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Summary

The risk of hemorrhage when using coumarin anticoagulants sharp-
ly increases when the International Normalised Ratio (INR) 18 26 0
We performed a prospective cohort study with a nested case-control de-
sign among 17,056 outpatients of an anticoagulation clinic to determine
the wcidence of overanticoagulation and to study the association
between overanticoagulation and characteristics of anticoagulant thera-
py and comorbidity The meidence rate of an INR 26 0 was 7 8 pet
10,000 treatment days i prevalent users on the starting date and 22 5
per 10,000 treatment days 1n incident users duting the study petiod
300 cases with an INR 26 0 were compated with 302 randomly select-
ed matched controls with an INR within the target zone Patients on
acenocoumarol had an increased risk of an INR 26 0 compared to pa-
tients on phenprocoumon Regarding comorbidity, impaired liver func
tion, congestive heart faiture, diarrhea and fever were nisk factors for
overanticoagulation Increased momitoring of INR values 1f r1sk factors
are present or avoidance of usk factors could prevent excess anticoagu
lation and potential bleeding complications

Intfroduction

Coumarin anticoagulants are clinically effective in the prevention of
venous and arterial thiomboembolism (1) These drugs mduce antico-
agulation by antagomising vitamun K, thereby impairing the brological
activity of the vitamin K dependent coagulation factors (factor II, VII,
IX and X) (2) Inherent to their mode of action and narrow therapeutic
index, hemosthage 1s the most common adverse reaction to coumartn
anticoagulants The risk of hemorrhage 1s strongly associated with the
intensity of anticoagulation and sharply increases when the INR 15 26 0
(3-6) Such an excess anticoagulant effect should therefore be prevent-
ed This necessitates identification of risk factors for overanticoagula-
tion
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A number of comorbidities are suspected to enhance the response to
coumarins (7 10) Hepatic dysfunction may impair the synthesis of co-
agulation factors In hypermetabolic states the clearance of coagulation
factors 1s increased Fat malabsorption and diarrhea impair the absorp-
tion of vitamuin K With malignancies, the metabolism of vitamin K and
the coumarin anticoagulant may be affected In congestive heart failure
the distubution of the coumarin anticoagulant 1s altered

The stability of anticoagulant control depends on the type of antico
agulant used and has been found to be less when using the short-acting
acenocoumarol because of fluctuating factor VI levels (11, {2) In ad-
dition, the patient’s compliance plays a role 1n stability of control (13,
14) Possibly the risk of overanticoagulation is also related to these fac-
tors

The occurrence of overanticoagulation 1n a non selected population
under everyday circumstances and the association between overantico-
agulation and characteristics of anticoagulant therapy and comorbidity,
have not been studied extensively Therefore, we have conducted a
prospective cohort study with a nested case control design among out-
patients of an anticoagulation clinic We determined the mcidence of
overanticoagulation (INR 26 0) and studied the association between
overanticoagulation and charactenstics of anticoagulant therapy and
comorbidity 1n previously stable patients This paper 1s 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
sociodemographic, hifestyle, and dietary factors

Methods
Setting

In the Netherlands, anticoagulant therapy 1s monitored by a network of more
than 60 independently operating specialised anticoagulation chinics, covering
over 90% of the country (19, 16) The study was performed at the regional Red
Cross anticoagulation clinic The Hague, which serves an area of nearly 700,000
nhabutants All persons m this area with an indication for anticoagulant thera-
py are referred to this clinic

Cohort Definttion

The study cohort consisted of all patients treated with oral anticoagulants by
the regional Red Cross anticoagulation climic The Hague between | December
1997 and 14 June 1999 The cohort therefore included prevalent users on the
starting date and wncident users during the study pertod All cohort members
were followed until the first occurrence of an INR 26 0, the end of their treat
ment, or the end of the study period (1 & the day on which the planned number
of cases was recruted), whichever came first
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Cases and Controls

