the first two days alter administration of I to 5 mg 
of oral vitamin K

1
, but slightiy increased again afterwards. Only one third of the 

patients had an INR within the therapeutic zone between day 2 and day 7. To 

improve its efficacy, the routine treaiment of overanticoagulation in patients on 

phenprocoumon should be intensified. 
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Characteristics of anticoagulant therapy 

and comorbidity related to 

overanticoagulation 

ABsTRACT The risk of hemorrhage when using coumarin anticoagulants 
sharply increases when the International Normalized Ratio (INR) 
is _2:6.0. We performed a prospective cohort study with a nested 
case-control design among 17,056 outpatients of an anticoagula­

tion clinic to determine the incidence of overanticoagulation and 
to study the association between overanticoagulation and charac­
teristics of anticoagulant therapy and comorbidity. The incidence 
rate of an INR _2:60 was 7.8 per 10,000 treatment days in prevalent 
users on the starting date and 22.5 per 10,000 treatment days in 

incident users during the study period. 300 cases with an INR _2:6.0 

were compared with 302 randomly selected matched controls with 
an INR within the therapeutic zone. information on characteristics 
of anticoagulant therapy and comorbidity, as well as on potential 

contoundirig factors, was collected from the anticoagulant mecli­
cal record, through the general practitioner, and by interviewing 
the patient Patients on acenocoumarol had an increased risk of 

an INR 2:60 compared to patients on phenprocoumon (OR 1.9; 
95%CI L3-2 7). Chronic cliseases associated with overanticoagula­
tion were impaired liver function (OR 2.8: 95%CI L J-6. 9) and con­
gestive heari failure (OR 1 _ 6; 95%CI 1 _ 04-2.6 in stable condition and 

OR 3.0; 95%CI 0.8-12.0 in case of a relapse). Acute ilinesses associ­
ated with overanticoagulation were diarrhea and fever (OR 12 8; 

95%CI 1.6-104.9 and OR 2. 9; 95%CI U-7. 7, respectively), Increased 
monitoring of INR-values if risk factors are present or avoidance of 
risk factors could prevent overanticoagulation and potential bleed­

ing complications. 
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INTRODUCTION 

Coumarin anticoagulants are clinically effective in the prevention of venous and 
arterial thromboembolism (1). These drugs induce anticoagulation by antagoniz­
ing vitamin K. thereby impairing the biological activity of the vitamin K-depen­
dent coagulation factors (factor II, VII, IX and X) (2). Inherent to their mode of 

action and narrow therapeutic index, hemorrhage is the most common adverse 
reaction to coumarin anticoagulants. The risk of hemorrhage is strongly associ­
ated with the intensity of anticoagulation and sharply increases when the Inter­
national Normalized Ratio (INR) is 2:6.0 (3-6). Such an excess anticoagulant effect 

should therefore be prevented. This necessitates identification of risk factors for 
overanticoagulation. 

A number of comorbidities are suspected to enhance the response to cou­
marins (7-10). Hepatic dysfunction may impair the synthesis of coagulation fac­
tors. In hypermetabolic states the clearance of coagulation factors is increased. 

Fat malabsorption and diarrhea impair the absorption of vitamin K. With malig­

nancies, the metaloolism of vitamin K and the coumarin anticoagulant may be 
affected. In congestive heart failure the distribution of the coumarin anticoagu­
lant is altered. 

The stability of anticoagulant control depends on the type of anticoagulant 

used and has been found to be less when using the short -acting acenocoumarol 
because of fluctuating factor VII levels (11, 12). In addition, the patient's compli­

ance plays a role in stability of control (13, 14). Possibly the risk of overanticoagu­
lation is also related to these factors. 

The occurrence of overanticoagulation in a non-selected population under 
everyday circumstances and the association between overanticoagulation and 
characteristics of anticoagulant therapy and comorbidity, have not been stud­
ied extensively. Therefore, we have conducted a prospective cohort study with 
a nested case-control design among outpatients of an anticoagulation clinic. 
We determined the incidence of overanticoagulation (INR 2:6.0) and studied 

the association between overanticoagulation and characteristics of anticoagu­
lant therapy and comorbidity in previously stable patients. This paper is one of 
a series of three papers on risk factors for overanticoagulation. The other two 
papers are based on the same study and concern drug interactions and sociode­
mographic-, lliestyle-, and dietary factors. 

METHODS 

Setting 
In the Netherlands, anticoagulant therapy is monitored by a network of more 

than 60 independently operating specialized anticoagulation clinics, covering 
over 90% of the country (15, 16). The study was performed at the regional Red 
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Cross anticoagulation clinic The Hague, which serves an area of nearly 700,000 

inhabitants. All persons in this area with an indication for anticoagulant therapy 
are referred to this clinic. 

Cohort definition 

The study cohort consisted of all patients treated with oral anticoagulants at the 
regional Red Cross anticoagulation clinic The Hague between December 1, 1997 
and June 14, 1999. The cohort therefore included prevalent users on the starting 

date and incident users during the study period. All cohort members were fol­
lowed until the first occurrence of an INR 2;:6.0, the end of their treatment, or the 
end of the study period (i.e. the day on which the planned number of cases was 
recruited), whichever came first 

Cases and controls 
Subjects for the nested case-control study were identified daily from all patients 
with an INR measurement on that day. Cases were defined as cohort members 

with an INR 2;:6.0. For each case, one control, matched on target range, was 
randorrily selected from the cohort members with an INR within the therapeutic 
zone (2.0-3.5 or 2.5-4.0), measured on the same day as the case (index day). 
Overanticoagulation is often seen during initiation of anticoagulant therapy and 
in unstable anticoagulation. Since this was not our primary interest, only cases 

and controis with stable anticoagulation in the three months preceding the 
index day were eligible. Anticoagulant therapy is considered effective and safe 
if the patient is kept within the therapeutic zone for more than two-third of the 
time (! 7, 18). Therefore, we defined stable anticoagulation as having at least 
66% of the INRs within the therapeutic zone and no INRs 2;:5.5 in the three months 

preceding the index day. To judge stability, a minimum of three INRs had to be 

assessed in the three months preceding the index day. Cases and controls with 
a hospital admission in this period were excluded, since information on antico­
agulant control during aclinission is often not available at the anticoagulation 
clinic. As we focussed on sudden overanticoagulation, the INR preceding the 
assessment on the index day had to be within the therapeutic zone. Patients who 

were not living independently and those maldng use of meals on wheels were 
excluded because these patients may be less able to reliably answer the ques­
tions on medication and diet. Since we were primarily interested in overantico­
agulation, irrespective of the question whether this was followed by hemorrhage, 
patients who presented at the index day with a serious bleeding complication 

were excluded because this may promote recall bias. 

Procedure 
The study protocol has been approved by the Medical Ethics Committee of the 
Erasmus University Medical Center Rotterdam. We planned to recruit 300 cases 

and 300 controls to provide at least 80% power to detect a true odds ratio (OR) 
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of ;:>2.0 for risk factors having a prevalence of 7% among the controls, using a 
p<0.05 to reject the null hypothesis of OR~ l. 

information on characteristics of anticoagulant therapy and comorbidity, as 
well as on potential confounding factors, was collected from the anticoagulant 

medical record, through the general practitioner (GP). and by interviewing 
the patient The interview took place within three weeks after the index day 
at the private address of the patient, making use of structured questionnaires 

with mainly closed questions. The interviewers were blinded with respect to the 
patient's case or control status and the specific research hypotheses. This also 
applied to the GPs and the pharmacists. Blinding of the patients was not fully 
feasible, since the INR-value is printed on thetr dosage list To obviate this, in the 
information letter we referred to the problem of overanticoagulation in a general 
sense. 

Characteristics of anticoagulant therapy and comorbidity 

The risk period was defined as the four-week period preceding the index day. 
The following characteristics of anticoagulant therapy were collected from the 

anticoagulant medical record: indication for anticoagulation, duration of ther­
apy (categorized as Sl year, I to 5 years and ;:>5 years, exclusive of former treat­
ment episodes), type of anticoagulant used, change of type of anticoagulant 
in the risk period, and the latest dosage of the anticoagulant The patient was 
asked about compliance with anticoagulant therapy, i.e. regularity of pill intake 
and missed or extra pills in the risk period. With respect to comorbidity, chronic 
comorbidities as well as acute illnesses during the risk period were taken into 
account The GP was asked whether the patient had an impaired liver-, biliary­
or pancreatic function, em impaired gastro-intestinal absorption, congestive 

heart failure, hyperthyroidism, or a malignancy. li so, it was asked whether the 
condition had changed in the risk period. Since anticoagulant therapy likely is 
titrated to chronic comorbidities and orily a relapse or change may be related 
to overanticoagulation, all chronic comorbidities were categorised as absent, 
stable in the risk period, and worsened in the risk period. Regarding acute ill· 
nesses, the patient was asked about having been Ill in the risk period and if so, 
about his or her complaints and the presence of fever (a temperature ;;>38'C). In 
addition, the GP was asked whether the patient had consulted him in the risk 
period and if so, with which medical problems. 

Colactors 
Acute illnesses and worsened chronic comorbidities may be accompanied by a 
change in drug use (beside the anticoagulant), weight, physical activity, dietary 
intake (and thereby intake of vitamin K), and/or alcohol consumption. These 

factors may also affect the response to oral anticoagulants (19-24) and were 
thus considered as potential confounders. The associations between these cofac­

tors and overanticoagulation are the main subjects of the two other papers men-
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tioned in the introduction. 

Statistical analysis 

We calculated the cumulative incidence of an INR ?_6.0 using the Kaplan-Meier 
method, as well as the incidence rate. Both incidence measures were calculated 
separately for prevalent users on the starting date and incident users during the 

study period, since overanticoagulation is often seen during initiation of antico­
agulant therapy. 

Characteristics of anticoagulant therapy and comorbidity related to an INR 
?_6.0 were identified using univariate conditional logistic regression analysis at 
first. Since the unconditional analyses gave comparable results but more statis­

tical power, we finally used unconditional logistic regression to compute unad­
justed odds ratios and their 95% confidence intervals (CI). In case a risk factor 
was absent in either the cases or the controls, a Fisher Exact test was performed 
instead. To assess characteristics of anticoagulant therapy and stable chronic 
comorbidities that were independently associated with an INR ?_6.0, all factors 
of these two categories which were univariately associated at a p<0.10, age. 
sex, and the number of INR determinations in the preceding three months were 

included in a multiple regression model. A comparable procedure was followed 
to assess worsened chronic comorbidities and acute illnesses that were indepen­
dently associated with an INR ?_6.0. Cofactors which were univariately associ­
ated with an INR ?_6.0 were included as well ii this resulted in a change in one 
of the odds ratios of 5% or over, starting with the most potent factor. 

To determine the importance of the independent risk factors for overanticoag­
ulation in the population, we calculated the population attributable risk percent­
ages (PAR%) according to the following formula (25): PAR% ~ AR% • (proportion 

of exposed cases). with AR% ~ (COR-1)/0R) • 100. 

RESULTS 

The prospective cohort consisted of 17,056 patients: 9,508 prevalent users on the 
starting date, who had on average 380 treatment days (range 1 to 560 days) 
and 16 INR measurements (range 0 to 72 measurements) and 7,548 incident 

users during the study period, who had on average 98 treatment days (range 1 
to 558 days) and 9 INR measurements (range 1 to 60 measurements). The cumu­
lative incidence of the occurrence of an INR ?_6.0 is represented in figure l. As 
expected, overanticoagulation occurred more often in :incident users. After six 
months of follow up, the cumulative incidence was 17% in prevalent users and 

29% in incident users. After one year it was 25% and 39%, respectively, and at 
the end of the study period, i.e. after 560 days of follow up, the cumulative inci­

dence was 34% :in prevalent users and 46% :in incident users. The number of 
prevalent users with an INR ?_6.0 was 2,813. which is corresponding to an inci-
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Figure 1. The cumulative incidence of the occurrence of an INR :;::.6.0 in incident (A) and 
prevalent (B) users of acenocoumarol or phenprocoumon. 

dence of 18 per 1000 INR measurements and an incidence rate of 7.8 per 10,000 
treatment days. 1,663 incident users had an INR ::=c6.0, the incidence being 26 per 
1000 INR measurements and the incidence rate being 22.5 per 10,000 treatment 

days. 
The nested case-control study included the planned number of 300 cases 

with a median INR of 6.8 and 302 controls with a median INR of 3.2. The par­
ticipation among cases and controls was 78% and 85%, respectively. Written 
informed consent was obtained from every patient. The mean interval between 
the index day and the interview was fourteen days, for cases as well as for con­
trols. In both case and control groups, the mean age was 68 years, the propor­
tion of men was 58% and 64%, respectively. 

The associations between overanticoagulation and characteristics of cmtico­

agulant therapy are shown in table l. The indication for anticoagulation and 
the duration of therapy were not related to an INR :::C6.0. Neither was the dosage 
of the anticoagulant. The type of anticoagulant used, however, was a risk factor 
for overanticoagulation. Patients on acenocournarol had an increased risk of l. 9 
(95%CI 1.3-2.7) compared to patients on phenprocournon. The PAR% of overanti­
coagulation associated with the use of acenocournarol was 21.3%. A change of 

type of anticoagulant occurred in only two patients. Regarding compliance, six 
cases but no controls had taken more pills than prescribed (p~0.02). 

With respect to comorbidity (table 2). the only stable chronic comorbidities 
related to overanticoagulation were impaired liver function and congestive 
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Table l. Association between overanticoagulation (INR ;::.6.0) and characteristics of 
anticoagulant therapy1

• 

Variable Cases Controls OR (95% Cl), OR (95% Cl), 
n=300 n=302 univariate multivariate 

Age (years. mean±sd) 68.1 ± 12.3 68.2 ± 9.8 1.00(0.98-1.01) 
Se' 

mole 175 (58%) 194 (64%) 1 (reference) 
female 125 (42%) I 08 (36%) 1.28 (0,92-U8) 

Indication for anticoagulation 
atrial fibrillation 37 40 P=0.51 
prosthetic heart valve 31 31 
cardiac disease 110 131 
peripheral arterial disease 76 66 
cerebrovascular thromboembolism 28 18 
venous embolism 16 13 
prophylactic treatment 2 3 

Duration of therapy 
.::-:5 years 122 138 l (reference) 
l to 5 years 125 115 ],2 (0,9-1 ,8) 
;;:; 1 year 53 49 1 ,2 (0,8-1.9) 

Type of anticoagulant 
phenprocoumon 165 (55%) 200 (66%) 1 (reference) 1 (referencet 
acenocoumorol 135 (45%) 102 (34%) 1.6 (l,i-2,2) 1.9 (I ,3-2-7)" 

Change of type of anticoagulant 1.0 (0, 1-16-2) 
Dosage of anticoagulant 
(mg/day. mean±sd) 

phenprocoumon 0.83 ± 0.53 0.76 ± 0.30 I ,5 (0,9-2,6) 
ocenocoumarol 2.93± 1.35 2.73 ± 1.20 1,1 (0,9-1 ,4) 

Compliance 
no regular intake of anticoagulant 13 9 1.5 (0,6-3,5) 
pills missed 24 23 1,1 (0,6-1. 9) 
token more pills than prescribed 6 0 p:0,02 

' Values ore numbers unless indicated otherwise. 
" Type of anticoagulant, stable congestive heart failure, stable impaired liver function, age, sex and the 

number of INR determinations in the preceding three months were included in the model. 

heart failure_ The latter condition resulted in em increased risk of em lNR :;>,6,0 
of L6 (95%CI ],04-2,6), The corresponding PAR% was 7,5%, Patients with em 

impaired liver function had em increased risk of 2_8 (95%CI L 1-6_9), None of 
these patients had liver cirrhosis, one case emd two controls had chronic active 
hepatitis, In sixteen cases emd in six controls, the liver function was otherwise 
impaired (including abnormal liver enzymes) emd of two cases the kind of 

impairment was not stated by the GP, The PAR% of overemticoagulation associ­
ated with em impaired liver function was 3,9%, A worsening condition was inire­
quent for most chronic comorbidities, A relapse of congestive heart failure was 
present in fourteen cases and in three controls and was univariately associated 
with em increased risk of overemticoagulation of 5,3 (95%CI L5-l8,8)_ After adjust­
ment for confounding factors the increased risk was 3,0 (95%CI 0,8-12,0), The cor­

responding PAR% was 3,1 %, Regarding acute illnesses, diarrhea emd fever were 

risk factors for overemticoagulation, with relative risks of 12,8 (95%CI L6-J04_9) 

emd 2,9 (95%CI Ll-7,7), respectively, Stratifying for duration of fever (<4 days 
emd :;>,4 days) revealed em increased risk of em INR :;>,6,0 in both strata (univari-
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Table 2. Association between overanticoogulation (INR ?:.6.0) and comorbidity1
• 

Variable 
Cases Controls OR (95% Cl), OR (95% Cl). 
n=300 n=302 univariate multivariate 

Chronic comorbidities, stable 
congestive heart failure 60 45 1.5 (0.98·2.3) 1.6 (1.04·2.6)" 
malignancies 23 21 1.1 (0.6-2.1) 
impaired liver function 18 7 2.7 (1.1-6.5) 2.8 (1.1·6.9)" 
impaired Gl absorption 9 7 1 .3 (0.5-3.5) 
hyperthyroidism 4 3 1 .3 (0.3·6.0) 
impaired biliary function 1 3 0.3 (0.0-3.2) 

Chronic comorbidities. 
worsened 

congestive heart failure 14 3 5.3 (1 .5-18.8) 3.0 (0.8-12.0)' 
malignancy 4 2 2.0 (0.4-11.2) 

Acute illnesses 
diarrhea 17 3 6.0 (1.7·20.7) 12.8 (1.6·104.9)' 
illness of the urinary tract 19 5 4.0 (1 .5·1 0.9) 1.2 (0.4-4.2)' 
illness of the respiratory tract 93 53 2.1 (1.4-3.1) 1.0 (0.5·1 .7)' 
fever 45 10 5.3 (2.6-10.7) 2.9 (1.1-7.7)' 

' Values are numbers. 
a Stable congestive heart failure, stable impaired liver function, type of anticoagulant age, sex and the 

number of INR determ·lnations '1n the preceding three months were included in the model. 
b Relapse of congestive heart failure, diarrhea, illness of the urinary tract, illness of the respiratory tract, 

fever, age, sex, the number of INR determinations in the preceding three months, use of antibacterial 
drugs, use of analgesics & NSAIDs, change in weight, change in physical activity and change in 
frequency of suppers were included in the model 

ate OR 4.4 (95%CI 1.6-12. I) emd OR 6.7 (95%CI 2.3-19.7), respectively). The PAR% 

of overanticoagulation associated with diarrhea and fever were 5.2% and 9.8%, 

respectively. Illnesses of the urinary or respiratory iract were only univariately 

associated with em increased risk of em INR ?_6.0 (OR 4.0; 95%CI I .5-10.9 emd OR 
2. I; 95%CI 1.4-3. I. respectively). 

DISCUSSION 

We determined the incidence of overemticoagulation among outpatients of em 

anticoagulation clinic. Furthermore, we studied the association between overan­

ticoagulation emd characteristics of emticoagulemt therapy emd comorbidity. The 

incidence rate of em INR ?_6.0 was 7.8 per 10,000 treatment days in prevalent 

users on the starting date emd 22.5 per 10,000 treatment days in incident users 

during the study period. Since the patients' INR5 were not measured daily, the 

real incidence of overemticoagulation may be higher. Patients with em impaired 

liver function or congestive heart failure, as well as those using acenocoumarol 

had em increased risk of em INR ?_6.0. Fever emd diarrhea were also risk factors 

for overemticoagulation. The clinical implication of our findings lies in the pos­

sibility of prevention or early detection of excess emticoagulation, emd thus of 

bleeding complications, by paying special attention to these risk factors when 
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monitoring anticoagulation. For example. patients with an impaired liver func­
tion should be monitored carefully and in case of fever. the patient's INR should 
be measured within seven days. Similarly, the use of phenprocournon instead of 
acenocournarol might be considered. This has been suggested before by others 
(l L 12). because of the more stable anticoagulant control when using phen­
procoumon compared to acenocoumarol. 

Diagnostic suspicion bias may play a role in the association of fever and diar­
rhea with overanticoagulation. since patients are instructed to inform the clinic 
of acute illnesses. If considered necessary, the patient's INR is measured earlier 
than the appointed date. Excluding patients whose INRs were measured earlier 
from the analyses. fever and diarrhea remained risk factors for overanticoagula­

tion. 
The presence of chronic comorbidities was based on GP diagnoses. Validation 

of diug use by reference to pharmacy data, revealed that 90% of the patients 
with a GP diagnosis of congestive heart failure had indeed used drugs for conges­
tive heart failure or ischaemic heart disease. Although postulated as interfering 
with anticoagulant therapy, malignancies. an impaired gastro-intestinal absorp­

tion. hyperthyroidism, and an impaired biliary function were not related to over­
anticoagulation in our study. Neither in case of a stable condition. nor in case 
of a relapse in the risk period. This may be explained by the low prevalence 

of some of these conditions, which requires a larger study population to attain 
enough statistical power. In addition. the increase in INR by the potentially inter­
fering comorbidity may be of less magnitude than defined in our study. 

Compliance may infiuence the stability of anticoagulant control (13, 14). In 
our study. as expected, taking more pills than prescribed was associated with 
overanticoagulation. We were not able to test this association multivariately. but 

in view of the clear-cut pharmacological pathway this also would have been 

meaningless. Missing pills and Irregularly taking the anticoagulant were not 
related to overanticoagulation. However. missing pills occurred only occasion­
aliy (once or twice in the four-week risk period) and patients who are constantly 
noncompliant most probably wtll not become stable and therefore have been 

excluded a priori. 
So far as we me aware of. epidemiological studies on risk factors for over­

anticoagulation in a non-selected population under everyday circumstances 
me scarce and were only published for the first time in 1998. Two out of three 
earlier studies (26. 27) have some limitations. First. in one study (26). the cases 
were identiiied during a 12-month period whereas the controls were selected in 
June only. In the second study (27). cases and controls do not seem to be time­
matched either. Second. the number of overanticoagulated patients was small 

(65 and 31. respectively). Third. only univariate analyses were performed. The 

third study (28) was well-performed. Diarrhea and taking more warfarin than 

prescribed were determinants of an INR 2:6.0. similar to our study. On the con­
trary. advanced malignancy was a risk factor for overanticoagulation in their 
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study, but fever was only univariately associated. Impaired liver function. con­

gestive heart failure. and illnesses of the urinary or respiratory tract were not 

considered by Hylek et al. An important dliference between the study of Hylek 
et al. and our study is that we only included stable cases and controls. Besides. 
we used a four-week risk period and they used a one-week risk period. Lastly, 

the study population of HyJek et al. used warfarin, whtle our patients used phen­
procournon or acenocourna:rol. 

Information on the incidence of overanticoagulation under everyday circum­

stances is even scarcer than information on risk factors for overanticoagulation. 
In the study of Brigden et al. (27), 0.3% of the INRs were ,2:6.0. In the study of Pan­
neerselvam et al. (26), 0.2% of the INRs were >7.0. When expressed in a compa­

rable way. 2.0% of the INRs in our study were ,2:6.0 and 0.9% of the INRs were 
>7.0. The much lower incidence of overanticoagulation reported by Brigden et 
al. and Panneerselvam et al. may be explained by the lower target range of 
anticoagulation in their studies. 

In conclusion, in this study among previously stable outpatients of an anticoagu­
lation clinic, overanticoagulation was associated with the type of anticoagulant 
used and with some comorbidities. Increased monltoring of INR-values if risk fac­
tors are present or avoidance of risk factors could prevent overanticoagulation 
and potential bleeding complications. 
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Drug interactions as a cause of over­
anticoagulation on phenprocoumon or 
acenocoumarol predominantly concern 
antibacterial drugs 

ABSTRACT The risk of hemorrhage when using coummin anticoagulants 
sharply increases when the international Normalized Ratio (lNR) 
is ;:.6.0. Such overanticoagulation may be caused by drug interac­
tions. We performed a case-control study among previously stable 
outpatients of an anticoagulation clinic using phenprocoumon or 

acenocoumarol to identify changes in the use of potentially inter­
acting drugs related to overanticoagulation. 300 cases with an INR 
;:.6.0 were compmed with 302 randomly selected matched controls 
with an lNR within the therapeutic zone. Informalion on drug use, 

and potential confounding factors and effect modifiers, was col­
lected from the anticoagulant medical record, through the general 
practitioner and the pharmacy, and by interviewing the patient. 
45 out of 87 potentially interacting drugs were not used in the four 

weeks preceding the index day and only 15 drugs were used by at 
least ten patients. A course of sulphamethoxazole+trimethoprim 
(co-trimoxazole), strongly increased the risk of overanticoagulation 
(OR 24.2; 95%CI 2.8-209.1), especially in patients on aceno­

coumarol. Penicillins were associated v.rith a risk of overcmtico­
agulation of 2.4 (95%CI 1.00-5.5). The effect was confined to 
amoxicillin+clavulanic acid. If possible, the use of co-trimoxazole 
and amoxicillin+clavulanic acid should be avoided in patients 
on coummins. It there is no therapeutic alternative avallable, 
increased monitoring of INR-values is warranted to prevent overan­

ticoagulation and potential bleeding complications. 
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INTRODUCTION 

Coumarin anticoagulants are widely used in the prevention of venous and arte­

rial thromboembolism (l). These drugs induce anticoagulation by antagonizing 

vitamin K. thereby impairing the biological activity of the vitamin K-dependent 

coagulation factors (factor II, VII. IX and X) (2). Opposite to their benefit. stands 

the risk of hemorrhage (3), which is strongly associated with the intensity of 

anticoagulation and sharply increases when the International Normalized Ratio 

(INR) is 2:6.0 (4,5). Such overanticoagulation may be caused by drug-drug inter­

actions, to which coumarin anticoagulants are extremely susceptible because of 

their narrow therapeutic range (6). Critical periods are when a patient staloilized 

on an anticoagulant starts treatment with an interacting drug or when a patient 

stabilized on a regimen of an interacting drug and an anticoagulant has the 

interacting drug withdrawn (7). A considerable nurriber of drug interactions with 

coumarin anticoagulants, based on case reports and small-scale experiments. 

have been reported and summarized (6-9). Epidemiological studies quantifying 

the role of drug interactions in overanticoagulation in a non-selected population 

on coumarins under everyday circumstances, however, are scarce. Therefore, 
we have conducted a prospective nested case-control study among outpatients 

of an anticoagulation clinic. We identified changes in the use of potentially inter­

acting drugs related to an !NR 2:6.0 in previously stable patients using phen­

procoumon or acenocoumarol cmd calculated the corresponding odds ratios 
(OR) and population attributalole risk percentages (PAR%). This paper is one of 

a series of three papers on risk factors for overanticoagulation. The other two 

papers are based on the same study and concern characteristics of anticoagu­

lant therapy and comorbidity, and sociodemographic-, lifestyle-. and dietary 

factors. 

