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AIMS
Stabilization of anticoagulation control is seminal to reducing the risk of adverse effects of vitamin K antagonists. Reliable
information on how ageing influences this is lacking. We set out to assess the true age-related changes in anticoagulation control,
how gender and patient setting influence this, and the possible implications of these for patient outcomes and management.

METHODS
In atrial fibrillation (AF) patients of a unified anticoagulant service monitoring patients in general practice or hospital-based clinics
and housebound patients at home, international normalized ratio (INR) and warfarin dose data between 2000 and 2013 were
extracted via the DAWN dosing program. Anticoagulation control was assessed by calculating percentage time spent within
target INR (TTR).

RESULTS
A total of 2094 AF patients [938 (44.8%) in general practice (GP) and 531 (25.4%) in hospital (H)-based clinics and 625 (29.8%)
through the domiciliary service (D)] were evaluated. The frequency of warfarin dose changes and INR monitoring events declined
until about age 67, then increased as patients got older. The TTR according to age was significantly lower and the probability of
having a TTR ≤65% according to age was higher for D than for H and GP, and females had a greater probability of having a TTR
≤65% than age-matched males.

CONCLUSION
Identification of factors underlying poorer anticoagulation control in older housebound patients and the introduction of effective
modifications to improve the clinical effectiveness of anticoagulation in such patients is needed.
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WHAT IS ALREADY KNOWN ABOUT THIS SUBJECT
• Cross-sectional studies suggest that older age and male gender are associated with better stability of anticoagulation with
vitamin K antagonists, and domiciliary monitored patients have poorer control than clinic attenders.

WHAT THIS STUDY ADDS
• Anticoagulation control shows a biphasic relationship with age, peaking at 67 years, is poorer in females than in males,
and patients monitored at home due to dependency and immobility than those attending clinics.

• Exploration of modifiable factors affecting anticoagulation control in heterogeneous populations is warranted to opti-
mize outcomes.

Introduction
Time in therapeutic INR range (TTR) [1] is an important qual-
ity measure of anticoagulation control with vitamin K antag-
onists (VKAs). Optimizing anticoagulation control is
important as TTR correlates inversely with bleeding and
thromboembolic complications [2, 3].

In an earlier cross-sectional study we established that
housebound AF patients requiring domiciliary monitoring
of INR due to a high level of dependency and immobility
have poorer anticoagulation control than those attending
hospital- or GP-based clinics [4]. Anticoagulation control
was also poorest in the oldest patients, which may explain
their higher risk of warfarin-related complications than the
more independent patients who attend clinic for monitoring
[5]. Cross-sectional studies, however, are limited by the de-
sign, providing only a snapshot of the outcome and the char-
acteristics associated with it at a specific point in time and, as
such, it is impossible to infer causality. Only a longitudinal
study design can identify true age-related changes in
anticoagulation control, and their possible implications for
treatment outcomes. We therefore set out to investigate the
impact of ageing, longitudinally, on anticoagulant control
in patients with atrial fibrillation on warfarin therapy, and
the extent to which gender and different patient settings of
monitoring influence this. In patients being managed in a
standard way by staff of the unified Newcastle upon Tyne
Hospitals Trust Anticoagulation Monitoring Service, for
whom dosing and testing is guided by the DAWN computer
dosing program (version 6.10, Milnthorpe, Cumbria, UK)
[6], we audited INR and dosage data for mobile patients who
attended either the hospital- or GP-based clinic based on per-
sonal preference, and for patients housebound by physical
dependency or limited mobility who were monitored
through the domiciliary service, whereby trained staff visited
them at their place of residence for venous INR checks.

Methods
This study involved the audit of anonymized anticoagulant
control data held within the secondary healthcare Trust pro-
viding and managing the monitoring service and as such it
was deemed not to require prior institutional board approval.
Inclusion criteria were to have AF with a target INR of 2.0–3.0
and to have been on warfarin for at least 5 years, after exclud-
ing a six-month initial stabilization period. Only patients
anticoagulated for stroke and systemic embolism prevention

in AF were selected in order to reduce bias related to different
indications or target INR ranges.