Subjects for the nested case-control study were 1dentified daily from all pa-
tients with an INR measurement on that day Cases were defined as cohort
members with an INR 26 0 For each case, one control, matched on therapeutic
range, was randomly selected from the cohort members with an INR within the
target zone (20 3 5 or 2 5-4 0), measured on the same day as the case (index
day) Overanticoagulation 1s often seen during imtiation of anticoagulant thera-
py and 1n unstable anticoagulation Smce this was not our primary nterest, on-
ly cases and controls with stable anticoagulation n the three months preceding
the index day were eligible Anticoagulant therapy 1s considered effective and
safe 1f the patient 18 kept within the target zone for more than two-third of the
time (17, 18) Therefore, we defined stable anticoagulation as having at least
66% of the INRs withmn the target zone and no INRs 25 5 n the three months
preceding the index day To judge stability, a mimimum of three INRs had to be
assessed 1n the three months preceding the index day Cases and controls with
a hospital admission 1n this pertod were excluded, since information on antico-
agulant control during admission 1s often not available at the anticoagulation
chime As we focussed on sudden overanticoagulation, the INR preceding the
assessment on the index day had to be within the target zone Patients who were
not living independently and those making use of meals on wheels were exclud-
ed because these patients may be less able to reliably answer the questions on
medication and diet Since we were primanily interested 11 overanticoagulation,
irrespective of the question whether this was followed by hemorrhage, patients
who presented at the index day with a serious bleeding complication were ex-
cluded because this may promote recall bias

Procedure

The study protocol has been approved by the Medical Ethics Commuttee of
the Erasmus Umiversity 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) of 22 0 for nisk factors having a prevalence of 7% among the con-
trols, using a p <0 05 to reject the null hypothesis of OR = |

Information on characteristics of anticoagulant therapy and comorbdity, as
well as on potential confoundimg factors, was collected from the anticoagulant
medical record, through the general practitioner (GP) and the pharmacy, and by
wterviewing the patient The mterview took place within three weeks after the
1ndex day at the private address of the patient, making use of structured ques-
tronnaires with marnly closed questions The interviewers were blinded with re-
spect to the patient’s case or control status and the specific research hypotheses
Thrs also applied to the GPs and the pharmacists Blinding of the patients was
not fully feasible, suice the INR value 1s printed on their dosage list To obviate
this, in the nformation letter we referred to the problem of overanticoagulation
1n a general sense

Characteristics of Anticoagulant Therapy and Comorbidity

The nisk period was defined as the four-week perod preceding the mdex
day The following characteristics of anticoagulant therapy were collected from
the anticoagulant medical record ndication for anticoagulation, duration of
therapy (categorised as <1 year, 1 to 5 years and 25 years, exclusive of former
treatment episodes), type of anticoagulant used, change of type of anticoagulant
1n the nsk period, and the latest dosage of the anticoagulant The patient was
asked about compliance with anticoagulant therapy, 1 e regulanty of pill mtake
and missed or extra pulls 1n the risk period With respect to comorbidity, chron-
1¢ comorbidities as well as acute illnesses during the risk period were taken mto
account The GP was asked whether the patient had an impaired liver, biliary or
pancreatic function, an impaired gastro-ntestinal absorption, congestive heart
failure, hyperthyroidism, or a malignancy. If so, 1t was asked whether the con-
dition had changed 1n the risk period Since anticoagulant therapy likely 1s ti-
trated to chronic comorbidities and only a relapse or change may be related to
overanticoagulation, all chronic comorbidities were categorised as absent,
stable 1n the nisk period, and worsened 1n the risk period Regarding acute 1il-
nesses, the pattent was asked about having been 11l in the risk pertod and if so,
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Fig I The cumulative incidence of the occurrence of an INR =6 0 1n incident
(A) and prevalent (B) users of acenocoumarol or phenprocoumon

about his or her complamts and the presence of fever (a temperature 238° C)
In addition, the GP was asked whether the patient had consulted him m the risk
pertod and if so, with which medical problems

Cofactors

Acute 1llnesses and worsened chronic comorbidities may be accompanied
by a change n drug use (beside the anticoagulant), weight, physical activity,
dietary mntake (and thereby mtake 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
cofactors and overanticoagulation are the main subjects of the two other papers
mentioned 1n the introduction