METHODS 

Selling 
In the Netherlands. anticoagulant therapy is monitored by a network of more 

than 60 independently operating specialized anticoagulation clinics, covering 

over 90% of the country (!0, 11). The study was performed at the regional Red 

Cross anticoagulation clinic The Hague, which serves an area of nearly 700,000 

inhaloitants. All persons in this area with an indication for anticoagulant therapy 

are referred to this clinic. 

Cohort definition 

The study cohort consisted of all patients treated with coumarin anticoagulants 

at the regional Red Cross anticoagulation clinic The Hague between December 

l, 1997 and June 14. 1999. All cohort members were followed until the first occur-
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renee of em INR "'6.0. the end of their treatment, or the end of the study period 
(i.e. the day on which the planned number of cases was recruited). whichever 
came first. 

Cases and controls 

Subjects for the nested case-control study were identified daily from all patients 

with em INR measurement on that day. Cases were defined as cohort members 
with em INR "'6.0. For each case, one control, matched on target range, was 
randomly selected from the cohort members with em INR within the therapeutic 
zone (2.0-3.5 or 2.5-4.0), measured on the same day as the case (index day). 

Overcmticoagulation is often seen during initiation of anticoagulant therapy and 
in unstable anticoagulation. Since this was not our primary interest, only cases 
and controls with stable anticoagulation in the three months preceding the 

index day were eligfule. Anticoagulant therapy is considered effective and safe 
if the patient is kept within the therapeutic zone for more them two-third of the 
time (12, 13). Therefore. we defined stable anticoagulation as having at least 

66% of the INRs within the therapeutic zone and no INRs "'5.5 in the three months 
preceding the index day. To judge stability, a minimum of three INRs had to be 

assessed in the three months preceding the index day. Cases and controls with a 
hospital admission in this period were excluded, since information on anticoagu­
lant control during admission is often not available at the anticoagulation clinic. 
As we focussed on sudden overcmticoagulation, the INR preceding the assess­
ment on the index day had to be within the therapeutic zone. Because of ques­

tions about medication and diet, the patients had to be living independently 
and not making use of meals on wheels. Since we were primarily interested in 
overcmticoagulation. irrespective of the question whether this was followed by 

hemorrhage, patients who presented at the index day with a serious bleeding 
complication were excluded because this may promote recall bias. 

Procedure 
The study protocol has been approved by the Medical Ethics Committee of the 
Erasmus University Medical Center Rotterdam. We planned to recruit 300 cases 

and 300 controls to provide at least 80% power to detect a true OR of "'2.0 for risk 
factors having a prevalence of 7% among the controls, using a p<0.05 to reject 
the null hypothesis of OR~ l. 

Information on (changes in) drug use, and potential confounding factors 
and effect modifiers, was collected from the anticoagulant medical record, 
through the general practitioner (GP) and the pharmacy, and by interviewing 
the patient. The interview took place within three weeks after the index day 

at the private address of the patient, making use of structured questionnaires 
with mairily closed questions. The interviewers were blinded with respect to the 

patient's case or control status and the specific research hypotheses. This also 

applied to the GPs and the pharmacists. Blinding of the patients was not fully 
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feasible, since the INR-value is printed on their dosage list To obviate this, in the 

information letter we referred to the problem of overanticoagulation in a general 

sense. 

(Changes in) drug use 
The risk period was defined as the four-week period preceding the index day. 

The patient was asked to show all currently taken prescription and over-the­

counter (OTC) drugs and vitamin supplements. The dosage and frequency of 

use of these drugs and vitamins were recorded. The patient was asked about 

dosage changes in the risk period, drugs and vitamins that were started in the 
risk period, and drugs and vitamins that were discontinued in the risk period. 

Information in the anticoagulant medical record on dosage changes, start, or dis­

continuation of a drug, was also considered. Of all patients. the medication his­

tory of the preceding six months was obtained from the pharmacy. This history 

was used to judge the reliability of the patient interview data and anticoagulant 

medical record data on changes in drug use. 

Based on overviews of drugs interacting with anticoagulant therapy (6-8), 69 

drugs and 18 drug classes were a priori considered as potentially interacting 

drugs. Since changes in drug use, rather than continuous drug use, pose a 

risk of overanticoagulation (7), the occurrence of the following situations was 

defined for every patient using patient interview data and anticoagulant medi­

cal record data: stmt, dose increase, or irregulm and infrequent use (i.e. one or 
two times a week) of a potentially interacting drug or vitamin erihancing the 

anticoagulant effect and discontinuation, dose reduction, or irregular and inire­

quent use of a potentially interacting drug or vitamin clirrlll1ishing the anticoagu­

lant effect 

Cofactors 
A change in drug use, especially a course of antibacterial drugs and the use 

of analgesics. most probably occurs in case of an acute illness or a relapse of 

a chronic comorbidity. These situations may be accompanied by fever and/or 

result in a change in weight physical activity, dietary intake (and thereby 

intake of vitamin K), and/or alcohol consumption. These factors may all affect 

the response to coumarin anticoagulants (2, 9, 14-18) and were thus considered 

as potential confounders. The associations between these cofactors and overan­
ticoagulation are the main subjects of the two other papers mentioned in the 

introduction. 
Furthermore. effect modiiication by the type of anticoagulant may be pres­

ent Drugs may interact with coumarin anticoagulants by inducing or inhibiting 

specific cytochrome P450 enzymes. especially cytochrome P450 2C9 (CYP2C9) 

(6, 8, 19). The diiference in the structure of acenocoumarol and phenprocou­

mon, although small, may have implications on the relative contribution of cyto­

chrome P450 enzymes to their metabolism (20). The risk of overanticoagulation 
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when the use of CYP2C9 mediated drugs changes therefore possibly differs with 
the type of anticoagulant used. 

Statistical analysis 

Changes in the use of potentially interacting drugs (vitamin supplements 
included) related to an INR 2:6.0 were identified using univariate conditional 
logistic regression analysis at first. Since the unconditional analyses gave com­
parable results but more statistical power, we finally used unconditional logistic 

regression analysis to compute unadjusted odds ratios and their 95% confidence 
intervals CCI). In case a risk factor was absent in either the cases or the controls, a 
Fisher Exact test was performed instead. To assess changes in drug use that were 
independently associated with an INR 2:6.0, all factors which were un:ivariately 
associated at a p<O. 10 were included in a multiple regression model. Beside age, 
sex, and the number of INR determinations in the preceding three months, cofac­
tors which were univariately associated with an INR 2:6.0 were included if this 

resulted in a change in one of the odds ratios of 5% or over, starting with the most 

potent factor. Effect modification by the type of anticoagulant was studied by 
performing stratified analyses. 

To determine the importance of the independent risk factors for overanticoag­
ulation in the population, we calculated the population attributable risk percent­
ages (PAR%) according to the following formula (21): PAR%~ AR% ·(proportion 
of exposed cases), with AR% ~((OR-I)/OR)· 100. 

RESULTS 

The nested case-control study included the planned number of 300 cases with 
a median INR of 6.8 and 302 controls with a median INR of 3.2. The participa­
tion among cases and controls was 78% and 85%, respectively. Written informed 
consent was obtained from every patient. The mean interval between the index 
day and the interview was fourteen days, for cases as well as for controls. Char­

acteristics of the study population are presented in table 1. 55% of the cases and 
66% of the controls used phenprocoumon. the others acenocoumarol. The mean 
number of prescription and OTC drugs regularly and frequently used beside the 
anticoagulant as well as the number of patients using health supplements, was 

similar for cases and controls. 
45 out of 87 potentially interacting drugs or drug classes were not used by the 

study population in the four-week risk period and 27 were used by less than 
ten patients. The drugs and drug classes used by at least ten pallents are 

listed in table 2: about one third of the patients had used acetaminophen 
(paracetamo]) in the risk period and a quarter had used HMG-CoA reductase 
inhibitors, the remaining drugs were used by less than 46 pallents. Only 

for acetaminophen, doxycycline, amoxicillin, amoxicillin+clavulanic acid and 
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Table L Characteristics of the study population'. 

Var'1oble 
Cases 
n=300 

Age (years, mean±sd) 68.1 ± 12.3 
Sex 

male 175 (58%) 
female 125 (42%) 

Indication for anticoagulation 
atrial fibrillation 37 
prosthetic heart valve 31 
cardiac disease 110 
peripheral arterial disease 76 
cerebrovascular thromboembolism 28 
venous embolism 16 
prophylactic treatment 2 

Type of anticoagulant 
phenprocoumon 165 (55%) 
acenocoumarol 135 (45%) 

Number of drugs' (mean±sd) 3.5±2.7 

Use of health supplements 
any supplement 95 
vitamin C 21 
vitamin D 6 
vitamin E 6 
multivitamins 39 

' Values are numbers unless indicated otherwise. 

Controls 
n=302 

68.2 ± 9.8 

194 (64%) 
108 (36%) 

40 
31 

131 
66 
18 
13 
3 

200 (66%) 
102 (34%) 

3.7±2.6 

111 
18 
6 
6 

33 

OR (95% Cl) 

1.00 (0.98-1.01) 

1 (reference) 
1.3 (0.9-1.8) 

p=0.51 

1 (reference) 
1.6 (1.2-2.2) 

1.0 (0.9-1.04) 

1.3 (0.9-1.8) 
1.2 (0.6-2.3) 
1.0 (0.3-3.2) 
1.0 (0.3-3.2) 
1.2 (0.7-2.0) 

2 Prescribed and OTC drugs regularly and frequently used (i.e. at least three times a week) besides the 
anticoagulant 

sulphame!hoxazole+trimethoprim (co-trimoxazole). a relevant change in use in 
the risk period occurred in at least ten patients each. Comparing the informa­
tion on the start of antibacterial drugs given by the patient or mentioned in the 

anticoagulant medical record with that subtracted from the medication history, 
revealed no substantial clliferences, neither in the cases nor in the controls. 

The associations between overan!icoagulation and changes in drug use are 
shown in !able 3. A course of antibacterial drugs was associated with an INR 
2:6.0 (OR 2.8; 95%CI 1.8-4.5). In view of a clliference in mechanism of interaction 
and to be more informative, all antibacterial drugs were also studied individ­
ually. Co-trimoxazole most strongly increased the risk of overanticoagulation. 
Alter adjustment for conlounding factors the increased risk was 24.2 (95%CI 
2.8-209.1). The corresponding PAR% was 5.7%. Penicillins were associated with 

an increased risk of an INR 2:6.0 of 2.4 (95%CI 1.00-5.5). Adjustment for con­
founders did not change the OR. The PAR% of overan!icoagulation associated 

with the use of penicillins was 3.4%. The effect of penicillins was confined to 
amoxicillin+clavulanic acid. Doxycycline was only univaria!ely associated with 
overanticoagulation (OR 2.3; 95%CI 1.1-4.6). Fluoroquinolones and clarlthromy-
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Table 2. Potentially interacting drugs and drug classes used by at least ten patients. 

number of users 
Drug (class) number of users with a relevant' 

change in use 

Acetaminophen 179 124 
HMG-CoA reductase inhibitors 156 7 

simvastatin 93 1 
pravastatin 25 2 
fluvastatin 13 0 
atorvastatin 27 4 
cerivastatin 2 0 

Omeprazole 45 6 
Tetracyclines 43 40 

doxycycline 41 38 
tetracycline 1 1 
minocycline 1 1 

Biguanides; metformin 33 0 
Penicillins 26 26 

amoxicillin 16 16 
amoxicillin+clavulanic acid lO lO 

Amiodarone 25 3 
Ranitidine 23 4 
Co-trimoxazole 22 19 
Thyroxines 20 0 
Fibrates 18 1 

clofibrate 1 0 
gemfibrozil 13 1 
ciprofibrate 4 0 

Spironolactone 14 0 
Tramadol 12 6 
Allopurinol ll 0 
Macrolides 11 lO 

clarithromycin 9 9 
azithromycin 2 1 

' Start. dose increase or irregular and infrequent use (i.e. one or two times a week) of an interacting 
drug enhancing the anticoagulant effect or discontinuation, dose reduction or irregular and 
infrequent use of an interacting drug diminishing the anticoagulant effect. 

cin were not related to an INR 2:6.0, however, the numbers of patients were 

small. The stratified analyses revealed that the effect of co-trirnoxazole on the risk 
of overanticoagulation depended on the type of anticoagulant used and was 

especially present in patients on acenocoumarol. 
The analgesic used mainly was acetaminophen. Its use was associated with 

an increased risk of overanticoagulation of 1.5 (95%CI 0.98-2.2). Adjustment for 

confounding factors reduced the OR to 1.2. 
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Table3. Association between overanticoagulation (INR ~6.0) and changes in drug use
1

• 

Variable 
Cases Controls OR (95% Cl). OR (95% Cl). 
n"300 n"302 un·lvariate multivar'1ate 

antibacterial drugs 
co~trimoxazole 18 1 19.2 (2.6-144.5) 24.2 (2.8-209.1)' 
amoxicillin 10 6 1.7 (0.6-4.7) 
amoxlcillin+clavulanic ac'ld 8 2 4.1 (0.9-19.2) 5.1 (0.6-46.6)' 
doxycycline 26 12 2.3 (1.1-4.6) 1.4 (0.6-3.6)' 
ciprofloxacin 3 0 P=0.50 
norfloxacin 1 2 0.5 (0.0-5.6) 
clarithromycin 5 4 1.3 (0 3-4.7) 

analges'1cs 
acetaminophen 71 53 1.5 (0.98-2.2) 1.2 (0.7-2.0)' 
salicylates >300mg 2 3 0.7 (0.1-4.0) 
tramadol 5 1 5.0 (0.6-42.3) 

gastro-intestinal drugs 
ronitidine 1 3 0.3 (0.0-3.2) 
omeprazole 2 4 0.5 (0.1-2.8) 

HMG~CoA reductase inhibitors 
otorvastatin 3 3.0 (0.3-29.3) 

anti-arrhythmics 
amiodarone 3 0 p=O 12 

vitamin supplements 4 4 1.0 (0.2-4.0) 

' Values ore numbers. Those drugs for which the number of patients with a relevant change in use was 
less than three ore not included in the table. This concerns tetracycline (1 case I 0 controls). 
minocycline (0/1 ). ozithromycin (JJ/1 ), cefaclor (Oil), ceftibuten (0/1), piroxicam (1 /0). c'1sapride (1 /0). 
simvostatin (0/1 ), pravastatin (0/2), gemfibrozil (1 /0). cholestyramine (1/0), carbomazepine (l /0). 
phenytoin (1 /0). miconozole (1 /l ). fluoxetine (0/2), chlortholidone (0/l)_ metronidazole (1 /0). 

o Co-trimoxazole, omoxicillin+clovulanic acid, doxycycline. acetaminophen, age. sex, the number of 
INR determinations in the preceding three months, fever. diarrhea, relapse of congestive heart failure, 
illness of the urinary tract. change in weight and change in alcohol consumption were included in the 
model 

DISCUSSION 

We studied the role of diug interactions in overanticoagulation among outpa­

tients of an anticoagulation clinic. Half of the 87 potentially interacting drugs 

or drug classes were not used by the study population and only fifteen drugs 

or drug classes were used by more than ten patients. A relevant change in 

use in the risk period was inirequent. A course of co-trimoxazole and the use 

of arnoxicillin+clavulanic acid, however, were risk factors for overanticoagula­

tion. The clinical implication of our findings lies in the possibility of prevention 

or early detection of overanticoagulation. and thus of bleeding complications. 
by considering the use of antibacterial diugs other than co-trimoxazole and 

arnoxicillin+clavulanic acid. If there is no therapeutic alternative avallable. 

increased monitoring of INR-values is warranted. i.e. measuring the INR on the 

thlid day after the start of the antibacterial drug and according to this INR three 

to seven days thereafter. Our study also suggests that acetaminophen is a safe 

analgesic for patients receiving coumarin anticoagulants. 
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Many drugs postulated as interacting with anticoagulant therapy on the 
basis of case reports and small-scale experiments, were not used by our study 

population or by less than ten patients. This is a reassuring observation. sug­
gesting that these drugs did not play a major role in overanticoagulation under 
everyday circumstances. In addition, a change in drug use occurred infre­

quentiy for many of the 87 drugs. Although we could not judge their association 
with overanticoagulation because of the small numbers, this finding suggests 
that these drugs only played a minor role in our study population. Our results 
regarding the role of drugs in overanticoagulation likely may be generalized 
since the kind of drugs used in our population is largely the same as used in most 

other countries. 
The types of coumarin used by our study population were phenprocoumon 

and acenocoumarol. In many countries warfcrrin is the coumarin of first choice. 

The results of our study, however, will largely apply to these countries as well. 
First. interactions of pharmacodynamic nature on receptor level occurring with 
one anticoagulant may well apply to another anticoagulant (7). Second, the dti­
ference in hall-life between coumarins will only influence the time of onset and 
the duration of overanticoagulation (6), but not necessarily affects the baseline 

risk. Third, drugs that interact by inducing or inhibiting the cytochrome P450 
iosenzyme CYP2C9 will affect both acenocoumarol and warfarin (20). 

Two mechanisms have been suggested for antibiotic-associated hypopro­
thrombinemia (22). First. antibacterial drugs affect the vitamin K status by 
eliminating vitamin K producing micro-organisms from the colon. Second, cer­
tain antibacterial drugs directly inhibit the synthesis of the vitamin K-depen­
dent coagulation factors. High-risk antibiotics are cephalosporins containing the 

N-methylthiotetrazole moiety. in patients receiving anticoagulant therapy, co­

trirnoxazole may also increase the anticoagulant effect by inhibiting the metab­
olism of the anticoagulant by trirnethoprirn (23) or by increasing the plasma 

concentration of free coumarin by sulphamethoxazole (24). The degree of inhi­
bition of the meta:loolism may be dtiferent for acenocoumarol and phenprocou­
mon (20). The results of our study are in accordance with this theory. The 
underlying indication, fever. and other illness-related factors may also be respon­
sible for an increase in the anticoagulant effect when using antibacterial drugs. 
When adjusting for these potential confounders, doxycycline was no longer 
associated with overanticoagulation. Amoxicillin+clavulanic acid, however, 
remained a risk factor. This dtiference may be caused by a dtiference in effect 

on the intestinal microfiora. 
So far as we are aware of. epidemiological studies on risk factors for overan­

ticoagulation in a non-selected population under everyday circumstances are 

scarce and were only published for the first time in 1998. Two out of three earlier 
studies (25, 26) have some limitations. The third study (27) was well-performed. 

however, changes in drug use were not studied individually. Newly started treat­
ment with potentiating drugs (all combined, hall of which antibiotics) and the 
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use of acetaminophen were independent determinants of an INR 2:6.0. The latter 
finding is in contrast with our study. This may possibly be explained by the fact 

that we used a four-week risk period, while they only used the preceding week 
as potential risk period. Another dtiference between the study of Hylek et al. 
and our study is that the study population of Hylek et al. used warfarin, while 

our patients used phenprocoumon or acenocournarol. Besides. we only included 
stalole cases and controls. Lastly, potential confounding by a change in weight. 
physical activity, or alcohol consumption, was not taken into account in the 
study of Hylek et al. 

In conclusion, in this study among previously stalole outpatients of an antico­
agulation clinic using phenprocournon or acenocournarol drug interactions as 
a cause of overanticoagu!ation predominantly concerned antibacterial drugs. 
If possible. the use of co-trimoxazole and amoxicillin+clavulanic acid should be 

avoided in patients on cournarins. If there is no therapeutic alternative avail­

alole. increased monftoring of INR-values is warranted to prevent overanticoagu­
lation and pctential bleeding complications. 
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Overanticoagulation associated with 
combined use of antibacterial drugs and 
coumarin anticoagulants 

ABSTRACT Several case reports associated combined use of coumarins and 

antiliacterial drugs with overanticoagulation. Despite the fact that 
these drugs are frequently prescribed concurrently, there is little 
quantitative information on the risks of such complications. To 
study which antfuacterial drugs are associated with overanticoag­
ulation during therapy with coumarins we performed a population­
based cohort study in a sample of the Rotterdam Study. The study 
cohort consisted of all participants who were treated with aceno­
coumarol or phenprocoumon in the study period from April 1, 1991 

through December 31, 1998 and for whom international Normal­
ized Ratio (INR)-data were available. All cohort members were 
followed until the first occurrence of an INR ?,6.0, the last INR-assess­

ment because of the end of their treatment. death or end of the 

study period. Data on antfuacterial drug use were obtained from 
regional pharmacies. Otthe L 124 patients in the cohort, 351 devel­
oped an INR ?,6.0. Eight antiliacterial drugs were multivariately 
associated with overanticoagulation. Sulfamethoxazole combined 
with trirnethoprirn most strongly increased the risk of overantico­
agulation (RR 20.1: 95%CI 10.7-37. 9). Stratification showed that 
the induction period of overanticoagulation varied between dtifer­

ent antibacterial drugs. Awareness of these drug interactions and 
more frequent monitoring of INR-values during the initial stages of 
antfuacterial drug therapy are warranted to minimize the risk of 

bleeding compilcations. 
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INTRODUCTION 

Coumarin anticoagulants are extensively used for the treatment and long-term 
prevention of thromboembolic diseases (l. 2). These drugs induce their anticoag­
ulant effect by antagonizing vitamin K, thereby impairing the biological activity 

of the vitamin K-dependent coagulation factors (3, 4). The risk of bleeding, the 
main complication of coumarin anticoagulants. is influenced by the intensity of 
anticoagulant therapy (5-9). by the patient's underlying clinical disorder (9, 10), 

and by the concomitant use of other drugs (2, 1 L 12). This risk sharply increases 

when the International Normalized Ratio CINR) is ?6.0 (13, 14). Growing experi­
ence with anticoagulant therapy and increased understanding of drug interac­
tions, have reduced the number of bleeding complications (15). Several drugs 
can affect the prothrombin time during oral anticoagulant therapy by different 
mechanisms(! L 12, 16, 17). During the past decades. many case reports asso­
ciated the use of antibacterial drugs with overanticoagulation (18-24). Prospec­

tive studies investigated this association, but these were conducted in young 
healthy volunteers, were only able to identify interactions that occur relatively 
frequently and were mostly limited to warfarin (25-3 !). A recent case-control 
study suggested that antibacterial drugs are an important cause of overantico­
agulation (32). In that study, however, data on drug use came from patient 

interview and the sample size was too small to study the effect of different anti­
bacterial agents on coumarins. Therefore, we conducted a follow-up study in a 
large population-based cohort to investigate which antibacterial drugs are asso­
ciated with overanticoagulation during therapy with coumarins. 

METHODS 

Setting 

Data were obtained from the Rotterdam Study and from the regional outpatient 
anticoagulation cllrifc. The Rotterdam Study is a prospective population-based 
cohort study of neurological-, cardiovascular-, locomotor- and ophthalmologic 
diseases. All inhabitants of Ommoord, a suburb of the city of Rotterdam in the 
Netherlands, aged 55 years or over were invited in 1990-1993 to participate in 

the study. The rationale and design of this study have been described elsewhere 
(33). The cohort encompasses 7,983 individuals who were all interviewed and 
investigated at baseline. The anticoagulation clinic monitors all inhabitants of 
Ommoord with an indication for anticoagulant therapy. The choice of anticoagu­
lant is made by the physician. Prothrombin times are monitored each one to 

six weeks by reference to the INR. dependent on the stability of the anticoagu­
lant level. Doses are adjusted on the basis of the INR of the patient by compu­
terized dose calculations. For this study data were used from January L 1991 

through December 31, 1998. More than 99% of participants fill their drugs at 
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seven regional pharmacies, which are fully computerized. Complete data on 
drug use were avallable as of January l, 1991. The pharmacy data include the 
Anatomical Therapeutical Chemical (ATC)-code (34), the filling date, the total 

amount of drug units per presctiption, the prescribed dally number of units. and 
product name of the drugs. 

Cohort and outcome definition 

The study cohort consisted of all l, 124 participants of the Rotterdam Study. 
who were treated with acenocoumarol or phenprocoumon in the study period 
between April l, 1991 and December 31, 1998 and for whom there were INR­
data from the anticoagulation cilnic during their treatment. The start date April 
1 was chosen to ensure that at least 3 months of medication history from the 
pharmacy was avallable for every cohort member. The cohort included preva­

lent users of cournarins on the starting date and incident users during the study 
period. Ail cohort members were followed as of April 1, 1991 for prevalent users 

and from their first INR assessment for incident users. Both groups were followed 
until the first occurrence of an INR 2'6.0, the last INR-assessment because of the 
end of their treatment. death or end of the study petiod, whichever came first. 
This means that during follow-up, all study members were anticoagulated and 

regularly assessed for their INR. The date on which an INR 2'6.0 was encountered 
was defined as the index date. 

Cofac!ors 
The following baseilne patient characteristics were considered as potential deter­

minants for alfecting the response of the INR to coumarin anticoagulants: gender. 
age, hepatic dysfunction (defined as serum arninotransferases > 2x the upper 

level of normal), hypoalbuminemia (S 35 gj]), malignancies. hyperthyroidism. 
hypertension (systolic blood pressure 2'160 mm Hg and/or diastolic blood pres­
sure 2'95 mm Hg or use of antihypertensives), congestive heart !allure, and low 
dietary intake of vitamin K (< I J.Lgjkgjday). In addition, we considered dura­

tion of foliow-up and whether the INR measurement on the index date was ear­
lier than according to the INR monitoring scheme. Furthermore, to study the 
potentially confounding effect of fever or of the indication for treatment we stud­
ied the presence or absence of these features in the medical records of the gen­

eral practitioners. We did this validation for all cases and a random sample from 
the remainder of the cohort who all had been treated with antibactetial drugs 

on the index date. 