As part of the unified service, all patients prior to com-
mencement of therapy received a standard 2–3 hour educa-
tion session led by either a doctor or trained nurse at their
local general practice, according to the UK National Patient
Safety Agency (NPSA) educational material [7]. Patients were
taught about atrial fibrillation and the clinical benefits and
risks of anticoagulation. Information was given about the
pharmacology of warfarin, and factors that affect the INR,
particularly adherence, drug interactions and diet. Written
information and a modified educational session were deliv-
ered to patients entering the domiciliary service. For clinic-
attending patients, at each monitoring visit, potential rea-
sons for any deviation outside the target range is discussed,
and education about these and the importance of good adher-
ence stressed where appropriate. For domiciliary patients,
this is done when the result from the venous INR sample is
available either by phone or at the next monitoring visit.

Data mining was facilitated by DAWN which allowed ex-
traction of information on individual patients, including a
DAWN coded patient ID (in order to preserve patient ano-
nymity for data analysis), age, sex, indication for
anticoagulation therapy, target INR range, date commencing
warfarin treatment and warfarin starting dose, duration of
warfarin therapy, mean yearly warfarin dose, yearly number
of INR monitoring events and warfarin dose changes. Infor-
mation on co-morbidity and concurrent therapy was not
available. Between 2000 and 2013, based on the study inclu-
sion criteria, 1490 AF patients starting warfarin therapy
accessing hospital and general practice clinic and 627 pa-
tients using the domiciliary service were identified. Of these
patients 23 were identified as having switched setting during
the course of warfarin therapy with ten switching from hospi-
tal to domiciliary, seven from hospital to GP, five from GP to
hospital and one from GP to domiciliary monitoring. The 23
patients were subsequently omitted from further analysis.
TTR and time spent below and above the therapeutic INR
range were established using the linear extrapolation method
of Rosendaal et al. [1]. Time in therapeutic range is the esti-
mated total percentage of time that the INR is within a
predetermined therapeutic range which, for AF patients, is
between 2.0 and 3.0, with time above and below being esti-
mated as total percentage time above an INR of 3.0 and below
an INR of 2.0 respectively.

The INR at both hospital and GP clinics was determined
using the KC1 capillary technique according to the manufac-
turer’s instruction (Trinity Biotech, Bray, Eire). For home
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monitored patients venous INR was determined by Instru-
ment Laboratories (their machine and reagents) IL (UK) Ltd,
Warrington, Cheshire. Internal quality check was performed
daily and external quality assurance undertaken monthly
through National External Quality Assessment Service
(NEQAS), Sheffield, UK.

Statistical analysis
The mean of the individual variables was determined accord-
ing to each year of age. On examination of the data it was
clear that INR control was less good in the youngest and
oldest patients. We decided to fit a quadratic model with age
to the means to describe this effect in a fairly simple way
and to examine how the covariates (setting and gender) af-
fected this model. The numbers of warfarin dose changes
were transformed into their square roots to approach normal-
ity. Quadratic (curvilinear) and linear regression models were
used to examine the effect of age for all the variables tested.
Weighted analysis was used in all statistical calculations
because of the large variation in sample sizes across age
groups. Individual observations were also analysed using
random effects to take account of the longitudinal nature of
the data. This form of analysis was more complex due to the
non-normal nature of the data. The same conclusions were
obtained and so the analysis of means is presented here, as
the interpretation of the analysis is much more straightfor-
ward. Data were analysed using Minitab statistical software
(version 17).

Results
Data on 2094 AF patients [938 (44.8%) in general practice
(GP) and 531 (25.4%) in hospital (H)-based clinics and 625
(29.8%) through the domiciliary service (D); altogether 891
(43%) females, and 1203 (57%) males] on warfarin therapy
for 5–14 years, extracted fromDAWN software were analysed,
which constituted a total of 16 604 patient-years of INR mon-
itoring. Demographic data according to patients’ gender, age
and setting are shown in Table 1. As over 99% of the study
population were white Caucasians, no separate analysis by
race or ethnicity was possible. The number of patients for ev-
ery year of age for the whole population, patients monitored
in clinic (hospital and GP) and those monitored at home are
shown in Figure 1.