Statistical Analyses

We calculated the cumulative ineidence of an INR value 26 0 using the
Kaplan-Meter 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 1s often seen during in-
1ation of anticoagulant therapy

Characteristics of anticoagulant therapy and comorbidity related to an INR
26 0 were identified using univariate conditional logistic regression analysis at
first Smce 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 ntervals In case a risk factor was
absent 1n either the cases or the controls, a Fisher Exact test was performed -
stead

To assess characteristics of anticoagulant therapy and stable chronic comor-
bidities that were independently associated with an INR 26 0, all factors of
these two categortes which were univariately associated at a p <0 10, age, sex,
and the number of INR determinations n the preceding three months were 1n-
cluded m 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 26 0 Cofactors which were univanately asso-
ciated with an INR 26 0 were included as well if this resulted in a change n one
of the 0dds ratios of 5% or over, starting with the most potent factor

In order to determine the importance of the mdependent risk factors for
overanticoagulation 1n the population, we calculated the population attributable
risk percentages (PAR%) according to the following formula (25)

PAR% = AR% * (proportion of exposed cases), with AR% = (OR-1)/OR) + 100
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Table I Association between overanticoagu-

Varable Cases Controls OR [95% C1J OR [95% CIl, lation (INR 26.0) and characieristics of antico-
n=300 n=302 univariate multivaniate agulant therapy*
Age (years, meantsd) 68.1+123 682198 100 {0.98-1.01}
Sex
male 175 (58%) 194 (64%) 1 [reference]
female 125 (42%) 108 (36%) 12810 92-1.78]
Indication for anticoagulation p=051
atrial fibrillatton 37 40
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
2 5 years 122 138 1 [reference]
1to 5 years 125 115 1.2[0.9-1 8}
< 1 year 53 49 12[0.8-1.9]
Type of anticoagulant
phenprocoumon 165 (55%) 200 (66%) 1 [reference) 1 [reference]’
acenocoumarol 135 (45%) 102 (34%) 1.6[11-22] 19[13-271
Change of type of anticoagulant 1 1 10[0.1-16 2]
Dosage of anticoagulant (mg/day, meansd)
phenprocoumon 083+053 076030 15[0.9-26]
acenocoumarol 293+£135 273+1.20 1.1[09-14]
Comphance
no regular intake of anticoagulant 13 9 15{0.6-3.5]
pills mssed 24 23 1.10.6-1.9]
taken more pills than prescribed 6 0 p=0.02

Values are numbers unless indicated otherwise

t

of INR determmnations in the preceding three months were mcluded mn the model.

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 meas-
urements) and 7,548 incident users during the study period, who had on
average 98 treatment days (range 1 to 558 days) and 9 INR measure-

Type of anticoagulant, stable congestive heart failure, stable impatred liver function, age, gender and the number

ments (range I to 60 measurements). The cumulative incidence of the
occurrence of an INR value 26.0 is represented in Fig 1. 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% re-
spectively, and at the end of the study period, i.e. after 560 days of fol-
low up, the cumulative incidence was 34% in prevalent users and 46%
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Table 2 Association between overanticoi_y

Variable Cases Controls OR [95% CT} OR [95% CI] Jation (INR 26 0) and comorbidity*
n=300 n=302 univanate multivariate
Chroni¢ comorbidities stable
congestive heart failure 60 45 15[098 23]} 16{10426]
mahgnancy 23 21 11{0621]
impaired liver function 18 7 27[1165] 2811697
impaired GI absorption 9 7 13[{0535}
hyperthyroidism 4 3 13[0360]
impaired bihary function 1 3 03[0032]
Chronic comorbidities worsened
congestive heart farlure 14 3 53[15188] 30[08 1207
malignancy 4 2 20(04112]
Acute illnesses
diarrhea 17 3 6017207 1281 6 104 9]'
1llness of the urinary tract 19 S 40(15109] 12[0442)
illness of the respiratory tract 93 53 21{1431] 10[05177
fover 45 10 53[26107) 29[11 77}

Values are numbers

-

of INR determunations n the preceding three months were included 1n the model

Stable congestive heart failure stable impaired liver function type of anticoagulant age gender and the number