Statistical analysis 
Incidence rates were calculated by dividing the number of cases of an INR 2'6.0 

by the number of days on combined use of a coumarin anticoagulant and an 
antibacterial drug. To assess antibacterial drugs which were independenily asso­

ciated with an INR 2'6.0, all occurting combinations of a coumarin anticoagu-
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lemt emd em emtibacterial drug were included separately in a Cox proportional 

hazards regression model for time-dependent variables to compute relative risks 
(RR) emd their 95% confidence intervals (CI) (35). The model compares exposure 

to this combination at the index date of each case with that of all subjects in the 
cohort who are at risk for the outcome of interest. To adjust for potential conlound­

ing, cofactors which were associated with em INR :::C6.0 in the univariate ematysis 
were included in the multivariate modeL in addition to gender and age, if this 
caused a change in the point estimate of more than 5 percent. In order to 
study the time interval between the first treatment day with an antibacterial 
drug emd an INR-value :::C6.0, we distinguished two intervals: l-3 days and :::C4 
days. Stratification by these time-intervals was performed because the induction 
period differs per mechanism by which antibacterial drugs may cause overem­
ticoagulation. If possible, stratified analyses by the type of anticoagulant were 

performed. Moreover, separate analyses were performed for prevalent and inci­
dent users of coumarin anticoagulants on the starting date. 

Table 1. Characteristics of cases and cohort1 

Variable Cases 
n~351 

Sex 
female 174 (50%) 
male 177 (50%) 

Age (years. mean (sd)) 73 (8) 
55-64 years 49 (14%) 
65-74 years 152 (43%) 
75-84 years 124 (35%) 
;;::: 85 years 26 (8%) 

Type of anticoagulant 
ocenocoumarol 295 (84%) 
phenprocoumon 56 (16%) 

Impaired liver function 3 (1%) 

Hypoalbuminemia I (0.3%) 

Malignancies2 43 (12%) 

Hyperthyroidism 12 (3%) 

Hypertension 148 (42%) 

Congestive heart failure2 83 (24%) 

Low intake of vitamin K 7 (2%) 

'Values are numbers (percentages) unless indicated otherwise. 
2 Assessed by reference to the index dote. 

Total Cohort 
RR (95% Cl)' 

n~l.l24 

590 (52%) 1 (reference) 
534 (48%) 1.44(1.17-1.77) 

72 (8) 1.04 (1.03-1.05) 
218 (20%) 1 (reference) 
496 (44%) 1.28 (0.92-1.76) 

40 (30%) 1.85 (1.33-2.58) 
70 (6%) 3.17 (1.96-5.14) 

951 (85%) 1 (reference) 
173 (15%) 0.57 (0.43-0.76) 

12 (1%) 3.75(1.18-11.9) 

2 (0.2%) 1.16 (0.16-8.30) 

94 (8%) 1.67 (1.21-2.30) 

37 (3%) 1.51 (0.85-2.70) 

434 (39%) 1.08 (0.86-1.35) 

141 (12%) 1.63 (1.27-2.Q9) 

II (1%) 3.74 (1.76-7.95) 

3 Univariate analyses of relative risks were performed with a Cox proportional hazards modeL 
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RESULTS 

Of the 1,124 patients in the cohort 351 developed an INR 2:6.0 after April!, 1991. 

The incidence rate was 6.9 per 10,000 treatment days. Baseline characteristics 
of cases and the total cohort are shown in talole I. Men and old patienis had a 
higher risk of an INR 2:6.0. The risk of overanticoagulation was lowest with phen­
procoumon. Hepatic dysfunction, malignancies, congestive heart failure and a 
low dietary daily intake of vitamin K were associated with an increased risk of 
an INR ;c6.0 in the univariate analysis. There was no difference in duration of 
follow-up between cases and the total cohort (mean 559±481 days). The INR 

Table 2. Association between overanticoagulation (INR :?_6.0) and use of antibacterial 
drugs'. 

Antibacterial drug 
Cases Cohort IR' RR (95% Cl), RR (95% Cl), 
n=351 n=1, 124 crude'· 4 adjusted5 

Amoxicillin 8 180 32.0 11.1 (5.4-22.9) 10.5(5.1-21.7) 

Amoxicillin & 4 205 18.0 4.6 (1.7-12.4) 5.1 (1.9-13.9) 
enzyme inhibitor 

Amphotericin 0 11 P=0.89 

Azithromycin 0 2 P=095 

Cefalexin 0 3 p=0.94 

Cefixime 0 2 p=0.95 

Cefuroxime 0 4 P=0.93 

Ciprofloxacin 0 19 P=0.85 

Clarithromycin 3 69 78.7 11.0 (3.4-35.4) 11.7 (3.6-37.8) 

Clindamycin 0 37 p=0.80 

Doxycycline 5 288 32.3 4.2 (1.7-10.2) 4.3 (1.8-1 0.4) 

Erythromycin 0 78 P=0.69 

Flucloxacillin 0 25 P=0.83 

Norfloxacin 3 66 44.6 10.0(3.1-32.1) 9.8 (3.0-31.6) 

Ofloxacin 0 33 p=0.81 

Pheneticillin 219 0.2 1.2 (0.2-8.3) 0.9(0.1-6.1) 

Roxithromycin 0 14 P=0.86 

Sulfamethoxazole 11 125 154.7 20.1 (10.7-37.7) 20.1 (10.7-37.9) 
& trimethoprim 

Trimethoprim 2 61 26.8 6.0 (1.4-25.2) 5.6 (1.3-23.1) 

Vancomycin 10 15.9 17.7 (2.3-138.0) 13.6 (1.7-106.8) 

' Values are numbers (percentages) unless indicated otherwise. 
' Expressed as the number of cases per 10,000 days on combined use of a coumarin and an 

antibacterial drug 
' In this time-dependent analysis, exposure in cases and controls is assessed on every index dote. As a 

consequence. the number of assessments in the reference group is much larger than the number of 
individuals. Hence. crude relative risks con not be calculated with the numbers in this table. 

' If none of the cases was exposed, p-values are given instead of relative risks. 
5 Adjusted for sex and age. 
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measurement on the index date was earlier than planned in 8.6% of the cases 

and in 5.6% of the total cohort (p~0.005). 

Twenty different antibacterial drugs were used during the study period. of 
which eleven were not used in cases. Thirty-eight cases (II%) used antibacterial 
drugs on the index date. Incidence rates for the individual antibacterial drugs 

are presented in talole 2 Eight antibacterial drugs were univariately as well 
as multivariately associated with overanticoagulallon. The relative risk varied 
consideraloly between the different drugs (talole 2). Sulfarnethoxazole combined 
with trfrnethoprim (co-trfrnoxazole) most strongly increased the risk of overanti­
coagulallon. After adjustment for conJounding factors the relative risk was 20.1 
(95%CI 10.7-37. 9). There was no significant difference in the frequency offever in 

cases on antibacterial drugs and individuals in the rest of the cohort who were 
treated W1th antibacterial drugs on the index date. Sinularly. there was no differ­
ence in the indicallon for antibacterial drugs between cases and the remainder 
of the cohort (data not shown). 

Stratificallon by time-interval revealed that the adjusted relallve risks of over­

anticoagulallon by antibacterial drugs were different for both time intervals 
(talole 3). Relallve risks could not be estalolfshed for both time periods for all anti­
bacterial drugs because overanticoagulation only occurred in one of the time 
intervals for some drugs. For amoxicillin and co-trimoxazole, relative risks were 
significantly increased for both tfrne intervals. When comparing the relallve risks 
for both tfrne intervals. the antibacterial drugs with the highest relallve risk 1-3 

days alter start of use were clarithromycin, norfloxacin and trfrnethoprfrn. For 

Table 3. Associations between overanticoagulation (INR .2::6.0) and use of antibacterial 
drugs stratified by time interval 1

• 

Antibacterial drug RRadj (95% Cl/- RRad. (95% Cl/. RRad1 (95% Cl/, 
overall 1-3 days ;;::4 days 

Amoxicillin 10.5 (5.1-21.7) 7.2 (1.8-29.7) 13.2 (5.6-30.8) 

Amoxicillin & 5.1 (1.9-13.9) 7.3 (2.7-19.9) 
enzyme inhibitor 

Clarithromycin ll 7 (3.6-37.8) 21.3 (5.0-90.6) 6.3 (0.9-46.3) 

Doxycycline 4.3 (1.8-1 0.4) 2.9 (0.4-20.9) 5.2 (1.9-14.0) 

Norfloxacin 9.8 (3.0-31.6) 19.3 (4.5-83.7) 5.0 (07-36.6) 

Pheneticillin 0.9 (0.1-6.1) 0.9 (0.1-6.5) 

Sulfamethoxazole 20.1 (10.7-37.9) 16.6 (5.1-54.4) 23.2 (1 0.9-49.1) 
& trimethoprim 

Trimethoprim 5.6 (1.3-23.1) 9.0 (1.2-67 .4) 4.1 (0.6-30.6) 

Vancomycin 13.6(1.7-106.8) 15.1 (1.9-120.0) 

1 Time interval is the interval between the first treatment day with on antibacterial drug and an INR 
2':6.0. 

' Adjusted for sex and age. 
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arnoxicillin, doxycycline and co-trimoxazole relative risks of overanticoagula­

tion were most strongly increased 2:4 days after start of the antibacterial drug. 
Stratified analyses by the type of anticoagulant could only be performed for 

arnoxicillin and co-trimoxazole. For patients on acenocournarol the adjusted rela­
tive risk of arnoxicillin was 8.0 (95%CI 3.5-18.4). For users of phenprocoumon 
the adjusted relative risk of arnoxicillin was 22.4 (95%CI 4.0-126.3). Co-trimoxa­

zole was associated with an adjusted relative risk of overanticoagulation of 17.3 
(95%C1 8.6-34.9) in patients on acenocoumarol, and 14.3 (95%CI 2.8-73.8) in 
patients on phenprocournon. Numbers appeared to be too small to calculate 
rtsks in prevalent users on the starting date. In incident users, risks were largely 
the same as in the !olaf population (data not shown). 

DISCUSSION 

The mafn finding in this population-based cohort study is that several antibacte­
rial drugs were associated with a strongly increased risk of overanticoagulation 

during oral anticoagulant therapy with acenocournarol or phenprocournon. It 
is likely that these results can be extrapolated to warfarin. Relative risks varied 
considerably between the different antibacterial drugs, especially after stratifica­
tion for the time-interval between start of the antibacterial drug therapy and the 
moment of overanticoagulation. The strongest risk increase was associated with 
co-trimoxazole. This is in line with an earlier study (32). 

Overanticoagulation may be caused by pharmacokinetic- or pharmacody­
namic interactions between antibacterial drugs and cournarins. Pharmacoki­
netic interactions may be caused by plasma protein binding displacement of 

cournarins or by inhibition of the metabolism of cournarins. Plasma protein bind­

ing displacement is a rapid and short-lived effect because the displaced mol­
ecules are rapidly metabolized. A small but transient increase in anticoagulant 
effect can occur (!6). Usually this mechanism plays a minor role compared to 
other mechanisms (!6). It may be clinically relevant in the elderly, however, in 
whom plasma protein binding decreases (36). Unlike enzyme induction, which 

may take several days or even weeks to develop, inhibition of cytochrome P450 
enzymes can occur within two to three days, depending on the elimination hali­
life of the inhibited drug (!6). Pharmacodynamic interactions may result from 
vitamin K deficiency by elimination of bacterial fiora in the gut, and by direct 
inhibition of the synthesis of the vitamin K dependent coagulation factors (2. 16). 
Pharmacodynamic mechanisms take at least several days to develop because 
of alieady circulating coagulation factors (!6). It has been stated that the contri­

bution of bacterial synthesis to vitamin K status in man becomes important only 

when the dietary intake of the vitamin is markedly decreased (!2. 37). Unfortu­

nately, we were not able to investigate this as there were no case patients in our 
study with a low daily intake of vitamin K who had used antibacterial drugs. 
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A possible diiference in risk of overanticoagulation with the use of acenocou­

marol and phenprocoumon. would be caused by their diiference in pharmaco­

kinetic properties. as acenocoumarol and phenprocoumon have a similar effect 
on the elimination of bacterial flora in the gut and the direct inhibition of the syn­

thesis of vitamin K dependent coagulation factors. Especially the variability in 
elimination kinetics could cause a diiference in the contribution of the metabolic 

component to the pharmacokinetic interactions. 
For amoxicillin. relative risks were significantly increased during both time 

intervals, suggesting that more than one mechanism may be involved. In the 
literature, nothing was found about possible pharmacokinetic interactions of cou­
marins with amoxicillin. Hence. the increased risk during the first days after start 
of amoxicillin is surprising. When amoxicillin was combined with an enzyme 
inhibitor. however, the relative risk was much lower. For clarithromycin. the rela­
tive risk of overanticoagulation was only significantly increased during the first 3 

days after start of use. Ttils is in accordance with the literature in wtilch the most 

frequently suggested mechanism is the inhibition of the hepatic cytochrome 
P450 mixed-function oxidase system, resulting in a reduced clearance of couma­
rin anticoagulants and an increase in its effect (16, 18). For doxycycline, several 

mechanisms have been suggested. but in all pulolished case reports overantico­
agulation developed within 7 to 10 days (23, 24). Our data confirm this. For nor­
fioxacin it is clear from our results that the rapid pharmacokinetic interactions 
are far more important than the delayed pharmacodynamic ones. Mechanisms 
suggested for norfioxacin to increase prothrombin times are plasma protein bind­
ing displacement (16) and inhibition of metabolic clearance (38). For co-trirnoxa­

zole the relative risk of overanticoagulation was strongly increased during the 
first 3 days of antibacterial drug therapy as well as thereafter. 

Sulfonamides can strongly displace coumarin anticoagulants from their 
plasma protein binding sites (16) and it has been suggested that co-trimoxazole, 
wtilch is metaloolized by the CYP2C9 isoenzyme, increases the anticoagulant 
effect by inhibiting the metabolism of the anticoagulant (39). The degree of intil­
bition of the metabolism may be diiferent for acenocoumarol and phenprocou­
mon (40) as acenocoumarol (like warfarin) is predominantly metaloolized by 
CYP2C9 (41) 

None of the other antibacterial drugs examined is metaloolized by CYP2C9. 
Especially after 2'4 days, sulfamethoxazo1e is probably largely responsible for 
the increased prothrombin times considering the lower relative risk we found 
for trimethoprim alone. Vancomycin will probably, as a poorly absorbed drug, 

mainly reduce the bacterial synthesis of vitamin K and thereby increase the INR 
with a delayed onset (16). This is compatible with our results. However, for vanco­
mycin, as well as for trirnethoprim, numbers were too small to draw firm conclu­

sions. 
Some potential limitations should be considered in the interpretation of our 

cohort study. Selection bias was probably negligible as we identified all users 
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of cownarin anticoagulants in a defined population and because regular INR 

monitoring makes it unlikely that cases were missed. Also, information bias is not 
likely as all data on exposure and outcome were recorded similarly for subjects 
exposed and not exposed to combinations of antibacterial drugs and cownarin 
anticoagulants without prior knowledge of our study hypothesis. Potential con­
founding by gender, age, hepatic dysfunction, hypoalbuminemia, malignan­

cies, hyperthyroidism. hypertension. congestive heart fatiure. low dietary intake 
of vitamin K, differences in duration of follow-up and INR measurement as sched­
uled, was dealt with in the multivariate analyses. Whether the INR-assessment 
on the index date was earlier than according to plan was taken into consider­
ation because patients who are prescribed a known potentially hazardous com­
bination are more likely to be monitored with short intervals. However, neither 

adjustment for this nor for the average number of assessments during follow-up 
changed our results. Fever may be a confounding factor as a hypermetabolic 
state produced by fever might potentiate the response to cownarin anticoagu­
lants, probably by increasing the catabolism of vitamin K-dependent coagu­

lation factors (2). There was, however. no significant difference between the 
frequency of fever in cases on antibacterial drugs and individuals in the rest of 
the cohort who were treated with antibacterial drugs on the index date. Further­
more, we excluded confounding by indication as there was no significant differ­

ence in the indication for antibacterial agents between cases and the remainder 
of the cohort. Moreover, confounding by indication would not explain the varia­
tion in relative risks between antibacterial agents and would occur similarly for 

all antibacterial drugs. 

in conclusion, in this population-based cohort study among outpatients of an 

anticoagulation clinic using acenocownarol or phenprocownon. several anti­
bacterial drugs were strongly associated with overanticoagulation. The onset 

of overanticoagulation after start of antibacterial drug therapy varied between 
drugs. The risk was most strongly increased by a course of amoxicillin, clarithro­
mycin, norfioxacin and co-trimoxazole. Awareness of these drug interactions 

and more frequent monitoring during the initial stages of antibacterial drug ther­
apy to maintain patients on cownarins within the recommended therapeutic 

ranges may minimize the risk of bleeding complications. 
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Lifestyle and diet as risk factors for 

overanticoagulation 

ABSTRACT The risk of hemorrhage when using coumarin anticoagulants 
sharply increases when the international Normalized Ratio (INR) 
is ?_6.0. We performed a case-control study among outpatients of 

an anticoagulation clinic to identify sociodemographic-, lifestyle-. 
and dietary factors related to overanticoagulation. 300 cases with 
an iNR ?_6.0 were compared with 302 randomly selected matched 
controls with an iNR within the therapeutic zone. Information on 
sociodemographic factors, lifestyle factors, and diet, as well as on 
potential confounding factors, was collected by interviewing the 

patient. from the anticoagulant medical record and through the 
general practitioner. Age. sex and level of education were not asso­
ciated with overanticoagulation. Body mass index was negatively 
related to overanticoagulation (OR 2.37; 95%CI 1.00-5.65, BMI <20 

kgjm2 vs >25 kg/m2
), a beneath average level of physical activ­

ity was positively related to overanticoagulation (OR 1.61; 95%CI 
1.02-2.53) and never-smokers were more likely to have an INR ?_6.0 
compared to smokers (OR 1.70; 95%CI 1.02-2.84). Habitual alcohol 
consumption, even heavy drinking, was not related to overantico­
agulation. However. a recent decrease of alcohol intake increased 
the risk of an INR ?_6.0 (OR 2.79; 95%CI 1.21-6.43). In addition, 
weight loss and a vacation were risk factors for overanticoagu­
lation (OR 2.32; 95%CI 1.03-5.22 and OR 10.67; 95%CI 2.48-45.88, 

respectively). Dietary factors were not associated with overantico­
agulation. Increased monitoring of iNR-values if risk factors are 
present or avoidance of risk factors could prevent overanticoagu­

lation and potential bleeding complications. 
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INTRODUCTION 

Coumarin anticoagulants are widely used in the prevention of venous and arte­
rial thromboembolism(!). These drugs induce anticoagulation by antagonizing 
vitamin K, thereby impairing the biological activity of the vitamin K-dependent 
coagulation factors (factor II, VII, IX and X) (2). Opposite to their benefit stands 

the risk of hemorrhage (3), which is strongly associated with the intensity of 
anticoagulation and sharply increases when the International Normalized Ratio 
(!NR) is ?_6.0 (4,5). Such overanticoagulation should therefore be prevented. This 
necessitates identification of risk factors for overanticoagulation. 

Increasing age and female sex have been associated with an enhanced 
response to coumarins; increased body weight was inversely related to the 

anticoagulant response (6). In addition, weight loss has been shown to result 
in decreased factor VII levels (7). A negative association with factor VII has 
been reported for physical activity, smoking, and intake of alcohol (8,9). Besides. 

cigarette smoke and alcohol may induce or inhthit cytochrome P450 enzymes 
(!0, 11). Cytochrome P450 metaloolism is also atfected by stress (!2). Overantico­
agulation after a dietary modification reducing the intake of vitamin K has been 

described (!3, 14). Factor VII coagulant activity has been found to be lowered by 
a diet lower in fat and higher in carbohydrate and fibre (!5). 

The association between overanticoagulation and sociodemographic-, !tie­
style-, and dietary factors in a non-selected population under everyday circum­
stances, has not been studied extensively. Therefore. we have conducted a 
prospective nested case-control study among outpatients of an anticoagulation 

clinic. The atm of the study was to identtiy sociodemographic-, lifestyle- and 
dietary factors related to an INR ?_6.0 in previously stalole patients. This paper is 
one of a series of three papers on risk factors for overanticoagulation. The other 
two papers are based on the same study and concern drug interactions. and 
comorbidity and characteristics of anticoagulant therapy. 

METHODS 

Selling 

In the Netherlands, anticoagulant therapy is monitored by a network of more 
than 60 independently operating specialized anticoagulation clinics, covering 
over 90% of the country (!6, 17). The study was performed at the regional Red 
Cross anticoagulation clinic The Hague, which serves an area of nearly 700,000 

inhaloitants. All persons in this area with an indication for anticoagulant therapy 
are referred to this clinic. 

Cohort definition 

The study cohort consisted of all patients treated with coumarin anticoagulants 
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at the regional Red Cross anticoagulation clinic The Hague between December 
I, 1997 and June 14, 1999. All cohort members were followed until the first occur· 

renee of an INR 2:6.0, the end of their treatment or the end of the study period 
(i.e. the day on which the planned number of cases was recruited). whichever 
came first. 

Cases and controls 
Subjects for the nested case-control study were identified daily from all pailents 

with an INR measurement on that day. Cases were defined as cohort members 
with an INR 2:6.0. For each case. one control, matched on target range, was 
randomly selected from the cohort members with an INR within the therapeutic 
zone (2.0·3.5 or 2.5·4.0), measured on the same day as the case (index day). 
Overanticoagulation is often seen during initiailon of anticoagulant therapy and 

in unstable anticoagulailon. Since this was not our priroary interest. only cases 
and controls with stable anticoagulation in the three months preceding the 
index day were eligible. Anticoagulant therapy is considered effective and sate 
ii the pailent is kept within the therapeutic zone for more than two-third of the 
time (18, 19). Therefore, we defined stable anticoagulation as having at least 66% 

of the INRs within the therapeutic zone and no INRs 2:5.5 in the three months 
preceding the index day. To judge stability, a miromum of three INRs had to be 

assessed in the three months preceding the index day. Cases and controls with 
a hospital admlssion in this period were excluded, since information on antico· 

agulant control during admission is often not available at the anticoagulation 
clinic. As we focussed on sudden overanticoagulation, the INR preceding the 
assessment on the index day had to be within the therapeutic zone. Pailents not 
living independently and those making use of meals on wheels may be less able 
to give reliable answers to the questions on diet than persons or couples who pre· 

pare their own meals. Therefore. they were excluded. Since we were priroarily 
interested in overanticoagulation, irrespective of the question whether this was 
followed by hemorrhage, patients who presented at the index day with a serious 
bleeding complicailon were excluded because this may promote recall bias. 

Procedure 
The study protocol has been approved by the Medical Ethics Committee of the 
Erasmus University Medical Center Rotierdam. We planned to recruit 300 cases 
and 300 controls to provide at least 80% power to detect a true odds ratio (OR) 
of 2:2.0 for risk factors having a prevalence of 7% among the controls, using a 

p<0.05 to reject the null hypothesis of OR~ I. 
Information on sociodemographic factors, liiestyle factors, and diet. as well 

as on potential confounding factors, was collected by interviewing the patient, 

from the anticoagulant medical record and through the general practitioner 

(GP). The interview took place within three weeks after the index day at the pri· 

vate address of the patient. making use of structured questionnaires with mairily 
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closed questions. In case the partner of the patient prepared the meals, thfs 

person assisted in answering the relevant food questions when necessary. The 

interviewers were blinded with respect to the patient's case or control status and 
the specific research hypotheses. Thfs also applied to the GPs. Blinding of the 
patients was not fully feasible, since the INR-value is printed on their dosage list. 
To obviate this, in the information letter we referred to the problem of overantico­

agulation in a general sense. 

Sociodemographic factors, lifestyle factors, and diet 
The risk period was defined as the four-week period preceding the index day. 
Especially time-varying changes in factors were expected to pose a risk for over­

anticoagulation, but steady factors were taken into account as well. Body height 
and body weight were measured to the nearest centimeter and the nearest 
0.5 kg, respectively. Body mass index (BMI) was calculated as weight divided 
by height squared (kg/m2) and categorized as <20, 20 up to 25, and >25. The 

patient was asked about his or her level of education (primary, secondary, or 
higher), extent of physical activity (equal to-, more than-, or less than persons of 
comparable age and health status) and smoking habits (non-smoker, ex-smoker. 
or never-smoker and the dally nurriber of cigarettes, cigars, or pipes smoked). 
In addition, changes in weight, physical activity, and number of smoked units 

in the risk period were inquired about (no. less. or more and in case of weight 
the extent of change). Furthermore, it was asked whether the patient had expe­
rienced or had been affected by an impressive life event (e.g. removal, divorce, 
retirement, criminality, death or serious illness of a close friend or relative) in the 
risk period. Finally, an open question was posed on occurrences in the risk period 
that had not arisen during the interview. 

A semiquantitative food frequency questionnaire including 170 foods and 
beverages (among which alcohol) was used to assess the patient's habitual 
diet (i.e. as consumed during the preceding year). The questionnaire has been 
validated and proven suitable for use in an elderly population (20,21). The 
patient was also asked whether the nurriber of alcohol units had changed in 
the risk period (no. less. or more), whether excessive drinking (>6 drinks/day) 
had occurred in the two weeks preceding the index day and whether hfs or her 

dietary habits had otherwise changed in the risk period and if so, what change 
occurred. The intake of fat, carbohydrates, fibre, and alcohol was computed 
using the Dutch food composition table 1993 (22). Intakes were categorized on 
the basis of tertiles, except for alcohol, the intake of which was categorized as 

none, <4 drinksjweek, 4 drinks/week up to 2 drinks/day, 3 to 6 drinks/day, 
and ?:.6 drinks/day. The vitamin K content of foods, however, is not included in 
the Dutch food composition table. In order to calculate the intake of vitamin K, 
we used data on concentrations of vitamin K

1 
(phylloquinone) and vitamin K

2 

(menaquinones: MK4 through MKlO) as had been determined in a large variety 

of Dutch foods at the Department of Biochemistry and Cardiovascular Research 
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Institute, Maastricht University. The analytical method used has been described 

in detail elsewhere (23). For foods consumed in the Netherlands that had not 
been analysed, concentrations had been derived from data published by others 
(24-29). This had not been done for vitamin K

2 
because of scarcity of data in the 

literature. The intake of vitamin K was categorized on the basis of tertiles. Since 
the absorption of vitamin K is strongly dependent on the source from which 
it is obtained and the length of the aliphatic side chain in the menaqujnones 
(30), the intake was subdivided into vitamin K

1
, total vitamin K

2
, and all MK­

sublypes separately. In the Netherlands, main dietary sources of vitamin K
1 
are 

green leafy vegetables and vegetable oils. Vitamin K
2 

is present in meats and 
eggs (MK4 only), and in fish, sauerkraut, cheese, and other dairy products (MK5 
through MK 10) ( 31). 