There was a significant relationship between TTR, time
spent above and below target INR range and age for the whole
population (P < 0.0001 in each case; quadratic regression
analysis) as shown in Figure 2. For the whole patient popula-
tion, age accounted for 70%, 48% and 53% of the variability
in mean TTR, time spent above and below target INR range,
respectively. TTR showed a biphasic relationship with age, in-
creasing to about 67 years of age, declining thereafter.
Unsurprisingly, time spent above and below the target INR
range showed the opposite pattern (Figure 2). This relation-
ship held when considering patient setting; thus a significant
relationship was found between mean TTR, time spent above
and below therapeutic range INR range and age for both
home-monitored patients (P < 0.001, R2 = 0.52; P = 0.001,
R2 = 0.24; P < 0.001, R2 = 0.36, respectively) and clinic-
monitored patients (P < 0.001, R2 = 0.36; P = 0.009,
R2 = 0.16; P = 0.001, R2 = 0.21, respectively) (Figure 3). Only
a small proportion of the domiciliary monitored patients
were in 24-hour care with no difference noted in their TTR
compared with the cohort as a whole.

Mean TTR (determined by age) was significantly lower
(P < 0.001) and the mean time spent below therapeutic INR
range significantly higher (P < 0.05), for patients monitored
at home than for patients monitored at hospital or in general
practice clinics (Figure 3). There was no significant difference
in mean time spent above target INR range between patients
monitored at home and those monitored in clinic.

In females the mean TTR was marginally lower [by 1.3%
(P < 0.001)] and the mean time below range marginally
higher [by 1.0% (P < 0.001)] than those in males (Figure 4).
Sex had no significant effect on mean time spent above target
INR range.

For the whole patient population both the number of
dose changes (as mean square root) (P < 0.0001, R2 = 0.65)
and the mean number of INR monitoring events
(P = 0.0001, R2 = 0.44; quadratic regression) were significantly
related to age. The number of warfarin dose changes and INR
monitoring events were shown to decline until about age 67
years and then increase as patients got older. Similar findings
were also noted for both home-monitored patients (square
root of number of warfarin dose changes: P < 0.001,
R2 = 0.40; mean number of INR monitoring events:
P < 0.001, R2 = 0.31) and clinic-monitored patients
(square root of number of dose changes: P < 0.001,

Table 1
Patients’ demographic data

Home GP and hospital Total

Male N (%) 259 (22) 944 (78) 1203

*Age mean (SD) 74 (7) 67 (9)

Female N (%) 336 (41) 525 (59) 891

*Age mean (SD) 76 (8) 70 (9)

Total N (%) 625 (30) 1469 (70) 2094

*Age at 6 months after starting warfarin therapy.

Figure 1
Number of patients by age. All patients, Clinic-based pa-
tients, Home-bound patients
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R2 = 0.31; square root of the number of INRmonitoring event:
P = 0.005, R2 = 0.17). The home-bound patients had a higher
number of warfarin dose changes and INR monitoring events
compared to clinic-monitored patients for all ages, with the
difference increasing with increasing age.

There was a strong and highly significant negative rela-
tionship between mean TTR and both the mean number of
warfarin dose changes and INR monitoring events
(determined as the square root) (P < 0.0001, R2 = 0.70 and
P < 0.0001, R2 = 0.61, respectively; linear regression).
Although the general pattern did not differ between the sexes,
females had a higher age-adjusted frequency of dose changes
and monitoring events [by 0.15 for the square root of the
number of warfarin dose changes (P < 0.001) and by 1.1 for
the square root of the number of monitoring events
(P< 0.001)]. Age accounted for 97% of the variability inmean
warfarin dose requirement, which fell with increasing age
(P < 0.0001; quadratic regression). Females required signifi-
cantly lower warfarin doses (P < 0.001) than their male coun-
terparts, reflecting a smaller bodyweight (Figure 4a). Similarly,
homemonitored patients needed significantly lower warfarin

doses compared to clinic monitored patients. However, the
size of the difference in warfarin dose requirements between
the two groups fell with increasing age (Figure 4b).

A logistic regression analysis was deployed to evaluate the
probability of having a TTR of ≤65% according to age. A
quadratic regression model was found to best fit the data
(P < 0.001). According to the model, home-monitored
patients had a higher probability of having a TTR ≤65%
(P<0.001), compared toclinic-monitoredpatients (Figure5a),
as did females compared to age-matched males (P < 0.001)
(Figure 5b).