Relapse of congestive heart falure diarrhea 1llness of the urmary tract illness of the respiratory tract fever age

gender 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

mcluded m the model

mn mcident users The number of prevalent users with an INR 26 0 was
2,813, which 1s corresponding to an mcidence of 18 per 1000 INR
measurements and an mcidence rate of 7 8 per 10,000 treatment days
1 663 incident users had an INR 26 0, the incidence being 26 per 1000
INR measurements and the incidence rate being 22 5 per 10,000 treat
ment days

The nested case control study ncluded the planned number of 300
cases with a median INR of 6 8 and 302 controls with a median INR of
32 The participation among cases and controls was 78% and 85% re-
spectively Written iformed consent was obtained from every patient
The mean 1nterval between the index day and the interview was four-
teen days, for cases as well as for controls In both case and control
groups, the mean age was 68 years, the proportion of men was 58% and
64% respectively

The associations between overanticoagulation and characteristics of
anticoagulant therapy are shown 1 Table 1 The 1ndication for antico
agulation and the duration of therapy were not related to an INR 26 0
Neither was the dosage of the anticoagulant The type of anticoagulant
used, however, was a nisk factor for overanticoagulation Patients on
acenocoumarol had an increased risk of 19 (95%CI 1 3-2 7) compared
to patients on phenprocoumon The PAR% of overanticoagulation as
soctated with the use of acenocoumarol was 21 3% A change of type of
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anticoagulant occurred 1n 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 co
morbidities related to overanticoagulation were impaired Liver function
and congestive heart farlure The latter condition resulted n an m
creased risk of an INR 26 0 of 1 6 (95%CI 1 04-2 6) The cotrespond
ing PAR% was 7 5% Patients with an impatred liver function had an
ncreased risk of 2 8 (95%CI 1 1-6 9) None of these patients had ltves
currhosts, one case and two controls had chronic active hepatitis In six
teen cases and 1n six controls, the liver function was otherwise impaied
(including abnormal liver enzymes) and of two cases the kind ot 1
pairment was not stated by the GP The PAR% of overanticoagulation
associated with an mpazred liver function was 3 9% A worsening con
dition was infrequent for most chronic comorbidities A relapse of con
gestive heart failure was present i fourteen cases and 1n three controls
and was univariately assoctated with an mcreased risk of overanticoag
ulation of 5 3 (95%CI 1 5-18 8) After adjustment for confounding fac
tors the mcreased risk was 3 0 (95%CI 08 120) The corresponding
PAR% was 3 1% Regarding acute illnesses, diarrhea and fever weie
risk factors for overanticoagulation, with relative risks of 12 8 (95%Cl
161049) and 29 (95%CI 1 1-7 7) respectvely Stratufying for dura
tion of fever (<4 days and 24 days) revealed an mcreased risk of an
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INR 260 1n both strata (univaniate OR 44 (95%CI 1 6-12 1) and
OR 67 (95%CI 2 3-19 7) respectively) The PAR% of overanticoagu-
lation associated with diarrhea and fever were 5 2% and 9 8% respec-
tively Tllnesses of the urinary or respiratory tract were only univariate-
ly assoctated with an increased risk of an INR 26 0 (OR 4 0, 95%CI
15-109and OR 2 1, 95%CI 1 4-3 1 respectively)

Discussion

We determined the incidence of overanticoagulation among outpa-
uents of an anticoagulation chinic Furthermore, we studied the associ-
ation between overanticoagulation and characteristics of anticoagulant
therapy and comorbidity The incidence rate of an INR 26 0 was 7 8 per
10,000 treatment days n prevalent users on the starting date and 22 5
per 10,000 treatment days 1 incident users during the study period
Since the patients’ INRs were not measured daily, the real incidence of
overanticoagulation may be higher Patients with an mmpaired liver
function or congestive heart failure, as well as those using acenocouma
rol had an increased risk of an INR 26 0 Fever and diarrhea were also
sk factors for overanticoagulation The clinical mmplication of our
findings lies 1n the possibility of prevention or early detection of excess
anticoagulation, and thus of bleeding complications, by paying special
attention to these risk factors when monttoring anticoagulation For ex-
ample, patients with an impaired liver function should be monitored
carefully and 1n case of fever, the patient’s INR should be measured
within seven days Similarly, the use of phenprocoumon mstead of
acenocoumarol mught be considered This has been suggested before by
others (11, 12), because of the more stable anticoagulant control when
using phenprocoumon compared to acenocoumarol