Colactors 
A person's BMI, extent of physical activity, smoking and drinking habits, and 
habitual diet may be related to the presence of chronic comorbidities. Ttine-vary­
ing changes in lifestyle factors and diet may be the result of an acute illness or a 
relapse of a chronic comorbidity; situations that may be accompanied by fever 
and/or a change in drug use. Since acute illnesses, chronic comorbidities, fever, 
and a change in drug use may also interfere with anticoagulant therapy and 

enhance the response to coumarins (32-34), these were considered as potential 
confounders. The associations between these cofactors cmd overcmticoagulation 
are the main subjects of the two other papers mentioned in the introduction. 

Statistical analysis 

Sociodemographic-, lifestyle-, and dietary factors related to an INR ;c6.0 were 

identified using univariate conditional logistic regression analysis at first Since 
the unconditional analyses gave comparable results but more statistical power, 
we finally used unconditional logistic regression analysis to compute unadjusted 
odds ratios and their 95% confidence intervals CCI). In case a risk factor was 
absent in either the cases or the controls, a Fisher Exact test was performed 

instead. To assess steady sociodemographic-, lifestyle-, and dietary factors (i.e. 

age, sex, BMI, level of physical activity, smoking status, and habitual dietary 
intake and alcohol consumption) that were independently associated with an 
INR ;c6.0, all factors which were univariately associated at a p<O.lO were 

included in a multiple regression model. Beside age, sex, and the number of INR 
determinations in the preceding three months, comorbidities which were univari­
ately associated with an INR ;c6.0 were included if this resulted in a change in 
one of the odds ratios of 5% or over, starting with the most potent factor. A com­
parable procedure was followed to assess changes in lifestyle- and dietary fac­

tors during the risk period that were independently associated with an INR ;c6.0. 
To determine the tinportance of the independent risk factors for overanticoag­

ulation in the population, we calculated the population attributable risk percent-
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ages (PAR%) according to the following formula (35): PAR% ~ AR% • (proportion 

of exposed cases), with AR% ~ ((OR-1)/0R) • 100. 

RESULTS 

The nested case-control study included the planned number of 300 cases with a 
median INR of 6.8 and 302 controls with a median INR of 3.2. Of the cases, 83% 
had an INR of 6.0-7.9, ll% had an INR of 8.0-9.9, and 6% had an INR of 
10.0-15.0 (the upper measurable INR). The participation among cases and con­

trols was 78% and 85%, respectively. Written informed consent was obtained 
from every patient The mean interval between the index day and the interview 
was fourteen days, for cases as well as for controls. Cardiac disease was the 
main indication for anticoagulation. 55% of the cases and 66% of the controls 
used phenprocoumon, the others used acenocoumarol. 

Table 1. Association between overanticoagulation (INR .;:::6.0) and sociodemographic and 
lifestyle factors 1 • 

Variable Cases Controls OR (95% Cl), OR (95% Cl), 
n=300 n=302 univariate multivariate 

Age (years, mean±sd) 68.1±12.3 68.2 ± 9.8 1.00 (0.98-l.Ol) 
Sex 

male 175 (58%) 194 (64%) 1 (reference) 
female 125(42%) 108 (36%) 1.28 (0.92-1.78) 

Level of education 
higher 154 144 1 (reference) 
secondary 91 100 0.94 (0.59-1.50) 
primary 55 57 1.11 (0.72-1.71) 

BMI 
> 25 kg/m2 171 211 1 (reference) 1 (referencet 
20 up to 25 kg/m2 105 80 1.62 (1.14-2.31) 1.74 (1.16-2.61)" 
< 20 kg/m2 22 11 2.47 (1.16-5.23) 2.37 (1.00-5.65)" 

Change in weight .;:::2 kg 
no change 222 247 1 (reference) 1 (reference f 
weight loss 42 14 3.34 (1.78-6.28) 2.32 (1.03-5.22)' 
weight gain 8 18 0.49 (0.21-1.16) 0.54 (0.20-1.41 )' 

Level of physical activity 
above average 119 144 1 (reference) 1 (reference)" 
average 77 85 1.10(0.74-1.62) 1.01 (0.65-1.57)" 
beneath average 96 66 1.76 (1.18-2.62) 1.61 (1.02-2.53)" 

Change in physical activity 
no change 179 219 1 (reference) 1 (reference)b 
less active 92 54 2.08 (1.41-3.08) 1.13 (0.66-l. 95)' 
more active 28 29 1.18 (0.68-2.06) 0.61 (0.28-1.33)' 

Smoking status 
smoker 98 100 1 (reference) 1 (referencet 
ex-smoker 115 144 0.82 (0.56-1.18) 0.99 (0.64-1.52)" 
never-smoker 87 58 1.53 (0.99-2.36) 1.70 (1.02-2.84)" 

- continued -
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The associations between overanticoagulation and sociodemographic and 

liiestyle factors are shown in table 1. Age, sex and level of education were 

not associated with overanticoagulation. Regarding steady lifestyle factors, BMJ. 

level of physical activity, and smoking status were associated with an INR 2:6.0. 

Patients with a BMI <20 kg/m2 had an increased risk of an INR 2:6.0 of 2.37 

(95%CI 1.00-5.65) compared to patients with a BMI >25 kg/m'- The correspond­

ing PAR% was 4.2%. For patients with a BMI of 20 up to 25 kgjm2 the OR was 

1.74 (95%CI 1.16-2.61) and the PAR% was 14.9%. In comparison with patients 

whose level of physical activity was above average, patients with a beneath 

average level of physical activity had an increased risk of overanticoagulation 

(OR 1.61; 95%CI 1.02-2.53, PAR% 12.1%). Never-smokers had an increased risk 

of overanticoagulation compared to smokers (OR 1.70; 95%CI 1.02-2.84, PAR% 

1 I .9%). Habitual alcohol consumption, even heavy drinking, was not a risk factor 

for overcmticoagulation. Recent occasional excessive drinldng neither was asso­
ciated with overanticoagulation. However, a recent decrease of alcohol intake 

Table 1 - continued 

Variable Cases Controls OR (95% Cl), OR (95% Cl), 
n=300 n=302 univariate multivariate 

Change in amount smoked 
no change 280 283 1 (reference) 
smoked less 12 8 1.52(0.61-3.76) 
smoked more 6 ll 0.55 (0.20-1.51) 

Alcohol consumption 
none 78 88 1 (reference) 
< 4 drinks/week 72 65 1.25 (0. 79-1.97) 
4 drinks/week up to 2 

drinks/day 73 58 1.42 (0.90-2.25) 
3 to 6 drinks/day 64 83 0.87 (0.56-1.36) 
~ 6 drinks/day 9 8 1.27 (0.47-3.45) 

Change in amount drunk 
l (reference)b no change 226 254 1 (reference) 

drunk less 42 13 3.63 (1.90-6.94) 2.79 (1.21-6.43)' 
drunk more 31 35 1.00 (0.59-1.67) 1.42 (0.74-2.74)' 

Occasional excessive 
drinking2 8 15 0.53 (0.22-1.26) 

Impressive event 124 106 1.30 (0.94-1.81) 

Vacation 20 2 10.67 (2.48-45.88) 

' Values are numbers unless indicated othervvise. 
"At least once having drunk ?..6 drinks a day in the tv.!o weeks preceding the index day (restricted to 

patients who habitually drink less than 6 drinks a day). 
"BMI, level of physical activity. smoking status. intake of fibre. age, sex, the number of INR determinations 

in the preceding three months. impaired liver function and congestive heart failure were included in the 
model. 

b Change in weight ?..2 kg, change in physical activity. change in amount drunk. less often eaten a 
dinner. eaten less in general. eaten more fat-rich foods, age, sex, the number of INR determinations in 
the preceding three months, fever, diarrhea, relapse of congestive heart failure. use of antibacterial 
drugs and use of onalgesics&NSAIDs were included in the model. 

*Not computed (see discussion). 
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increased the risk of an INR 2:6.0 COR 2.79; 95%CI 1.21-6.43, PAR% 9.0%). Another 
time-varying change in lifestyle factor associated with an increased risk of over­

anticoagulation was losing weight. Patients with a recent weight loss of at least 
two kilograms had an increased risk of 2.32 (95%CI 1.03-5.22). The PAR% of over­
anticoagulation associated with a recent weight loss of at least two kilograms 
was 8.0% Being less active was only univariately related to the risk of an INR 

2:6.0 (OR 2.08; 95%CI 1.41-3.08). 
With respect to occurrences in the risk period, the experience of an impressive 

life event was not associated with overanticoagulation. Twenty cases and two 
controls mentioned having been on vacation. All cases, but neither of the con­

trols had been abroad and only three cases had had their INR checked during 

Table 2. Association between overanticoogulotion (INR z_6.0) and dietary factors 1
• 

Variable Cases Controls OR (95% Cl), OR (95% Cl). 
n=300 n=302 univariate multivariate 

Vitamin K 
> 320 ~g/day 102 98 1 (reference) 
225 up to 320 ~g/ day 92 106 0.83 (0.56-1.24) 
< 225 ~g/day 102 98 1.00 (0.68-1.48) 

Fat 
> 38 energy% 100 103 1 (reference) 
33 up to 38 energy% 94 101 0.96 (0.65-1.42) 
< 33 energy'% 102 98 1.07 (0.73-1.58) 

Carbohydrates 
<40 energy% 89 110 1 (reference) 
40 up to 46 energy% 105 94 1.38 (0.93-2.05) 
> 46 energy% 102 98 1.29 (0.87-1.91) 

Fibre 
> 18 gram/day 91 109 l (reference) 1 (reference/ 
13.5 up to 18 gram/day 99 106 1.12 (0.76-1.65) 1.04 (0.67-1.62/ 
< 13.5 gram/day 106 87 1.46 (0.98-2.17) 1.33 (0.84-2.1 0/ 

Change in dietary habits 
commencement I 

discontinuation of a diet 4 4 1.01 (0.25-4.06) 
less often eaten a dinner 45 15 3.40 (1.85-6.25) 1.12 (0.48-2.62)" 
more often eaten a dinner 4 I 4.06 (0.45-36.29) 
eaten more irregular 2 0 P=0.25 
eaten less vegetables 4 0 P=0.06 
eaten less in general 9 1 9.36 (1.18-74.08) 2.95 (0.31-27. 75)' 
eaten more fat-rich foods 8 2 4.11 (0.87-19.45) 7.67 (1.38-42.67)' 
other changes 13 6 2.26 (0.85-6.02) 

Values ore numbers. 
"Intake of fibre, BMI, level of physical activity, smoking status, age, sex, the number of INR 
determinations in the preceding three months, impaired liver function and congestive heart failure 
were included in the model. 

bLess often eaten a dinner. eaten less in generaL eaten more fat-rich foods, change in weight :;:.:2 kg, 
change in physical activity, change in amount drunk, age. sex, the number of INR determinations in 
the preceding three months, fever, diarrhea, relapse of congestive heart failure, use of antibacterial 
drugs and use of analgesics&NSAIDs were included in the model. 
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the vacation. The increased risk of an INR 2:6.0 was 10.67 (95%CI 2.48-45.88). The 
corresponding PAR% was 6.0%. 

The associations between overanticoagulation and dietary factors are 
represented in table 2. Since vitamin K

1 
and all menaqufnones gave compa­

rable results. only the total vitamin K intake is included in the table. For none 

of the dietary factors examined (vitamin K. fat. carbchydrates. and fibre), habit­
ual intake was a risk factor for overanticoagulation. Especially major changes 
in dietary intake were expected to be related to overanticoagulation, changes 
resulting in a decreased intake of vitamin K particularly. Of all changes men­
tioned by the patients, "less often eaten a dinner", nearly always as a conse­

quence of having been ill, occuned most often (in 45 cases and 15 controls). It 
was, however. only univariately associated with an increased risk of an INR 2:6.0. 
The same applied to "eaten less in general". which was mentioned by nine cases 
and one control. On the contrary, "eaten more fat-rich foods" was an indepen­
dent risk factor for overanticoagulation, with an OR of 7.67 (95%CI 1.38-42.67) 
and a PAR% of 2.3%. 

DISCUSSION 

We studied the association between overanticoagulation and sociodemographic-, 

lifestyle-, and dietary factors. Some lifestyle factors were related to overantico­
agulation: BMI was negatively related to overanticoagulation, a beneath aver­
age level of physical activity was positively related to overanticoagulation and 
never-smokers were more likely to have an INR 2:6.0 compared to smokers. Fur­
thermore, a recent decrease of alcohol intake, weight loss, a vacation, and 

"eaten more fat-rich foods" appeared risk factors for overanticoagulation. The 

clinical implication of our findings lies in the possibility of prevention or early 
detection of overanticoagulation. and thus of bleeding complications. by paying 
special attention to these risk factors when monitoring anticoagulation. For 
example, fragile and physicatiy inactive patients should be monitored more 

carefully. Similarly, patients should be advised to have their INR checked when 
on vacation. 

The study population was confined to stably anticoagulated patients because 
most cases of unstable anticoagulation and overanticoagulation occur during ini­
tiation of therapy. Every clinician is aware of this. Would we not have excluded 
unstable patients. we would have found initiation of therapy as most important 

risk factor for overanticoagulation. a relatively irrelevant finding. It would have 
been diificult to release more subtle but also clinically relevant risk factors as the 
large mCl)ority of cases would simply occur within the first weeks of treatment 

as part of the titration process during the initiation phase of therapy. Clinicians 
might be more interested in the rtsk factors they encounter when their patients 

are on long-term anticoagulant therapy. To gain more insight into such risk lac-
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tors. we focussed on patients who were more or less stably anticoagulated but 

suddenly developed an INR 2:6.0. Potential risk factors were inquired over the 

four weeks preceding the index day. Due to logistical limitations. the interview 
took place up to three weeks after the index day. Misclassification of exposure 

thus may have been present; a patient may have forgotten things or been mis­
taken regarding the time period in which these occurred. The mean interval 
between overo::nticoagulation and interview, however, was similar for cases and 

controls. Besides. the misclassification is assumed to be nondifferential, resulting 
in a conservative estimation of the association. Recall bias was prevented by 
restricting the study population to patients with non-symptomatic overanticoag­
ulation, i.e. by excluding patients who presented at the index day with a seri­
ous bleeding complication. In addition, in the information letter we referred to 
the problem of overanticoagulation in a general sense. The exclusion of patients 
who presented on the index day with a serious bleeding complication will not 

have had a substantial effect on our results as this concerned only very few 

patients: of the 4476 patients with an INR 2:6.0 in the study period, only three 
patients presented on the index day with a serious bleeding complication. This 

is explained by the fqct that a patient with a serious bleeding complication will 
visit the hospital and not the anticoagulation clinic. 

Ex-smokers had the same risk of overanticoagulation compared to smokers. 
This unexpected observation argues for the presence of an unknown coniound­
ing factor. 

The interaction between alcohol consumption and anticoagulant therapy is 
complex (36). Large intermittent doses cause some enzyme inhibition with resul­

tant increased INR, while chronic heavy use (greater than 60 gjday) causes 
enzyme induction resulting in a decreased INR. Intermediate use (two to three 
drinks per day) probably does not alter the anticoagulant metabolism at all. 
In our study, neither category of habitual alcohol consumption, nor occasional 
excessive drinking in the two weeks preceding the index day was associated 
with overanticoagulation. 

Having been on vacation greatly increased the risk of overanticoagulation. 
The concept 'vacation' is a combination of changes in lifestyle factors, dietary 
haloits, and other factors and is, in the context of anticoagulation, difficult to 

interpret. We did not compute an adjusted OR because this would be meaning­
less. The effect of vacation on anticoagulation seems to be responsible for the 
unexpected increased risk of an INR 2:6.0 in patients who had "eaten more fat­
rich foods". Of the eight cases who mentioned having "eaten more fat-rich foods", 
seven also mentioned having been on vacation. 

Dietary intake did not play a role in overanticoagulation; a reassuring obser­
vation. Lack of an effect of habitual dietary intake is plausible, since anticoagu­
lant therapy likely is titrated to a patient's diet. With respect to the absence of an 

effect of changes in dietary haloits, the increase in INR by the dietary modifica­

tion may have been of less magnitude than defined in our study. Another pos-
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sibility is that the dietary changes were too small or lasted too short a time to 

affect anticoagulant therapy. The case reports on dietary-induced overanticoag­

ulation concerned a drastic dietary modification, viz. giving up consuming 750 

to 1000 grams of liver every week (13, 14). Regarding the potential interaction 

between dietary factors and overanticoagulation. it should be kept in mind that 

not dietary intake, but nutritional status is the real risk factor. The extent to which 

intake is a good proxy of status depends on the bioavailaloility of the nutrient in 

question. For example, green leafy vegetaloles have a high vitamin K content, 

but due to tight binding to the thylakoid membranes of the chloroplasts intestinal 

alosorption of vitamin K is poor (30). Furthermore, a decreased dietary intake 

does not immediately result in a deficient nutritional status. 

To our knowledge, only one epidemiological study on risk factors for overanti­

coagulation in a non-selected population under everyday circumstances includ­

ing lifestyle- and dietary factors has been published (37). The number of lifestyle­

and dietary factors studied, however, was small: alcohol consumption and the 

intake of vitamin K. Subjects with a higher haloitual vitamin K consumption, 

based on reported weekly intake of twelve vitamin K 1 rich foods. and haloitual 

moderate consumption of alcohol were less likely to have an INR ?:6.0. We did 

not find an association between these factors and overanticoagulation. In addi­

tion. decreased oral intake in general was an independent determinant of an 

INR ?:6.0 in the study of Hylek eta!., while in our study, the increased risk was no 

longer significant after adjustment for potential confounders. An important differ­

ence between the study of Hylek et a!. and our study is that we only included 

stalole cases and controls. Besides, we assessed changes in the preceding four 

weeks, while they used a one-week risk period. Furthermore, we calculated the 

intake of vitamin K from the total diet and took vitamin K 2 into account as well. 

Lastly, the study population of Hylek eta!. used warfarin, while our patients used 

phenprocoumon or acenocourncrroL 

In conclusion, in this study among previously stalole outpatients of an anti­

coagulation clinic, some lifestyle factors were related to overanticoagulation. 

Increased monitoring of INR-values if risk factors are present or avoidance of 

risk factors. could prevent overanticoagulation and potential bleeding complica­

tions. 
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Deficient dietary intake of vitamin K 

is associated with an increased risk of 

overanticoagulation 

ABSTRACT A dietary intake of vitamin K of 1 1-'g/kg body weight per day 
is required tor normal functioning of coagulation factors. Possibly, 
a deficient intake of vitamin K is associated wiib overanticoagu­
lation. We performed a population-based cohort study in a sample 

of the Rotterdam Study to study whether patients with a deficient 
dietary intake of vitamin K have an increased risk of overantico­
agulation (International Normalized Ratio (INR) ;?.6.0). The study 

cohort consisted of all participants of whom dietary intake data 
have been collected and who were treated with cownarin anti­
coagulants in the study period from the baseline visit of the Rot­
terdam Study (1990-1993) through December 31. 1998. All cohort 

members were followed from their baseline visit of the Rotterdam 
Study until the first occurrence of an INR ?_6.0, the last INR-assess­

ment during the study period, death or end of the study period. The 
intake of vitamin K was calculated from the total diet using data 

on concentrations of vitamin K1 and vitamin K2 in foods. An intake 
of vitamin K below 1 1-'gfkg body weight per day was considered 
deficient. Of the 772 patients in the cohort. 227 developed an INR 
?_6.0 during the study period. The nwnber of patients in the total 
cohort with a deficient dietary intake of vitamin K was 12 (1.6%). 
Of the cases. seven patients (3.1 %) had a deficient dietary intake of 

vitamin K. The adjusted relative risk of overanticoagulation associ­
ated with a deficient dietary intake of vitamin K was 9. 6 (95%CI 
4.0-23.0). To minimize the risk of bleeding complications. patients 
on oral anticoagulant therapy should be advised to conswne vita­
min K-rich foods such as green. leaty vegetables. 
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INTRODUCTION 

Coumarin anticoagulants are widely used in the prevention of venous and 
arterial thromboembolism (l). These drugs induce anticoagulation by antagoniz­

ing vitamin K, thereby impairing the biological activity of the vitamin K-depen­
dent coagulation factors II, VII, IX and X (2). Hemorrhage is the most common 
adverse reaction to coumarin anticoagulants. Its risk is strongly associated with 
the intensity of anticoagulation and sh=ly increases when the International 
Normalized Ratio (!NR) is :;:6.0 (3, 4). For normal functioning of coagulation fac­

tors, a haloitual dietary intake of vitamin K of l J.!g/kg body weight per day 
is required (5, 6). Considering the mode of action of coumarin anticoagulants, 
it is obvious that a low dietary intake of vitamin K will require a low-normal 
daily dose of coumarins. Because oral anticoagulant therapy is regularly moni­

tored and the dose of coumarins is adjusted in an individual on the basis of the 
INR, however, there is no reason to assume that a patient's low habitual dietary 

intake of vitamin K is associated with an increased risk of overanticoagulation. 
In the literature there is only limited information on the association between 

dietary intake of vitamin K and overanticoagulation. Two case reports described 
overanticoagulation after discontinuation of a weekly consumption of 750 to 
1000 grams of liver (7, 8). In a case-control study on risk factors for overanticoag­

ulation. the habitual weekly intake of twelve vitamin K
1
-rich foods was inversely 

associated with the risk of overanticoagulation (9). 

We conducted a cohort study in a large population of community-dwelling 
elderly to study whether patients with a haloitual dietary intake of vitamin K 
below the amount required for normal functioning of coagulation factors have 
an increased risk of overanticoagulation. 

METHODS 

Selling 

Data were obtained from the Rotterdam Study and from the regional outpatient 
anticoagulation clinic. The Rotterdam Study is a prospective populalion-based 

cohort study of neurological, cardiovascular, locomotor, and ophthalmologic dis­
eases in the elderly. All inhaloitants of Ommoord, a suburb of the city of Rotter­
dam in the Netherlands, aged 55 years or over and living in the district for at 
least one year were invited in 1990-1993 to participate in the study. The ratio­
nale and design of this study have been described elsewhere (10). The cohort 
comprises 7983 individuals who were all interviewed and investigated at base­

line. The regional outpatient anticoagulation clinic monitors all inhabitants of 
Ommoord with an indication for anticoagulant therapy. The choice of anticoagu­

lant (phenprocoumon or acenocoumarol) is made by the referring physician. 
The optimal target range of oral anticoagulant therapy, as recommended by the 
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Federation of Dutch Thrombosis Centers, lies between 2.5 and 3.5 INR or between 
3.0 and 4.0 !NR, depending on the indication for treatment INR measurements 

are performed at a mean interval of two to three weeks, the interval being six 
weeks at a maximum. Dosing of the coumarin is performed by a team of special­
ized physicians routinely working at the anticoagulation clinic, with the aid of a 
computerized dosing program. All laboratory-, clinical- and administrative data 
as of 1986 are stored in computerized files. For our cohort study, the data until 

December 31, 1998 were used. 

Cohort and outcome definition 
The study cohort consisted of all participants of the Rotterdam Study of whom 
dietary intake data have been collected and who were treated with the couma­
rins acenocoumarol or phenprocoumon in the study period between the base­
line visit of the Rotterdam Study (1990-1993) and December 31, 1998. The cohort 

included prevalent users at baseline as well as incident users during follow-up. 
All cohort members were followed from their baseline visit of the Rotterdam 
Study until the first occurrence of an INR ?_6.0, the last INR-assessment during 
the study period, death or end of the study period, whichever came first In case 

a patient had multiple treatment episodes during follow-up, all episodes in the 
study period were considered. The date on which an INR ?_6.0 was encountered 
was defined as the index date. 

Exposure definition 
The exposure of interest in this study was habitual dietary intake of vitamin K, 
and K

2
. A semiquantitative food frequency questionnaire including 170 foods 

and beverages was used to assess the habitual diet of each participant as con­
sumed during the preceding year. The questionnaire has been validated and 

proven suitable for use in an elderly population (ll, 12). In order to calculate 
the intake of vitamin K, we used data on concentrations of vitamin K, (phylloqui­
none) and vitamin K

2 
(menaquinones: MK4 through MK!O) as have been deter­

mined in a large variety of Dutch foods at the Department of Biochemistry and 
Cardiovascular Research Institute, Maastricht University. The analytical method 
used has been described in detail elsewhere (13). For foods included in the food 
frequency questionnaire which have not been analysed, concentrations were 
derived from data published by others (14-19). This was not done for vitamin K2 

because of scarcity of data in the literature. 
The intake of vitamin K was expressed in J.!g/kg body weight per day. An 

intake below 1 J.!gjkg body weight per day was considered deficient (5, 6). If 
information on weight was missing (n~7), the intake of vitamin K was calcu­
lated by reference to the mean weight of male and female cohort members. For 

women an intake below 72 J.!gjday and for men an intake below 79 J.!g/day 

was considered deficient 
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Cofactors 
A person's habitual diet is only one aspect of his or her lifestyle and may be 

relcifed to body mass index (BMI), smoking status and alcohol conswnption. In 
addition, a person's habitual diet may be relcifed to the presence of an impaired 
liver function, congestive heart failure or malignancies. Since the lifestyle fac­

tors and chronic comorbidities mentioned may interfere with anticoagulant ther­
apy and enhance the response to coumarins (20, 21), these were considered as 
potential confounders. Furthermore, we considered the phase of oral anticoagu­
lant therapy on the index dcife (initicifion phase, Le. day I to day 41, or stabilized 

phase, Le. ?_42 days) and, for pcifients in the stabilized phase, the mean monitor­
ing interval in the three months preceding the index dcife. 