Discussion
In spite of evidence to support use of oral anticoagulants to
prevent stroke and systemic embolism in patients with AF
[8–10] and the high prevalence of AF of >5% in patients over
70 year olds and>10% in patients over 85 year olds, many pa-
tients do not get optimal prophylaxis [11, 12], partly because

Figure 2
(a) TTR, (b) time above therapeutic INR range and (c) time below therapeutic INR range for the whole patient population. The solid lines are the
fitted curves and the dashed lines are 95% confidence limits based on the observed sample sizes
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of concerns about the risk of bleeding. Benefit from VKA ther-
apy is greatest for patients remaining within their target ther-
apeutic range; bleeding risk is increased when INR exceeds
target range and thromboembolic events increase when INR
is below target range. Stable anticoagulation in patients re-
ceiving VKA is influenced by anticoagulant service provision,
with patients in Europe and the UK having better INR control

than those managed in North America [13] and patients
managed by individual clinicians having poorer control than
cohorts managed in anticoagulant clinics [13]. The
anticoagulated patients in our area were well managed with
a median TTR value of 78.6% at 69 years and 75.8% at 74
years, compatible with values reported in Sweden which has
a similar anticoagulant management system to the UK [14].

Figure 3
Time spent within target INR range for (a) home-based and (b) clinic-based patients; time spent above target INR range for (c) home-based and
(d) clinic-based patients; time spent below target INR range for (e) home-based and (f) clinic-based patients. The solid lines are the fitted curves
and the dashed lines are 95% confidence limits based on the observed sample sizes
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A comprehensive examination of patient-level character-
istics predicting TTR in a veteran population reported that
older age was associated with better TTR, although the popu-
lation studied differed considerably from ours, as it had an up-
per age band of ≥75, lower average TTR of 61%, a higher
mental and physical health burden and only 2.7% were fe-
male [15]. Through our large dataset which allowed a detailed
examination of ageing effect, we found that the likelihood of
having a TTR ≤65% increases over the age of 70 years and that
not only is anticoagulation control better overall in clinic at-
tending than in domiciliary-monitored patients, but that in
the latter, anticoagulation control declines more rapidly with
age. This is in spite of more warfarin dose changes and INR
monitoring events, and a greater age-related increase in these
in the home-monitored patients compared to clinic-
monitored patients, in an attempt to improve control. This in-
dicates the importance of the need for ongoing evaluation of
patients once a decision to anticoagulate with a VKA is made.

Similar to previous reports [16–18], we found that pa-
tients at a younger age (below 60 years) had poorer
anticoagulation control compared to older patients. Possible
explanations include poor adherence, social factors such as
employment and alcohol use, and clinical factors as addi-
tional clinical morbidities will have been required to justify
anticoagulation given their age.

The 1.3% lower age-adjusted TTR of women, in spite
of more dose changes and monitoring events, is consis-
tent with other previous studies reporting on the predic-
tors of anticoagulation control [15, 16]. Poor and erratic
dietary vitamin K intake in women has been suggested
as one possible explanation for their poorer
anticoagulation [17]. The greater proportion of women
than men in our domiciliary-monitored group (59% vs.
41%) compared to the clinic-monitored group (36% vs.
64%) may be one factor contributing to the difference in
TTR between them.

Figure 4
(a) Mean warfarin dose in females (circles) and males (triangles) with lines of best fit (solid lines) and 95% confidence limits (dashed lines); (b)
Mean warfarin dose in clinic-monitored (circles) and home-monitored patients (triangles) with lines of best fit (solid lines) and 95% confidence
limits (dashed lines)

Figure 5
Probability of TTR ≤65% by (a) patient setting ( Home-bound patients, Clinic-based patients) and (b) sex ( Males, Females)
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Although identifying modifiable factors contributing to
anticoagulation control is required for improving care of pa-
tients receiving VKAs, the evidence base is very limited.
Whilst taking more than 16 medications and four or more
hospitalizations are associated with erratic patterns of INR
control, predictors like cancer and dementia are associated
with directional poor control [19]. In our study domiciliary
monitoring and female gender were associated with more
time spent below target range, which could be due to patient
factors, especially poor adherence. Whilst dosing decisions
were computer driven, and adhered to in the vast majority
ofmonitoring events, staff could override these based on clin-
ical circumstances which might also have potentially influ-
enced outcomes.