Diagnostic suspicion bias may play a role in the association of fever
and diarrhea with overanticoagulation, since patients are mstructed to
mform the clinic of acute illnesses If considered necessary, the
patient’s INR 1s measured earlier than the appomnted date Excluding
patients whose INRs were measured earlier from the analyses, fever
and diarrhea remained risk factors for overanticoagulation

The presence of chronic comorbidities was based on GP diagnoses
Validation of drug use by reference to pharmacy data, revealed that
90% of the patients with a GP diagnosts of congestive heart failure had
indeed used drugs for congestive heart failure or 1schaemic heart dis-
ease

Although postulated as mteracting with anticoagulant therapy,
malignancy, an impatred gastro-intestinal absorption, hyperthyroidism,
and an impaired biliary function were not related to overanticoagulation
1 our study Neither tn case of a stable condition, nor 1n case of a re-
lapse n the nisk period This may be explained by the low prevalence of
some of these conditions, which requires a larger study population to at-
tam enough statistical power In addition, the increase m INR by the po
tentially interacting comorbdity may be of less magmtude than defined
1n our study

Compliance may influence the stability of anticoagulant control (13,
14) In our study, as expected, taking more pills than prescribed was as-
sociated with overanticoagulation We were not able to test this associ-
atron multivariately, but 1n view of the clear-cut pharmacological path-
way this also would have been meaningless Missing pills and rregu-
larly taking the anticoagulant were not related to overanticoagulation
However, missing pills occurred only occasionally (once or twice 1n the
four-week risk period) and patients who are constantly noncompliant
most probably will not become stable and therefore have been exclud-
ed a priort

So far as we are aware of, epidemiological studies on risk factors o
overanticoagulation 1 a non-selected population under eversday ¢
cumstances are scarce and were only published for the first ume -
1998 Two out of three earlier studies (26, 27) have some limitanons
Furstly, in one study (26), the cases were 1dentified duning a 12-mont
period whereas the controls were selected in June only In the \econz
study (27), cases and controls do not seem to be time-matched eithe
Secondly, the number of overanticoagulated patients was small (63 anc
31 respectively) Thirdly, only univaniate analyses were performed The
third study (28) was well-performed Diarrhea and taking more wart.c-
1n than prescribed were determinants of an INR value 26 0, similar .
our study On the contrary, advanced malignancy was a risk tactor icr
overanticoagulation 1n their study, but fever was only univanately as~-
ciated Impatred liver function, congestive heart failure, and ilinesses «
the urinary or respiratory tract were not considered by Hylek etal A=
mmportant difference between the study of Hylek et al and our sudv -
that we only included stable cases and controls Besides, we usec -
four-week risk period and they used a one week nisk period Lasth x
study populatton of Hylek et al used warfarin, while our patients use.
phenprocoumon or acenocoumarol

Information on the incidence of overanticoagulation under evernda
circumstances 1s even scarcer than information on nisk factors for over
anticoagulation In the study of Brigden et al (27) 03% of the INR.
were 26 0 In the study of Panneerselvam et al (26) 0 2% of the INR~
were >7 0 When expressed i a comparable way, 2 0% of the INR« -
our study were 26 0 and 0 9% of the INRs were >7 0 The much lowz-
mcidence of overanticoagulation reported by Brigden et al and Par-
neerselvam et al may be explained by the lower target range ot antic-
agulation 1n their studies

In concluston, 1n this study among previously stable outpatients
an anticoagulation clinie, overanticoagulation was associated with 1.
type of anticoagulant used and with some comorbidities Increasa.
monitoring of INR values if risk factors are present or avoidance of rs
factors, could prevent excess anticoagulation and potential bleedsr.
complications
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