Statistical cmalysis 
The cohort included prevalent users of cownarins cif baseline as well as inci­
dent users during follow-up. In addition, the moment on which incident users 

started anticoagulant therapy differed and multiple trecifment episodes were 
considered. Consequently, cohort members were not necessartly receiving anti­
coagulant therapy during the whole follow-up. Therefore, a time-dependent Cox 
proportional hazards regression model was used to compute the relative risk (RR) 

and 95% conJidence interval CCI) of overanticoagulation associcifed with a defi­
cient dietary intake of vitamin K. In this model, the stcifus of a particular determi­
nant cif the index dcife of each case of an INR ?_6.0, is compared to the status of 
this determinant in all cohort members who are alive and cif risk for the outcome. 
The relative risk was adjusted for age and gender. Furthermore, we adjusted for 
all cofactors which were univaricifely associcifed with an INR ?_6.0 if this caused 

a change in the point estimcife of more than 5 percent. Populcifion ciftributable 
risk percentages were calculcifed with the formula ((RR-1)/RR) • 100 • proportion 
of exposed cases (22). 

RESULTS 

The study cohort consisted of 772 patients, with a mean follow-up of 1650±764 
days. Nearly 85% of the pcifients used acenocownarol and the remainder phen­
procoumon. A£ all vitamin K deficient cases used acenocoumarol, no further 
distinction is made between the two cownarins. During the study period, 227 
patients developed an INR ?_6.0. The mean durcifion of follow-up in the cases 
was 1532±627 days. Baseline characteristics of the cases and the total cohort are 

shown in table I. Men and women had a more or less similar risk of an INR 
::_6.0. Patients of 75 years and older had an increased risk. Furthermore, the risk 
of overanticoagulcifion was associcifed with BMJ, cunent smoking, an impaired 

liver function, congestive heart failure and malignancies. Pcifients with an inter­
medicife intake of alcohol tended to have a slightly lower risk of overanticoag-
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Table 1. Baseline characteristics of the cases and the total cohort1
• 

Variable Cases 
n=227 

Sex 
male 122 (54%) 

female 105 (46%) 

Age (years, mean (sd)) 70.7 (6.8) 
55-64 years 44 (19%) 
65- 74 years 111 (49%) 
.2::75 years 72 (32%) 

BMI 
> 25 kg/m2 130 (58%) 
20- 25 kg/m' 89 (40%) 
< 20 kg/m' 5 (2%) 

Smoking status 
never smoker 58 (26%) 
former smoker 103 (45%) 
current smoker 66 (29%) 

Alcohol intake 
none 68 (30%) 
_, 15 g/day 106 (47%) 
15-30 g/day 30 (13%) 
> 30 g/day 23 (10%) 

Impaired liver functiod 2 (1%) 

Congestive heart failure3 56 (25%) 

Malignancies3
.4 37 (16%) 

Values are numbers (percentages) unless indicated otherwise. 
2 Defined as serum ominotronsferases or bilirubine >2x the upper level of normal. 
'Assessed by reference to the index dote. 

Total cohort 
n=772 

386 (50%) 
386 (50%) 

69.6(7.1) 
194 (25%) 
378 (49%) 
200 (26%) 

499 (65%) 
255 (33%) 

11 (1%) 

232 (30%) 
339 (44%) 
199 (26%) 

225 (29%) 
366 (47%) 
107 (14%) 
74 (10%) 

8 (1%) 

128 (17%) 

85 (11%) 

'A diagnosis of o malignancy prior to the index dote or within the first year after the index dote. 

Table 2. Daily dietary intake of vitamin K (median (interquartile range)) in the cases and 
the total cohort1

• 

Variable Cases Total cohort 

All cohort members n=227 n=772 

Intake of vitamin K (J..LQ) 254 (140) 259 (134) 
Intake of vitamin K (~g/kg) 3.6 (1.9) 3.5 (1.8) 

Intake of vitamin K, (J..LQ) 228 (137) 232 (128) 

Intake of vitamin K2 (J..LQ) 25 (17) 26 (19) 

Vitamin K deficient patients n=7 (3.1%) n= 12 (1.6%) 

Intake of vitamin K (J..LQ) 64 (37) 57 (28) 
Intake of vitamin K (!lg/kg) 0.71 (0.40) 0.73 (0.27) 

Intake of vitamin K1 (!lQ) 20 (30) 36 (30) 

Intake of vitamin K2 (J..LQ 15 (9) 16 (21) 

' Because of the use of medians, the intake of vitamin K, and !(, do not odd up to the intake of vitamin K. 
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ulation but the diiference with non-use was not significant. 
The median daily dietary intake of vitamin Kin the total cohort was 259 ~g. 

or 3.5 ~g/kg body weight (talole 2). Subdivided into vitamin K
1 
and vitamin K

2
, 

the median daily intakes were 232 ~g and 26 ~g. respectively. Case patients 
had similar median intakes. The number of patients in the total cohort with a 
deficient dietary intake of vitamin K was 12 (!.6%). In these patients, the median 
daily intake of vitamin K was 57 ~g. that of vitamin K

1 
was 36 ~g and that of 

vitamin K2 was 16 ~g. Expressing the intake of vitamin Kin ~gjkg body weight 
per day, the intake ranged from 0.20 to 1.0 ~gjkg body weight per day, with a 
median of 0.73. Of the cases, seven patients (3.1 %) had a deficient dietary intake 

of vitamin K. with a median intake of 0.71 ~gjkg body weight per day. In the 
vitamin K deficient cases, the median daily intakes of vitamin K

1 
and vitamin 

Table 3. The relative risk of overanticoagulation (INR ;;:::6.0) associated with a deficient 
dietary intake of vitamin K. 

Variable RRcrua~ (95%CI) 
1 

RRaaju"'e" (95%CIY 

Deficient dietary intake of vitamin K 9.2 (4.0-20.8) 9.6 (4.0-23.0) 
Sex 

male 1.0 (reference) 1.0 (reference) 
female 1.2 (0.9-1.5) 0.8 (0.6-1.1) 

Age 
55-64 years 1 .0 (reference) 1.0 (reference) 
65- 74 years 1.0 (0.7-1.5) 1.1 (0.8-1.6) 
2:: 75 years 1.5 (1.03-2.2) 1.7 (1.2-2.6) 

BMI 
> 25 kg/m' 1.0 (reference) 1.0 (reference) 
20-25 kg/m' 1.6 (1.2-2.1) 1.3 (0.99-1.8) 
< 20 kg/m 2 1.2 (0.5-2.9) 1.0 (0.4-2.6) 

Smoking status 
never smoker 1.0 (reference) 1.0 (reference) 
former smoker 1.0 (0.7-1.4) 1.0 (0.7-1.6) 
current smoker 1.5 (1.02-2.1) 1.6 (1.05-2.5) 

Alcohol intake 
none 1.0 (reference) 1.0 (reference) 
s 15 g/doy 0.8 (0.6-1.1) 1.2 (0.8-1.7) 
15-30 g/doy 0.6 (0.4-1.01) 1.0 (0.6-1. 7) 
> 30 g/doy 0.8 (0.5-1.3) 1.0 (0.6-1.6) 

Impaired liver function 6.6 (1.5-28.7) 9.7 (2.2-43.0) 
Congestive heart failure 1.6(1.1-2.1) 1.5(1.1-2.1) 
Malignancies 2.3 (1.6-3.3) 2.6 (1.7-3.8) 

' Univariate analyses of relative risks were done with the time-dependent Cox proportional hazards 
regression model. In this modeL the status of a particular determinant at the index dote of each case 
of an INR ~6.0, is compared to the status of this determinant in all cohort members who ore alive and 
at risk for the outcome. Hence, crude RRs can not be calculated with the numbers in this table. 

' Adjusted for sex, age, BMI, smoking status, alcohol intake and impaired liver function (missing value 
indicators included) at baseline, and congestive heart failure and malignancies by reference to the 
index date. 
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K2 were 20 J.!g and 15 J.!g, respectively. The crude relative risk of overanticoag­
ulation associated with a deficient dietary intake of vitamin K was 9.2 (95%CI 
4.0-20.8) (table 3). Only in one out of the seven patients with a deficient vitamin 
K intake, overanticoagulation occurred within the first week of treatment. Alter 
adjustment for potential confounders the relative risk was 9.6 (95%CI 4.0-23.0). 

The population attributable risk percentage of overanticoagulation associated 
with a deficient dietary intake of vitamin Kin elderly outpatients of an anticoagu­
lation clinic was 2.8%. Adjustment for the phase of oral anticoagulant therapy 

on the index date did not substantially change the relative risk. For patients 
in the stabilized phase, i.e. treated for at least six weeks, the relative risk was 
also adjusted for the mean monitoring interval in the three months preceding 
the index date. The adjusted relative risk of overanticoagulation associated with 
a deficient dietary intake in these patients was 7.1 (95%CI 2.7-18.6). The cor­
responding population attributable risk percentage was 2.4%. 

DISCUSSION 

In this population-based cohort study, a deficient intake of vitamin K as calcu­

lated from the total diet using data on concentrations of vitamin K1 and vitamin 
K

2 
in foods, was associated with a considerably increased risk of an INR 2:6.0. 

Apparently, when the habitual dietary intake of vitamin K is below the amount 
required for normal functioning of coagulation factors, regular monitoring and 
adjustment of the dose of coumarins does not aloolish the risk of overanticoagu­
lation. To minimize the risk of bleeding complications. patients on oral anticoagu­
lant therapy should be advised to consume vitamin K-rich foods such as green, 

leafy vegetables. 
In addition to the fact that the intake of vitamin K is insufficient for normal 

functioning of coagulation factors, patients on coumarins with a deficient dietary 
intake of vitamin K are at increased risk of overanticoagulation by antibacterial 
drugs which may interfere with bacterial synthesis of vitamin Kin the colon (23). 

The contribution of bacterial synthesis of vitamin K in the colon to the vitamin 
K status becomes important when the dietary intake of the vitamin is markediy 
decreased (24, 25). As none of our vitamin K deficient cases was exposed to anti­
bacterial drugs on the index date, we were not able to confirm the increased 
risk of overanticoagulation by antibacterial drugs in patients on coumarins with 
a deficient dietary intake of vitamin K. If overanticoagulation occurs within the 

first week of treatment, it may be caused by a relatively too high starting dose of 
coumarins. In our study, however, this concerned only one vitamin K deficient 
patient and did not explain the increased risk of overanticoagulation in patients 

with a deficient dietary intake of vitamin K. 
Some potential limitations should be considered in the interpretation of our 

findings. Selection bias was probably negligible as we identified ail users of cou-

83 



CHAPTER 3.5 

marin anticoagulants in a defined population and because regular INR monitor­
ing makes it unlikely that cases were missed. information bias is also unlikely as 

all data on exposure and outcome were gathered prospectively and recorded 
similarly for all cohort members without prior knowledge of our study hypothesis. 

Misclassiflcation of exposure may be present since the habitual dietary intake of 
vitamin K was assessed at baseline and may have changed during follow-up. 
However. rnisclassiflcation of exposure usually leads to a conservative estimate 
of the relative risk. This suggests that the actual risk of overanticoagulation in 
patients with a deficient dietary intake of vitamin K may be higher. Potential 

confounding by sex. age, BML smoking status, alcohol consumption, impaired 
liver function, congestive heart failure, and malignancies was dealt with in 
the multivariate analyses. Similarly, the phase of therapy on the index date 
and, for patients in the stab!iised phase. the mean monitoring interval in the 
three months preceding the index date were considered. Although our study per­

tained to the coumarins acenocoumarol and phenprocoumon, it is likely that the 

results can be extrapolated to warfarin because here, vitamin K plays a similar 
role. 

In our study population. and in the Netherlands in general. the dietary intake 
of vitamin K is high and vitamin K deficiency is rare. Therefore, the public health 
impact of a deficient dietary intake of vitamin K on overanticoagulation is prob­
ably modest considering the population attributable risk percentage in elderly 
outpatients of an anticoagulation clinic of 2.8%. However, in the USA the mean 
dietary intake of vitamin K

1 
is much lower and only 80 J.!g/day in young adults 

and !50 J.!g/day in older adults (26). In these populations, the occurrence of an 
INR 2>6.0 associated with a deficient dietary intake of vitamin K. may concern 
many more patients. 

In conclusion, in this population-based cohort study, outpatients of an anticoagu­
lation clinic with a deficient dietary intake of vitamin K had an increased risk of 
overanticoagulation. Since overanticoagulation is associated with em increased 
risk of hemorrhages, patients on oral anticoagulant therapy should be advised 
to consume vitamin K-rich foods such as green, leafy vegetables. 
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COAGULANT LEVELS IN 

OVERANTICOAGULATION 





Levels of vitamin K-dependent pro- and 

anticoagulant proteins in 

overanticoagulated patients 

ABSTRACT Coumarin anticoagulants impair the biological activity of the vita­

min K-dependent pro- and anticoagulant proteins. There are no 
reports which focus on the levels of these proteins in overanticoagu­
lated patients. Therefore, we determined the levels of factor II. VII, 
IX and X. protein C and Sin 25 randomly selected overanticoagu­

lated patients (International Normalized Ratto (INR) 26. OJ and in 25 
matched controls with an INR within the therapeutic zone. Further­
more. to study a possible effect of the cause of overanticoagulatton, 
coagulant levels were compared between 16 overanticoagulated 
patients with fever in the preceding two weeks and 24 overantico­
agulated patients with stable congestive heart failure. The pattern 

of procoagulant level reductions in the three groups of overanti­
coagulated patients was largely the same as in controls: factor 

X was the lowest and factor IX the highest. The difference was 
that in overanticoagulated patients factor VII was relatively low 
among the procoagulant factors compared to controls. Protein 

C was lower than protein S in overanticoagulated patients with 
congestive heart failure. but was similar to protein S in the other 
study groups. in overanticoagulated patients with fever. the vita­

min K-dependent coagulation proteins except factor X were signifi­

cantly lower than in overanticoagulated patients with congestive 

heart failure. especially factor VII and protein 5. 
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CHAPTER 4 

INTRODUCTION 

Coumarin anticoagulants induce anticoagulation by antagonizing vitamin K, 
thereby impairing the y-carboxylation and consequently the biological activity 
of the vitamin K-dependent pro- and anticoagulant proteins (factor II, VII, IX and 

X. protein C and S) (!). The rate of disappearance from the plasma of these pro­
teins is determined by their half-lives, which range from 5 hours for factor VII to 
96 hours for factor II (2). 

A number of studies has been done on the extent to which the different vita­
min K-dependent procoagulant factors are depressed in patients on long-term 
oral anticoagulant therapy at therapeutic levels of anticoagulation (3-6): factor 

X is most strongly, and factor IX is least strongly reduced. However. to our know­
ledge. there are no reports which focus on the levels of these factors in over­
anticoagulated patients. Therefore, we determined the levels of factor II, VII, 
IX and X, protein C and S in a subset of patients who participated in a prospec­

tive nested case-control study on the association between overanticoagulation 
and characteristics of anticoagulant therapy and comorbidity. Coagulant levels 
were compared between a random sample of overanticoagulated patients 
(International Normalized Ratio (INR) ?_6.0) and matched controls with an INR 
within the therapeutic zone (2.0-3.5 or 2.5-4.0). To study a possible effect of the 
cause of overanticoagulation on coagulant levels, overanticoagulated patients 
with fever were compared to those with congestive heart fatlure. 

METHODS 

Selling 

The present study is part of a prospective nested case-control study on the asso­
ciation between overanticoagulation and characteristics of anticoagulant ther­
apy and comorbidity performed at the regional Red Cross anticoagulation clinic 
The Hague (7). In short, cases with an INR ?_6.0 were compared with randomly 
selected controls with an INR within the therapeutic zone (2.0-3.5 or 2.5-4.0, 
depending on the mdication), matched on index day and target range. Cases 

and controls had to be stably anticoagulated in the three months preceding 
the index day and the INR preceding the assessment on the index day had to 
be within the therapeutic zone. Information on characteristics of anticoagulant 
therapy, comorbidity and potential confounders in the four weeks preceding 

the index day was collected from the anticoagulant medical record, through 
the general practitioner and the pharmacy, and by interviewing the patient. 
Patients on acenocoumarol appeared to have an increased risk of an INR ?_6.0 
compared to patients on phenprocoumon. Regarding comorbidity, impaired 

liver function, congestive heart fatlure. diarrhea and fever turned out to be risk 
factors for overanticoagulation (7). 
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Patients 

For the present study four groups were selected from the larger nested case-con­
trol study: group 1, 25 randomly selected overanticoagulated patients; group 

2, 25 matched controls; group 3, 16 overan!icoagulated patients with fever in 
the two weeks preceding the index day, but with none of the following chronic 
comorbidities that are suspected to interfere with anticoagulant therapy (8-11): 
Impaired liver-, biliary- or pancreatic function, Impaired gastro-intestinal absorp­
tion, congestive heart failure, hyperthyroidism, or a malignancy; group 4, 24 

overanticoagulated patients suffering from congestive heart failure, but with 
none of the following acute risk factors for overanticoagulation (7, 12, 13) in the 

four weeks preceding the index day: fever, diarrhea, a change in the use of 
potentially interacting drugs, a change in the number of alcohol units and a 
vacation. The patients with congestive heart failure had been in a stable condi­
tion in the four weeks preceding the index day, Le. no relapses had occurred 

in this period. Fever and congestive heart failure were studied as causes of over­
anticoagulation because for these risk factors a sufficient number of patients 
fulfilled the above mentioned inclusion criteria. Furthermore, the mechanism 
by which overanticoagulation is caused ts different for these risk factors. The 
random sample of overanticoagulated patients (group 1) included five patients 

with fever and !hiee patients with congestive heart failure. 

Laboratory methods 
For the nested case-control study, subjects were identified daily from all patients 

with an INR measurement on that day. For this measurement, venous blood was 
collected in 3.2% sodium citrate tubes. The prothrombin time was measured in 
plasma, obtained by centrifugation at 3000 rpm for 10 minutes, on an Elektra 

1800 C automated coagulometer with a human recombinant tissue factor !hiom­
boplasifn (RecombiPlasifn, Instrumentation Laboratory, Breda, The Netherlands) 
with an International Sensitivity Index between 0.93 and 1.00 during the study 

period, according to the different batches used. Aller determining the INR, the 
plasma was stored at -80°C until use for the present study. The pro- and antico­
agulant proteins were determined at the department of Hematology, Erasmus 
University Medical Center Rotterdam on a Sysmex CA-1500 automated coagu­

lometer (Dade-Behring, Brussels, Belgium). The levels were measured by func­
tional one-stage clotting assay using !rnmuno-deple!ed plasma (Biopool, Kordia, 
Leiden, The Netherlands) with Thromborel®S (Dade-Behring, Brussels, Belgium) 
for factor II, VII and X, and Platelin®LS (bioMerieux, 's-Hertogenbosch, The Neth­
erlands) for factor VIII and IX. The levels of protein S and protein C were deter­
mined according to the instructions of the manufacturers, Le. Roche Diagnostics, 

Almere, The Netherlands and Instrumentation Laboratory, Breda, The Nether­
lands, respectively. Fibrinogen was assessed according to Clauss (Dade-Behring, 

Brussels, Belgium). The interassay (intra-assay) coefficients of variation of the 

assays of factor II, V11, V111, IX and X, protein C and S, and fibrinogen are 3.3% 
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(4.8%), 2.1% (8.0%), 2.8% (6.5%), 1.3% (6.2%), 3.0% (4.5%), 1.7% (4.2%), 4.7% (9.5%) 

and 1.9% (4.3%), respectively. Factor Vlll and fibrinogen were only determined 

in the latter two study groups to differentiate between acute fever and chronic 
congestive heart failure as causes of overanticoagulation. Normal values of 
factor VIII and fibrinogen are 0.60-1.40 U/ml and 1.5-3.6 g/1. respectively. 

To compare the balance between coagulation and anticoagulation between 

study groups, the ratio of the mean of the procoagulant factors !1, Vli, IX and X to 
the mean of the anticoagulant proteins C and S was calculated for each patient 
in addition to the individual coagulant levels. 

Statistical analysis 
Comparisons between study groups were conducted by Student's t-test or by 
Mann-Whitney U test in case of non-normally distributed variables. Paired Stu­
dent's t-test or Wilcoxon matched pairs signed rank sum test were used for 
comparisons within study groups. The comparisons within and between ran­

domly selected overanticoagulated patients and matched controls were also 

performed separately for users of acenocoumarol and users of phenprocoumon. 
We did not perform stratified analyses in overanticoagulated patients with fever 
and overanticoagulated patients with congestive heart failure, because of small 
numbers in either of the strata. Instead, comparisons between groups were 

adjusted for the type of anticoagulant in a multivariate linear regression model. 
All tests were two-sided with rejection of the null hypothesis at a p-value <0.05. 

RESULTS 

We compared the coagulant levels between randomly selected overanticoagu­
lated patients, who had a median INR of 7.0, and matched controls. who had 
a median INR of 2.9. The characteristics of these two study groups are listed in 
talole I; age, sex and the type of anticoagulant did not differ significantly. The 
levels of factor !1, Vll, IX and X, protein C and S in the randomly selected over­

anticoagulated patients and matched controls are shown in table 2. Since the 
median and the mean of the majority of variables differed only slightly, for 
ease of interpretation mean values are given in the talole. As expected, all vita­
min K-dependent coagulation proteins were much lower in the overanticoagu­
lated patients compared to their controls. This was observed with the use of both 
acenocoumarol and phenprocoumon (data not shown). The alosolute difference 
in mean level ranged from 0.04 for factor X to 0.17 for factor IX; the relative dif­

ference ranged from 36% for factor X to 58% for factor Vll. The ratio of the mean 
of the procoagulant factors II, VII, IX and X to the mean of the anticoagulant pro­
teins C and S was the same in overanticoagulated patients and controls (median 

(interquartile range) 0.72 (0.28) and 0.72 (0.12), respectively). So, on average, 

the procoagulant factors and the anticoagulant proteins were lowered by the 
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same percentage in the overanticoagulated patients and their controls. 

In both study groups, of the procoagulant factors, factor X was the lowest and 
factor IX the highest; the anticoagulant proteins C and S were similar. The differ­
ence between the two groups was that in controls factor VII was significantly 

higher than factor II, whereas in overanticoagulated patients factor VII was rela­
tively low among the procoagulant factors compared to controls and similar to 
factor II. When stratifying for the type of anticoagulant in controls using phen­
procoumon all procoagulant factors differed significantly from each other (factor 
X<II<VII<IX), but in controls using acenocoumarol factor II and VII were similar. 
In overanticoagulated patients, with the use of phenprocoumon factor II and VII 
tended to be similar (p~0.08) and when using acenocoumarol factor II and VII 
and factor VII and X were similar (data not shown). 

Table 1. Characteristics of the study groups1
• 

Controls Random Cases with Cases with 
Variable cases fever heart failure 

(n~25) (n=25) (n=16) (n=24) 

INR 2.9 (0.7) 7.0 (1.3) 7.0(1.9) 6.8 (1.6) 

Age (years) 71.0 (11.5) 73.0 (10.0) 72.5 (19.5) 76.5 (11.5) 

Sex 
male 18 (72%) 14 (56%) 7 (44%) 15 (62%) 
female 7 (28%) 11 (44%) 9 (56%) 9 (38%) 

Type of anticoagulant 
phenprocoumon 14 (56%) 15 (60%) 5 (31%) 16 (67%) 
acenocoumarol 11 (44%) 10 (40%) 11 (69%) 8 (33%) 

'Values ore medians (interquartile ranges) or numbers(%). 

Table 2. Levels of factor II, VII, IX and X. protein C and S (U/ml) in randomly selected 
overanticoagulated patients and matched controls1

• 

Variable 
Controls 
(n=25) 

Factor II 0.18 (0.04t 

Factor VII 0.24 (0.07t 

Factor IX 0.38 (0.09) 

Factor X 0.11 (0.03)" 

Protein C 0.32 (0.08) 

ProteinS 0.30 (0.08) 

Values are means (SO). 
a p<0.001 X versus II, II versus VII, and VII versus IX within controls. 
b p<O.OOl X versus II and VII versus IX within random cases. 
G P<0.05 X versus VII within random cases 
d p<O.OOl random cases versus controls. 

Random cases 
(n=25) 

0.10 (0.05)' 

0.10 (0.06)" 

0.21 (0.09)' 

om (O.D3)''' 

0.18 (0.12)' 

0.14 (0.10)' 
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The pattern of level reductions was also studied in overcmticoagulated 
patients with fever cmd in those with congestive heart failure. The INR, age cmd 

sex were similar in these two study groups, but the type of cmticoagulcmt was 
different (table 1). As shown in table 3, in both groups of overcmticoagulated 

patients, factor X was the lowest, factor IX the highest. cmd factor VII cmd II were 
similar, as was found in the rcmdomly selected overcmticoagulated patients. Pro­
tein C was lower them protein S in overcmticoagulated patients with congestive 
heart failure, whereas protein S was relatively low cmd similar to protein C in 

overcmticoagulated patients with fever. 
When comparing coagulcmt levels between overcmticoagulated patients 

with fever cmd those with congestive heart failure, factor II, VII, cmd IX, protein C 
cmd S were significcmtly lower in overcmticoagulated patients with fever (table 
3, p-values adjusted for the type of cmticoagulcmt). The difference was most 
pronounced for factor VII cmd protein S. Factor X, as well as factor VIII cmd 

fibrinogen, was similar in overcmticoagulated patients with fever cmd overcmti­

coagulated patients with congestive heart failure. The ratio of the mecm of the 
procoagulcmt factors II, VII, IX cmd X to the mecm of the cmticoagulcmt proteins 
C cmd S tended to be smaller in overcmticoagulated patients with congestive 

heart failure (medicm (interquartile rcmge) 0.55 (0.40) versus 0.68 (0.48) in over­
cmticoagulated patients with fever: p~0.07, after adjustment for type of cmtico­
agulcmt). 

Table 3. levels of factor II, VII, VIII, IX and X, protein C and S (U/ml) and fibrinogen (g/1) in 
overanticoagulated patients with fever and overanticoagulated patients with 
congestive heart failure'. 