In a French study of patients over 80 years old, in rehabil-
itation or institutionalized care, poorer anticoagulation con-
trol was associated with being in hospital, antibiotic use and
falls [20]. The conclusions from that study – that frequent
falls may be a marker of frailty and sacropenia, and antibiotic
use amarker of acute illness whichmay result in deterioration
in chronic co-morbidities and changes in drug use, leading to
INR instability –may also be relevant to the steeper decline in
anticoagulation control observed in our domiciliary group.
Whilst our ambulatory patients who attend clinics are a less
dependent population, in our previous work in a cross-
section of this population [4] we noted no significant differ-
ence in either the number of drugs taken (five cardiovascular
medications including warfarin), or the number of chronic
co-morbidities (two cardiovascular diseases including AF plus
one other), between the groups, perhaps because warfarin is
discontinued for more dependent patients as the
risk/benefit balance changes. This suggests that the poorer
stability of anticoagulation noted in the domiciliary-
monitored patients in both our cross-sectional and longitudi-
nal study of similar populations is the result of diverse factors
which may include dietary intake of vitamin K, alcohol in-
take, weight differences, female gender, cognitive impair-
ment, adherence, social support, attitudes and frailty, and
not simply co-morbidities and concurrent use of drugs.
Disease and drug therapy, dietary variations and barriers to
adherence which include lower cognitive function, poorer
physical function, living alone and a higher perceived illness
burden, require elucidation as any influence might also ex-
tend to outcomes with the use of direct oral anticoagulants
(DOACs) [21]. The licensing of DOACs presents clinicians
with a choice of oral anticoagulants, both for newly diag-
nosed patients and for those who are currently taking VKAs.
The latter is particularly relevant if anticoagulation control
is poor as cost-effectiveness of DOACs compared to VKAs is
highly dependent on anticoagulant control [22]. Our results
indicate that, for some patients as they age, maintaining
TTR becomes more difficult, particularly for people who can-
not attend a monitoring clinic, which raises the question as
to whether a DOAC would be a better option for them as
DOACs offer benefit in terms of risk reduction of stroke,
largely because of reduced incidence of haemorrhagic stroke
and a greater relative risk reduction in major bleeding, when
centre-based TTR in VKA-treated patients is <66% [23].

It could be argued that the present study was limited by its
retrospective nature. However, a retrospective design study
for investigating stability of anticoagulation control is

appropriate given the longitudinal nature of the investiga-
tion in a large cohort of AF patients, all of whom were
anticoagulated with warfarin through a unified monitoring
service using the same method of dosing. Further, any selec-
tion and observational biases were minimized given that in-
formation on INR values and warfarin doses for individual
patients was obtained directly from electronic clinic records
through the DAWN program, within the confines of the
study inclusion criteria. The effects of co-morbidity and con-
current therapy were not assessed, because data on these co-
variates were not available through the DAWN program [6],
nor were any potential contributions from variances in pa-
tient education at initiation of warfarin and at monitoring
visits which were inevitable between the clinic and domicili-
ary monitored groups. Nonetheless, the primary aim of the
present study was to examine whether age in the context of
patient setting per se influences anticoagulation control with
warfarin rather than identifying the factors which contribute
to the variance in anticoagulant control and we were able to
achieve this in this large cohort studied for up to 14 years.
This information is relevant as warfarin remains a cost-
effective option for anticoagulation, with informed decision
making between this and a DOAC being appropriately made
by patient and clinician based on the patient’s clinical fea-
tures and preferences.

Wehave demonstrated that there are both inter- and intra-
individual differences in anticoagulation control achieved
with warfarin, influenced by age, gender and physical depen-
dency. In view of the poorer stability of anticoagulation
control in older, home-bound patients, the importance of
reviewing patients’ anticoagulant management at least
annually is confirmed. Exploration of factors affecting
anticoagulation control with warfarin, and whether such
factors might also affect response to DOACs, is warranted.
Characterization of the modifiable factors which contribute
to these observations and how to optimize these has the
potential to improve outcomes for anticoagulated patients.
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