Variable 

Factor II 

Factor VII 

Factor IX 

Factor X 

Protein C2 

ProteinS 

Factor VIII" 

Fibrinogen3 

' Values are means (SO). 
~Missing in 3 cases with heart failure. 
'Determined in 13 and 22 cases respectively. 
a p<0.01 X versus II within cases with fever. 
" P<0.05 X versus VII within cases with fever. 
c p<O.Ol VII versus IX within cases with fever. 

Cases with fever Cases with heart failure 
(n= 16) (n=24) 

0.10 (0.05) 0.14 (0.07/ 
O.Q9 (0.03)' 0.15 (0.07)'' 
0.15 (0.05) 0.20 (0.08/ 
0.06 (0.02)'' 007 (0.03)' 
0.12 (0.09) 0.16 (0.05)'' 
0.14 (007) 0.26 (0.09)' 
1.31 (0.33) 1.22 (0.38) 
4.09 (0.94) 4.08 (0.67) 

d p<0.001 X versus II, X versus VII, VII versus IX, and C versus S within cases with heart failure. 
"P<0.05 cases with heart failure versus cases with fever. adjusted for type of anticoagulant. 
'P<0.01 cases with heart failure versus cases with fever, adjusted for type of anticoagulant. 
"P<0.001 cases with heart failure versus cases with fever, adjusted for type of anticoagulant. 
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DISCUSSION 

We compared the levels of factor IL VIL IX and X, protein C and S between ran­

domly selected overanticoagulated patients (INR 2:6.0) and matched controls 
with an INR within the therapeutic zone. Except for factor VII which was rela­
tively low among the procoagulant factors in overanticoagulated patients, the 
pattern of level reductions was the same: factor X was the lowest, factor IX the 

highest and protein C and S were similar. To study a possible effect of the cause 
of overanticoagulation on coagulant levels, overanticoagulated patients with 
fever were compared to those with congestive heart failure. The pattern of level 
reductions in these two groups of overanticoagulated patients was largely simi­
lar and the same as that observed in the randomly selected overanticoagulated 
patients. The only clliference was that protein C was lower than proteinS in over­
anticoagulated patients with congestive heart failure. In overanticoagulated 
patients with fever, the vitarnln K-dependent coagulation proteins except factor 
X were lower than in overanticoagulated patients with congestive heart failure, 

especiaily factor VII and proteinS. 
The pattern of procoagulant level reductions found in our controls is in accor­

dance with other studies (5, 6, 14). The absence of a clliference in factor II and 
VII in controls on acenocoumarol may be explained by the fact that blood was 

collected 12-18 hours after drug intake. With the use of acenocoumarol, due to 
its short half-life, factor VII fluctuates and about 16 hours after drug intake the 
level is lowest (15). Besides, the stratified analysis was based on relatively small 

numbers. 
All overanticoagulated patients were stably anticoagulated in the three 

months preceding the index day. Furthermore, the INR preceding the assess­

ment on the index day was within the therapeutic zone. So, in all patients 
the overanticoagulated state was more or less acute, irrespective of its cause. 
Consequently, of the procoagulant factors, factor VII was expected to be most 
depressed because of its shortest half-life. This is confirmed by our observation 
that factor VII was relatively low and similar to factor II in all overanticoagulated 

patients. Analogously, one would expect protein C to be lower than proteinS in 
acute overanticoagulation. However, in overanticoagulated patients with fever 
and in the randomly selected overanticoagulated patients, two-third of whom 
had an acute risk factor for overanticoagulation, protein S was as low as protein 
C. This may be explained by an additional decrease in the percentage of free 
and functionally active proteinS as a consequence of an increased plasma level 
of C4b-binding protein, an acute phase protein to which proteinS binds (16, 17). 

To our knowledge, no studies have been reported yet which focus on the pat­
tern of coagulant level reductions in overanticoagulated patients. 1n an article 
of Makris et al. on oral anticoagulant reversal (14), levels of factor II, VII, IX and 

X in warfarin-treated patients (including 11 overanticoagulated patients with a 
median INR of 14.0 (interquarttle range 7 .4)) are described. Although not explic-
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itly stated, in their overanticoagulated patients factor IX was the highest and 

factor II and VII were similar, as we found in our patients. On the contrary, in 

their patients the level of factor X did not differ from the levels of factor II and 
VII. Possibly, the lower procoagulant levels in the overanticoagulated patients 
of Makris et a!. as compared to ours or the different type of anticoagulant are 

responsible for this difference in results. 
Factor VIII and fibrinogen were included as acute phase response markers 

to differentiate between acute fever and chronic congestive heart failure as 
causes of overanticoagulation. However, they did not differ between the two 
study groups and were also high-normal in overanticoagulated patients with 
congestive heart failure. An elevated plasma level of fibrinogen in patients with 
congestive heart failure compared to controls has also been reported by Cooke 
at a!. (18). High factor VIII levels are compatible with congestive heart failure 

due to ischemic heart disease (19, 20). The vitamin K-dependent coagulation 
proteins were lower in overanticoagulated patients with fever than in overantico­

agulated patients with congestive heart failure. This may have to do with the dif­
ferent mechcmisms by which overo::nticoagulation is caused. Fever increases the 
clearance of coagulation factors (10). In congestive heart failure unbound cou­
marin accumulates at the site of hepatic receptors resulting from redistribution of 
body water (11). Besides, the synthesis of coagulation factors may be impaired 
due to liver congestion (10). Because of aiready circulating coagulation proteins, 
interference with their elimination by fever will reduce coagulation levels faster 
than interference with the synthesis of coagulation proteins in congestive heart 

failure. The large difference in protein S may additionally be explained by the 
effect of fever or inflammation on the plasma level of C4b-binding, as mentioned 
earlier. The ratio of the mean of the procoagulant factors to the mean of the 
anticoagulant proteins, in other words the balance between coagulation and 
anticoagulation, was similar in controls, randomly selected overanticoagulated 
patients and overanticoagulated patients with fever. The smaller ratio, i.e. dis­
balance towards anticoagulation, in overanticoagulated patients with conges­

tive heart failure is the result of the relatively high level of protein S in these 
patients. As a consequence of the disbalance towards anticoagulation, overan­
ticoagulated patients with congestive heart failure might be at increased risk of 
bleeding. 

In conclusion, in overanticoagulated patients (!NR 2:6.0) the pattern of coagu­

lant level reductions was largely the same as in controls with an INR within 
the therapeutic zone, except for factor VII which was relatively low. In overanti­
coagulated patients with fever, the vitamin K-dependent coagulation proteins 
were lower than in overanticoagulated patients with congestive heart failure, 
especially factor VII and protein S. 
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Phenprocoumon is superior to 
acenocoumarol in oral anticoagulant 
therapy lasting six weeks or more 

ABSTRACT Long-acting coumarins have advantages over acenocoumaroL 
However, it is not known whether this aiso applies to the initiation 
phase of therapy, We performed a cohort study among 77 40 newly 
emolled patients of an anticoagulation clinic and compared the 
quality of oral anticoagulant therapy between phenprocoumon 
and acenocoumarol in three phases of therapy: the initiation phase 
(day 1 up to day 31), the short-term phase (day 32 up to day 122) 
and the long-term phase (day 123 up to day 365), In the short­
term phase and especially the long-term phase, patients on phen­
procoumon were more likely to spend at least 70% of the time 

within the therapeutic zone, to have no International Normalized 
Ratios (INR) ;>.6.0 and to have no INRs <2.0. Furthermore, their INRs 
were closer to the target INR and their interval of monitoring was 

longer. In the initiation phase, however, the quality of oral anti­
coagulant therapy was slightly better with acenocoumaroL The 
percentage of patients with a major hemorrhage did not differ sub­

stantially between the two types of coumarin. in conclusion, for out­
patients of an anticoagulation clinic phenprocoumon seems to be 
preferred. Oniy in case a patient needs oral anticoagulant therapy 
for a short time (<6 weeks), acenocoumarol might be considered. 
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CHAPTER 5 

INTRODUCTION 

Cownarin anticoagulants are widely used in the prevention of venous and arte­

rial thromboembolism (1). These drugs induce anticoagulation by antagonizing 
vitamin K. thereby impairing the biological activity of the vitamin K-dependent 
coagulation factors II, VII, IX and X (2). In contrast to this benefit, they carry a 

risk of hemorrhage (3), which is strongly associated with the intensity of antico­
agulation and sharply increases when the International Normalized Ratio C!NR) 
is 2:6.0 (4. 5). An INR <2.0 is associated with a higher thromboembolic risk (5). 

Anticoagulant therapy is considered effective and sate if the patient's INR is kept 
within the therapeutic zone (2.0-3.5 or 2.5-4.0. depending on the indication (5, 

6, 7)) for as much of the time as possible (8, 9). Hence, adequate monitoring 

of anticoagulant therapy is important. To this purpose, the Netherlands have 
a national network of experienced anticoagulation clinics, using a specialized 
system of monitoring (10, 11). Two types of coumarin are used: phenprocownon, 

which has a hall-life of 65 to 170 hours, and acenocownarol, which has a half-life 
of 8 to 12 hours. Warfarin. which has a half-life of 10 to 45 hours and is the cou­

marin of fust choice in many countries. is not licensed in the Netherlands (12). 

Three studies have suggested that the use of phenprocoumon or warfarin 
gives a more stable anticoagulation than the use of acenocownarol (13-15). 

This may be explained by the large fluctuations in plasma levels of factor Vll 
induced by acenocownarol because of its short hall-life (16, 17). In the study of 
Pattacini et al. (13), the higher quality of oral anticoagulant therapy with warfa­
rin was alosent in the subgroup with venous thromboembolism. An explanation 

was sought in the shorter treatment period, since in the beginning of therapy 
instability of the INR occurs with all cownarins. In this study, however, the one­
year follow-up started on average l 00 days alter the beginning of therapy, while 
the initiation phase is usually defined as the first month of treatment. 

In view of these contradictory results, we performed a cohort study among 

newly emolled patients of an anticoagulation clinic in which we compared the 
quality of oral anticoagulant therapy between phenprocownon and acenocou­
marol in three phases of therapy. By including a large nwnber of newly enrolled 
patients treated in one clinic, experienced in monitoring oral anticoagulant ther­
apy with both drugs, we aimed at arriving at highly reliable estimates. 

METHODS 

Setting 
The study was performed at the regional Red Cross anticoagulation clinic The 
Hague, which serves an area of nearly 700,000 inhabitants. All persons in this 
area with an indication for anticoagulant therapy are referred to this clinic. Each 
year, approximately 15,000 patients are monitored. INR measurements are per-
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formed at a mean interval of two to three weeks. About 60% of the patients are 
treated with phenprocoumon and about 40% with acenocoumarol, the choice of 
coumarin being determined by the preference of the prescriber (i.e. the general 
practitioner or physician). All laboratory-. clinical- and administrative data as of 
1984 are stored in computerized files. For our cohort study, the data until Septem­
ber I, 1999 were used. 

Cohort definition 
The study cohort consisted of patients who were newly referred to the regional 
Red Cross anticoagulation clinic The Hague between January I, 1997 and Sep­
tember I, 1999 because of the following indications: prosthetic heart valve. atrial 
fibrillation, myocardial infarction, coronary bypass, vascular surgery, pulmo­

nary embolism, deep venous thrombosis and short-term prophylactic treatment 
Hereby, we excluded indications for which there were less than 50 users of either 
phenprocoumon or acenocoumarol. Furthermore, patients were excluded if thetr 
target zone differed from the usual ones and in case monitoring of the INR started 
more than two weeks after referral. In the latter situation, outpatient therapy was 

often initiated and moriftored elsewhere, for example at the rehabilitation clinic. 
Cohort members were followed for 365 days. starting from their first INR measure­
ment Follow-up ended earlier in the following situations: end of study period, 
end of therapy, change of coumarin, change of target zone and change of 

indication. Since the quality of oral anticoagulant therapy can only be judged 
reliably in case of regular moriftoring, follow-up also ended when the interval 
between INR assessments exceeded 42 days. Similarly, patients with less than 
three INR measurements during follow-up were excluded. 

Monitoring of oral anticoagulant therapy 
Venous blood was collected in 3.2% sodium citrate tubes. The prothrombin time 
was measured in plasma, obtained by centrifugation at 3000 rpm for 10 minutes, 
on an Elektra 1800 C automated coagulometer. From January 1997 until Octo­
ber 1997, an Elektra 1600 C was used. The thromboplastin used was a human 
recombinant tissue factor (Ortho® RecombiP!astin) with an International Sensitiv­

ity Index between 0.93 and 1.00 during the study period, according to the differ­
ent batches of thromboplastin used. Prothrombin times were expressed as INRs. 

Dosing of the coumarin was performed by a team of specialized physicians 
routinely working at the regional Red Cross anticoagulation clinic The Hague, 
with the aid of a computerized dosing program (TRODIS, Hiscom, Leiden). This 
program evaluates the stability of the INR and. when possible, proposes a dosing 
schedule (i.e. in nearly 50% of the patients). In the other patients, dosing was 

done by the physician according to a standard operating procedure. Details of 

the computerized dosing program have been published previously (18). 
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Quality of oral anticoagulant therapy 
For each individual patient several measures of the quality of oral anticoagulant 
therapy were determined. First we calculated the percentage of INRs within the 

therapeutic zone. This measure, however. fs likely to underestimate the quality 
of oral anticoagulant therapy because unstable patients are checked more fre­
quently than stable patients (!0). Second, we therefore also counted the number 
of days the patient spent within the therapeutic zone, expressed as a percent­
age of the total follow-up time. To this end we computed the INR on a dally 

basfs, assuming that the INR linearly increases or decreases over the interval 
between two consecutive measurements. This approximation method has been 
extensively described elsewhere (!8). Since anticoagulant therapy is considered 
of high quality if the patient's INR fs kept within the therapeutic zone for at least 
70% of the time (8, 9). a cut-off point of 70% was used to dichotomize the percent­
age of INRs and the percentage of time within the therapeutic zone. Preferably, 
the INR fs as closest to the target INR as possible (3.0 or 3.5, depending on the 

indication). We therefore also calculated the mean deviation of the INRs from the 
target INR. Because of the increased rfsk of complications ( 4, 5), the occurrence of 
INRs 2:6.0 as well as the occurrence of INRs <2.0 were assessed. Besides, in view 
of the burden on the patient of regular assessments. the mean interval of morif­

toring was calculated. In addition to these measures of therapeutic quality, the 
occurrence of hemorrhages, the most corrrrnon adverse reaction to cownarins, 
and the occurrence of thromboembolfsms during oral anticoagulant therapy 

were assessed. Hemorrhages were classified as major if these led to death, neces­
sitated hospitalization. blood transfusion or surgery, or if these concerned intra­
cranial-, intra-articular- or intra-muscular bleeding. Minor hemorrhages were 
defined as ali other overt non-fatal bleeding, including skin bleeds of more than 
10 em in diameter and nose bleeds lasting for at least 30 minutes. 

The quality of oral anticoagulant therapy was determined over the total fol­
low-up and over three different phases of therapy, i.e. the iriftiation phase (day 
1 up to day 3!), the short-term phase (day 32 up to day 122) and the long-term 

phase (day 123 up to day 365). The latter analyses were restricted to patients 
in whom oral anticoagulant therapy was built up in the usual way, i.e. at least 
three JNR measurements during the initiation phase. 

Statistical analysis 

As we were primarily interested in the percentage of patients spending at least 
70% of their INRs/of the time within the therapeutic zone, a multivariate risk­
ratio model was used to calculate adjusted relative risks (RR) with 95% confi­
dence intervals CCI). This model was also used for comparing the percentage of 
patients: [I] without INRs 2:6.0, [2] without INRs <2.0, [3] with hemorrhages and 

[4] with thromboembolisms. For comparisons of continuous variables (i.e. the 
mean deviation of the INRs from the target INR and the mean interval of morif­

toring) adjusted differences and their 95%Cis were computed using multivari-
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ate linear regression analysis atter laking the natural logarithm. Because of the 
use of log-transformed variables. the model predicts geometric rather than arith­
metic means and regression coefficients approximate relative differences rather 
than absolute differences. Relative differences were calculated as the anti-log of 
the regression coefficient minus one (20). All multiple regression models included 
age. sex and the indication for therapy (treatment or prophylaxis of arterial 
thrombosis. treatment of venous thrombosis. prophylaxis of venous thrombosis) 
and. when relevant. the length of follow-up. 

RESULTS 

The study cohort included 3.158 patients using phenprocoumon. with a median 
follow-up of 116 days and 4.582 patients using acenocoumaroL with a median 
follow-up of 56 days. The general characteristics of the study population are pre­
sented in table I. 

The quality of oral anticoagulant therapy, as determined over the total fol­
low-up (table 2). was in favour of phenprocoumon. First. a higher percentage 
of patients spent at least 70% of the time within the therapeutic zone (RR 1.09; 
95%CI 1.05-1.13). When expressed as INRs within the therapeutic zone. similar 
results were obtained. Second. the INRs for patients on phenprocoumon were 
somewhat closer to the target INR. Third. the percentage of patients without INRs 
0>6.0 tended to be higher with phenprocoumon. but the difference was not signifi­
cant Fourth. a higher percentage of patients on phenprocoumon had no INRs 

Table 1. General characteristics of the study cohort1
• 

Age (years. mean (sd)) 

0 ~ 20 years 
21 - 40 years 
41 - 60 years 
61- 80 years 
81 -100 years 

Sex 
male 
female 

Indication 
treatment or prophylaxis of arterial thrombosis 
treatment of venous thrombosis 
prophylaxis of venous thrombosis 

Follow-up (days. median (IQR')) 

Phenprocoumon 
n=3.158 

64.9 (17.0) 

37 (I%) 
291 (9%) 
768 (24%) 

1.511 (48%) 
551 (18%) 

1.526 (48%) 
1.632 (52%) 

1.876 (59%) 
790 (25%) 
492 (16%) 

116 (195) 

' Values are numbers (percentages) unless indicated otherwise. 
2 lnterquortile range. 

Acenocoumarol 
n=4,582 

62.3 (18.0) 

117 (2%) 
542 (12%) 

1.102 (24%) 
2.227 (49%) 

594 (13%) 

1.917 (42%) 
2,665 (58%) 

1.232 (27%) 
480 (10%) 

2.870 (63%) 

56 (74) 
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<2.0 (RR 1.07; 95%CI 1.05-1.10). Lastly, the interval of monitoring was slightly 

longer in users of phenprocoumon. 
The advantages of phenprocownon over acenocownarol, as were present 

over the total follow-up, did not apply to all phases of therapy (table 3). During 
the initiation phase, only the percentage of patients without INRs <2.0 was 
higher in users of phenprocownon (RR 1.16; 95%CI 1.10-1.22). The percentage of 

patients spending alleast 70% of the INRs within the therapeutic zone, the devia­
tion of the INRs from the target INR and the interval of monitoring did not differ 
between the two types of coumarin. The percentage of patients spending at 
least 70% of the time within the therapeutic zone tended to be higher with aceno­
cownarol, but the difference was not significant. The percentage of patients with­
out INRs ?:6.0 was in favour of acenocownarol (RR 0. 78; 95%CI 0.68-0.89). During 

both other phases, all measures of the quality of oral anticoagulant therapy 
were in favour of phenprocoumon, but the differences were most pronounced 
during the long-term phase. Patients on phenprocownon were 1.54 times as 

likely to spend at least 70% of the time within the therapeutic zone, were 2.39 
times as likely to have no INRs ?:6.0 and were 1.53 times as likely to have no 

INRs <2.0. Furthermore, their interval of monitoring was 25% longer and their 
INRs were 25% closer to the target INR. 

The study populations concerning the different phases of therapy differed 
considerably in indication for therapy. Of the patients included in the long-term 
analysis 94% used cownarins for treatment or prophylaxis of arterial thrombosis. 
For the patients included in the short-term analysis this concerned 73% while 24% 
were ireated because of venous thrombosis. In the study population concern­
ing the initiation phase, 46% of patients were treated because of an arterial indi­

cation and 34% for prophylaxis of venous thrombosis. Restricting the analyses 

Table 2. The quality of oral anticoagulant therapy over the total follow~up 1 • 

Measure of quality Phenprocoumon Acenocoumorol 
n=3, 158 n=4.582 

z70% of INRs within ther. zone 1,123 (36%) 1,368 (30%) 

z70% of time within ther. zone 1,700 (54%) 2,131 (46%) 

deviation INRs from target 1.06 (0.58) 1.12 (0.53) 
(median (IQR')) 

no INRsz6.0 2.338 (74%) 3,786 (83%) 

no INRs <2.0 1,179 (37%) 1.034 (23%) 

interval of monitoring 10.2 (6.8) 7.0 (4.1) 
(days, median (IQR)) 

' Values are numbers (percentages) unless indicated otherwise. 
2 lnterquartile range. 
' Adjusted for age, sex, indication and length of follow-up. 

adf. RR I ref. dif.4 

(95%CI) 

1.09 (1.05-1.13) 

1.09 (1.04-1.15) 

-0.05 (-0.07- -0.03) 

1.09 (0.99-1.19) 

1.07 (1.05-1.10) 

0.05 (0.04-0.07) 

' The relative differences are to be interpreted as the differences expressed in percentages between 
the two drugs. For example. the interval of monitoring is 5% longer in patients on phenprocoumon. 
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to patients using cournarins for treatinent or prophylaxis of arterial thrombosis 
revealed similar results and did not change the interpretation of the observed dif­

ferences in therapeutic quality between phenprocournon and acenocournarol 

over the three phases of therapy. For example. during the initiation phase 35% 
of the patients on phenprocoumon and 36% of the users of acenocoumarol spent 
at least 70% of the time within the therapeutic zone (RR 0.98; 95%CJ 0.93-!.04) 
The percentage of patients without INRs ?_6.0 was 80% and 85%, respectively (RR 
0.81; 95%CJ 0.68-0.95). 

In addition to the therapeutic quality of oral anticoagulant therapy, the occur­
rence of hemorrhages and thromboembolic complications during follow-up were 

Table 3. The quality of oral anticoagulant therapy over different phases of therap/. 

Measure of quality Phenprocoumon Acenocoumarol 
adf. RR I ref. dif 

(95%CI) 

Initiation phase n=2.674 n=3,325 

~70% of INRs within ther. zone 782 (29%) 995 (30%) 1.00 (0.96-1.03) 

~70% of time within ther. zone 1.004 (38%) 1,334 (40%) 0.96 (0.92-1.01) 

deviation INRs from target 1,28 (0.85) 1.23 (0.63) 0.00 (-0.03-0.03) 
(median (IQR')) 

no INRs~6.0 2.154 (81%) 2.928 (88%) 0.78 (0.68-0.89) 

no INRs <2.0 1.348 (50%) 1.105 (33%) 1.16 (1.10-1.22) 

interval of monitoring 6.2 (1.6) 6.2 (1.6) 0.01 (0.00-0.02) 
(days, median (IQR)) 

Short-term phase n=1.519 n=995 

.?:70% of INRs within ther. zone 847 (56%) 462 (46%) 1.20 (l.ll-1.30) 

~70% of time within ther. zone 984 (65%) 588 (59%) 1.14 (1.03-1.27) 

deviation INRs from target 0.78 (0.47) 0.96 (0.47) -0.18 (-0.27--0. 75) 
(median (IQR)) 

no INRs~6.0 1,386 (91%) 859 (86%) 1.54 (1.23-1.94) 

no INRs <2.0 1.065 (70%) 523 (53%) 1.55 (1.40-1.72) 

interval of monitoring 15.2 (6.8) 130 (5.1) 0 74 (0. 71-0. 77) 
(days, median (IQR)) 

Long-term phase n=500 n=303 

;:::70% of INRs within ther. zone 310 (62%) 109 (36%) 1.61 (1.39-1.85) 

;:::70% of time within ther. zone 357 (71%) 163 (54%) 1.54 (1.28-1.86) 

deviation INRs from target 0.74 (0.38) 1.00 (0.50) -0.25 (-0.29- -0.20) 
(median (IQR)) 

no INRs ;:::6.0 430 (86%) 204 (67%) 2.39 (1.82-3.15) 

no INRs <2.0 326 (65%) 137 (45%) 1.53(1.31-1.79) 

interval of monitoring 22.1 (13.0) 17.4 (8.6) 0.25 (0. 79-0.32) 
(days. median (IQR)) 

· Values ore numbers (percentages) unless indicated otherwise."lnterquartile range. 3 Adjusted for age, 
sex and indication. 
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Table 4. The percentage of patients with hemorrhages or thromboembolic complications 
during follow-up'·. 

Phenprocoumon Acenocoumarol ad{ RR 
n=3, 158 n=4.582 (95%CI) 

minor hemorrhages 137 (4%) 75 (2%) 1.81 (1.34-2.48) 

major hemorrhages 30 (0.9%) 23 (0.5%) 1.10 (0.62-1.99) 

thromboembolisms 19 (0.6%) 7 (0.2%) 1.77 (0.74-4.20) 

' Values are numbers (percentages). 
2 Adjusted for age, sex, indication and length of follow-up. 

considered. A total of 277 hemorrhages occurred in 262 patients, corresponding 
to 11.0 hemorrhages per 100 patient-years. It concerned 224 minor hemorrhages, 
i.e. 8.9 per 100 patient-years and 53 major hemorrhages, i.e. 2.1 per 100 patient 
years. As shown in table 4, the percentage of patients with a minor hemorrhage 
was higher in users of phenprocoumon (RR 1.81; 95%CI 1.34-2.48). The percent­
age of patients with a major hemorrhage did not differ between the two types of 
coumarin. Twenty-six patients had a thromboembolism during follow-up, which 
corresponds to an incidence rate of 1.0 per 100 patient-years. Nine patients 
had a myocardial infarction, seven patients had a cardiovascular accident. six 
patient had a deep venous thrombosis and four patients had a pulmonary embo­
lism; none of the events was fatal. There was no difference in the percentage 
of patients with a thromboembolic complication between phenprocoumon and 
acenocournarol. 

DISCUSSION 

We performed a cohort study among a large number of newly emol!ed patients 
of an anticoagulation clinic and compared the quality of oral anticoagulant ther­
apy between phenprocoumon and acenocoumarol in three phases of therapy. 
The results clearly show that the use of phenprocoumon has advantages over 
the use of acenocoumarol in the short-term and especially the long-term phase 
of therapy. Patients on phenprocoumon were more likely to spend at least 70% 
of the time within the therapeutic zone, to have no INRs 2':6.0 and to have no INRs 
<2.0. Additionally, they had INRs closer to the target INR and a longer interval 
of monitoring. In the initiation phase, the quality of oral anticoagulant therapy 
seems to be slightly better with acenocoumarol. Our results suggest that newly 
referred patients should preferably be prescribed phenprocoumon. Only in case 
a patient needs oral anticoagulant therapy for a short time (i.e. up to about six 
weeks), acenocoumarol might be considered. 

The regional Red Cross anticoagulation clinic The Hague has an extensive 
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experience in monitoring oral anticoagulant therapy, both on phenprocoumon 

and acenocoumarol: each year approximately 15,000 patients are monitored, 
of whom about 60% are treated with phenprocoumon and about 40% with 
acenocoumarol. Dosing of the coumarins is performed with the aid of a com­
puterized dosing program. A diiference in monitoring experience with the two 
coumarins, therefore, is not a likely explanation for the observed diiferences in 
quality of oral anticoagulant therapy. The choice of coumarin is determined by 

the preference of the prescriber and is also hospital-related. However, the moni­
toring of anticoagulant therapy by the anticoagulation clinic is not influenced 
by the preference of the prescriber or hospital. The choice of coumarin may 
also be determined by the patient profile, e.g. compliance or bleeding risk. This 
plays probably only a limited role. Since the study cohort only consisted of new 

patients, selection bias by the anticoagulation history of a patient was excluded. 
Furthermore, the major precribers prescribed the same coumarin to more than 
95% of their patients. As anticoagulant therapy may be ended because of non­
compliance, depletion of susceptibles may have occurred, i.e. noncompliant 
patients were included in the initiation phase analysis but not in the long-term 
phase analysis. This concerned only four patients using acenocoumarol and 
three patients using phenprocoumon, and would not explain the consistent 

advantages of phenprocoumon over acenocoumarol in the short-term and long­
term phase of therapy. The measures of the quality of oral anticoagulant therapy 
determined in this study, are related to the length of follow-up. For example, the 
longer the follow-up, the more INR assessments and the higer the chance to have 

an INR ;::6.0 or the longer the follow-up, the more stably anticoagulated and 
the longer the monitoring interval. The length of follow-up was either constant 
or adjusted for in the multivariate analyses beside age, sex and the indication 

for therapy. Age and length of follow-up were included in the model as continu­

ous variables. Optimal control of counfounding by including age and length of 
follow-up as categorical variables with dummies (20-years and 4-weeks classes, 
respectively) did not substantially change the RRs. Sirnllarly, restricting the anal­

yses to patients using coumarins for treatment or prophylaxis of arterial throm­
bosis revealed roughly sirnllar results and did not change its interpretation. A 
cut-off point of 70% was used to dichotomize the percentage of INRs and the 
percentage of time within the therapeutic zone. When using 80% or 90% as cut­
off point the results still were in favour of phenprocoumon, but the diiferences 

between the two cournatins were smaller. 
The advantages of phenprocournon over acenocournarol concerning the 

quality of oral anticoagulant therapy may be explained by the diiference in 
hali-llie. Because of its short hall-life, the use of acenocoumarol induces large 
fluctuations in plasma levels of factor VII (16, 17). Hence, irregular compliance 

may have more consequences with the use of acenocournarol them with the use 
of phenprocournon. Moreover, acenocournarol may be more sensitive to interfer­
ence by the use of co-prescribed drugs inducing or inhibiting cytochrome P450 
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enzymes (21). 
The short hali-liie of acenocoumarol is not only disadvantageous. An impor­

tant advantage is the more direct reaction to dosing changes. This may be 
helpful in finding stability, as is reflected by the result that the quality of oral 
anticoagulant therapy was slightly better with acenocoumarol during the initia­
tion of therapy. 

Opposite to the better therapeutic quality of oral anticoagulant therapy with 
phenprocoumon, stands an increased risk of minor hemorrhages. However, this 

should not prevent the use of phenprocoumon since the risk of major hemor­
rhages and thromboembolic complicalions were not increased. 

In conclusion. for outpatients of an anticoagulation clinic phenprocoumon seems 

to be preferred since this coumarin gave a better quality of oral anticoagulant 
therapy than acenocoumarol in the short-term and especialiy the long-term 
phase of therapy. Ori!y in case a palient needs oral anticoagulant therapy for a 

short time (<6 weeks), acenocoumarol might be considered. 
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GENERAL DISCUSSION 





BACKGROUND 

Oral anticoagulation with coumarin derivatives is an established, widely used 
therapy for the prevention of venous and arterial thromboembolism(!). Couma­
rin anticoagulants induce anticoagulation by antagonizing vitamin K, thereby 
impairing the y-carboxylalion and consequently the biological activity of the 
vitamin K-dependent coagulation proteins (factor II, VII, IX and X, protein C 
and S) (2). In patients on long-term oral anticoagulant therapy a! therapeutic 
levels of anticoagulation, factor X is most strongly, and factor IX is least strongly 

reduced (3-6). However. there are no reports which focus on the levels of these 
factors in overanticoagulated patients. 

Three types of coumarin with a slrnllar mechanism of action but different 
pharmacokinetics are used. In Western continental Europe acenocoumarol and 

phenprocoumon are mainly used. Acenocoumarol is a short-acting anticoagu­
lant and phenprocoumon is a long-acting drug. Warfarin, which has an inter­
mediate duration of effect, is commonly prescribed in the Anglo-Saxon and 
Scandinavian countries (7, 8). Studies have shown that the use of phenprocou­
mon or warfarin gives a more stable cmticoagulation them the use of acenocou­
marol (9-ll). However, it is not known whether the advantage of the long-acting 

coumarins also applies to the initiation phase of therapy. 
Coumarin anticoagulants have a narrow therapeutic index (12). The optimal 

target range of oral anticoagulant therapy, as recommended by the Federation 
of Dutch Thrombosis Centers, lies between an International Normalized Ratio 
(INR) of 2.5 and 3.5, or between 3.0 and 4.0 (13, 14), depending on the indica­
tion for treatment. As patients may requjre different doses of coumarins to reach 

the same level of anticoagulation and because the requjred dose may vary 
over time in an individual patient. anticoagulant therapy needs to be moni­

tored. Despite monitoring of anticoagulant therapy, overanticoagulation may 
occur. When the INR is :2_6.0, the risk of hemorrhage, the most common adverse 
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reaction to coumarin anticoagulants, sharply increases (14, 15). Hence, such 

an excess anticoagulant effect should preferably be prevented and should be 

treated promptly and adequately if present. Based on case repcrts and small­
scale experiments, a considerable number of drug interactions with coumarin 
anticoagulants as a cause of overanticoagulation have been repcrted and sum­
marized (16-19). In addition, a number of comorbid conditions have been pos­
tulated as interfering with oral anticoagulant therapy (17, 20-22). Furthermore, 

increasing age and female gender have been associated with an enhanced 
response to coumarins (23) and overanticoagulation after a dietary modification 
reducing the intake of vitamin K has been described (24, 25). However, large 
epidemiological studies on the incidence of and risk factors for overanticoagu­

lation in a non-selected population under everyday circumstances are scarce. In 
the absence of life-threatening hemorrhagic complications, orally adrrirnistered 
vitamin K, is used to reduce the excess anticoagulant effect (20). In case of a 
serious hemorrhage, the patient should be transfused with prothrombin complex 

concentrate, supplemented with vitamin K, in order to rapidly reverse the INR 
(20, 26). Detatied information on changes in the INR in response to oral vitamin 
K

1
, however, is not available_ 
Although the risks of overanticoagulation are clear, its treatment and deter­

minants have received little attention. Most of the extensive research on oral 
anticoagulant therapy has focussed on its pharmacological- and biochemical 
action, prothrombin time calibration, optimal therapeutic intensity and hemor­

rhagic complications. Therefore, the aim of this thesis was to study aspects of 
overanticoagulation on coumarin anticoagulants among outpatients of an anti­
coagulation clinic. In this chapter, the main findings will be summarized and the 

general methodological issues inherent to the study of risk factors for overantico­
agulation will be discussed. In addition, the implications for oral anticoagulant 
therapy and recommendations for future research will be given. 

MAIN FINDINGS 

Treatment of overanticoagulation 
In chapter 2, we describe a prospective study in which we provide detatied 

insight into the course of the INR after oral administration of vitamin K, in patients 
overanticoagulated with phenprocoumon. The study was restricted to patients 
on phenprocoumon, since overanticoagulated patients on acenocournarol are 
only prescribed vitamin K, when the INR is> 15.0. The first two days after adrrirn­
istration of vitamin K, the mean INR decreased by 40% and 23%, respectively. 
After day 2, the day-to-day proportional change in the mean INR depended on 

the dose of vitamin K1 and varied from a decrease of 12% to an increase of 21%. 
On day 7, the mean INR was lower than on day 2 in the I mg and the 5 mg 

group and was higher than on day 2 in the 2, 3 and 4 mg group. In addition to 
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determining the effect of vitamin K, administration on the ttrne-course of the INR, 

we also looked at its effectiveness in reducing the excess anticoagulant effect to 
lower and safer levels, preferally in the therapeutic zone. Between day 2 and 
day 7, in general, 32% of the patients had an INR within the therapeutic zone, 

25% had an INR ?:6.0 and 8% had an INR <2.0. 

Risk factors for overanticoagulation 
We performed a prospective cohort study with a nested case-control design 
among previously stable outpatients of an anticoagulation clinic to determine 
the incidence of overanticoagulation. Furthermore, we studied the association 
between overanticoagulation and characteristics of anticoagulant therapy and 
comorbidity, drug interactions, and sociodemographic-, liiestyle-, and dietary 

factors. The incidence rate of an INR ?:6.0 was 7.8 per 10,000 treatment days 
in prevalent users on the starting date and 22.5 per 10,000 treatment days in 
incident users during the study period (chapter 3.1). Patients on acenocoumarol 
had an increased risk of an INR ?:6.0 compared to patients on phenprocoumon. 
Regarding comorbidity, impaired liver function, congestive heart fatiure, diar­
rhea and fever were independent risk factors for overanticoagulation (chapter 

3.1). About the role of drug interactions in overanticoagulation, hali of the 87 
potentially interacting drugs or drug classes which have been reported in the 
medical literature were not used by the study population. Only fifteen drugs or 
drug classes were used by more than ten patients, and a relevant change in 

use in the risk period was infrequent. A course of co-trimoxazole and the use 
of amoxicillin+clavulcmic acid were independent risk factors for overcmticoag­
ulation (chapter 3.2). Sociodemographic- as well as dietary factors were not asso­
ciated with overanticoagulation. Body mass index was negatively related to 

overanticoagulation, a beneath average level of physical activity was positively 
related to overanticoagulation. and never-smokers were more likely to have 

an INR ?:6.0 compared to smokers. Habitual alcohol consumption, even heavy 
drinking, was not related to overanticoagulation. However, a recent decrease of 
alcohol intake increased the risk of an INR ?:6.0. In addition, weight loss and a 
vacation were independent risk factors for overanticoagulation (chapter 3.4). 

In the case-control analysis, drug interactions as a cause of overanticoagula­
tion predominantly concerned antibacterial drugs. However. the sample size of 
this study was too small to judge the association with overanticoagulation for sev­
eral antlloacterial drugs. Therefore, we conducted a cohort study in a large popu­
lation of community-dwelling elderly to investigate which antibacterial drugs 
are associated with overanticoagulation (chapter 3.3). Eight antibacterial drugs 
were multivariately associated with overanticoagulation. Co-trimoxazole most 

strongly increased the risk of overanticoagulation. The onset of overanticoagu­
lation after start of antibacterial drug therapy varied between different antibac­

terial drugs, probably due to different causal mechanisms. The second cohort 
study in this large population of community-dwelling elderly described in chap-
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ter 3.5 showed that patients with a habitual dietary intake of vitamin K below 
the amount required for normal functioning of coagulation factors, i.e. l ~g/kg 

body weight per day, had an increased risk of overanticoagulation. 

Coagulant levels in overanlicoagulation 
The levels of the vitamin K-dependent pro- and anticoagulant proteins in ran­
domly selected overanticoagulated patients, in overanticoagulated patients 
with fever in the preceding two weeks and in overanticoagulated patients with 
stable congestive heart failure are described in chapter 4. This study was part 

of the prospective nested case-control study on the association between over­
anticoagulation and characteristics of anticoagulant therapy and comorbidity 
(chapter 3.1). The pattern of procoagulant level reductions in the thiee groups 
of overanticoagulated patients was largely the same as in controls with an INR 
within the therapeutic zone: factor X was the lowest and factor IX the highest 
The difference was that in overanticoagulated patients factor VII was relatively 

low among the procoagulant factors compared to controls. Protein C was lower 
than protein Sin overanticoagulated patients with congestive heart failure, but 
was similar to protein Sin the other study groups. In overanticoagulated patients 
with fever, the vitamin K-dependent coagulation proteins except factor X were 
significantly lower than in overanticoagulated patients with congestive heart 
failure, especially factor VII and proteinS. 

Quality of oral anticoagulant therapy; phenprocoumon versus acenocoumarol 
The prospective nested case-control study on the association between over­
anticoagulation and characteristics of anticoagulant therapy and comorbidity 
described in chapter 3.1 showed that patients on acenocoumarol had an 
increased risk of an INR 2:6.0 compared to patients on phenprocoumon. In chap­
ter 5, several measures of the quality of oral anticoagulant therapy, among 
which the occurrence of overanticoagulation, are compared between phen­

procoumon and acenocoumarol in three phases of therapy. In the short-term 
phase and especially the long-term phase, patients on phenprocoumon were 
more likely to spend at least 70% of the time within the therapeutic zone, to 
have no INRs 2:6.0 and to have no INRs <2.0. Furthermore, their INRs were closer 
to the target INR and their interval of monitoring was longer. In the initiation 
phase, however, the quality of oral anticoagulant therapy was slightly better 
with acenocoumarol. The percentage of patients with a major hemorrhage did 

not differ substantially between the two types of coumarin. 

METHODOLOGICAL CONSIDERATIONS 

Study design 

In epidemiology, several study designs are used to estimate frequency of occur-
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renee and measures of association. To determine the incidence of and risk fac­
tors for overanticoagulation we performed a prospective cohort study with a 
nested case-control design. This study design is an efficient approach to exam­

ine multiple rtsk factors. However, due to the often retrospective assessment of 
exposure in a case-control study the internal validity may be more easily threat­
ened by selection- and information bias than other analytic study designs. Fur­
thermore, a case-control study is inefficient for the evaluation of rare exposures, 

unless the sample size is very large or the attriloutable rtsk percentage is high (27. 
28). Because of the latter limitation of case-control studies, we also performed 
prospective cohort analyses in the Rotterdam Study to investigate which anti­
bacterial drugs are associated with overanticoagulation and to study whether 
patients with a deficient dietary intake of vitamin K have an increased rtsk of 
overanticoagulation. An important disadvantage of cohort studies is that the 
validity can be seriously alfected by 'loss to follow-up' (27, 28). However, this was 
not an issue as patients in chapters 3.3 and 3.5 were selected on the basis of pres­
ence of INR-data at the anticoagulation clinic, and because in the Rotterdam 
Study follow-up information is collected for every individual. 

Validity 
The validity of case-control- and prospective cohort studies on risk factors for 
overanticoagulation may be threatened by three types of bias: selection bias, 
information bias and coniouncling. These potential biases will be discussed in 

the next paragraphs. 

• Selection bias- Selection bias occurs when the association between the deter­
minant and the outcome is dilferent for those who participated and those who 

would be eligilole for study. This type of bias is a particular problem in case­
control studies, since both the exposure and outcome have occurred at the 
time subjects are selected for study. An important potential cause of selection 
bias in case-control studies is non-response. Non-responders may ctiffer from 
responders with respect to risk factor status. In terms of relative risks, the asso­
ciation between exposure and outcome will especially be distorted only li the 
non-response is non-random with respect to both exposure and outcome (27, 
28). in our case-control study, the participation rate was slightly lower among 
cases. However, the status of the examined risk factors in non-responders is 

unknown. Would non-response be related to exposure, it is most likely that 
patients with e.g. chronic comorbidities or acute tlinesses are less likely to par­
ticipate. Consequently, risk estimates would have been biased towards a rela­

tive rtsk of one. 

• Information bias - Iniormation bias results from systematic errors in the way 
exposure or outcome are assessed. There are several specific types of informa­
tion bias, depending on the source of noncomparability (27, 28). In a case-con-
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trol study, recall bias arises when individuals with a particular adverse health 

outcome remember and report their previous exposure differently from those 

who are not affected. In our study, recall bias was prevented by restricting 
the study population to patients with non-symptomatlc overanticoagulation, 

Le. by excluding patlents who presented on the index day with a serious 
bleeding complication. In addition, in the information letter we referred to the 
problem of overanticoagulatlon in a general sense. In the case-control study 

on drug interactions, comparing the informatlon on the start of antibacterial 
drugs given by the patient or mentioned in the anticoagulant medical record 
with that prospectively recorded by the pharmacy, revealed that recall bias 
was not a problem. Interviewer bias in a case-control study refers to any 
systematlc difference in the gathering, recording or interpretation of infor­
matlon on exposure from study participants. To prevent this type of bias, 
structured questionnaires with mainly closed questions were used and the 

interviewers, general practitioners and pharmacists were blinded with respect 

to the patlent's case or control status and the specific research hypotheses. 
Diagnostic suspicion bias occurs when the chance of diagnosing the outcome 
is different for exposed and unexposed individuais. It may play a role in the 

associations of fever_ diarrhea and several drug interactions with overanticoag­
ulation, since patients are instructed to inform the clinic of these occurrences. Ii 
considered necessary, the patient's INR is measured earlier than the appointed 
date. We dealt with diagnostic suspicion bias by excluding patlents whose 
INRs were measured earlier from the case-control analyses and by adjustment 
for earlier INR-assessment in the prospective cohort analysis. Mlsclassificatlon 
occurs when subjects are erroneously categorized with respect to either expo­
sure or outcome status. In our case-control study, potential risk factors were 
inquired over the four weeks preceding the index day. Due to logistical limita­

tions, the interview took place up to three weeks after the index day. Misclassifi­
catlon of exposure thus may have been present; a patlent may have forgotten 
things or been mistaken regarding the time period in which these occurred. 
The mean interval between overanticoagulation and interview, however, was 
similar for cases and controls. Besides, the misclassificatlon is assumed to be 
random, resulting in a conservative estimation of the association. In the pro­
spective cohort analysis in the Rotterdam Study concerning deficient dietary 
intake of vitamin K, misclassificatlon of exposure may also have been present 
since the habitual dietary intake of vitamin K was assessed at baseline and 
may have changed during follow-up. However. also this would have led to a 
conservative estimate of the relatlve risk rather than to an overesttmatlon. 

• Confounding- Confounding is a distortion of the estimated exposure effect that 
results from the fact that the effect of an extraneous variable is mixed with or 

mistaken for the actual exposure effect. Before a variable is considered a con­
founder it should fulfil three criteria. First, it must be an independent risk factor 
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for the outcome among the unexposed. Second, it must be associated with the 
exposure variable in the source population from which the cases are derived. 
Third, it must not be affected by the exposure or the outcome; in particular, it 

cannot be an intermediate step in the causal pathway between exposure and 
the outcome. Coniounding can lead to an over- or underestimation of the true 
association between exposure and outcome, depending on the direction of the 
associations which the confounding factor has with exposure and outcome. 
Coniounding can even change the apparant direction of an effect (27, 28). In 
our case-control- and prospective cohort studies. potential confounders were 
taken into account and, when necessary, adjusted for in the statistical analy­
ses. 

Generalizability 

The ability to generalize study results is determined by the representativeness of 
the study subjects. As validity is a prerequisite for generalizability, the primary 
concern in the design of any study must be validity, not generalizability (27, 28). 
Therefore. patients not living independently and those making use of meals on 

wheels, as well as patients who presented on the index day with a serious bleed­
ing complication were excluded from our case-control study. Furthermore, the 
study population was confined to stably anticoagulated patients because most 
cases of unstable anticoagulation and overanticoagulation occur during initia­
tion of therapy. Every clinician is aware of this and more interested in the risk fac­
tors they encounter when their patients are on long-term anticoagulant therapy. 

Would we not have excluded unstable patients. it would have been dtificult to 
release these more subtle but also clinically relevant risk factors. We would have 
found initiation of therapy as most important risk factor for overanticoagulation, 

a relatively irrelevant finding. However. there is no reason to assume that the 
observed risk factors can not be generalized. 

CLINICAL IMPLICATIONS 

Overanticoagulation increases the risk of hemorrhage and should therefore be 

prevented and treated promptly and adequately if present. Although the risks 
of overanticoagulation are clear. its treatment and determinants have received 
little attention. The studies presented in this thesis especially released several risk 
factors for overanticoagulation, but also showed that the routine treatment of 
overanticoagulation employed at the anticoagulation clinic was not suificient. 

Based on our findings, the dose of vitamin K
1 

has been increased and the 

coumarin is discontinued for one more day to improve the treatment of the 

excess anticoagulant effect. Besides, vitamin K1 is now administered at a lower 
INR than before. Paying special attention to risk factors for overanticoagulation 

when moriftoring oral anticoagulant therapy, offers the possibility to prevent 
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overanticoagulation. If possible. risk factors should be avoided. For example, the 
use of phenprocournon instead of acenocoumarol might be considered. A better 
quality of oral anticoagulant therapy on phenprocownon than on acenocowna­
rol in the short-term and especially the long-term phase of therapy supports 
a preference of phenprocournon to acenocournarol in patients who need oral 
anticoagulant therapy for six weeks or more. Similarly, patients on oral anti­

coagulant therapy should be advtsed to consume vitamin K-rich foods such 
as green, leaty vegetables to prevent a deficient dietary intake of vitamin K. 
Furthermore, the use of certain antibacterial drugs, especially co-inmoxazole, 
should be restricted. If there is no therapeutic alternative availalole, more fre­

quent monitoring of INR-values during antibacterial drug therapy is warranted. 
Then, it should be taken into account, however, that some antibacterial drugs 
induce overanticoagulation already within two to three days after start of anti­
bacterial drug therapy, while for other drugs thfs takes more than four days. 
Increased monitoring of INR-values may also be advisalole for patients with non­

avoidalole risk factors such as fever, diarrhea or weight loss. Patients with an 

impatred liver function or congestive heart failure should be monitored more 
carefully. Also, it is advised that patients have their INR checked when on vaca­
tion. 

To be alole to prevent overanticoagulation by paying special attention to 
risk factors for overanticoagulation when monitoring oral anticoagulant therapy, 

physicians should be aware of these risk factors and their presence. Therefore, it 
is as important that patients are aware of the necessity to inform the anticoagu­
lation clinic about occurrences such as changes in comec:lication, intercurrent 
illnesses or weight loss. This should be emphasized at the start of therapy and 
should be brought to the attention of patients at regular intervals thereafter. 

RECOMMENDATIONS FOR FUTURE RESEARCH 

To determine risk factors for overanticoagulation on coumarin anticoagulants 
we performed a nested case-control study among outpatients of an anticoagula­
tion clinic. However, this design is mefficient for the evaluation of rare exposures, 
as we encountered when studytng the role of drug interactions and chronic 
comorbic:lities in overanticoagulation. For several drugs and some comorbidities 
numbers were too small to judge their association with overanticoagulation. 
A large cohort study - for instance within automated data bases such as the 
PHARMO Record Linkage System (29) or the Integrated Primary Care lniorma­

tion (!PC!) project (30)- might be required to study these potential risk factors for 
overanticoagulation, as we already did with respect to antibacterial drugs. 

The results presented in chapter 5 show that the use of phenprocownon has 
advantages over the use of acenocownarol in the short-term and especially the 
long-term phase of therapy. However, opposite to the better therapeutic quality 

122 



General discussion 

of oral anticoagulant therapy with phenprocoumon, stands an increased risk of 

minor hemorrhages. The use of warfarin also gives a more stable anticoagula­
tion than the use of acenocoumarol (9). The advantages of phenprocoumon and 
warfarin over acenocoumarol may be explained by the difference in half-life. 
Because of its short half-life, the use of acenocoumarol induces wide fluctuations 
in the plasma levels of factor VU (31, 32). It would be interesting to compare 

the quality of oral anticoagulant therapy and the risk of hemorrhages between 
phenprocoumon and warfarin. Possibly, warfarin, which has an intermediate 
half-life, both has a high qualfty of oral anticoagulant therapy and a low risk of 
hemorrhages. 

In oral anticoagulant therapy not only overanticoagulation poses a risk to 
patients, but also the opposite situation, underanticoagulation. While overantico­
agulation increases the risk of hemorrhages, underanticoagulation is associated 
with a higher thromboembolic risk (14). Noncompliance is an obvious risk factor 

for underanticoagulation. A number of other factors, among which drug interac­
tions and comorbid conditions, have been postulated to decrease the response 
to coumarins (7). However, as for overanticoagulation, these potential risk factors 
for underanticoagulation should be further investigated in a large epidemiologi­
cal study in a non-selected population under everyday circumstances. 
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Summary 

Oral anticoagulation with coumarin derivatives is an established, widely used 
therapy for the prevention of venous and arterial thromboembolism, These 
drugs induce anticoagulation by antagonizing vitamin K, thereby impairing the 

y-carboxylation and consequently the biological activity of the vitamin K-depen­
dent coagulation proteins (factor II, VII, IX and X, protein C and S), Coumarin 

anticoagulants have a narrow therapeutic index, As patients may require diifer­
ent doses of coumarins to reach the same level of anticoagulation and because 
the required dose may vary over time in an individual patient, anticoagulant 
therapy needs to be monitored, Despite monitoring, overanticoagulation may 
occur, When the International Normalized Ratio (!NR) is ?_6,0, the risk of hemor­
rhage, the most common adverse reaction to coumarin anticoagulants, sharply 

increases, Hence, such an excess anticoagulant effect should preferably be pre­
vented and should be treated promptly and adequately il present Although 

the risks of overanticoagulation are clear, its treatment and determinants have 
received little attention, Most of the extensive research on oral anticoagulant 
therapy has focussed on its pharmacological- and biochemical action, prothrom­

bin time calibration, optimal therapeutic intensity and hemorrhagic complica­
tions, Therefore, the alm of this thesis was to study aspects of overanticoagulation 
on coumarin anticoagulants among outpatients of an anticoagulation clinic 
(chapter !), 

Chapter 2 relates to the treatment of overanticoagulation and describes the 
course of the INR in response to oral vitamin K 1 in overanticoagulated patients, 
Oral vitamin K

1 
is used for the treatment of excessive anticoagulation, Detailed 

iniormation on changes in the INn in response to vitamin K 1 is not available, We 
therefore measured the INR on the first seven days following the oral intake of 

l to 5 mg of vitamin K
1 

in 24 patients routinely treated with phenprocoumon 
who had an INR ?_6,0 at presentation, The first two days after administration of 
vitamin K

1 
the mean INR decreased by 40% and 23%, respectively, After day 2, 

the day-to-day proportional change in the mean INR depended on the dose of 
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vitamin K
1 
and varied from a decrease of 12% to an increase of 21%. On day 7, 

the mean INR was higher than on day 2 in three out of five treatment groups. 

Between day 2 and day 7. in general, 32% of the patients had an INR within the 
therapeutic zone, 25% had an INR ::>_6.0 and 8% had an INR <2.0. These findings 

suggest that the routine treatment of overanticoagulation in patients on phen­
procoumon should be intensified to tinprove its efficacy. 

Chapter 3 concerns the incidence of and risk factors for overanticoagulation. 
Chapters 3.1, 3.2 and 3.4 are based on the same prospective cohort study with 
a nested case-control design. The study cohort consisted of all patients treated 
with coumarin anticoagulants at the regional Red Cross anticoagulation clinic 
TheHaguebetweenDecernber L 1997 and June 14,1999 (n~l7,056). All cohort 
members were followed until the first occurrence of an INR ::>_6.0, the end of their 
treatment or the end of the study period. The nested case-control study included 
300 prospectively gathered cases with an INR ::>_6.0 and 302 randomly selected 

controls with an INR within the therapeutic zone, matched on index day and 
target range. Cases and controls had to be stably anticoagulated in the three 
months preceding the index day. Information on risk factors in the four weeks 
preceding the index day was collected from the anticoagulant medical record, 
through the general practitioner and the pharmacy, and by interviewing the 

patient. In chapter 3. l, we describe the incidence of overanticoagulation and 
the association between overanticoagulation and characteristics of anticoagu­
lant therapy and comorbidity. The incidence rate of an INR ::>_6.0 was 7.8 per 
10,000 treatment days m prevalent users on the starting date and 22.5 per 
10,000 treatment days in incident users during the study period. Patients on 
acenocoumarol had an increased risk of an INR ::>_6.0 compared to patients on 
phenprocoumon (OR 1.9; 95%CI 1.3-2.7). Chronic diseases associated with over­
anticoagulation were impaired liver function (OR 2.8; 95%CI 1.1-6.9) and con­
gestive heart failure (OR 1.6; 95%CI 1.04-2.6 in stable condition and OR 3.0; 

95%CI 0.8-12.0 in case of a relapse). Acute illnesses associated with overantico­
agulation were diarrhea and fever (OR 12.8; 95%CI 1.6-104.9 and OR 2.9; 95%CI 
1.1-7. 7. respectively). Chapter 3.2 addresses the role of drug interactions in over­
anticoagulation. Forty-five out of 87 potentially interacting drugs were not used 
in the four weeks preceding the index day and only 15 drugs were used by at 
least ten patients. A course of sulpharnethoxazole+trirnethoprirn (co-trirnoxazole), 
strongly increased the risk of overanticoagulation (OR 24.2; 95%CI 2.8-209.1), 

especially in patients on acenocoumarol. Penicillins were associated with a 

risk of overanticoagulation of 2.4 (95%CI l.00-5.5). The effect was confined to 
arnoxicillin+clavulanic acid. Chapter 3.4 relates to sociodemographic-, liiestyle-, 

and dietary factors as risk factors for overanticoagulation. Age, sex and level 
of education were not associated with overanticoagulation. Body mass index 
was negatively related to overanticoagulation (OR 2.37; 95%CI 1.00-5.65, BMI 

<20 kgjm2 vs >25 kg/m2), a beneath average level of physical activity was 
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positively related to overanticoagulation (OR 1.61; 95%CI 1.02-2.53) and never­

smokers were more likely to have an INR ::>6.0 compared to smokers (OR 1. 70; 
95%CI 1.02-2.84). Habitual alcohol consumption, even heavy drinking, was not 

related to overanticoagulation. However. a recent decrease of alcohol intake 
increased the risk of an INR :;>6.0 (OR 2.79; 95%CI 1.21-6.43). in addition, weight 
loss and a vacation were risk factors for overanticoagulation (OR 2.32; 95%CI 
1.03-5.22 and OR 10.67; 95%CI 2.48-45.88. respectively). Dietary factors were 
not associated with overanticoagulation. In conclusion. in previously stable out­
patients of an anticoagulation clinic using phenprocoumon or acenocoumarol, 
overanticoagulation was associated with the type of anticoagulant used and 
with some comorbidities and lifestyle factors. Drug interactions as a cause of over­
anticoagulation predominantly concerned antibacterial drugs. If risk factors are 
present. increased monitoring of INR-values might prevent overanticoagulation 
and potential bleeding complications. Similarly, if possible, the use of co-trimoxa­
zole and amoxicillin+clavulanic acid should be avoided in patients on couma­
rins. 

The sample size of the case-control study was too small to judge the associa­

tion with overanticoagulation for several antibacterial drugs. Therefore, we con­
ducted a population-based cohort study in a sample of the Rotterdam Study to 
investigate which antibacterial drugs are associated with overanticoagulation, 
as described in chapter 3.3. The study cohort consisted of all participants who 

were treated with acenocoumarol or phenprocoumon in the study period from 
April I. 1991 through December 31, 1998 and for whom INR-data were avail­
able. All cohort members were followed until the first occurrence of an INR :;>6.0. 
the last INR-assessment because of the end of their treatment. death or end of 
the study period. Data on antibacterial drug use were obtained from regional 

pharmacies. Of the 1.124 patients in the cohort. 351 developed an INR ::>6.0. 
Eight antibacterial drugs were multivariately associated with overanticoagula­
tion. Sulfamethoxazole combined with trimethoprtm most strongly increased the 

risk of overanticoagulation (RR 20. I; 95%CI 10.7-37 .9). Stratification showed that 
the induction period of overanticoagulation varied between cillferent antibacte­
rial drugs. Awareness of these drug interactions and more frequent monitoring of 

INR-values during the initial stages of antibacterial drug therapy are warranted 
to minimize the risk of bleeding complications. 

In chapter 3.5, we examined whether patients with a deficient dietary intake 
of vitamin K have an increased risk of overanticoagulation. We performed a 
population-based cohort study in a sample of the Rotterdam Study. The study 
cohort consisted of all participants of whom dietary intake data have been col­
lected and who were treated with coumarin anticoagulants in the study period 

from the baseline visit of the Rotterdam Study (1990-1993) through December 31. 
1998. All cohort members were followed until the first occurrence of an INR :;>6.0, 

the last INR-assessment during the study period. death or end of the study period. 
The intake of vitamin K was calculated from the total diet using data on con-
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centrations of vitamin K
1 
and vitamin K

2 
in foods. An intake of vitamin K below 

1 pgjkg body weight per day was considered deficient. Of the 772 patients in 

the cohort, 227 developed an INR 2:6.0 during the study period. The number of 
patients in the total cohort with a deficient dietary intake of vitamin K was 12 
(!.6%). Of the cases, seven patients (3.1%) had a deficient dietary intake of vita­

min K. The adjusted relative risk of overanticoagulation associated with a defi­
cient dietary intake of vitamin K was 9.6 (95%CI 4.0-23.0). To minimize the risk of 
bleeding complications, patients on oral anticoagulant therapy may be advised 
to consume vitamin K-rich foods such as green, leafy vegetables. 

Chapter 4 presents the levels of the vitamin K-dependent pro- and anticoagu­
lant proteins in overanticoagulated patients. The levels of factor IL VII. IX and 

X, protein C and S were determined in 25 randomly selected overanticoagu­
lated patients (INR 2:6.0) and in 25 matched controls with an INR within the 
therapeutic zone. Furthermore, to study a possible effect of the cause of overan­

ticoagulation, the coagulant levels were compared between 16 overanticoagu­
lated patients with fever in the preceding two weeks and 24 overanticoagulated 

patients with stable congestive heart failure. The pattern of procoagulant level 
reductions in the three groups of overanticoagulated patients was largely the 
same as in controls: factor X was the lowest and factor IX the highest. The dti­
ference was that in overanticoagulated patients factor VII was relalively low 
among the procoagulant factors compared to controls. Protein C was lower than 

protein S in overanticoagulated patients with congestive heart failure, but was 
similar to protein S in the other study groups. In overanticoagulated patients 
with fever, the vitamin K-dependent coagulant levels except factor X were lower 
than in overanticoagulated patients with congestive heart failure. especially 
factor VII and protein S. 

Chapter 5 describes a cohort study among 77 40 newly em oiled patients of 

an anticoagulalion clinic which was performed to compare the quality of oral 
anticoagulant therapy between phenprocoumon and acenocoumarol in three 
phases of therapy: the initialion phase (day 1 up to day 31), the short-term phase 
(day 32 up to day 122) and the long-term phase (day 123 up to day 365). In the 

short-term phase and especially the long-term phase, patients on phenprocou­
mon were more likely to spend at least 70% of the time within the therapeutic 
zone, to have no INRs 2:6.0 and to have no INRs <2.0. Furthermore, their INRs 
were closer to the target INR and their interval of monitoring was longer. In the 
initialion phase, however, the quality of oral anticoagulant therapy was slightly 
better with acenocoumarol. The percentage of patients with a major hemor­
rhage did not dtifer substantially between the two types of coumarin. In conclu­

sion. for outpalients of an anticoagulation clinic phenprocoumon seems to be 
preferred. Only in case a patient needs oral anticoagulant therapy for a short 
time (<6 weeks), acenocoumarol might be considered. 
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Finally, in chapter 6 the main findings are summarized and the general meth­
odological issues inherent to the study of risk factors for overanticoagulation 

are discussed. In addition. the implications for oral anticoagulant therapy and 
recommendations for future research are given. 
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Orale antistolling met coumartnederivaten word\ vee! gebruikt ter voorkorning 
van veneuze en arteriele trombo-embolieen. Deze geneesrniddelen remmen de 
bloedstolling door als antagonist van vitarnine K de y-carboxylering en daar­

mee de biologische activiteit van de vitarnine K-athankelijke stollingsfactoren 
(factor II, Vll. IX and X. proteine C and S) te blokkeren. Coumarine anticoagulan­
tia hebben een smalle therapeutische breedte. Patienten kunnen een verschll­
lende coumarinedosering noclig hebben voor hetzelfde niveau van antistolling. 
Daarnaast kan voor een inclividuele patient de benocligde dosering varieren 
over de tijd. Antistollingsbehandeling moe\ daarom regelmatig worden gecon­
troleerd. Ondanks deze controle kan de stalling te sterk worden geremd (he\ 
zogenoemde 'doorschieten'). Wanneer de International Normalized Ratio (INR. 

maat voor de intensiteit van antistolling) 2:6.0 is, neemt he\ risico op een bloe­
cling, de meest voorkomende bijwerking van coumarine anticoagulantia, sterk 

toe. Excessieve antistolling moet dus biJ voorkeur worden voorkomen en client 
prompt en adequaat te worden behandeld inclien aanwezig. Alhoewel de risi­
co's van een doorgeschoten antistolling duldelijk zijn, hebben de behandeling 

erva:n en de risicofactoren ervoor weinig aandacht gekregen. Het meerendeel 
van de vele onderzoeken op he\ gebied van orale antistollingsbehandeling con­
centreerden zich op de fa:rmacologische- en biochemische werking van cou­
marines. he\ callloreren van de protrombinelijd. de oplimale therapeulische 
intensiteit en bloeclingscomplicalies. He\ doe! van eli\ proefschrift was daarom 
om aspecten van he\ doorschieten van de antistolling op coumarine anlicoagu­
lanlia te bestuderen bij pa\ienten van een tromboseclienst (hoofdstuk 1). 

Hoofdstuk 2 betreft de behandeling van doorgeschoten antistolling en beschrijft 

he\ verloop van de INR na orale toecliening van vitarnine K,. Oraal toegecliend 
vitarnine K, word\ gebruikt ter behandeling van excessieve antistolling. Er is 

geen gede\allleerde iniormalie over de veranderingen in de INR na innerning 
van vitarnine K,. Daarom hebben wij de INR gemeten op de eerste zeven dagen 

na innerning van l tot 5 mg vitarnine K1 bij 24 patienten die werden behandeld 
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met fenprocownon en een INR 2:6.0 hadden. De eerste twee dagen na orale toe­
diening van vitamine K

1 
nam de gemidde1de INR met 40% respectievelijk 23% 

af. Na dag 2 was de proportione1e verandering in de gemidde1de INR tussen 

twee opeenvo1gende dagen afhankelijk van de dosis vitamine K1 en varieerde 
van een afname van 12% tot een toename van 21%. Op dag 7 was de gemid· 
de1de INR hoger dan op dag 2 in drie van de vijf behandelingsgroepen. Tussen 
dag 2 en dag 7 had, in het algemeen, 32% van de patiEmten een INR binnen 
het therapeutische gebied. 25% had een INR 2:6.0 en 8% had een INR <2.0. Deze 
bevindingen suggereren dat de behande1ing van doorgeschoten antistoliing op 

phenprocownon moet worden geintensiveerd teneinde de effectiviteit ervan de 
verbeteren. 

Hoofdstuk 3 gaat over de incidentie van en risicofactoren voor het doorschieten 
van de antistoliing. De hoofds!ukken 3.1, 3.2 en 3.4 zijn gebaseerd op dezelfde 
prospectieve cohortstudie met daarbinnen een genes! patienl-contro1e-onder­

zoek. Het studiecohort bestond uit al1e patienten die werden behande1d met 
coumarine anticoagulantia bij de Stichting Rode Kruis Trombosedienst 's-Gra­
venhage en omstreken tussen 1 december 1997 en 14 juni 1999 (n~17056). 
AJ1e palienten werden gevo1gd tot he! eerste optreden van een INR 2:6.0, het 
einde van hun behandeling of he! einde van de studieperiode. Het geneste 
patient-contro1e-onderzoek omvatte 300 patienten met een INR 2:6.0 en 302 wil-

1ekeurig gese1ecteerde contro1es met een INR binnen het therapeutische gebied, 
gematcht op indexdag en streefgebied. Patienten en contro1es moesten stabie1 

zijn ontsto1d in de drie maanden voorafgaande aan de indexdag. Iniormatie 
over risicofactoren in de vier weken voorafgaa:nde aa:n de indexdag werd ver­
zame1d uit he! dossier van de trombosedienst. via de huisarts en de apotheek en 
door midde1 van een interview met de patient. In hoofdstuk 3. 1 beschrijven we 
de incidentie van doorgeschoten antistolling en de associate tussen doorgescho­
ten antistolling, karakteristieken van antistoliingsbehandeling en comorbiditeit. 

De incidentiedichtheid van een INR 2:6.0 was 7.8 per 10000 behandeldagen 
voor prevalente gebruikers op de startdatwn en 22.5 per 10000 behande1da· 
gen voor incidente gebruikers tijdens de studieperiode. Patienten op acenocou­
maro1 hadden een toegenomen risico op een INR 2:6.0 verge1eken met patienten 
op fenprocoumon (odds ratio (OR) 1.9; 95% betrouwbaarheidsinterval (95%BI) 
1. 3-2. 7). Chronische ziekten die war en geassocieerd met het doorschieten van de 
antistoliing waren een gestoorde leverfunctie (OR 2.8; 95%BI l.l-6.9) en hartfa-
1en (OR 1.6; 95%BI 1.04-2.6 in slabie1e conditie en OR 3.0; 95%B1 0.8-12.0 in geval 

van een recidief). Acute ziekten die waren geassocieerd met doorgeschoten a:nti­
stoliing waren diarree en koorts (OR 12.8; 95%BI 1.6-104.9 respectievelijk OR 2.9; 
95%BI 1.1-7.7). In hoofdstuk 3.2 komt de ro1 van geneesmiddelinteracties bij he! 
doorschieten van de antistolling aan de orde. Vijfenveertig van de 87 potenti­

eel interacterende geneesmiddelen werden niet gebruikt in de vier weken voor­
afgaande aan de indexdag en s1echts 15 geneesmidde1en werden gebruikl 
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door ten rninste lien patienten. Een kuur met sulfamethoxazo!+trimethoprim (co­
trimoxazol) verhoogde he! risico op doorschieten sterk COR 24.2: 95%BI 2.8-209.1), 
met name bij pati8nten op acenocoumarol. Penicillines waren geassocieerd met 
een risico op doorgeschoten ernttstolling vern 2.4 (95%BI 1.00-5.5). Dit effect was 
beperkt tot amoxicllllne+clavulaernzuur. Hoofdstuk 3.4 betreft sociaaldemografi­
sche-, leefstijl- en voedingsfactoren als risicofactoren voor het doorschieten van 
de erntistolllng. Leeftijd, geslacht en opleidingsniveau waren niet geassocieerd 
met doorschieten. Body mass index (EM!) - een maat voor overgewicht - was 
negatief geassocieerd met het doorschieten vern de ernttstolling (OR 2.37: 95%BI 
1.00-5.65, EM! <20 kg/m2 vs >25 kg/m'). een lager dern gerniddeld niveau vern 
lichamelijke activiteit was positief geassocieerd met doorschieten (OR 1.61: 95%BI 
1.02-2.53) en patienten die nooit hadden gerookt hadden een grotere kerns op 
een INR :?.6.0 dern rakers (OR l. 70: 95%BI 1.02-2.84). Gebruikelijke alcoholcon­

sumptie, zelfs overmatig drinken, was niet geassocieerd met doorgeschoten a:nti­

stolllng. Echter, een recente verrnindering van de alcoholinnerning verhoogde 
he! risico op een INR :?.6.0 (OR 2. 79; 95%BI 1.21-6.43). Daarnaast waren gewichts­
verlies en vakantie risicofactoren voor he! doorschieten van de antistolling (OR 
2.32: 95%BI 1.03-5.22 respectievelijk OR 10.67; 95%BI 2.48-45.88). Voedingsfac­
toren waren niet geassocieerd met doorschieten. Concluderend kan worden 
gesteld dat in voorheen staloiele patienten van een trombosedienst die fen­

procoumon of acenocoumaro1 gebruiken, he! doorschieten van de anttstolling 
was geassocieerd met he! type anticoagulans en met somrnige onderliggende 
ziekten en leefstijlfactoren. Geneesrniddellnteracties als oorzaak van he! door­
schieten van de anttstolllng betrof met name antibacteriele rniddelen. In aan­
wezigheid van risicofactoren kan he! frequenter controleren van de INR het 
doorschieten van de antistolling en potentiele b1oedingscomplicaties moge!ijk 

voorkomen. Eveneens zou, indien mogelijk, he! gebruik van co-trimoxazol en 

amoxicilline+clavulaanzuur moeten worden vermeden bij pati8nten die couma­
rines gebruiken. 

He! aantal patienten in he! patient-controle-onderzoek was te klein om de 
associatie met doorschieten te beoordelen voor verscheidene antibacteri8le mid­
delen. Daarom voerden we een ernalyse uit binnen he! Rotterdamse prospec­
tieve cohortonderzoek (ERGO), teneinde te onderzoeken welke antibacteriele 
geneesmiddelen zijn geassocieerd met he! doorschieten van de antistolling 
(hoofdstuk 3.3). He! studiecohort bestond uit alle deelnemers die werden behern­

deld met acenocoumarol of fenprocoumon in de studieperiode vern 1 april 1991 
tot 31 december 1998, en vern wie INR-gegevens beschikbaar waren. Ane cohort­
leden werden gevolgd tot he! eerste optreden van een INR :?.6.0, de laatste 
INR-bepaling vernwege he! einde van hun behande1ing, overlijden of einde 
vern de studieperiode. Gegevens over he! gebruik vern erntibacteriele rnidde1en 

werden verkregen via regionale apotheken. Vern de 1124 patienten in he! cohort 
ontwikkelden er 351 een INR :?.6.0. Acht erntibacteriele rniddelen waren geas­

socieerd met doorgeschoten erntistoll!ng. Sulfamethoxazol in combinatie met tri-
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methoprim verhoogde het risico op doorschieten het sterkst (relatief risico (RR) 

20.1: 95%BI 10.7-37.9), een bevinding die sterk overeenkomt met het onderzoek 

uit hoofdstuk 3. 2. Stratificatie lie! zien dat de peri ode tussen het start en van 

de behandeling met het antibacteriele geneesmiddel en het doorschieten vari­

eerde tussen verschillende antibacteriele middelen. Het zich bewust zijn van 

deze geneesrniddelinteracties en het frequenter controleren van de INR in de 
beginfase van een antibacteri8le kuur wordt aangeraden om het risico op bloe~ 
dingscomplicaties te beperken. 

In hoo!dstuk 3.5 onderzochten we of patienten met een deficiente voedings­

inneming van vitarnine K een verhoogd risico op het doorschieten van de anti­

stolling hadden. We voerden hiertoe een cohortanalyse uit bij een dee! van 

de ERGO-deelnemers. Het studiecohort bestond uit alie deelnemers van wie voe­

dingsgegevens waren verzameld en die werden behandeld met coumarine 

anticoagulantia in de studieperiode tussen de aanvang van de ERGO-studie 

(1990-1993) en 31 december 1998. Alle cohortleden werden gevolgd tot het 

eerste optreden van een INR 2:6.0, de laatste INR-bepallng tijdens de studie­

periode, overlijden of einde van de sludieperiode. De inneming van vitarnine 

K werd berekend over de totale voeding op basis van de vitarnine K
1
- en K2 

gehalten van voedingsmiddelen. Een vitamine K-inneming beneden I pg/kg 

lichaamsgewicht per dag werd als deficient beschouwd. Van de 772 patienten 

in het cohort ontwikkelden er 227 een INR 2:6.0. Het aantal patienten in het totale 

cohort met een deficiente voedingsinneming van vitarnine K was 12 (1.6%). Van 

de patienten met een doorgeschoten antistolling hadden er zeven (3.1 %) een 

defici8nte inneming van vitarnine K. Het gecorrigeerde relatieve risico op door­
geschoten antistolling geassocieerd met een deficiente voedingsinneming van 

vitarnine K was 9.6 (95%BI 4.0-23.0). Teneinde he! risico op bloedingscomplica­

ties zo klein mogelijk te houden zou patienten op orale antistollingsbehandeling 

kunnen worden geadviseerd om vilarnine K-rijke voedingsmiddelen te eten. 
zoals groene bladgroenten. 

Hoofdsluk 4 geeft de niveaus weer van de vitarnine K-afhankelijke pro- en 

anticoagulante eiwitten bij patienten met een doorgeschoten antistolling. De 

niveaus van factor II, VII, IX en X, proteine C enS in he! plasma werden bepaald 

bij 25 willekeurig geselecteerde patienten met een doorgeschoten antistolling 

(!NR 2:6.0) en bij 25 op dag gematchte controles met een INR binnen he! the­

rapeutische gebied. Verder werden. om een mogelijk effect van de oorzaak 

van doorschieten te bestuderen, de niveaus van de slollingseiwitten vergeleken 

tussen 16 doorgeschoten patienten met koorts in de voorafgaande !wee weken 

en 24 doorgeschoten patienten met slabiel hartialen. He! patroon van de reduc­

tie van stollingsfactoren bij de drie groepen patienten met een doorgeschoten 

antislolling was grotendeels hetzelfde als voor de controlegroep: factor X was 

he! laagst en factor IX he! hoogst. He! verschil was dat bij patienten met een 

doorgeschoten antislolling factor VII relatief laag was vergeleken met de con-
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troles. Proteine C was lager dan proteine S bij doorgeschoten pa!ienten met 
hartialen, maar was gelijk aan proteine S bij de andere studiegroepen. Bij door­

geschoten patienten met koorts waren de niveaus van de vitarnine K-afhanke­
lijke stollingseiwitten, behalve factor X. lager dan bij dergelijke patienten met 
hartialen, met name factor VII en proteine S. 

Hoofdstuk 5 beschrijft een cohortonderzoek dat werd uitgevoerd bij 77 40 nieuw 
geregistreerde patienten van een trombosedienst teneinde de kwaliteit van 

orale antistollingsbehandeling te vergelijken tussen fenprocoumon en acenocou­
marol over drie fasen van behandeling: de initiatiefase (dag I tot en met dag 

31), de korte-termijn-fase (dag 32 tot en met dag 122) en de lange-termijn-fase 
(dag 123 tot en met dag 365). In de korte-termijn-fase en met name in de lange­
termijn-fase hadden patienten op fenprocoumon een grotere kans om tenminste 

70% van de tijd INRs binnen he! therapeutische gebied te hebben, om geen INRs 
?:6.0 te hebben en om geen INRs <2.0 te hebben. Daarnaast lagen hun INRs 
dichter bij de streefwaarde en was hun controleinterval Ianger. In de initiatie­
fase was de kwaliteit van orale antistollingsbehandeling echter iets beter met 
acenocoumarol. Het percentage patienten met een ernstige bloedingscomplica­
tie versch.ilde nauwelijks tussen de twee types coumarine. Wij concluderen dat 
voor trombosedienstpati8nten fenprocoumon de voorkeur heeft. Aileen indien 
een patient voor een korte periode ( <6 weken) orale antistollingsbehandeling 

behoeft, kan acenocouma:rol worden overwogen. 

Ten slotte worden in hooidstuk 6 de belangrijkste resultaten samengevat en 
bespreken we de algemene methodologische aspecten die inherent zijn aan he! 
bestuderen van risicofactoren voor het doorschieten van de antistolling. Vervol­

gens worden de consequenties voor orale antistollingsbehandeling besproken 

en aanbevelingen gedaan voor verder onderzoek. 
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